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Two hundred and twenty one germplasl1l accessions of neem (Azadirachta indica) from nine 

states of India (Haryana, Rajasthan, Delhi, Himachal Pradesh, Uttar Pradesh, Panjab, Karnataka, 

Tamil Nadu and Maharashtra) were studied for all or some of the following aspects viz. tree 

architecture, endocarp morphology, seed viability, provenance evaluation through growth of 

seedlings in nursery conditions; and oil content, fatty acid profile, protein content and 

azadirachtin content of seeds. In addition, thirteen local trees were taken up for studying leaf 

morphology and tissue culture experiments. Statistically significant differcnces (both within and 

between popuiations) were observed for most of the morphological, biochemical and growth 

characteristics ullder study. 

Considerable variation was also recorded within and between provenances in trees surveyed ill 

Haryana and adjoining areas with respect to tree architectural parameters and their linear 

associations. Of 136 trees studied, 58 candidate plus trees (CPTs) for agroforestry, 45 CPTs for 

seed production as well as agroforestry and 47 CPTs for seed production were marked. Multip1c 

regression equations (with very high level of goodness of fit of the regression line) based on the 

available tree architectural parameters, could be developed for predicting values of clear bole, . 

unforked height and ratio of unforked height and height. Highly divergent trees could be 



idcntified ror combination or important trcc architectural paramcters with the help of principal 

component analysis. 

Genetic parameters were studied for endocarp morphological characteristics. Moderate to high 

estimates of genotypic coefficient of variation, broad sense heritability and genetic advance were 

obtained for endocarp weight and seed weight, indicating high level of genetic variability and 

potential of improvement for these traits through selection. Statistically significant genotypic 

correlations were observed between characteristics like endocarp length, endocarp weight, seed 
weight in some of the populations suggesting the possibility of enhanced correlated responsc 

upon indirect selection for these morphological characteristics. Separation of the genotypic 

correlation coefficient into components of direct and indirect effects was done using path 

coefficient analysis for seed weight and ratio of seed weight and endocarp weight. Seed weight 
was directly and indirectly affected by both endocarp weight and endocarp coat weight in 

most of the provenance collections. Ratio of seed weight and kernel weight was directly 

and indirectly affected by all the morphological characteristics of endocarp in all the 

provenance collections under study. Using multivariate analyses (D2 analysis; hierarchical 

cluster analysis; and principal component and principal factor analysis) it was possible to 
delineate highly divergent samples with respect to endocarp morphological characteristics. 

Clustering pattern found to have partial dependence on geographical location of the germplasm 

accessions. Some similarity was observed in clustering pattern obtained by different multivariate 
techniques. Temporal stability for the endocarp morphological characteristics was quite high 

except 20 endocarp weight, for which stable genotypes could be identitied. Likewise, for seed oil 

content significant genotype-environment interaction was observed and differences were 

observed with respect to temporal stability. 

Fatty acid profile (stearic acid and oleic acid) of seeds showed a strong association with 

geographical position and agroclimate of the sampling sites while no geographic association was 

found for seed oil content. Viability of seeds appeared to be affected by the oil content of seeds 

rather than fatty acid profile. Callus cultures could be raised from axillary bud, shoot tip, leaf, and 

mature seed explants. 117 vitro production of azadirachtin was recorded in callus cultures raised 

Ji"om axi lIary bud explants. Shoot regeneration could be obtained from callus cultures developed 

from axillary buds and mature seed. Protoco; for fingerprinting the neem genotypes using RAPD 

(Random Amplified polymorphic DNA) technique has been standardised and preliminary 

investigations with 15 genotypes and pooled DNA samples of 5 populations indicated within and 

between population genetic variability. 

Morphological, physiological and molecular marker data revealed ample genetic diversity in 

neell1 at population and individual levels. Clinal variation observed in seed biochemical 

characteristics I ike stearic acid and oleic acid suggests that for germplasm conservation, attention 

should be paid to populations according to latitudinal and longitudinal gradients. 
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1. Introduction 

The nccm tree belonging to mahog:'.!D)' family, Mcliaceae is a multipurpose tree native ------to Southeast Asia. It is known as neem in Hindi, nimba in Sanskrit and Azadirachta 

indica A. Juss. to the botanists. Now it is widely distributed throughout tropical and 

subtropical Asia, Africa, Middle East, West Indies, Australia and central and south 

America and has adapted to diverse climatic and edaphic conditions. (Schmutterer, 1990a; 

Ascher, 1993; Hegde, 1996). 

In India, neem is hailed as "village pharmacy". Its leaves, bark, oil, seeds and twigs 

were well cited in Sanskrit writings like Charaka Samhita and Susruta Samhita; and is 

widely used in Ayurveda, Unani tibb (Greco-Persian system of medicine), Homeopathy, 

and indigenous systems of medicine (Medhi 1991; Strzok, 1991). Millions of people 

bmsh their teeth with twigs of this tree. Its antiseptic, antibacterial, antiviral, antifungal, 

analgesic, antipyretic, antiarthritic, anti-inflammatory, and anti-hyperglycaemic 

propeliies are very well documented (Jacobson, 1989_,Koul c/ ul .. 1990;Tewari, 1992; Puri, 

1999). 

Decision makers pondering agricultural development strategies are often confronted 

wit.h a dilemma: on the one hand there Calmot be adequate agricultural production 

without pest control; on the other, the enviromnent may not be harmed by injudicious use 

of pesticides. Even with the widespread use of pesticides, more than one-third of global 

food and agricultural production is reportedly destroyed annually by over 20,000 species 

of insects, mites, nematodes, weeds, plant pathogens and other pests (McEwen, 1978). 

Approximately, 2400 plant species reportedly possess pest control properties 

(Jacobson et al., 1983; Grainge and Ahmed, 1988). However,not all the plants canbe 

readily used for pest control purposes by marginal farmers. Few plant species may meet 

all these characteristics. Ahmed et al. (1984) identified 25 species that come close, the 

neem tree appears to possess all. Neem holds out the promise of providing a highly 

effective, economical, non-toxic, and environmentally harmless means of controlling or 

dimin<lting insect pests that inl1ict losses in agricultural production (Govindachari, 

191)2). Neem extracts are known to affect more than 200 species of insects (many of 

which are resistant to or inherently difficult to control with conventional pesticides), 

mites and nematodes, including destructive species such as locust, borers, weevils and 

termites (Warthen, 1979; Grainge and Ahmed, 1988; Wulf, 1991). In recent years, 

several reviews have been published which outline the use of the neem tree, as a 

botanical insecticide (Jacobson, 1989; Koul et al. 1990; Schmutterer, 1990bj Ascher, 

1993; Coventry and Allan 1997). The pesticidal properties of A. indica have primarily 

been attributed to a general class of natural products called limonoids of which the best 

knmvn are nimbin, nimbidin, salannin and azadirone; and several types of azadirachtins. 



Pesticides. based on. these compounds are biodegradable and are active in very minute 

concentrations against a variety of pests, therefore, are potential candidates as broad 

spectrum pesticides and good substitutes for synthetic pesticides (National Research 

Cowlcil, 1992). 

The major active principle of neem, the highly oxidized tetranortriterpenoid, 

azadirachtin, was isolated for the 1irst time in the year 1968 (Butterworth and Morgan 

1968) and it exhibits complex biological activity in various pests of crops (Nakanishi, 

1975; Srimannarayana, 1989) Unlike many synthetic insecticides, low doses of 

azadirachtin were found to have little or no mammalian toxicity, and insects showed little 

resistance to the compound even through several generations. Azadirachtin has generated 

wide academic and industrial interests as a potentially new potent insect control 

molecule. The mode of action of azadirachtin, the principal insecticidal constituent of 

nee111 oil has only recently been elucidated (Mordue & Blackwell, 1993). Schmutterer 

(1990b) suggested that azadirachtin modifies the programs of insects by influencing 

hormonal systems, especially that of ecdysone. 

Oil extracted from kernels of this tree has commercial importance, as it is put to a 

variety of uses ranging from insecticides to pharmaceuticals. In composition, cold 

pressed nee111 oil is similar to other vegetable oils, composed primarily of triglycerides of 

oleic, stearic, linoleic and palmitic acids (Anon., 1985; Sankaram et aL 1987; Kaura ~ §:L 
1998b). It is generally yellow to dark in color and bitter in flavor. Unlike most vegetable 

oils, it contains sulfur compounds, which give the oil a pungent smell. Oil obtained after 

extraction with non-polar solvents is free from unpleasant color, and is comparable to 

groundnut oil (Sankaram e! al. 1987). A process has been developed to produce colorless 

and debittered neem oil that can be used for edible pw-poses (Rukmini, 1987). 

Combustion of nee111 oil in combination with diesel oil has been successfully 

demonstrated and advocated, especially in countries devoid of combustion oil sow-ces 

(Randhawa and Parmar, 1993). 

Forest tree populations, compared to agricultural crops, have been little influenced by 

hwnan activities until now. In fact, trees like neem have not been SUbjected to any 

genetic improvement effort and, therefore, are considered to possess greater variability 

compared to other plants (Hamrick et al. 197%; 1979a; 1992). Moreover, it is an 

established fact that tree species with a wide geographical distribution exhibit 

considerable variation in anatomy, physiology, morphology and genetics to survive and 

reproduce under varying environmental conditions over generations (Antonovics 1971; 

Nienstaedt, 1975). 

During the course of evolution, different populations of tree species have become 

adapted to climatic conditions, soil type and other environmental factors. With the 

increasing pressw-e on land it has become essential to choose pal1icular provenance that 

2 



Jils bssl in particular environmental conditions to obtain highest yield per unit area 

(g .. aw~t~i·987): Genetic diversity found in tree species is a part of nature's strategy for 
, I 

defenc~ and survival against all types of risks met with in the long life spans of forest 

trees (Heybrock, 1978; Zobel and' [albert 1984). The existing genetic variability differs 

in different species and populations. The success of genetic improvement programmes, 

thus, depends upon the location, nature and exploitation of genetic diversity present in 

the species. 

The understanding of genetic architecture of the gennplasm is obligatory for the 

breeders to develop high yielding genotypes through hybridization from the available 

plant material. For this purpose it is essential to quantify the genetic diversity among 

populations. High productivity and stability of performance are two most desirable 

features of a cultivar. The stability in production is particularly important in tree crops, as 

these are most extensively grown under varied range of agro-climatic conditions. 

Identification of such genotypes will have a considerable significance in tree 

improvement. Therefore, there is a need to identify stable and high yielding genotypes; to 

determine the magnitude of genetic diversity present within and between populations; 

and to choose or sl1ggest promising cross combinations that can be exploited for breeding 

purposes. Besides, immediate genetic gain, breeding strategies have several objectives 

like, genetic conservation, maintenance of continued genetic gain over several 

generation.s and supply of genetically improved reproductive material. The effective 

exploration, identification, docwnentation and use of genetic resources of neem are a 

prerequisite for its efficient use (Kundu, 1999). 

Tree breeding through the application of genetic principles is basically directed 

towards modifying the heredity of tree popUlations so that the trees are able to meet the 

needs of the forest based industries. Serious attention to selective tree breeding has been 

paid only in the twentieth century, mainly since 1950, and primarily for industrial wood 

products (Burley, 1987). To a tree breeder, the most important sources of genetic 

variation are natural populations, and it is this natural variation that serves as the raw 

material for genetic gain (Lantz, 1975). Provenance variation and tree to tree differences 

generally account for the bulk of the genetic variation found within a tree species. These 

two components may account for as much as 90% of the within-species variation, leading 

to the fastest and cheapest gains in most tree improvement programs being obtained by 

selection from the best seed source within the appropriate species (Zobel and Talbert, 

1984). Additional gains are then made by selecting the best individuals. Tropical 

hardwoods (which include neem as well) are more likely to show greater inter-population 

genetic variation (Bawa, 1976). 

Although, the neem tree is widely recognised as an impOliant mUlti-purpose forest 

tree, most the published research on this species has dealt with isolation, identification, 

3 



formulation and field testing of pest control agents derived from the kernels and leaves. 

Exhaustive studies related to selection of superior trees, provenance evaluation and 

genetic improvement are lacking. In the recent past, some effOlts have been made to 

collect and study diverse neem germplasm for its provenance variation and genetic 

architecture with respect to variation in physiology (Kundu and Tigerstedt, 1999); seed 

characters, seed viability and seedling growth of gennplasm collected from different 

geographic sources (00, 1987; Tewari, 1992; Visvanathan et al., 1996; Kundu and 

Tigerstedt, 1997; Kama et at., 1998a, 1998b; Jindal et al., 1999a ) reproductive biology 

(Kundu 1999; Solanki et al.,1999;); isozymes and DNA profile (Nuzhat Farooqui, 1998; 

Kundu, 1999; Singh et al.; 1999); oil content and its key chemical constituents (fatty 

acids) (Jitendra Kumar et al., 1997; Kadir et at. 1998; Kama et aI., 1998b, 1998c; 

Kaushik and Vir; 2000; Ali et al., 1996); azadirachtin (Butterworth and Morgan, 1971; 

Za11110 et aI., 1975; Uebel et a/., 1979; Schumutterer and Zebitz, 1984; 

Ennel et al.; 1984, 1987, 1998; Locke and Lawson, 1990; Schmutterer, 1990bj Gruber, 

1991; Bally et af., 1999). One approach for increasing yield of pesticidal compounds in 

short time is to select trees whose seeds and leaves contain highest proportion of these 

compounds and to correlate it with some visual feature or readily identifiable molecular 

marker of the tree or seedling. Second approach is to select trees that yield maximum 

numbers of large fruits (National Research Council, 1992). 

Recommendations have been made for genetic improvement and conservation of 

neem through development of higher seed yielding types; rapid mUltiplication through 

tissue culture; development of high-oil and superior quality types; development of 

different canopy architecture; development of types suitable to different situations 

(industrial areas, abandoned mines, etc.) and environments; collection and augmentation, 

evaluation and maintenance of different genetic stocks; and use in afforestation of waste 

lands, problem soils, forestry and envirorunent programmes (Prasad et al., 1996; Kaura 

et al'
J 

1998a; Kundu, 1999). 

Considering the aforementioned facts the present investigation was undertaken with 

the following objective: 

To study polymorphism for morphological, cytological and biochemical 

characteristics in some provenance collections of A. indica. 

4 



2. Review of Literature 

Tree breeding through the application of genetic principles is basically directed 

towards modifying the heredity of tree populations so that the trees are able to meet the 

better needs of the forester and the wood based industries. Seriolls attention to selective 

tree breeding has been paid only in the present century, mainly since 1950, and primarily 

for industri,al wood products (Burley, 1987). Initially, work was, concentrated in Europe 

and North America, then in Australia, Japan and Brazil, lately in Africa and Indian sub­

continent. 

Tree improvement work in India was initiated by Prof. Champion who realized the 

importance of geographic variation and conducted a seed origin trial of teak during 1930 

(Emmanuel et al., 1992). Realizing the importance of this subject, Forest Research 

Institute, Dehradun established a Forest Genetics Section during 1959-60 attached to 

Botany branch under the then Directorate of Biological Research. 

There is considerable urgency to study the mechanisms by which forest trees track 

environmental change, given the prospect of possible rapid climatic changes. 

Environmental tracking is achieved through three basic processes: (1) expression of 

phenotypic plasticity at the level of the individual; and (2) evolutionary change and (3) 

migration, both expressed at the level of the population over generations. The current 

distribution and genetic architecture ofa species renect how these processes interacted in 

response to past climatic changes during and after the last glaciation. Part of the record is 

encoded in the DNA of the current generation of trees and, as a result of existing field 

tests, is accessible for study. These field tests include, in ascending order of genetic 

resolution: (1) provenance tests; (2) progeny tests; and (3) three-generation clonal tests; 

as well as (4) clone tests, with or without genetic structure. These field tests represent an 

important information resource, which deserves to be more effectively used by the 

scientific community (Stettler and Bradsl1aw, 1994). 

Ledig (1992) published a review, organized in relation to human activities that 

inf1uence genetic diversity and the structure of genetic diversity. Humans have converted 

forest to agricultural and urban uses, exploited species, fragmented wild lands, changed 

the demographic structure of forests, altered habitat, degraded the environment with 

atmospheric and soil pollutants, introduced exotic pests and competitors, and 

domesticated favoured species. All have affected genetic diversity by their inf1uence on 

the evolutionary processes of extinction, selection, drift, gene flow, and mutation, 

sometimes increasing diversity, as in the case of domestication, but often reducing it. 

Demographic changes influenced selection by increasing incidence of disease. 

Deforestation has operated 011 a vast scale to reduce diversity by direct elimination of 

locally-adapted populations. Atmospheric pollution and global warming will be a major 



threat in the ncar rllt~lre, particularly because forests are fragmentcd and migration is 

impeded. Baselines 'lre needed to quantify future impacts and provide an early warning 

of problems. Genetic inventories of indicator species can provide the baselines against 

which to measure changes in diversity. 

Woody species maintained more variation within species and within populations than 

species with other Ii Ie forms but had less variation among populations. Although life 

history and ecological traits explain a significant proportion (34%) of the variation 

among species for the genetic parameters measured, a large proportion of the 

interspecific variation is unexplained. The specific evolutionary history of each species 

IllLlst play an important role in determining the level and distribution of genetic diversity 

(Hamrick et aI., 1992). 

The literature available on neem and some important tree spp., relevant to the present 

investigation is reviewed as follows: 

2.1. Taxonomy and nomenclature: 

The genus Azadirachta belongs to the family Meliaceae. In 1830, Adrien Henri 

Laurent De Jussieu classified the neem tree as Azadirachta indica. Its systematic position 

is as follows: 

Order: Rutales; Suborder: Rutineae; Family: Meliaceae; Tribe: Melieae; 

Genus: Azadiracli/(/ 

Species: ilJdica 

The Mcliaceae comprises 50 genera and about 800 species (Styles and White, 1991). 

There are three synonyms of Neem, namely: Melia azadirachta L., M. indica (A. Juss.) 

Brandis and Antelaea azadirachla (L.) Adelb. The last synonym is not internationally 

acknowledged. The close relatives of this species with similar bioactive properties are the 

Thai neem (A. siol11ensis VAL.), the Sentang or Marrango (A. excel.w JACK), the Persian 

lilac or Chinaberry (Melia a:;cdarach L.), M. toosendan SIEB. & ZUCc., M., and 

volkensii GORKE. Other genera of this family sllch as Aglaia, Cedrela, Khaya, 

Sandoricum, Trichilia, Chisocheton, Toona and Turraea also posses noteworthy 

biological activity against insects. Among these genera, the extracts from the seeds and 

bark of Azadirachta and Melia have olltstanding bioactive properties (Isman et at., 1995). 

The present popular name "neem", also spelled earlier as "!lim", has been derived 

1'1'0111 the Sanskrit word "nil7lba" which means sprinkler, which is the short term for 

"sprinkler of nectar (ambrosia)". 

The meaning of the generic name Azadirach{a does not appear to be interpreted 

properly ill most of the literature. It is often said that it is from the Persian words azad­

li'ee, and draklw/ - tree, i.e. free tree, and when the spccinc namc indica is added to it, 



the meaning for the botanical name becomes the free tree from India, which does not 

convey any specific significance of the name. 

Two differing chromosome numbers have been recorded in neem i.e. 2n=30 and 2n= 

28, have also been reported from the root tip mitosis (Pathak and Singh, 1949; Mukherji, 

1952; Styles and Vosa, 1971; Mchra el a/., 1(72). According to Gill eJ 01. (1993), this 

species has smull-sized chrol11osomes but a high chromosome number. The loss in 

combination due to a low chiasmata index is compensated by an increase in the number 

of linkage groups and the allogamous nature. 

2.2. Origin, distribution, habitat and domestication of neem: 

The exact region of origin of neem is unknown but the species occurs widely 111 

Thai land, Myanmar and the Indian subcontinent. According to Gamble (1902), the centre 

of origin of A. indica is in the forests of Karnataka (south India) or the dried inland 

forests of Burma (Myanmar) (Troup, 1921; VaFtak and Ghate, 1990). Other authors 

were of the opinion that this tree originated in the forests of the Shivalik hills (foothills of 

the western Himalayas) or on east coast of south India. A. indica is widely distributed by 

introduction, mainly in the drier tropical and subtropical zone of islands. Neem has been 

introduced mainly in the arid tropical and subtropical zones of Asia, Afi'ica, the Americas 

and the South Pacific Islands. 

Neem tree is 1110St competitive in seasonal climate with long dry season and annual 

rainl~dl 01'450-1150 111m. Most com mOil at 0-700 m altitude but can grow up to 1500 III 

provided the temperature remains moderate. It is widely used as a shade tree in many 

areas because it tolerates a wide variety of field conditions (Koul, et al., 1990; 

Schmlltterer, 1990a). The tree tolerates heat up to 50° C, and poor, shallow, even saline 

soils.(Koul el al., 1990; Schmutterer.l 1990aj Aseher, 1993). A. indica grows rapidly; 4-7 

meters in its first five years of growth and 5-11m for the following five years. It will bear 

fruit within three years and reach a maximum fruiting yield of 50 kg seed/year ten years 

after planting (Jacobson, 1989; Koul e{ d., 1990; Ascher, 1993). A. indica is sensitive to 

injury at temperatures around 0° C, which limits its distribution in temperate regions of 

the \\'Ol'ld (Jacobson, 1989; Koul ef aI., 1990; Ascher, 1993). 

The neem tree is well known for its drought resistance (Schmutterer, 19(5). It thrives 

well in low rainfall (130 mm/year) areas. In high rainfall (3,000 mm/year to 4,000 

111m/year) areas, it has failed cOl1lpletely (Schmutterer, 1995). Neem performs well on a 

wide range of soil types. In its native envirollment, neem is found growing in mixed 

forests in association with Acacia and Dalbergia spp. (Benge, 1989). 

Neem was introduced to Malaysia in 1940s by the 111 igrating Indians as a shade tree 

with medicinal uses in home gardens. Neem was introduced from India to Africa in early 

1920s by the Indian migrants. It reached Nigeria around 1928 and to Senegal in 1944. 

Now it is widely distributed throughout tropical and subtropical Asia, Africa, Middle 
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Last, West Indies, Australia and central and south America and has adapted to diverse 

climatic and edaphic conditions (Schmuttcrer, 1990aj Aschcr, 1993). 

In India it is grown from the southern tip of Kerala to Himalayan hills, frol11 tropical 

to suh-tropical regions, froll1 sell1i-ariel to wet tropical regions and from sea level to about 

700m elevation. In India, it is found naturally occurring on the Shivalik hills of Uttar 

Pradesh and hillocks of Deccan, in Karnataka and adjoining states. In Myanmar, neem 

grows in the natural forests of the central dry zone. Excepting these locations, neem is 

generally found growing around backyards, along roads and field bunds, in and around 

villages, than in the forests. This is an important reason why it was neglected by the 

foresters in the past. It is a fairly fast growing and sturdy tree that can be established 

without irrigation in hot and dry regions of the world where it grows well on poor, 

shallow, stony or sandy soils (Jacobson, 1984). It is very efficient in restoring soil 

productivity and simultaneously providing fodder, fuelwood and other products to meet 

basic requirements of rural population. 

Chiu Shin Foon and Zhang Ye Guang (1989) reported sLlccessful introduction of neem in 

south-east part of I-Iainan province, China. Troup (1921) reported neem to be common in 

the open shrub forests of the dry zone of Myanmar, and it is found in some dry parts of 

India. In the Indian subcontinent and Myanmar, the neem has been domesticated by the 

people as homestead and avenue trees. Nowadays, cultivation ofneem has been spread to 

most of the wanner parts of the world including Australia and USA. Despite its high 

commercial potential, little work has been carried out on neem genetics to date. 

Provenance research on neem started in India and Thailand with the local material in 

1992. 

A program on provenance trials for the International neem Network has initiated the 

evaluation and improvement of genetic resources of the species in 1996, co-ordinated by 

the F AO. Twenty five seed sources from 11 countries are included and 30 trial are 

establ ished in 16 Asian and African countries under this program (Anon., 1998). 

2.3. Economic importance of neem: 

Both in its native lands and elsewhere the neem is one of the most useful of all trees. It 

has a great econol1l ic potential to help farmers in addressing requirements for organic 

manure, organic pesticides, generation of income and empoyment opportunities. 

The leaves, fruits and bark of neem have been used traditionally in ayurvedic 

medicine in the Indian subcontinent since ancient times. The various pharmacological 

properties of seed oil, leaves, and bark of the tree have been reviewed by many authors 

(Ketkar and Ketkar, 1995; Koul et a1., 1990). The seed oil has been used for anti-malaria, 

febrifuge, anti-helminthic, vermifuge, antiseptic, and anti-microbial purposes, and as 

wound-healing agent. A number of commercial neem based products with the reported 



activities are now available in India (Ketkar and Ketkar, 1995). The efficacy of neem 

seed extract is reported against biting midge, a nuisance pest of coast of Australia. 

In Assam, the leaves are boiled in water and the cooled water is then used to bathe 

patients after measles or chicken pox. The plant itself acts as an air purifier (Medhi J 

199 I). Neem leaf extract has been wound to have wormicidal effect against the eggs of 

animal parasitic nematodes (Trichuris ovis, Ascaridia galli, and Parahetrakis 

gubernaculi) and plant parasitic nematodes (Meloidogyne incognita) and the tape worm 

(Hy/llenolcpsis nana)(Bhatnagar and Nama,1990). 

Integration and cxploitation or IlCelll in traditional farming systems have been well 

documented (Jain et al., 1998~.Traditionally neem has been used for protecting the stored 

grains (Gupta and Patel, 1991; Kaura et 01. (19991').); for protecting a variety of 

crops from insect-pests (Gupta el 01., 1995, Vivekanandan, 1996, 1997a, 1999, 2000; 

Gupta and Patel, 1991 a, 1991 c; 1992b) in human/animal medicine (Pradhan, 1999; 

Vivekanandan, 1995; Anonymous, 2000; Gupta, and Patel, 1993; Prakash, 1997; 

Anonymous, 1999; Vivekanandan, 1996b); manure supplement (Vivekanandan, 1996a, 

1997; Prakash, 2000); fodder supplement in dry climate (Gupta and Patel, 1991b). Infact, 

the traditional and indigenous use of neem has inspired the present day research to a great 

extent. There is a need for a systematic investigation of renewable resources for 

sustainable agricultural development to increase the resiliency of traditional farming 

systems and reduce their vulnerability to the ullcertainties of, and dependence on, 

importee! high-technology agriculture (Ahmed and Tang, 1991). 

The EPa has received 51 patent applications for 'inventions' based on the neem tree, 

and has so t~lI· granted I I patents. Around 90 patents exploiting the tree have been 

granted worldwide till date (Hellcrer Ulrike and Jarayaman, 2000). There has been a 

widespread debate on the patellts on neem and in the recent past in India, there have been. 

initiatives on the part of government and semi-governmental bodies (Indian Council of 

Agricultural Research, National Innm ation Foundation, Department of Science and 

Technology, etc.) and non governmental bodies (Society for Research and Initiatives for 

Sustainable Technologies, Ahmedabad) to systematically document the prevalent and 

extinct indigenous uses of neem so that the novelty of patents on neem by industry can be 

challenged in a systematic manner and intellectual property rights (IPRs) of indigenous 

people could be given due recognition and legal protection (Gupta, 1995, 1995a; 1995b; 

1995c; Anon)'l11ous)2000a;). 

Neem is regarded as a first class durable timber. The heavy wood has a specific 

gravity of 0.56-0.86 (mean 0.68) (Anon., 1980). The yield of the timber varies according 

to the site quality. McComb (1967) reported yields for plantations in Samura (Nigeria) of 

2.55-19.67 m3/ha- l
) for the first 8-year rotation crop and similar yields for 8-year coppice 

crop. 
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The ripe neem berries an: dried and solvent extracted to yield neel11 oil that has a 

variety of uses in the cosmetics, pharmaceuticals and soap manufacturing industries. 

However, the byproduct, neem kernel meal (NKM) available in sizeable quantities 

(approx. 0.9 million tonnes annually) awaits appropriate usage other than (or coating 

nitrogenous fertilizers 0, to be used as such as an organic manure (Verma et al., 1997). 

Chem ical examination of the commercially available NKM in the laboratory revealed 

the presence of 38.5% crude protein, 11.5% fibre, 8.0% total minerals, 3.0% ether 

extract, 0.78% calcium and 0.5% total phosphorus. The protein in NKM has been 

reported to have a favourable amino acid composition (Singh, 1993). 

Neel11 coated urea reduces volatilisation ofaml1lonia by delaying rapid urea hydrolysis 

and nitrincation. Thus controlled supply of NI-I+4 to soil for longer period is assured. In 

fact neel11 when coated on urea reduces fertilizer nitrogen loss through leaching and 

denitrification by 30-35%, saves urea by 25-40% and increases crop yield by up to 25%. 

Neem's emcaey to non-target and beneficial organisms has been documented 

(Jacobson, 1989; Schmutterer, 1990b;Ascher, 1993; Mordue & Blackwell, 1993). Neem 

is widely utilized in the tropics by humans for medicinal purposes, and is assumed to 

have no detrimental effects to hm'nans (Jacobson, 1989; Schmutterer, 1990b).The first 

commercial neem insecticide, Margosan-O, was registered by the EPA for non-crop use 

in the United States in July 1985 (Jacobson, 1989). Since that time, the EPA has 

exempted Margosan-O from food crop tolerances and several other commercial neem 

insecticides have been developed worldwide (Ascher, 1993). 

2.4. Habit: 

Neem trees are attractive broad-leaved evergreens (sometimes deciduous) that can 

grow up to 30 m tall and 2.5 III in girth. Thus pollard well and have coppicing properties. 

The seedlings are shade lovers but the mature trees are demanders of strong light in 

nature pure stands are rare. Leaves imparipinnately compound with 7-17 pairs of leaflets, 

which are ovate or lanceolate, falcate with uneven base and dentate margins, 6-8cm long, 

1-3 cm wide. Inflorescence a 10-30 cm long panicle with many, small white to cream 

coloured flowers (Puri, 1999). 

Fruit is ellipsoid drupe, 1.2-2 cm long, green/yellow when ripe, with a thin hard 

cuticle and juicy fruit pulp. The pyrene contains one, rarely two, seeds. Seed weight 

varies with location and seed source. Available information indicates from 1700 seeds 

per kg in the Sahel to 3500-9000 seeds per kg in India. 

2.5.1. Phenology: 

Neem flowers are hermaphroditic or male. Pollination by insects. The tree starts 

Jlmvering and fruiting ,It about 5 years of age. Flowering generally occurs in the dry 
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season and fruit ripening during the early part of the .:o.iny season. Season and duration of 

reproductive phenoperiods vary according to location and climate. In bi-Illodal climates 

there are sometimes two flowering and tl'uiting seasons. 

In India flowering occurs 2-5 weeks earlier in the southern than in the northern part of 

the collntry, with an approx. delay of reproductive season of 4.5 days Jor each I" increase 

in latitude between 20" and 30" N. Duration of period from flowering to mature seeds is 

10-12 weeks. Individual fruits have a development and ripening period for 1-2 months. 

Trees growing in areas with a warm winter, bloom first, followed by areas where the 

winter is comparatively colder. Depending on the locality, flowering may range from 

January to May (Gupta et al., 1995). Sporadic flowering in September-October has been 

observed quite often, in addition to that in February-March. Shanthi et al. (1996b)reported 

abnormal seedlings in December from these trees and suggested that these trees may be 

used as germplasm. In the Murshidabad area of West bengal (India), the tree flowered 

throughout the year (Guhabakshi, 1984). Generally the tree starts flowering at three to 

five years of age and becomes fully productive at the age of about ten years. 

Shanth i el 01. (1996b) repOI'ted about late flowering forms in neem. Neem normally 

!lowers in April rin Tamil Nadu] and the fruits are ready for harvesting by July, although 

the tl'uiting season sometimes extends to August. The seeds have a short period of 

viability (only a few months aner harvest) so late flowering forms would be useful for 

solving seed procUl'elllent problems for later planting. Such a genotype was identified in 

Tirupur. As well as Ilowering and fruiting at the normal times this tree flowered in 

September and produced fruits in December. Seed germination and seedling 

characteristics were compared frol11 the 2 periods; germination was 83% in the early 

flowering type and 67% in the later flowering type. Seedling growth was similar, but 

there were more abnormal seedlings (12 vs. 2%) in the later flowering type, probably due 

to selling. Late flowering types would be useful for breeding studies. 

Kadir et al.(1998):The distribution of neem trees in Peninsular Malaysia and their 

phenological characteristics were determined. The greatest abundance of neem trees was 

found in northern Peninsular Malaysia which also produced higher yield of fruits 

compared with that of southern and east-coast of Peninsular Malaysia. 

Use of genetically improved seed or germplasm is not a standard practice for tree 

planting in India and lllany other countries because the reproductive materials are not 

genetically identified, developed, produced, certitied or released in any systematic tree 

breeding program for use of tree growers. Many indigenous tree species are harvested 

commercially but not genetically developed and multiplied for use in operational 

plantations. Seeds used are mostly unselected and without any provenance or seed source 

control. Knowledge of breeding systems of indigenous trees, particularly of tropical tree 

species, is scarce (Oogra and Dhilllan, 1998). 
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2.5.2. Reproductive l3iology ol"nccm: 

Reproduction normally begins after five years. The timing of flowering and fruiting of 

lleel11 varies from pl;\cc !o place. III India, nccm flowers from January to April, ancl fruits 

mature from June to August. Bisexual and male flowers occur on the same individual i.e., 

the species is 'androl11onoecious'. The pollen matures before the stigma becomes 

receptive (protandrous). The anthers start to dehisce around 8 a.m. in the closed flower 

(Gupta e! 01.3 1 996ct0poll ination is performed by insects. There are 10 glabrous anthers, 

which are inserted at the base on the tlower. 

The ovary is trilocular having two ovules in each chamber, thus each ovary contains 

six ovules. The cll(Jocarp cncloscs one, sometimes two and rarely three seeds 

(Schmutterer, 1995; Singh el a/., (995). This phenomenon may be termed as 'polycarpy'. 

The cxocarp or the rruit is thin and the mesocarp (0.3-0.5 cm thick) consists of a 

bittersweet pulp. The seeds are recalcitrant or of the orthodox type. There is great 

variation in germination rate (Poulsen, 1995). Viability drops by 50% after 8 weeks and 

is completely lost after 12-16 weeks. Germination rate can be improved by removing the 

endocarp. 

Garudamma (1956), Rangaswamy and Promila (1972) have studied the embrjology in 

detail. The ovary is trilocular at base, becoming uni-Iocular at the ovule bearing region. 

Twin embryos occur commonly (Nair and Kanta, 1961) ; the number of seed per 

em bryo Illay be 1-3 (G i I I e/ (f/., 1993; Vijayan and Rehi II, 1987). The gametophyte 

develops in the usual way; the embryo sac is of polygonum type. Study of premature 

j~lllen fruits indicated that cmbryo abortion is common (Gill et 0/., 1993). 

The phenomenon of twin seedlings has also been observed, which may be as high as 

11.27 percent (Vijayan and Rehill, 1987; Gurudev Singh et 0/., 1995). This may be due 

to the development of one or more than one ovules, out of five of the ovaries (penta­

carpcllary), giving rise to more than one seed under the same endocarp, but according to 

Pushpakar and Babckey (1995) it is oue to polyembryony, with a frequency of lout of 

800. 

2.6. Tree architecture 

While reviewing variation in Indian tree species, Dogra (1981) emphasized on survey 

of phenotypic variation of silvicultural characteristics of tree species in their naturally 

distri buted range. Devender Singh (1994) reported phenotypic variation in neem from 

natural populations in states of Haryana, Rajasthan, Panjab and UP covering 12 

provenances. Substantial variability \vas observed for straightness and morphological 

characters. Stem form ranged from crooked to completely straight. Diameter at breast 

hcigh! and total heigh! of!hc trees in the natural population were observed up to 148 cm 

alld 22.5111 respectively. The IllC;\SlIrelllcllts OfC!"OWll spread were almost equal to that or 
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total height. Completcly straight neem tretswcre observed at Sirsa, i\gra and Sadalpur. 

The highest mean value of straightness was observed at Agra, with lowest coefficient of 

variation. In total, ten trees were depicted on the basis of straightness, higher proportion 

or Illilin stem height to cle,lr bllk height and relatively smaller crown size. 

Individual selection on the basis phenotypic superiority forms the basis of any tree 

improvement programme. The success of any individual tree selection largely depends 

on the magnitude of genetic variation. Where the magnitude of variation is high, the 

higher selection differential thus obtained are indicative of higher gain. The choice of 

characters are need based and may depend upon their genetic control (heritability), their 

variability and also on the economic value. Here the stem quality was taken into 

consideration, which consists of plant height clear bole length (cbl) and diameter at 

breast height (c1bh) (8agchi, 1995). These characters are highly variable and reported to 

have sufficient genetic control (White, 1991). 

Based on analysis of variance, Devencler Singh (1994) reported significant variation 

from site to site for total height: c1bh, clear bole height: total height, crown spread: dbh, 

crown spread: total height and non-significant variation with in site for total height: dbh, 

clear bole height: total height, main stem height: total height, cro\~n spread: dbh and 

crown spread: total height. Index score analysis clearly indicated the superiority of Agra, 

Sadulpur and Yamunanagar for the selection of superior trees of Neem for agroforestry 

purpose. Index score analysis also suggested the consideration of Hisar, Karnal , Sirsa 

and Patiala for the selection of plus trees in order to have a broader genetic base. 

Gupta e/ al. (1992) found large amount of phenotypic variation in natural population 

of Dalbergia sissoo and selected plus trees based on stem straightness. Bangarwa et al. 

(1993) collected data on diameter at breast height, total height, main stem height, clear 

bole height, straightness and crown spread from 20 diverse sites of nOlihern India in 

order to study the extent of phenotypic variation in natural population of Dalbergia 

sissoo Roxb. Substantial variability was observed in natural population for straightness 

and other morphological characters. Straightness ranged from crooked or forked to 

completely straight. Main stem height to total height ratio and clear bole to total height 

ratio were observed to vary fi'om 0.16 to 0.94 and 0.06 to 0.71 respectively. 

Jatasara (1982) found a wide range of variability for tree height, dbh, stem height, 

canopy diameter of P. cineraria in Thar desert during May-June 1981. Continuing this 

study, Jatasra and Paroda (1983) observed that in natural stands of P. cineraria tree 

height varied from 4-22m with mean values of 9.19m; stem height and canopy height 

ranged from 1-8m anci I-20m respectively. Maximum variation was observed for canopy 

volume and least variation was observed for stem height. From main stem height 

Canopy ratio (0.56) they concluded that canopy grew almost double the height of stem. 
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Kackar (1986a) reported variation for morphological characters of P. cineraria In 

natural stands from various edaphic sites and rainfall zones of western Rajasthan. The 

height of trees was found variable ii1 all the eleven provenances. The minimum and 

maximull1 mcan heights of 8.8 and 16.3111 were observed in Tonk provenance and Barmer 

provcnance, respectivcly. Thc mcall values of forking height varied from 2.04 to 4.28111 

in Tonk and Banller provenances. Average forking height was lower than 3m in all the 

provenances except Banller and Nagaur. The value of dbh varied frol11 0.26 to 2.52m as 

representative of Tonk and 1allore provenances, respectively. 

Singh and Bangarwa (1996) proposed model architecture for trees in agroforestry and 

emphasized that a model tree for agroforestry should be characterized by fast vertical 

growth, small crown, few branches, with a smaller angle, self-pruning habit,straight ~d 
clean bole with aggressive apical dominance, higher proportion of main stem, deep root 

system, deciduous nature and loose canopy so tl)t it does not make dense shade. 

Kumar (1986) observed significant variation in natural stands of Pinus gerardiana for 

about all the characters studied viz. dbh, height, clear bole height, branch angle, cone 

character, needle character, etc. Khan (1983) revealed wide ranged of variability in Pinus 

wallichiana occurring under different environmental conditions. Population from l&K 

gave maximum average height. Whereas from HP (Kullu and Shimla) the plants were 

shorter in height indicating that population from northern latitude is superior to that from 

southern latitude. 

A neem seed I ing can be grown straight at least to a height of 10-11 feet. Usually 

farmers remove all side branches leaving the top leaf bunch. Ganapathi Raman, a farmer 

in Masarpatti village, observed that certain neem bio-types have a habit of growing 

straight and these trees so not require pruning. Instead of pruning the side branches he 

advises nipping the internode bud i.e. bud emerging between the main stem and side stalk 

(bearing leatlets) alone can be cut or nipped. If the bud is allowed to emerge then this 

will grow into a strong branch which Vv ill affect the value of the neem tree. It increases 

the vigour of the tree growth. The leaves become much broader and have enlarged leaf 

surface. It is a very simple mcthod to follow without much hardship (Vivekanandan, 

1999a). 

Jatasra (1982) collected 250 strains of Prosopis cineraria by the 'random biased' 

sampl ing from Thar desert during May-June, 1981. The quantitative data recorded on 

223 trees indicated a wide range of variability for tree height, dbh (diameter at breast 

height), stem height, canopy height and canopy diameter. Ranking for leaf fodder and 

seed yield revealed vast exploitable variations. 
etal. 

In order to assess genetic variability, Srivastavat (J993c~l11easured height, number of 

branches/plant, length of branches, number of leaves/branch, length and breadth of leaves 

and Icaf yield/plant in 15 randomly selected T. (lrjlll1(1 (an important mUltipurpose tree 
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specics used in sericulture) from each of 3 plots 111 8-yr-old plantations [in Bihar] 

consisting of 2 varieties of the species (var. angusti/olia and var. Aljuna) and at 4x4 [ft.] 

spacing. Maximum range of variation was recorded in leaf yield/plant followed by 

breadth of leaves, while the genotypic coefficient of variation was highest for leaf yield 

followed by number of leaves/branches,- and the highest phenotypic coefficient of 

variation was for lear yield/plant followed by breadth of leaves. The highest heritability 

was observed for leaf yield/plant followed by number of leaves/branch. The highest 

genetic advance was observed for plant height followed by number of leaves/branch. 

Leaf yie!d/plant, number of leaves/branch and height should, therefore, be considered as 

effective parameters for selection in T. mjuna. 

Gwaze et 01. (1997) calculated genetic and phenotypic parameters for height and stem 

straightness from data in 140 full-sib families from an incomplete 

factorial mating design involving 8 male and 15 female parents of Pinlls taeda, planted in 

Zimbabwe during 1972. Measurements were made at 1.5,9.5, 13.5 and 22.5 years of age. 

Dominance variance tendecl to be lower than additive variance for both traits, except for 

straightness at 1.5 years. Heritability estimates for height were moderate to high (h2 
= 

0.14 to 0.73) and peaked at 9.5 years, whilst those for straightness were low at 1.5 years 

and increased to moderate levels with age (ll = 0.01 to 0.33). Individual site heritability 

estimates were higher than those using data pooled across sites, indicating presence of 

genotype x environment interactions and/or heterogeneity of variances. It is suggested 

that combining data as in the pooled analyses was not appropriate for this study. Genetic 

correlations were higher than their phenotypic counterparts in both traits. Age-age 

genetic correlations for height were high, indicating opportunity for early selection (0.76 

to 0.97). Age-age genetic correlations for straightness ranged from -00.05 to 0.94. 

Genetic correlations between height and straightness were low. 

Carson and Hayes (1998) reported diameter and height distributions for Pinlls radiata 

trees grown from seed lots representing a range of genetic improvement were compared 

at mid-rotation (age 14 or 16) in seven large-plot trials at six sites throughout New 

Zealand. In one of the trials, comparisons were made at year 5 and annually from age 8 to 

16. Differences among seed lots for quadratic mean diameter and mean height were 

statistically significant and generally reflected the expected level of genetic 

improvement. Standard deviation, skewness, and kurtosis were not significantly different 

among seed lots. However, diameter distributions of higher rated seed lots sometimes 

appeared very slightly more skewed to the right and flatter than the lower rated seed lots, 

a similar tendency observed as stands age. Models used to predict diameter distribution 

from stand parameters are not likely to require modification for genetically improved 

seed lots. 

15 



Ilan e/ (II. (I 9R7) studil:d genetic parameteres Cor tree architectural characteristics ( 

height, dbh, stem straightncss, crown width and branch diameter, angle and length) 

estimated Crom 16-year old-open-pollinated progenies of Pinus koraiensis S. et Z. in 

Korea. Estimates of family heritability for branch angle were lower than other 

characteristics. 

Ahn e{ al. (1987) conductcd study on characteristics of natural populations of Pinus 

densiflora et Z. in Korea. Simple correlations were studied among characteristics of tree 

growth and form at Hapch'on and Puan populations. 11'1 both the populations, growth 

characteristics (radius at breast height and height) tended to be positively associated with 

tree form (crown width) 

K won et al. (1987) made estimates of broad sense heritability and genetic gain W.r.t. 
\ 

height, dbh, stem straightness, crown width and branch diameter, angle and number in 59 

plus trees of Pinus densitlora. Significant differences among trees were observed for all 

characters except stem straightness and branch I1UI11 ber. Broad sense heritabi I ities rangec.l 

frol11 0.31 to 0.50 for different characters. Expected genetic gains from selectee! 15 

clones were 3.3-9.5% in these characteristics. 

Doede and Adams (1998): Genetic parameters for stem volume, stem form, and 

branching traits, along ,vith genetic interrelationships among these traits, were estimated 

from measurements on 60 open-pollinated families of noble fir (Abies procera) planted 

on 3 progeny test sites in South-west Washington (USA). Large family-by-site 

interactions were evident when all 3 sites «1200m) were analysed separately from the 

high-elevation site (1402 111). Significant family variation was present in at least one 

environment for 10 of the 13 traits examined. Estimates of narrow-sense heritabilities 

were low to moderate(0.09-0.49) for all traits. With the exception of branch number and 

stem sinuosity, genetic correlations among stem growth, stem form, and branch traits 

were weak or favourable effects. Amounts of genetic and phenotypic variation present 

indicated that moderate gains frol'~ selection and breeding programmes are possible for 

stem growth trailS, while lesser gains can be achieved for stem form and branching traits. 

Tree improvement is increasingly considered as an important research direction for 

development of more productive agroforestry systems. In systems, trees have mUltiple 

economic uses and ecological functions that should be taken into account in tree 

improvement programmes in order, for these ensure that improved species is adapted to 

agroforestry. The key issue here may be for tree improvement specialists involved in 

agroforestry programmes to be able to differentiate, from the range of characters that 

could be selected for improvement of a given species, characters that are absolutely 

necessary to improve whatever agro-ecosystem the tree may be grown in (the primary 

targets) and characters for which improvement would only be appropriate for particular 

agro-ecosystem (the secondary targets) (Foresta and Michon, 1996). 
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Genetic parameters were estimated by Arregui et (fl. (1999) for growth, form and 

Dip!odia pinea susceptibility in a six-year-old progeny trial containing 30 open 

pollinated families of Pinus radiata selected plus trees. The trial was established in 

November 1990 at Orozko, Spain. Individual heritabilities were moderate for height, 

diameter and susceptibility to DljJ/odia pineo, but low for stem straightness and branch 
\ 

diameter. Branch angle showed moderate to low heritability. Height and diameter were 

positively correlated. Growth traits were negatively correlated with susceptibility. to 

Diplodia pinea, so it is possible to achieve simultaneous improvements in both growth 

and Diplodia resistance. 

2.7. Plus tree selection: 

Plus-tree is an outstanding individual which occurs in natural stands, or in even-aged 

stands, combining as many desirable traits as possible, such as good stem form, good 

height and dbh, good bole length, less of taper, narrow crown, resistance to pests and 

diseases, etc.,thus the approach to tree improvement involves the selection of trees from 

wild popuiations based Ol~, their apparent superiority in one or more traits. Such superior 

trees occur in very low frequency and a keen eye is needed to locate such trees. Once a 

right base population has been identified then the plus-tree selection begins. It has to be a 

continuous process (Puri, 1998). 

By ocular judgement, candidate trees can first be identified for their overall 

superiority and then marked with a bund of yellow paint at breast height and suitably 

numbered. Then its superiority can be assessed by actual measurements for certain traits 

and compared with similar measurements made on five check trees which should be 

dominants and co-dominant in the immediate vicinity of the candidate trees. Then for 

each trait assessed the superiority of the candidate tree over the average of the five check 

trees can be compared. Sometimes a total scoring system also called the grading system 

is followed. Here each character is given a score according to its expression in the 

individual tree. Each character is as~igned a score ranging from usually 0 to 5 with 5 as 

the most desirable expression. If the total score for all the characters judged exceeds a 

given minimum then the tree is accepted a plus tree and a second band with yellow paint 

is given to it (Puri, 1998). 

Brown and Goddard (1961) expressed the idea that plus-tree selection should not 

identify the largest tree, but should identify the tree that has utilized the growing space 

most efficiently. Crown measurements are made and related to basal area and volume to 

identify plus-tree. 

Stanton and Canavera (1983) selected white birch phenotypes on the basis of three 

techniques: (i) mean annual volume increment after adjustment by comparison trees, (ii) 

without this adjustment, and (ii) on the basis of differences between actual and predicted 

basal area increments regressed on crown surface area. Results indicated significant 
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differences between techniques but none of them produced progenies significantly taller 

than the controls. Another study by Van Damme and Parker (1987) applied to black 

spruce used: (i) regression of basal-area increment of crown-surface area, (ii) stem 

volume on crown radius, and (iii) height on age. Open pollinated progenies from the 

selected trees at 2 years of age were significantly different but there were no differences 

among selection methods. In a study of various competition indices applied to improve 

plus-tree selection, Thomas (j 980) also found that this approach is not helpful (Puri, 

1998). " 

There are other reasons why selection based on crown characteristics may not be 

effective. Although correlations of growth and leaf characters in young trees and in 
, 

experiments are often strong, there are reasons why these relationships may not exist in 

mature stands or may not be easy to assess (Assmann, 1970). Crown measurement may 

not accurately reflect leaf surface area; there may be differences in leaf arrangement and 

proportion of sun and shade leaves, and differences in phenology. Also, selection based 

on crown measurements cannot eliminate or account for differences in micro-site. These 

reasons indicate that selection by this technique may not be promising (puri, 1998). 

It has been found that in Pinus roxburghii, P. wallichiana, Tectona grandis, Dalbergia 

sissoo, Acacia arabica, seed origin makes big diflerences in growth and quality of 

plantations (Suri and Seth, 1959; Champion and Seth, 1968) . 

Khurana and Khosla C . 1982) made a range wide trial on Populus ciliata with 84 

clones and subsequently, the number of clones were increased to 134. Nine promising 

provenances were singled out for genotypic site interaction trial. Sagwal (1985) also 

studied the clonal performance of these promising clones from Himachal Pradesh. 

Chauhan (1987), while studying twenty eight clones of Populus ciliata collected from 

their geographical distribution in the western Himalaya, found high range of diversity 

with regard to survival percentage, height, trunk diameter, fresh and dry weight, leaf area 

and over all growth among different provenances. 

Neil (1990) conducted provenance trial of Dalbergia sissoo in Nepal after collecting 

seed material hom Nepal and Pakistan. He observed small differences among seven 

provenances of Nepal and large differences between provenances of Nepal vis-a-vis that 

of Pakistan. 

Mathur et al. (1984) conducted extensive study on the germination behaviour of 

provenances ofA. nilotica. A study based on 18 treatments comprising 12 provenances of 

variety "Jaqucmontii", three provenances of variety "Vediana", and three provenances of 

sub species cupressifonnis was conducted in the seed testing laboratory at Forest 

Research Institute, Dehradun. The morphological variation and physiological differences, 

and their effect on germination behaviour of seeds of diflerent varieties and provenances 

were recorded. They found that out of the various provenances of A. nilotica var. 
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jaqucll10ntil viz.; Fazilka, Paratwara, Rohtak und Kurukshetra provenances have been 

proved to be better. 

Sclection of Indian tree species for genetic imprRvement can be carried out from 

natural populations on the basis of desired traits. For fast growth, selection is for the 

tallest tree. Working criteria can, however, differ greatly depending upon the uses to 

which the species is put. Stem straightness is related to wood quality, easy handling in 

processing and to subsequent use. Simple selection for tree form can improve bole form 

and straightness considerably and thus improve the quality, easy handling in processing 

and to subsequent use. Simple selection for tree form can improve bole form and thus 

improve the quality and quantity of produce (Faulkner·; 1969; Shelbourne, 1969). Straight 

and persistent axis in teak, clear cylindrical bole; light and spreading branches with knot 

angles approaching 90 degrees, are some of the desired morphological characters used 

for plus tree selection(Keidings) 966). 

It is essential to know the selection differential and genetic concepts before exercising 

selection in commercial tree species; and genetic gain is simply the product of selection 

differential and heritability. Therefore, the rate of tree improvement can be increased or 

decreased by influencing the selection differential or heritability, or by reducing the total 

variance:. The gain thus achieved from plus trees can immediately be realized through 

mass scale clonal propagation by vegetative means for general plantation purposes and 

further gains can be achieved subsequently by progeny selection and selective breeding. 

In a study on teak, Bagchi (1995) concluded (1) the stem quality character variabilities 

were high;(2) heritabilities of individual traits were high, and with a selection intensity of 

20%, the genetic gain as estimated, is expected to be realized on selection. 

Vidakovic and Ahsan (1970) described the methodology for the measurement of 

straightness. Ahsan (1970) mentioned the following criteria for a plus tree of Dalbergia 

sissoo: Vigorous growth, Straight stem, no forking, thin fine branches, Symmetrical 

crown, Cylindrical stem with 2/3 clear bole of total height of tree, resistance to biological 

and physical injuries, capable of producing seed. 

Plus trees are the superior phenotypes with most desired features, selected from 

natural forests or plantations. This is the first step for initiating any long term tree 

improvement programme to produce genetically superior seeds on mass scale. Based on 

the assessment of commercially important forest tree species for their end use, selection 

criteria were prepared for candidate trees and their approval as plus trees (Mathews, 

1961; Muniswamy, 1978; Bagchi, 1983) for a number of species viz., Teak, Semul, 

Shishal11, Chir, Kail, Deodar, Fir, Spruce, Prosopis, Acacia etc. 

In collaboration with state forest departments approximately 1200 plus trees have 

been selected (Kedharnath, 1967; 1982a; Rai, 1986; Emmanuel and Bagchi, 1988) for 

different species, prominent among them were Tec/ona grandis, Bombax ceiba, 
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Dalbergia sissoo, Gmelina arborea, Pinus roxburghii, Santalum album and Prerocarpus 

santalinus. 

Khosla (1985) introduced the possibility of genetic improvement of agroforestry 

trees. Sheikh (1988) raised a large tree form of P. juliflara by collecting seed from plus 

trees. He further proposed to use the straight tree form for planting in arid and semi-arid 

areas. 

Considerable variability with regard to crooked or straight bole and growth rate exists 

in Dalbergia sissao (Yidakovic and Siddiqui, J 968; Yidakovic and Ahsan, 1970). Such 

variation occurs even in one year old trees so far as the crookedness in stem is 

concerned, as was evident from a high coefficient of variation for 23 one year old open 

pollinated progenies. Selection of shisham trees based upon stem form would be 

profitable as environment has relatively little effect on this trait as compared to growth. 

Teak seedlings showed no branching up to 3 years (Champion and Seth, 1968). 

Yariability studies and selection for superior tree form can be made on species showing 

inherent tendencies to form straight bole such as Tee/ana, Share a etc. (Dogra, 1981). 

A study was made by Yidakovic and Siddiqui (1968) about heritability of height and 

diameter growth in shisham using parent progeny test. A number of plus trees of shisham 

with an apparent higher growth rate of diameter and height, were selected in 1963. The 

seeds 1,'om these trees were collected in 1966. The plants were grown in rows so that 

progeny of every mother tree was represented by one or two rows of plants'. About 30 to 

35 plants were selected at random from progeny of each mother tree. Measurements of 

progenies were undertaken at the end of the first vegetation period. Calculations of 

heritability for diameter, height and crookedness were carried out by using regression for 

parent progeny test. Heritabi I ity for height and diameter was very low whereas for 

crookedness, the heritability was high. 

It was suggested to raise progenies from a large number of parent trees under the same 

environmental conditions and subse'~uently to carry out intensive selection within and 

between progenies (Sheikh, 1989). 

Surendran and Chandrasekharan (1984) studied heritable variation and genetic gain 

estimates in half-sib progenies of Eucalyptus tereticarnis. Genotypic coefficient of 

variation (GCY), phenotypic coefficient of variation (PCY), heritability estimates and 

genetic advance as percentage of mean were worked out for eight characters studies in 35 

plus trees. The heritability estimates for girth at base, number of branches, leaf breadth 

and leaf length: breadth ratio were consistent at different stages of growth. 

Gupta and Patil (1988) made an investigation of the variation in fodder and fuelwood 

yield with different plant characteristics in 40 accessions of L. leucacephala. The 

analysis of variance indicated significant differences among the accessions for all the 
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characters. Moderate to high estimates of broad sense heritability were observed for most 

characters. 

Volker et al. (1990) estimated genetic parameters for growth, stem form and branch 

size from measurements made at around six years in seedling seed orchard of Eucalyptus 

globulus. Individual heritabilities for volume and stem form were moderate. 

Jindal et al. (1991) stud ied variability and changes in genetic paramete~ of height in 

juvenile progenies of Tecol17ella undulata. Significant difference, among progenies were 

observed. Heritability and genetic advance showed decreasing trend with increasing age. 

They also reported that correlation of juvenile height at different stage with mean height 

of one-year-old progenies in field was non-significant suggesting that selection for height 

at juvenile stages in nursery may not be effective. 

Sidhu (1 997a) reported that Dalbergia sissoo is a very good timber species but 

has the drawback of a crooked and low forking stem which reduces lumber quality. 

Variability in these traits was surveyed in 1400 km long strip plantations in the Indian 

Punjab to select superior trees for stem form. Sixteen candidate trees were marked and 

observations on tree height,clear bole height, diameter, fork diameter and number of 

crooks were recorded on candidate tree report proformas. Data on these traits were also 

recorded on random trees and used as a baseline for the selection of plus trees. Twelve 

plus trees were selected. Mean values for total height, clear bole height and apical 

dominance were significantly more in plus trees than baseline trees. However, the 

diameter, fork diameter ratio and number of crooks per metre height of clear bole were 

more in baseline trees. There was no difference between the 2 groups in stem roundness. 

The results are discussed in terms of genetic gain in the light of heritability of traits for 

stem form (taken as 0.53). A high genetic gain for number of crooks is predicted from 

these selections in the next generation - crooks/m clear bole height in plus trees and 

baseline trees were 0.070 and 0.272, respectively, giving a calculated genetic gain of -

0.107 (selection differential x heritabi.ity), thus reducing crooks/m bole to 0.165 in the 

next generation. 

Vakshasya et al. (1988) state that until now the emphasis on teak plus tree 

selection has been vigour, good form and crown characteristics. Three different types of 

selections are reported here. 

Sidhu (1996) gave an outline of the steps involved In plus tree selection for a tree 

breed ing programme. The first step is to select plus trees based on the desired objectives. 

Such trees may be selected from base populations consisting of either uneven-aged or­

even-aged stands/plantations, but even-aged stands, preferably plantations, are to be 

preferred. A plus tree is selected either by comparing the phenotypic values of a 

candidate tree with those of the base population (comparison methods) or by evaluating a 

candidate tree on ~he basis of its score values (individual tree methods). The comparison 
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methods used include the comparISon tree method, the base value method and the 

regression method. Under individual tree methods either the sum-total of scores, 

independent culling or selection indices are used to select a plus tree. The comparison 

tree method is an easy and effective method of plus tree selection. 

Goel e/ al. (1997) selected 21 pI us trees were on the basis phenotypic superiority in 

growth, tree form and disease resistance. The minimum selection standard in terms of 

superiority percentage was 20% for heights and 35% for diameter. Stem form was also 

considered. 

2.8. Leaf morphology: 

Soni et al. (1981) observed the flattening of twigs and crowding of leaves with 

prominent ridges and furrows with a disturbed phyllotaxy .• The leaflets are 2-7 cm long 

and 1-4cm broad, imparipinnate, lanceolate, upper side bigger than the lower but it n~ay 

vary within a population, ollen alternate, obliquely falcate, coarsely and bluntly serrate. 

The breadth of lamina and the degree of dentation on the margin of leaflets vary from 

locality to locality. In general, leaflets from dry. areas have narrow lamina and sharp 

teeth along the sides (Puri, 1999). 

A study of the herbarium at New York Botanical Gardens and Panjab University 

revealed that the neem trees from arid areas at the foothills of the Himalayas in general 

have narrow leaflets with sharp dentation in their serrate margin, as compared to the trees 

from a humid climate which have comparatively broader leaflets with a less sharp serrate 

margin (Puri, 1999). 

Bobowicz and Korczyk (1994<1),' Two-years old needles were collected from 272 

standing trees of Pinus sylvestris representing 8 Polish populations. The needles were 

studied with respect to 15 m?rphological and anatomical traits. The data obtained were 

subjected to multivariate statistical analysis in order to delineate inter-populational 

variability. Discriminant analysis was also conducted. Mahalanobis distances were 

calculated between each of populatiJn in pairs, and their significance was estimated 

using Hotelling T2 statistics. On the basis of the shortest Mahalanobis distances a 

minimum spanning tree was constructed and on the basis of Euclidean distances 

hierarchy grouping was performed. A large majority of the populations was found to 

differ significantly from the remaining populations. The population from Bolewice 

proved to be most divergent. The principal variables which proved capable of 

discriminating between populations included needle length, the number of stomata on the 

tlat side of the needle and the number of resin canals. 

Cordell et al. (1998) reported that Metrosideros polymorpha, a dominant tree species 

in Hawaiian ecosystems, occupies a wide range of habitats. Complementary field and 

common-garden studies of M. polYl1lorpha populations were conducted across an 

altitudinal gradient at two different substrate ages to ascertain if the large phenotypic 
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variation of this SPCCICS IS determined by genetic differences or by phenotypic 

modifications resulting from environmental conditions. Morphological characteristics 

such as leaf size, petiole length, and internode length decreased with increasing altitude 

in the field and were retained when grown in the common garden, suggesting a potential 

uenetic basis for these traits. The combination of environmentally induced variability in 
b 

physiological and anatomical characteristics and genetically determined variation in 

morphological traits allows Hawaiian M polymorpha to attain and dominate an 

extremely wide ecological distribution not observed in other tree species. 

Rawat et al. (1998) published data on leaf morphological parameters for 21 teak 

(Tectona grandis) provenances from South and South East Asia (including many Indian 

provenances) grown from seed in the nursery at the Forest Research Institute. Dehradun, 

Uttar Pradesh. A study of these revealed certain diagnostic characters in plant> 2 yr old, 

on the basis of which different provenances/sources could easily be identified. 

Magini et al. (1982) studied phenotypic, genotypic and environmental correlations 

between length and width of the leaf blade in 2 provenances of Italian alder (Alnus 

cordata). 

Daehler (1999): Substantial phenotypic variation 111 Acacia koa has been 

reported in the Hawaiian Islands. Seventy-two families of A_. koa were grown in two 

common garden plots 011 O'ahu to determine whether phenotypic differences in phyllode 

morphology, extra-noral ncctary morphology, and other characteristics (seed 

morphology, growth characteristics including height growth, presence of juvenile leaves 

at 1 yr. old, stem form, branch coloration) have a genetic basis. Significant differences 

among islands and families were observed for phyllode width, curvature, and 

pubescence, as well as extra-floral nectary size and pigmentation, retention of juvenile 

leaves, and branch bark colour. Seed shape also differed significantly among islands. 

Discrim inant analysis revealed that families from the island of Hawai'i were distinct 

from O'ahu and Kaua'i families. The O'shu and Kaua'i families, however, could not be 

reliably distinguished based on sapling morphology or growth characters. 

Higginbotham et al. (1989) repolied in variation in leaf, fruit, bract and catkin 

morphology of Betula alleghaniensis and B. lenfa studied along the altitudinal 

gradient in the southern Appalachians, in order to characterize the regional structure of 

the 2 species. Populations were sampled at 52 sites in North Carolina. Weak to moderate 

linear relations with altitude were found in most size attributes for both species. A few 

shape characters were also correlated with altitude for one species. 

2.9. Seed viability: 

For several wild species whose seedlings establish in spring, seed populations show 

relevant variation that can be correlated with habitat conditions. Populations from severe 

winter sites, where major risk is frost, tend to have a long chilling requirements or to 
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, germinate very slowly at low tcmpcratures. Populations from warmer sites, where the 

major risk is drought, are non-dormant and germinate very rapidly under these same 

conditions. Seed populations from intermediate sites exhibit variation dormancy levels, 

both among and within plants, which spreads germination across a considerable time 

period (Allen and Meyer, 1998). 

The ultimate fate of seeds under natural (wild) conditions depends on their ability to 

time germination so that survival of seedlings is maximized. Mechanisms that regulate 

germil~io.n timing through seed dormancy are an important aspect of species life history 
I 

and ecology (Venable, 1989; Meyer et at., 1995, 1997). Many plants have a wide 

distribution range encompassing a variety of ecological habitats. For such species, 

contrasting selection pressures associated with different sites can result in highly variable 

dormancy patterns (Allen and Meyer, 1998). 

Results from common garden experiments, wherein seeds collected from wild 

populations produce offsprings exhibit dormancy patterns similar to parental plants, 

suggest that germination differences have a strong genetic basis both among populations 

and among plants in a population (Allen and Meyer, 1998). This type of data clearly 

illustrates the need to consider variation in germination strategy in restoration seedings 

(Allen and Meyer, 1998). 

Neem seed is tropical recalcitrant in nature and the viability of the seed falls off 

rapidly after two weeks (Dent, 1948). Tropical recalcitrant seeds can be stored for 

comparatively longer duration by maintaining high seed moisture content and a celiain 

amount of gas exchange. But these seeds are sensitive to low temperatures. In 

considering seed storage as a mean of conserving germplasm, both the characteristics of 

tree seed and the technology of storage conditions needs to be understood. Seed moisture 

content and storage temperature are the major environmental factors affecting the 

preservation of stored seeds, with seed moisture content usually more critical than 

temperature (Justice and Bass, 1988). Chaisurisri et al. (1986) obtained success in storing 

Neel11 seeds in a cotton bag at 15°C. Seeds were dried down to a moisture content of 

46.18 per cent before storing. Under these conditions seeds retained viability for more 

than 4 months. Germination of seeds stored for 16 weeks was 62 per cent. 

Maithall i et al. (1989) stored Neem seeds at room temperature and at 15 or 5°C ill 

sealed and perforated polythene bags, perforated cardboard boxes and over silica gel in 

desiccators. Both sealed containers and low temperature (5°C) caused rapid deterioration 

of seeds (complete loss of germ inative capacity in 1-4 months), while use of aerated 

containers at room temperature of ISoC inhibited deterioration so that some seeds still 

germ inated after 6 months storage. The seeds deteriorated much earl ier in sealed 

containers as compared to perforated containers. This is due to the fact that seeds with 

relatively high moisture content require high O2 concentration for maximum retention of 
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viability. Perforated containers maintained low C02/02 ratio, thereby prolonging thc 

viability of seeds. 

Neem seed is reputed to have limited tolerance to desiccation, to be sensitive to 

chilling and imbibitional stress, and to display intermediate storage behaviour. To 

understand this behaviour the properties of water in seed tissues were studied. Water 

sorption isotherms showed that at similar relative humidity (RH), the water content was 

consistently higher in axes than in cotyledons, mainly due to the elevated lipid content 

(51 %) in the cotyledons. Using differential scanning calorimetry, melting transitions of 

water were observed at water contents higher than 0.14 g H20 g-l DW (distilled water) in 

the cotyledons and 0.23g H20 g-J DW in the axes. Beside melting transitions of lipid, as 

veri ned by infrared spectroscopy, changes in heat capacity were observed which shifted 

with water content, indicative of glass-to-liquid transitions. State diagrams are given on 

the basis of the water content of seed tissues, and also on the basis of the RH at 20 

degrees C. Longevity was considerably improved, and the sensitivity to chilling/subzero 

temperatures was reduced when axis and cotyledons were dehydrated to moisture 

contents < or = of approximately 0.05 g H20 glOW. However, longevity during storage 

at very low water contents was limited. A possible mechanism for the loss of sensitivity 

to chilling/subzero temperatures at low water contents is discussed. The results suggest 

that dry neem seeds in the glassy state have great potential for extended storability, also 

at subzero temperatures(Sacande et al., 2000). 

M ishra et aZ .. (1998) studied effect of substratum, storage temperature and orientation 

on percentage seed germination of Neem Fresh seed of neem were collected from 25 

morphologically superior trees in Jodhpur district of Rajasthan. In germination tests, the 

top of filter paper was the best substrate, followed by vermiculite and sand. The 

germination percentage was higher in seeds stored at low temperature (4°C) as compared 

with room temperature (35 0 C). Orientation of secd and removal of endocarp showed no 

appreciable change in the percentage germination. However, endocarp removal decreased 

the energy period (time to peak germination). 
on 

Chaturvedi et af. (1999) conducted studies germination and storage of neem seeds 
1-

and growth of seedlings. Neem fruits were collected in September 1991 from 5 trees 

selected on the Pusa campus of Rajendra Agricultural University in Bihar, India. the 

fruits were peeled, washed in running water, and the seeds given 5 treatments: none 

(fresh seeds), air drying in the shade for 6 days, sun drying for I or 2 days, and storing in 

the refrigerator for 6 days. The seeds were then sown in petri dishes in the laboratory or 

in nursery beds. Fresh seeds exhibited maximum germination (92.8% in the laboratory 

and 94.1 % in the nursery), followed by seeds sun dried for 1 day, seeds dried for 6 days, 

seeds sun dried for 2 days, and seeds cold stored for 6 days (the latter giving 63.5% 

germination in the labmatory and 76.2% in the nursery). Germination energy and 
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genninablc seeds within energy period were maximum in seeds sun dried for 1 day and 

<Term inated under laboratory conditions, whereas under nursery conditions these values 
~ 6 

, were maximum for the seeds air dried for 1'days. Fresh seeds stored in air tight containers 

were viable for a longer period thai1 seeds stored in cold storage, although germination 

decreases with time in both cases. The highest values in respect of growth and biomass 

were recorded in seedlings germinated from fresh seeds, with seedlings growth 

decreasing in the other treatments in the same order as for germination percentage. 

Gamene et al. (1996) studied storage behaviour of neem seeds from Burkina Faso. 

The storage behaviour of a neem seed lot from Burkina Faso, West Africa, was studied 

by varying both seed moisture content and temperature during storage. The initial 

germination capacity, expressed as percentage normal seedlings, was 87%. To determine 

the effect of moisture content, seeds with intact endocarp were stored in drums with air 

of a constant temperature (20° C) and different relative humidities. During 9 weeks ·of 

storage, the germination capacity remained highest (70% or more) at relative humidities 

of 55% (moisture content about 9% on a fresh weight basis) and 75% (moisture content 

about 13%) and was markedly lower at either lower (32 and 20-25%) or higher (95%) 

relative humidities. The effect of storage temperature was examined in 2 experiments. In 

the first, seeds with 8.9% moisture were stored at 3, 20, 30 or 50° e for 2 weeks. The 

germination capacity of these seeds was lowered at the highest temperature only. In the 

second experiment, seeds with 4.5,9.2 or 12.9% moisture were stored at both 3 and 30° 

e for up to 5 weeks. Irrespective of seed moisture content, germination capacity was lost 

most rapidly at the lowest temperature. The results for this neem seed lot are consistent 

with the intermediate category of seed storage behaviour. 

Sacande et al.(1998) conducted a multifactorial study of conditions influencing 

longevity of neem seeds. Seeds of Sri Lanka and 4 Burkina Faso provenances 

were dried to equilibrium moisture content (MC) at different RH at 20° e, then place in 

open storage at 20° e or hermetically sealed in packets and stored at temperatures ranging 

from -20 to +20° C for 2 years. There was hardly any difference in storage behaviour 

between seed lots, regardless of provenance. Seeds originating from mature yellow fruits 

had greater long~vity than seeds from green or brown fruits. In all storage experiments 

with seeds having Me ~ 10%, viability was preserved best at 10-15° e, indicating that 

neem seed is chilling and freezing sensitive. There was no survival longer than 2 years 

under these conditions. At Me of 4-8%, seeds were considerably more tolerant of low 

temperature storage and had 40-60% viability after 2 years at all temperatures tested (-20 

to +200 C). However, the seeds were sensitive to imbibitional stress, which could be 

alleviated by imbibition at temperature of 25-30° e or above. 

Hong and Ellis (1998) Seeds of six species of Meliaceae were tested for germination 

following desiccation and subsequent hermetic storage for up to 26 months in different 
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environments. Seeds of both Aglai~ clarkii and Sandoricum koetjape were very sensitive 

to desiccation; no seeds survived desiccation to 20% moisture content or below. In 

contrast, stones of Melia azedarach survived desiccation to 3.5% moisture content and 

viabi I ity was maintained during 26 months' subsequent hermetic storage in 14 of the 15 

environments which combined factorially five stone moisture contents between 3.5 and 

11. 7% with three temperatures between _20° e, and lOoe, the exception being that 

environment which provided the highest moisture content and temperature (i.e. lOoe with 

11.7% moisture content) in which loss in viability was considerable. Seeds of 

Azadirachta indica tolerated desiccation to moisture contents in equilibrium at 20° e with 

30-55% r.h. depending on seed lot, and a considerable proportion of seeds survived 

further desiccation to moisture contents in equilibriul11 with 6.5 to 30% r.h. Seeds of 

Swietenia macrophylla and Khaya senegalensis were more tolerant of desiccation than 

those of Azadirachta indica, but some loss in viability was detected on desiccation to 

moisture contents in equilibrium with 17% r.h. Moreover, the longevity of all three 

species in hermetic air-dry storage was shorter at cooler (-20° e and 0° C) than at warmer 

(lO°C) temperatures. It is concluded that Aglaia clarkii and Sandoricul11 koetjape show 

recalcitrant seed storage behaviour, while Melia azedarach shows orthodox seed storage 

behaviour, but that Azadirachta indica, Khay~ senegalensis and Swietenia macrophylla 

show intermediate seed storage behaviour. It is suggested that combining information on 

four criteria (seed weight, shape, moisture content at maturity, and plant ecology) may 

provide a guide to likely seed storage behaviour in Meliaceae. 

Solanki et al. (1999) reported that seed viability was increased by 10-15 days through 

depulping of seeds in neem. Fornos Reyes (1997) studied influence of drying on the 

viability of seeds of neem. Eeswara et a1. (1998) studied The influence of stage of seed 

maturity, moisture content and storage temperature on the survival of neem seed in 

storage. Neem seed extracted from fruit harvested at two stages of maturity (referred to 

as ripe and fully mature) were stored at three seed moisture contents (mc) (undried, 

<15% mc, <10% mc) and in three storage conditions; an air-conditioned room (22oe, 
76% relative humidity), refrigerator (3° C), and freezer (-20° C) in sealed thick polythene 

bags. The germination of the undried ripe seed was high (86%) and remained above 80% 

when seeds were dried to 13.2 and 7.1% mc whereas the low germination (46%) of the 

fully mature seed fell to around 30% after drying to 14.2 and 8.1% mc. At all seed mcs 

the loss of germination during storage occurred most slowly in the refrigerator followed 

by the air-conditioned room. With the exception of seed having <10% mc, storage in the 

freezer was highly damaging. Thus after 5 weeks storage at 13.2% mc the ripe seeds had 

germinations of 65%, 52% and 0% when stored in the refrigerator, air-conditioned room 

and freezer respectively. Reducing the seed mc prolonged the storage life of both ripe 

and fully mature seeds in all three storage conditions with the result that the germination 
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of ripe seed remained above 50% for 24 weeks when the seeds were stored at 7.) % mc. 

These results are discussed in relation to the classification of neem as a recalcitrant, 

intermediate or orthodox seed. 

Beljak et al. (1995) studied responses of seeds of Azadirachta indica neem to short­

term storage under ambient or chilled conditions. Neem seeds show curious post­

shredding behaviour and have been variously documented as orthodox, intermediate or 

recalcitrant, apparently relating to provenance. In addition, even in the air-dry state, 

hermetically stored seeds rapidly lose viability. In the present case, putatively 

recalcitrant, hydrated neem seeds from a Kenyan coastal provenance (Mombasa) were 

stored in loosely-closed polythene bags to ascertain: (1) whether or not the axes showed 

metabolic enhancement indicative of the onset of germination under ambient storage 

conditionS' for 10 d; and (2) whether chilling (4 ± 2°C for 10 d) had an adverse effect on 

the axis cells. There was a slight germination lag relative to the control material in the 

ambient-stored seeds, which is ascribed to their partial enclosure, but the totality of 

germination was unaffected, while chilling had markedly adverse effects on both rate and 

totality. The ultrastructure of control material, sampled prior to storage, was typical of 

embryonic axes in the stage of late development or early stages of germination. During 

ambient storage, there was considerable enhancement of ultrastructural features 

indicating that germination (even though slightly delayed) was indeed underway. In 

contrast, a regression of subcellular development accompanied chilling, many axis cells 

showing degenerative changes. In terms of this behaviour, seeds of A. indica from this 

African provenance conform to the characteristics expected of tropical recalcitrant 

species. 

Rakesh-Kumar et al. (1996a)studied seed storability in Neem Seeds collected 

from 10 randomly selected trees growing naturally in Hisar, Haryana. The seeds were 

stored under 4 conditions; in plastic bottles, polyethylene bags and cloth bags at room 

temperature, and under cold storage (4° C) in polyethylene bags. Germination was 

recorded at IS-day intervals for 60 days. Seeds stored in cloth bags germinated best, 

followed by those stored in plastic bottles and polyethylene bags (which gave similar 

results) with germination least in cold stored seeds. Germination percentage showed a 

steady reduction with time from 15 to 60 days. There was also significant variation in 

germination between seed collections. 

Although the normal practice is to collect fresh seeds naturally dropped on the ground 

for sowing, new techniques have now been developed to extend the seed viability by 

improved handling and storage practices (Hegde, 1996). Roederer and Bellefontaine 

(1989) have reported 42% germination of neem seeds which were stored for five years at 

40 C. Accord ing to Vanden be leIt and Bhum ibhal110n (1992), collection of just ripe fru its, 

depulping, quick washing, shade drying and storage of seeds in cloth bag, at low 
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temperature upto 4° C can improve the seed v'iability. Surendran et al. (1992) have 

reported that the storage of depulped and shade dried seeds in earthen pots containing 

wet sand (30 per cent moisture) can retain the viability upto 62 per cent, at the end of 

three months. 

As the seeds contain chemic,als which inhibit germination, it has been recommended 

to soak the seeds in warm water at 65-70° C for 30 minutes for improving the 

germination (Hegde, 1996). Neem seed quality is reported to vary with location of 

collection. The quality of neem seed is not only governed by environmental and genetic 

factors but also by the moisture content of seeds. Tela (1983) reported that the neem seed 

loses its viability aftel' two weeks, but it can retain viability for 12 months in dry, low­

temperature storage. For long the neem seed was considered to be a species with 

recalcitrant seed characteristics. tel 

Accelerated ageing test for vigour and viability assessment in neem indicated that the 

loss in dehydrogenase enzyme activity and membrane integrity could be taken as a 

measure of vigour. It also revealed that loss in vigour precedes the seed viability 

(Karivaratharaju et al., 1999b). 

In a study on the etl'cct of seed moisture and drying methods, Karivaratharaju et al. 

(I999a)reported that drying methods did not significantly influence the germination (%), 

root length, epicotyl length, hypocotyl length, dry matter production and vigour index of 

the neem seeds. The study also revealed that the neem seeds can be dried to 10% 

moisture content by different drying methods namely shade, sun and oven drying (at 40° 

C) methods without much damage to the seed viability. 

Rakesh Kumar and Bangarwa (1999) reported significant differences among 

progenies at 2 months old for vigour index and growth parameters (germination 

percentage, seedling length, seedling dry mater, vigour index I and II, collar diameter and 

number of leaves) in neem. 

EI-Kassaby and Edwards (1998) studied genetic control of germination parameters in 

mountain hemlock (TslIga l71ertensiana) standard germination tests. Strong genetic 

control was confirmed by the high heritability estimates that ranged from 0.35 to 0.82 

(stratified) and from 0.58 to 0.73 (unstratified) for Sooke and from 0.30 to 0.85 

(stratified) and from 0.45 to 0.84 (unstratified) for San Juan. 

Unfortunately, seed storage technology need to be developed for many 

forest tree species, especially of tropical trees which possess a major problem because of 

absence .of dormancy or presence of a very short period of dormancy in the seed (Dogra 

and Dhiman, 1998). 
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Information on seed ripening periods and dispersal characteristics of a speCIes is 

important for proper harvesting and storage of fruits and seeds (Dogra and Dhiman, 

1998). High quality heavy seed production areas or seed stands must be selected for 

different tree species from its distributional ~ange. In these, poor phenotypes can be 

roughed out and outstanding trees maintained to intermate and produce improved seeds. 

Seeds thus collected will be of known origin and have a better genetic quality (Dogra and 

Dhiman, 1998). 

2.10. Seedling growth: 

Srivastava, et af. (1993b) conducted study of half sib seedlings raised from seeds of 

T. arjllna' . Three leaf characters showed low GCV and genetic gain and high heritability, 

suggesting intra- and inter-allelic interactions. Seedling height had high heritability, 

genetic advance ~d GCV , suggesting additive gene action. 

Pires et o/. (1987) studied genetic variation among provenances detected in ht. up 

to 2 months old, branch diameter, branch angle and natural pnming (at 1 yr old). Lopez 

Mata, (1987) studied genecological differentiation in nine provenances of Brosimum 

alicaslruJ11 - a tree of moist tropical forests. Seeds were randomly collected from 5-11 

individuals of each provenance along a latitudinal gradients. Principal component 

analysis andlinear correlation indicated the existence of ecoclinal variation in seed size 

(weight and diameter). Seed size strongly influenced initial seedling size and the relative 

size of seedling roots which increased in response to habitat dryness and geographic 

origin. The results suggested that Brosimwn alicastrul11 employs an adaptive strategy in 

response to water deficit during dry seasons in initial phase of seedling establishment. 

Seeds were collected by Rakesh Kumar and Bangarwa (1999) from 10 randomly 

selected neem (-Azadirachta indica) plus trees growing naturally in Hisar, Haryana, India . 

. ' . The seeds were germinated and seedlings grown in a mist chamber. Significant 

differences were observed among progenies at 2 months old for vigour index and growth 

parameters. The average germination percentage, seedling length, seedling dry mater, 

vigour index I and II, collar diameter and number of leaves. 

In Salvo dora oleoides, Jindal et af. (1999';)found substantial variation with respect to 

seedling growth characteristics. Relationship of 100 -fruit weight with seedling height 

and nodes per plant, and of 100-seed weight with seed oil content and germination 

percentage were positive and non-significant. Significant and positive association was 

noticed betvveen seedling height and nodes/plant. 
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Solanki et a/. (1999): at the National Research Centre for Agroforestry, studies on 

neem since 1988 indicated that it has good adaptability in semi-arid tropics with an 

annual increment of 55 cm for plant height and 1.38 cm for collar diameter in red soil. 

Seed viability was increased by 10-15 days through depulping of seeds. Substantial 

variability was present for all characters under study. Results of provenance trails showed 

that seedlings from Riva, Katni, Bhopal, Guna, Shivpuri and Karera districts were 

excellent. Stud ies on reproductive biology over 3 years (1993-96) suggest that neem is 

predominantly a self-pollinated species. 

The wide variation observed in the seed germination and seedling growth of different 

provenances, may be mainly genetical as all the plants were growing in nursery under 

similar environmental conditions and received similar silvicultural practices. An earlier 

study (Arya et al., 1993) on T undulata provenances had shown a significant variation in 

the pod length and seed weight. Others working with Acacia mangium (Salazar, 1989), 

Acacia albida(Sniezki and Stewart, 1989), Albizia lebbeck (Kumar and Toky, 1996) and 

Prosopis cineraria (Arya et al., 1995a) have reported variation in seed germination and 

seedling growth among provenances. 

Daehler (1999): Substantial phenotypic variation in Acacia koa has been 

reported in the Hawaiian Islands. Seventy-two families of A. koa were grown in two 

common garden plots on O'ahu to determine whether phenotypic differences in phyllode 

morphology, extra-floral nectary morphology, and other characteristics (seed 

morphology, growth characteristics including height growth, presence of juvenile leaves 

at 1 yr. Old, stem form, branch coloration) have a genetic basis. Significant differences 

among islands and families were observed for phyllode width, curvature, and 

pubescence, as well as extra-floral nectary size and pigmentation, retention of juvenile 

leaves, and branch bark colour. Seed shape also differed significantly among islands. 

Discriminant analysis revealed that families from the island of Hawai'i were distinct 

from O'ahu and Kaua'j families. The O'shu and Kaua'i families, however, could not be 

reliably distinguished based on sapling morphology or growth characters. 

2.11. Fruit and Seed morphology: 

Veerendra (1995) conducted study on variation studies in provenances of Azadirachta 

indica (the neem tree). An exploratory survey was undertaken with 10 provenances of 

neem collected from Karnataka and Andhra Pradesh in June, 1993. Analysis of three 

characters (seed length, width and weight) indicated the presence of genetic variation 

among the provenances. The provenance Ramanagar 'H' from Karnataka gave the highest 

range and lowest of coefficient of variation (C.V.) for all 3 characters studied. The 

highest C.V. for seed length was recorded in Ramanagar 'Y' (73%), and for seed width 

and seed weight, in Iloskote provenance (35.7 and 25.1 %, respectively), both fr0111 

Karnataka. 
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Jindal et al. (1999o.)studied variability and associations for seed yield, oil content and 

tree morphological traits in necm (Azadirachta indica). The ex situ variability of various 

tree morphological traits (height, collar diameter, diameter at breast height (dbh), clear 

bole length, canopy diameter), seed yield related parameters (inflorescence length, 

ti'Llils/inl1orescence, tl'Llit yield/tree, 100-fruit, I ~O-seed and 100 kernel weights, number 

of kernel/J 00 seeds), and seed (kernel) oil percentage, and other associations were 

assessed in 25 neem trees randomly selected from about 200 trees (13 yr old, grown from 

seed sources from throughout Rajasthan, India) at the Central Research Farm, Jodhpur, 

Rajasthan. Correlation matrices are given sh01.oJing the various relationships. Tree height 

was positively and significantly associated with co.llar diameter, dbh, canopy diameter 

and fruit yield/tree. Fruit yield was also significantly positively correlated with collar 

diameter, dbh and canopy diameter. Number of fruits per inflorescence was positively 

and significantly correlated with inflorescence length. Seed oil content showed positive, 

small but significant correlations with fruits/inflorescence, fruit yield/tree and number of 

kernels /100 seeds, and negative but not significant correlations with 100-fruit, 100-seed 

and 100-kernel weights. Associations among fruit, seed and kernel weights were positive 

and highly significant, and the correlation between fruit yield and weight was also 

positive and significant. 

Burley (1965) assessed variability for seed weight in thirty provenances of Sitka 

spruce. He did not find any apparent relationship of seed weight with latitude. However, 

there was a trend for northern provenances to have comparatively heavier seeds. 

Solanki et al. (1985) reported phenotypic variation in pod and seed characters of 

Acacia senegal in the natural stands of western Rajasthan. From their studies of 52 

individual trees, 'they reported substantial variability for various characters like pod 

length, pod breadth, seeds per pod and 100-seed weight. 

An exploratory survey and germ plasm collection from 140 trees was undertaken by 

Kacker et at. (l986b) from various places of Indian Thar Desert viz., Ajmer, Banner, 

Bikaner, Churu, Jaipur, Jaisalmer, Jalore, Jhunjhunu, Jodhpur, Nagaur, Sikar and Tonk 

districts of Rajasthan. Analysis of three characters i.e. seed weight, pod length and 

number of seeds per pod revealed ample variation. Maximum range of variability for pod 

length was observed in Jodhpur provenance (8.6-26.0 cm with mean 13.46 ± l.12) 

whereas for the number of seeds per pod, range was maximum (2.0-17.0 with mean 9.60 

± 1.48) in Nagaur provenance and for seed weight maximum range was observed in 

Churu provenance (4.0-7.4 with mean 5.34 ± 0.25 g). For all the three characters studied, 

maximum variation was observed in the provenance of Banner district as shown by the 

high values of coefficient of variation. 
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Salazar (1986) assessed the various provenances of Gfiricidia sepium for seed weight, 

length, width and thickness and considerable genetic variation was found in seed traits, 

with a clear increase in seed weight with increasing altitude. 

Shiv Kumar and Banerjee (1986) found a considerable variation in external seed 

characters, germination, viability, plumule and radicle ratio of Acacia nilotica. 

Huang (1989) repOlted significant differences between provenances of Acacia 

auricul{/ormis in seed weight and seedling traits. 

Maley and Parker (1993) on the basis of nested analyses of variance indicated that 

most of the variation was expressed between and within trees, with relatively little (1.6-

18.9% depending on the trait) expressed between sampled populations. Discriminant 

analysis of cone and needle data indicated that the 64 populations generally varied 

longitud~llally with a steep cline apparent in the Nipigon area (about 88°15' W) for cone 

data. A corresponding irregularity in the pattern of needle variation suggested that the 

modern pattern may be the result of separate lineages, i.e. descendants from two 

migration routes along eastern and western shores of Lake Superior or from two refugia. 

However, temperature data follow a similar pattern in this area of Ontario, and multiple 

regression of the discriminant analysis for the 64 sampled populations against altitude, 

climatic, and soil data indicated that much of the cone and needle variation expressed 

between population could be accounted for by the regressions. Thus, the observed 

patterns of phenotypic variation may simply be the result of local adaptations to a 

variable environment. 

Lopez Mata (1987) studied genecological differentiation in nme provenances of 

BrosimulIl alicastrum - a tree of moist tropical forests. Seeds were randomly collected 

from 5-.11 individuals of each provenance along a latitudinal gradients. Principal 

coni.ponellt analysis and linear correlation indicated the existence of ecoclinal variation in 

seed size (weight and diameter). Seed size strongly influenced initial seedling size and 

the relative size of seedling roots which increased in response to habitat dryness and 

geographic origin. The results suggested that Brosimum alicastrum employs an adaptive 

strategy in response to water deficit during dty seasons in initial phase of seedling 

establishment. 

lindal et al. (1999~ selected the trees of Salvadora oleoides on the basis of large 

canopy, profuse fruiting, and absence of diseases and pests. There were large variations 

in fruit colour, IOO-fruit weight and IOO-seed weight. Mean values for seed oil content, 

seed germination, seedling mOltality due to damping off and seedling height were 37.2%, 

79.3%, 18.2% and 6.67 em, respectively. Relationship of 100-fruit weigl)t with seedling 

height and nodes per plant, and of 100-seed weight with seed oil content and germination 

percentage were positive and non-significant. 



Tyagi (1999) reported differences in seed morphological traits (length, width, 

thickness, volume, 100-seed weight) and germination were compared for 7 provenances 

of Grewia optiva from different parts of the Tehri-Garhwal District of Uttar Pradesh and 

the Solan District of Himachal Pradesh (India). The analysis demonstrated genetic 

variation between the provenances, and highly significant correlations between different 

pairs of characters. A multiple regression analysis showed that seed length and lOO-seed 

weight might be used as the predictors of germination in G. optiva. 

Sindhuveerendra et af. (1999) reported that Sandal (Santalum album) seeds from 

various seed sources show significant variation morphologically and physiologically. 

This paper reports data on the seed parameters (seed length, seed width and seed weight) 

of 9 provenances from Karnataka and Kerala (India), which demonstrate a significant 

amount of variation among the different sources. The coefficients of variation (CV) were 

calculated for each sced parameter and source to aid comparison between them. It is 

suggested that outstanding trees may be selected from those provenances which showed 

highest CY for different seed characteristics and could be incorporated as base 

population for establishing second generation seed orchards of §.. album at different sites 

as a prerequisite ior formulating a multiple population breeding strategy. 

Daehler (1999) found substantial phenotypic variation in Acacia koa 

in the Hawaiian Islands. Seventy-two families of A. koa were grown in two 

common garden plots on O'ahu to determine whether phenotypic differences in phyllode 

morphology, extra-nora I nectary morphology, and other characteristics (seed 

morphology, growth characteristics including height growth, presence of juvenile leaves 

at 1 yr. old, stem form, branch coloration) have a genetic basis. Significant differences 

aniong islands and families were observed for phyllode width, curvature, and 

pubescence, as well as extra-floral nectary size and pigmentation, retention of juvenile 

leaves, and branch bark colour. Seed shape also differed significantly among islands. 

Discriminant analysis revealed that fcLOilies from the island of Hawai'i were distinct 

from O'ahu and Kaua'i families. The O'shu and Kaua'i families, however, could not be 

reliably distinguished based on sapling morphology or growth characters. 

Correlations between different fruit parameters (weight, length, diameter, volume and 

pulp weight) were found to be positive and significant in 31 genotypes of jamun 

(Syzygium cuminii ) from the Shahdol and Jabalpur areas of Madhya Pradesh, 

India (Jadon et ai., 1999). 

Sharma et 01. (1999) studied the genetic parameters of the cone and seed characteristics of 

Pinus roxburghii, estimated from a study of cones and seeds collected from 33 

phenotypically superior trees selected in 1997-98 in different areas of Himachal Pradesh 

(India). Significant variations were observed for all 5 characters studied (cone and seed 

weight, cone width and length and number of seeds per cone). The difference between 
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phenotypic and genotypic cocllicicnts of variation werc low for all the characters. The 

high broad sense heritability and genetic gain obtained for cone weight and number of 

seeds per cone indicated additive gene action. Genetic correlations were positive and 

significant for seed weight, cOile length and cone width. 

2.12. Biochemical composition of seeds: 

2.12.1. Seed oil content: 

Neem oil has been widely employed in manufacturing of soaps, oils, skin ointments, 

waxes, lubricants, epoxy compounds and as a fuel for lighting. It has been reported to 

have insecticidal, antifertility, antifungal and antiseptic properties (Kumar et al. , 1990, 

Tewari, 1992). A new process has been recently developed to produce colourless and 

debittered neem oil that can be used for edible purposes (Rukmini, 1987). 

Ne_em oil is used for making soap, shampoo, cream, hand and body lotion and 

toothpaste, waxes and lubricant as well as fuel for lighting and heating. India currently 

produces over 80,000 metric tonnes of neem oil annually, which is used primarily in the 

manufacture of soap. Gum extracted from the bark is used as a soil fertilizer and soil 

amendment. and is for tannins and dsntal cars; A neem twig is commonly used as a 

disposable toothbrush for maintaining healthy teeth and gums. The leaves are used for 

preparing vegetable for human food and also for livestock feed. Honey from the nectar of 

the flower is popular in Bangladesh and India. 

Jaryum (1991) reported the in Borno State of Nigeria, oil yield per Kg of seeds ranges 

from 400-500 ml. Neem oil has a variety of uses viz. insecticides, pharmaceuticals, soaps, 

oils, waxes, lubricants, epoxy compounds, and as fuel for lighting. As many as 14 

million trees are estimated to be growing in the country with total potential of 4,14,000 

tonnes of oil. 

Combustion of neem oil in combination with diesel oil has been successfully 

demonstrated and advocated, especially in countries devoid of combustion oil sources 

(Randhawa and Parmar, 1993). @a..!:w tt and Waltsr Preparation of n€l€lm oil with 10w€lF 

phytotoxicity and improv€ld stability. A new method for preparing a neem oil with an 

acceptably low foliar phytotoxicity involves crude neem oil treatment with dilute aq. 

alkali to precipitate a solid, separating the precipitate, and determining residual 

phytotoxicity. Alternatively, the crude neem oil may be treated with a lipase (EC-3. 1. 1.3) 

to degrade a suitable percentage of lipid, followed by enzyme deactivation and 

determining residual phytotoxicity. The alkali-treated neem oil has a cloud point of 10-13 

deg or lower, and a foliar phytotoxicity rating of 2.3 or lower. The resulting product is a 

shelf-stable, low-phytotoxicity insecticide and fungicide, useful in controlling Colorado 

potato beetle, diamond-backed moth, whitefly, mealybug, aphid, hornworm, lacebug, 

tlea, mosquito, fly, mildew, rust, dollar spot, brown patch, black spot, Botrytis, mite, lice, 

tick or scabies. The oil may also be used to treat symptoms of eczema or dermatitis. The 
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processes reduce the cloud point of the neel11 oil, eliminating the waxy waste stream 

produced by previous methods, and giving an active product with improved stability. 

Jacobson (1984) reported that the neem seeds contain 42-50% of oil that has potential 

use in production or waxes, lubricants and aromatic chemicals. Azadirachtin, a complex 

sesquiterpenoid and the major insecticidal component of the seed, repels and prevents or 

drastically reduces feeding by at least 40 spp.of pest insects and nematodes. It is effective 

at concentrations as low as 0.1 ppm, and appeared to be safe to beneficial insects, fish, 

animals and most crop plants. 

Jindal et al. (1999o;lstudied variability and associations for seed yield, oil content and 

tree morphological traits in neem (Azadirachta indica). The ex situ variability of various 

tree morphological traits (height, collar diameter, diameter at breast height (dbh), clear 

bole length, canopy diameter), seed yield related parameters (inflorescence length, 

fruits/inflorescence, fruit yield/tree, 100-fruit, 100-seed and 100 kernel weights, number 

of kernelllOO seeds), and seed (kernel) oil p.ercentage, and other associations were 

assessed in 25 neem trees randomly selected from about 200 trees (13 yr old, grown from 

seed sources from throughout Rajasthan, India) at the Central Research Farm, Jodhpur, 

Rajasthan. Seed oil content showed positive, small but significant correlations with 

fruits/inflorescence, fruit yield/tree and number of kernels /100 seeds, and negative but 

not significant correlations with 100-fruit. 100-seed and 1 OO-kernel weights. 

In trees grown in Nicaragua, seeds grown with high azadirachtin content (10.07 mg g-I 

seed) did not produce the same amount in offsprings (Gruber, 1991). 

Kadir et al. (1998) studied the oil content of seeds of neem trees in Peninsular 

Malaysia and their pheRologioal. The sample from Jalan Sungai Batu Pahat, Perlis, 

northern Peninsular Malaysia contained the highest percentage of neem oil (63.8%). 

Sridharan and Venugopal (1998) worked on the effect of environmental conditions on 

the yield of oil in neem. A study of variation in the levels of oil in neem seeds was 

conducted at the agricultural College ;_.nd Research Institute at Madurai, Tamil Nadu, 

during 1993-95. Seed samples from individual trees were collected from 12 different 

locations in Tamil Nadu, and oil contents determined. Seeds from different locations had 

significant variations in their oil content. Climatic factors at the different locations were 

correlated with oil contents of seeds, with a significant positive correlation of sunshine 

hours during September-March with seed oil content. 

J itendra-Kumar et 01. (J 997) reported neem oil content in relation to the agro­

ecological factors and regions of India. The variation in yield of neem oil in relation to 

the ecosystem, tree growth period, soil type, and precipitation in India, is described. A 

moderate climate with a moderate tree growth period, Indo-Gangetic alluvium soil and 

400- I 600 lllm precipitation were the lllOSt suitable conditions for a high oil yield. 
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Schiller and Grunwald (1987) studied xylem' resin monoterpene composition as 

related to provenance in 472 trees of Pinus halepenis from 22 _provenances from Greece, Spain 

Morocco, Algeria, Tunisia and Israel. Except for 'the Greek and Israeli provenances 

monoterpene composition between provenances was low; however, 3 district groupings ( 

Greek, West European and North America) could be distinguished. Susceptibility to 

Matsucoccus josephi of 7 provenances was related to cortex resin monoterpene 

composition, which differed significantly between provenances. 

2.12.2. Fatty acid profile of seeds: 

The current commercial production of vegetable oils is primarily targeted towards 

their utilization as an edible component of the human diet. The world wide market for 

vegetable oils has increased by 300% since 1960, not only due to increases in world 

population but also to increases in living standards (Hills & Murphy, 1991). A further 

interesting factor is that the market share supplied by animal-derived fats fell from 39% 

of the total in 1960 to 26% in 1990, in some part due to an increased awareness of 

dietary factors (Murphy, 1992). Though the primary market for vegetable oils is for 

human consumption, up to 33% of the total production is designated for a range of non­

edible applications, such as lubricants" plasticisers and detergent ingredients. The 

potential for such diversification is an area of considerable recent interest (for reviews, 

see: Hills & Murphy, 1991 ; Robbelen, 1991 ; Murphy, 1992). There are a number of 

approaches for obtaining sources of oils containing the fatty acid profiles required by 

industry. One approach is to search for wild undomesticated species that contain oils of 

interest and attempt to domesticate them. 

Vegetable oils are comprised of glycero-lipids containing predominately 16-and 18-

carbon fatty acids. Together the number of carbon atoms, and the frequency and position 

of carbon double-bonds, in fatty acids affect the physical and chemical characteristics of 

the oil (Somerville & Browse, 1991). 

The qualitative manipulation of seed oils involves the modification of their fatty acid 

compositions. It is the fatty acid profile which determines the chemical properties 

responsible for the particular end use of the seed oil. Oil-bearing plants produce many 

hundreds of fatty acids that can serve as actual or potential industrial raw materials.-lH­

attempting to demonstrate the effectiveness of biotechnology for producing n@w 

industrial oil crops. It is therefore, important to decide initially upon a relatively limited 

number of target fatty acids to be produced. (Murphy, 1993b). 

The selection of target fatty acids for designer rapeseed varieties has been largely 

determined by the availability or the ease of isolation of the relevant gene clones. It has 

proved relatively straightforward to purify many of the soluble enzymes associated with 

fatty acid formation de novo and therefore to clone their genes. (Murphy, 1995). 
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Stearic acid is a C 18 saturated fatty acid that serves as a major ingredient in 

margarines and cocoa-butter substitutes. The 6 9 stearoyl-ACP desaturase gene which 

normally converts stearic to oleic acid was paliially inactivated in rapeseed using 

antisense methods, resulting in the accumulation of a seed oil containing up to 40% 

stearic acid, in contrast to levels of <5% stearic acid in conventional rapeseed varieties 

(Knutzon et al., 1992). 

Studies of the inheritance of oil quality in other oilseed crops have indicated that 

several genes are involved, each with a small effect. However, major genes affecting 

fatty acid composition have been reported in two other oilseeds, rapeseed (Brassica 

napus L. ssp. Oleifera) (Harvey, 1961) and safflower (Carthamus tinctorius L.) 

(Knowles and Hill, 1964) . Widstrom and Jellum (1984) found the existence of a major 

dominant gene that influenced germ oil composition for oleic and linoleic acids in an 

inbred line of maize (Zea mays L.). They also reported that a recessive gene located on 

another chromosome influenced the control of oleic and linoleic acid levels. 

Concern over high saturates in human diets has prompted the development of soybean 

[Glycine max (L.) Merr.] lines producing oil with reduced saturated fatty acid 

concentration. To better understand those factors that influence phenotypic expression for 

palmitic and stearic acid content in soybean, thiliy soybean lines random for saturated 

fatty acid content were grown in eight field environments contrasting for mean 

temperature during seed-filling. Palmitic and stearic acid content varied significantly 

(P<O.O 1) both among genotypes and across environments, while genotype x environment 

interactions were reflected in changes in line variance and ranking for both traits. 

Therefore selection of a superior genotype for saturated fatty acid composition may not 

correlate well from one environment to another. In general, early-maturing lines were 

less sensitive than later-maturing lines in their response to changes in mean daily 

temperature for palmitic concentration. However, factors in addition to temperature 

appeared to influence genotype response for stearic acid content. It appears that genetic 

systems conditioning palmitic and stearic acids are independent, and that separate 

breeding strategies need be adopted to make simultaneous improvement for these two oil 

traits. In summary, development of soybean lines with low or high saturated fatty acid 

content may be accomplished through evaluation and selection in a few environments 

contrasting for temperature (Rebetzke, 1996). 

For both palmitic and stearic acid, stronger linear relationships with mean temp. for 

late-maturing lines suggest that lines are essentially linear in their fatty acid response to 

increases in mean temperature and that there is genetic variation in soybean for 

physiological sensitivity to changes in temperature (Rebetzke, 1996). In that regard, 

temperature effects upon membrane fluidity are well documented (e.g. Sommerville & 
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Browse, 1991), but there has been little consideratioh of a genetic basis for genotypic 

differences within crop species. 

The compositions of seed oi Is can be varied by selective breeding with little effect on 

the agronomic characteristics or the plant. For example, a high oleate peanut cultivar 

called SunOleic 95R has been developed by the University of Florida, in which the 

polyunsaturated fatty acyl content of the seed oil was greatly reduced. This high oleate 

peanut originated from a naturally occurring variety and contained 80.6% oleate and 

2.8% linoleate (Gorbert and Knauft, 1997). The reduced polyunsaturates mean that the 

oil, now much like olive oil in composition, has a much longer shelf-life than the usual 

peanut varieties before exhibiting rancidity (O'Keefe et at., 1993). Additionally, high 

oleate, whole peanuts remain fresh longer, an important property for increasing the shelf 

life. > 
Linoleate is biosynthesized in a single enzymatic step from oleate by a desaturase that 

inserts a double bond into a monounsaturated fatty aeid like oleate one methylene group 

removed from the existing double bond. One class of desaturases functions in 

chloroplasts. But the major desaturase involved in the formation of seed oil during seed 

development in the oleoyl-PC desaturase, found in microsomes, this desaturase acts on 

fatty acyl residues present in phospholipids, chiefly phosphatidylcholine (PC) in cell 

membranes form higher plants like peanut. Biochemical comparison of developing seeds 

from mutant anJparental varieties of peanut showed that the high oleate phenotypes was 

correlated with reduced activity of the microsomal oleoyl-PC desatur~ase (Ray et aI., 

J993).The oleoyl-PC desatur¢ase was the target of the gene suppression providing the 

high oleate varieties of soybean(Glycine max (L.) MelT.) and canola (Brassica ssp.) 

(Mazur et al., 1999 and references therein). 

Dodd and Rafii (1995) studied eco-geographic variation in seed fatty acids of 104 

trees frol11 13 natural popUlations of Austrocedrus chilensis in Andean Chile and 

Argentina. Multivariate analyses indicated a separation of xeric zone populations from 

mesic populations. These differences were associated with a greater abundance of C20 

unsaturated acids in the mesic group. Differentiation among mediterranean Chilean 

populations was relatively high, perhaps as a result of their disjunct distribution. There 

was no evidence for lower level of within -popUlation variation for isolated populations. 

Mean temperature appeared relatively unimportant in discriminating among early­

maturing genotypes for stearic acid, and to a lesser extent, palmitic acid response. 

Therefore, genotype sensitivity to environment for stearic acid appeared to be 

conditioned by environmental factors additional to temperature. For example, reductions 

in soil-water potential have been reported to affect saturated fatty acid content (Dornbos 

& Mullen, 1992), while duration and spectral quality of light can alter soybean oil for 

saturate composition. 
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The inheritance of the high oleic acid phenotype in sunflower has been widely studied 

with crosses between high oleic stocks originating from Pervenets and low oleic stocks 

originating from vnriolls sOllrces. Although results have varied in different genetic 

backgrounds, a dominant mutation (01) with pronounced etTect on oleic acid content has 
/ 

segregated in every genetic background (Fick, 1984; Urie, 1985; Miller et al., 1987 ; 

Fernandez-Martinez et al., 1989). 

The first OLD gene was cloned from A. thaliana with a t-DNA tagged line with higher 

18 : 1 content in seeds, roots, and leaves than the wild-type line (Okuley et aI., 1994). 

The Arabidopsis OLD gene was expressed in developing seeds and various other tissues 

in wild-type lines. Two OLD cDNAs were subsequently isolated from soybean ( G. 

max (L,) Merr.) with the Arabidopsis OLD gene as a heterologous probe (Hepppard et 

aZ., 1996). One was expressed in developing seeds, whereas the other was expressed in 

several tissues (leaves, roots, stems) in addition to developing seeds. 

The sequence flanking the first methionine codon differed by two base pairs 

(AACA T A TGGG) frol11 the proposed consensus sequence (AACAA TGGC) for 

translation initiation in plants (Latcke et aZ., 1987). The 1137-bp open reading frame of 

OLD-7 encodes a 378 amino acid sequence which is five amino acids shorter than the 

Arabidapsis sequence (Okuley et al., 1994). The nucleotide and deduced amino acid 

sequence identities of OLD-7 and the Arabidapsis OLD ORFs were 68.8 and 70.3%, 

respectively. The amino acid identities between the sunflower OLD-7 cDNA and other 

plant OLD sequence were 68.4% for Brassicajuncea L. 70.4 and 71.3% for Glycine max 

L., and 72.7% Solanum call1l1lersanii L. Analysis of genomic sequences produced by 

PCR revealed no interns in the sunflower OLD-7 coding region. OLD-7 was strongly 

expressed in developing seeds, but was not expressed in leaves, mature seeds, 5-d old 

cotyledons, flower buds, roots, and stems. Oleic and linoleic acid comprise more than 

70% of the fatty acids in leaf cells and 55 to 70% of the fatty acids in ~~ts and other non­

photosynthetic tissues in sunflower and most higher plants (Harwood, 1980). 

Neem seed samples from different provenances of the Rajasthan state in India were 

collected. These samples were analysed by GLC to study the variability of fatty acid 

composition. Significant variability in individual fatty acids was observed. The palmitic 

acid ranged from 16 to 34%, stearic acid from 6 to 24%, oleic acid from 25 to 58% and 

linoleic acid from 6 to 17%. This variability can be exploited for selection of trees and 

for studying the genetic variability in neem. These selections can also be utilized for 

genetic improvement of the tree (Kausbik and Vir, 2000). 

Ali et al. (1996) conducted studies on the fatty acids and glyceride compositions of 

Nim (Melia Azadirachta indica) seed oil. Ths fatty acid and glYC~lfids compositions of 

n@@1H [Azadiraclila indico] seed oil were studied. It was observed that neem seed grown 

under the soil and climatic conditions of Bangladesh contains 40% of acrid bitter 
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greenish yellow to brown oil with a strong disagreeable garlic-like odour. The oil was 

It'actionated into 1110no-, di- and triglycerides by silicic acid column chromatography. The 

content of triglycerides varied from 89.0 to 89.9%, diglycerides from 2.7 to 3.2% and 

1110noglycerides from 2.6 to 3.0% depending on the soil texture in the areas where the 

plants were grown. The fatty acid composition of oil was analysed by GLC. Oleic, 

palmitic, stearic, linoleic, arachidic and behenic acids made up 55.8, 16.5, 2.5, 20.5, 2.4 

and 2.2%, respectively, of the total fatty acids. 

J itendra Kumar et aZ. (1997) reported neem oil content and its key chemical 

constituents in relation to the agro-ecological factors and regions of India. The variation 

in yield of key fatty acids (oleic, stearic and palmitic) in relation to the ecosystem, tree 

growth period, soil type, and precipitation in India, is described. Coastal areas, coastal 

alluvium and red soils, trees with a growth period of >210 days and 2000-3200 mm 

precipitation favoured a high oleic, stearic, palmitic and total fatty acid content of oils. 

Azadirachta excelsa seeds were extracted with hexane at room temperature. It showed 

yields of approximate 35% based on seed kernel weight. Physical properties of seed oils 

were determined by the method of the American Oil Chemists' Society (AOCS) and the 

American Society for Testing Materials (ASTM). It exhibited the following physical 

properties: density at 29°C 0.878, refractive index at 29°C 1.460, specific gravity at 23°e 
0.1987, acid value 16.35, and saponification number 203.38. The fatty acid composition 

of seed oil were analyzed by Gas chromatography (Shimadzu GC-9A). They were 

composed of Caprylic acid 0.30%, n-Capric acid 0.96%, Palmitic acid 9.8%, Stearic acid 

4.7%, Heneicosanoic acid 0.72%, Behenic acid 2.76%, and Tricosanoic acid 0.75% etc. 

2.12.3. Azadirachtin content of seeds: 

Sridharan and Venugopal (I 998) worked on the effect of environmental conditions on 

the yield of azadirachtin and oil in neem. The levels of azadirachtin and oil in seeds 

influence the effectiveness of neem seed derivatives in pest management. A study of 

variation in the levels of azadirachtin and oil in neem seeds was conducted at the 

agricultural College and Research Institute at Madurai, Tamil Nadu, during 1993-95. 

Seed samples from individual trees were collected from 12 different locations in Tamil 

Nadu, and azadirachtin and oil contents determined. Seeds from different locations had 

significant variations in their azadirachtin and oil content; climatic factors at the different 

locations were correlated with azadirachtin and oil contents of seeds, with a significant 

positive correlation of sunshine hours during September-March with seed oil content and 

a negative correlation between the total number of rainy days during the fruiting season 

(April-August) with seed azadirachtin content. 
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Eeswara et al. (1997a) studied azadirachtin, salalU1in and nimbin contents of seeds of 
neem (Azadirachta indica A. Juss~. Azadirachtin, salalU1in and nimbin contents were 

determined of neem seeds from trees at 3 sites in the Dry Zone and 1 site in the 

Intermediate Zones of Sri Lanka. All neem seed kernels examined contained 

azadirachtin, nimbin and salannin. The azadirachtin contents of seeds ranged from 2000 

to 6500 .J,.lg g1 of seed kernels. The nimbin and salannin contents of the seeds were very 

low. The variation in l11eliacin content between trees was greater than that between sites. 

Sidhu and Behl (1996) reported seasonal variation in azadirachtins in seeds of 

Azadirachta indica. A. indica produces seeds during the rainy season in India. Phenotypes 

that produced seeds out-of-season in November-December were identified. Qualitative 

and quantitative variations in azadirachtin content were determined in seeds produced in 

the rainy season (July) and in winter. Seed produced during July contained higher 

concentrations of crude azadirachtins (1.53%) than those produced in the winter (1.26%). 

Concentrations of azadirachtins A, Band F were determined by HPLC using an 

improved solvent-eluting system for better resolution. Azadirachtin A was the major 

metabolite in July seeds. Azadirachtins A and B were in nearly equal propOltions in 

winter seeds. The concentration ofazadirachtin F was >2-fold higher in winter seeds than 

in July seeds. The sum of the peak area of azadirachtins A, Band F was higher in seeds 

produced in winter. Winter stress appeared to favour synthesis of azadirachtins Band F. 

Such phenotypes could be a material of choice for clonal multiplication of A. indica. 

Many researchers, (Butterworth and Morgan, 1971; Zanno et al., 1975; Uebel et aI., 

1979; Ennel et aI., 1984, 1987, and Schmutterer and Zebitz, 1984), have reported seed 

azadirachtin levels in trees from all over the neem-growing world, quoting levels 

between 0.02% and 0.66%. However, it is not always clear whether the values quoted are 

percentage of fruit, seed or kernel and at what moisture content the assay was done 

(Bally et ((/., 1999). 

Rengasamy and Parmar (1994) repOlied azadirachtin content at different states of 

flowering and fruiting in neem. The fresh flowers and fruits of a 10-year-old neel11 tree in 

India were analysed for their azadirachtin-A concn. The compound was not detectable in 

the flowers and in green fruits collected at 20, 30 and 40 days after anthesis (DAA); 

green fruits analysed at 50 DAA and yellow fruits analysed at 60 DAA contained 0.051 ± 
0.001 and 0.112 ± 0.002% azadirachtin-A, respectively. 

Kadir et ((1.(1998) studied the azadirachtin content of neem seeds in Peninsular 

Malaysia. The great~st abundance of neem trees was found in nOlihern Peninsular 

Malaysia which als? produced higher yield of fruits compared with that of southern and 

east-coast of Peninsular Malaysia. Quantitative analysis of azadirachtin (potent insect 

antifeedant and growth-regulating agent) content in the neel11 seed kernel extract was 
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carried Qut by High Performance Liquid Chromatography (HPLC). The sample from 

Tanjung Rhu, Langkawi contained the highest content of azadirachtin (0.40%). 

Seeni Rengasamy and Parmar (1995) studied azadirachtin-A content of seeds of neem 

ecotypes in relation to the agroecological regions of India. The azadirachtin-A content of 

seed kernels ~f neem (Azadirachta indica) ecotypes from 11 of the 21 agroecological 

regions of India was investigated in relation to agroecological factors such as ecosystem 

and climate, growth period (the period of continuous plant growth in a year) and soil. The 

.azadirachtin-A content, to which the pest control properties of neem are attributed, 

ranged from 0.14 to 2.02% w/w of kernel with an average of 0.68%. The ecotypes 

growing in the regions with coastal, arid and semiarid ecosystems showed high (>0.72%) 

and those from the regions with subhumid ecosystems showed very low (0.27%) average 

azadirachtin-A contents. The growth period up to 150 days appeared to be more 

conducive for azadirachtin-A content under arid and semiarid ecosystems. The ecotypes 

growing in the agroecological regions with red soil had higher azadirachtin-A contents 

than those growing in other soil types, the highest azadirachtin-A content being recorded 

in the samples from red soil falling under the rain-shadow areas of the south-west 

monsoon. 

Marked differences in the yield of azadirachtin from neem seeds collected from 

various sources in Asia, Africa and South America have been found(Morgan, 1981; 

Ermel et ai., 1984; Schumutterer and Zebitz, 1984; Ermel et al., 1987). According to a 

study conducted in India, extracts of seed kernels, seed coats and fallen leaves of neem 

near the desert possessed higher anti-feedant activity than those from coastal areas 

(Singh, 1987). 
neem 

Bally et af. (1999)studied 145/trees of six ecotypes from different countries and grown 

at one place for their azadirachtin content in the seed. The seed azadirachtin levels ranged 

between 0.35 and 0.89% of the dried kernel, with an average of 0.58%. When the 

azadirachtin levels were looked at on an ecotype basis, the average azadirachtin levels for 

each ecotype were not significantly different. However, the variation of individual trees 

within an ecotype was large. Azadirachtin levels of individual trees differed over the 

three years. This indicated that the azadirachtin yield of an individual tree or a plantation 

will fluctuate from year to year. The reason for this fluctuation is unclear at present, but 

likely to be influenced by climatic factors and cultural practices such as irrigation and 

nutrition. 

There are indications that not only genetic, but also environmental factors play an 

important role in the production of azadirachtin. Trees derived from seeds, obtained from 

high azadirachtin yielding plantations in Togo, yielded less azadirachtin in the 

Dominican Republic. Similarly, several thousand neem trees planted in Ecuador from 

sees obtained in Nigeria produced top yields of nuts with high azadirachtin content every 
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second year (Schmutterer, 1990a..).The location 111 Ecuador is characterised by high 

rainfall, followed by a long dry season (Locke and Lawson, 1990). 

A detailed investigation was carried out by ClMAP to document the variation in 

azadirachtin, nimbin, nimbidin and salanin contents during growth of neem seeds in 

different agro-climatic zones of India depending upon temperature, humidity and 

altitude. It has been observed that the percentage of all these limonoids in the seeds keep 

on increasing right from the formation of fruit till the maturity of the seeds and 

biosynthesis of these limonoids is very fast while the fruit is being converted from green 

to the ripe, thereafter the increase is slow, and slightly declines when the fruit is about to 

fall or has just fallen 1'1'0111 the tree suggesting that harvesting at the time of maturity is 

beneficial (DSIR, 1999). 

Samiayyan et al. (1995) studied azadirachtin content in 112 neem ecotypes of Tamil 

Nadu, India. Ecotypes from Bannari, Tuticoril1 town, Thiruppathur, Pudukkottai town, 

Dharampuri and MYD038 recorded highest concentration of azadirachtin i.e., 1000, 

8832, 8105, 7952, 7875 and 7322 mg kg- I respectively. Crown collected berries during 

initial periods of harvest at Mettupalayam also recorded higher azadirachtin content 

(8096 mg kg-I). Seeds of Chidambaranar and Ramnad region viz., CB77 recorded the 

lowest content of azadirachtin (293 mg kg-I) among the types tested. Other samples from 

different regions which recorded lower contents were: Thanjavur - TVR 13 (548 mg kg­

I), South Arcot VPM 68 (559 mg kg-I) VPM 42 

(644 mg kg-I), Periyar KA 25 (783 mg kg-I), and Trichy - TRI 037 (976 mg kg-I). 

Venkateswarlu and Mukhopadhyaya (1999) studied azadirachtin content in the seeds 

of micropropagated neem plants in relation to its mother tree. Two neem (Azadirachta 

indica) plus trees were selected from Anantpur and Ranga Reddy districts in Andhra 

Pradesh (India) and micropropagated using an already established in vitro culture 

technique. Some of the m icropropagaterl plats were established at the research farm at 

Hyderabad in May 1996 and in 1997. They were irrigated in the summer and grew well, 

non-irrigated plants did not grow well. In the 1996 plated saplings, flowering and fruiting 

were observed after 25 months in the irrigated plants )but not in the non-irrigated plants), 

and cOinparisons were made in 1998 of the azadirachtin content and of other seed related 

parameters in these 25-months-old progeny and the mother trees. The azadirachtin 

content and chemical composition (content and ratio of azadirachtin A and B) of the 

seeds was comparable to that of the mother trees in both accessions 

Yakkundi et 01. (1995) Variation of azadirachtin content during growth and storage of 

neem (Azadirachta indica) seeds. Variation of azadirachtin content during the growth 

and storage of neel11 seeds was studied by reversed-phase high-performance liquid 

chromatography Llsing anisole as internal standard. Samples were collected in Bangalore, 
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Karnataka, every fortnight from the initial bud stqge to the ripened fruit stage and 

analysed using an efficient sample preparation protocol developed for this purpose. 

Azadirachtin appeared only after the 9th week, gradually reaching a maximum of 

0.38"!O.06% (w/w, on a dry weight basis) around the 17th week, and decreasing to 

O.29±O.03% (w/w) by the 19th week. Thus, the fruits can be profitably harvested in the 

17th week of development (when the neem fruit turns from green to yellow) for better 

yield of azadirachtin. Application or the method for storage studies of neem seeds 

indicated that azadirachtin was unstable under normal conditions of storage of the seeds, 

with azadirachtin content reducing to ~bout 68% of the original level over a period of 4 

months in the dark and to 55% in daylight. 

Sridharan and Venugopal (1998) worked on the effect of environmental conditions on 

the yield of azadirachtin and oil in neem. The levels of azadiraehtin and oil in seeds 

influence the effectiveness of neem seed derivatives in pest management. A study of 

variation in the levels of azadirachtin and oil in neem seeds was conducted at the 

agricultural College and Research Institute at Madurai, Tamil Nadu, during 1993-95. 

Seed samples from individual trees were collected from 12 different locations in Tamil 

Nadu, and azadirachtin and old contents determined. Seeds from different locations had 

significant variations in their azadirachtin and oil content. climatic factors at the different 

locations were correlated with azadirachtin and oil contents of seeds, with a significant 

positive cOl:relation of sunshine hours during September-March with seed oil content and 

a negative correlation between the total number of rainy days during the fruiting season 

(April-August) with seed azadirachtin content. 

2.13. Stability analysis: 

Measuring genotype environment interactions helps to determine an optimum 

breeding strategy of either to breed for specific or wide adaptation which depends on the 

expression of stability under a limited or wide range (Romagosa & Fox, 1993; 

Annicchiarico, 1997b; Yue et of., 1997). Moreover, genotype location interaction allows 

the grouping of relatively similar sites ir_ relation to genotypic performance within which 

the interaction is minimum (Eberhart & Russell, 1966; Romagosa & Fox, 1993; 

Annicchiarico, 1997b). Genotype environment interactions are classified into two types; 

quantitative (without changes in ranks) and qualitative (with changes in ranks) and it is 

the latter type that presents a challenge to breeders (Romagosa & Fox, 1993). In the 

presence of interaction, mean yield is inadequate as it does not sufficiently indicate 

consistency of performance (Francis & Kannenberg, 1978). 

In subsistence agriculture maximum yield per se may not be as important as the 

possibility of achieving a certain minimum yield level or stability (Romagosa & Fox, 

1993). In Ethiopia high variation in climatic and edaphic conditions leads to significant 

genotype environment interactions even within a small geographic area, making cultivar 
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development and recommendation more difficult.' On the other hand, the benefits 

accruing from agroecological diversity could be the opportunities it offers to screen and 

select Cor stress resistance (Romagosa & Fox, 19(3). 

In natural POPi..· ~tions many random effects (e.g. maternal effects,) as well as fixed 

effects (e.g., sex, or yedr of birth) may have considerable influence on quantitative traits 

(Thomas et al., 2000). Measures of stability of use in plant breeding can be obtained from 

estimates of the genotype x environment interaction (Horner & Frey, 1957; Plaisted 

and Peterson, (1959), but these techniques are difficult to use when a large number of 

genotypes is being evaluated. Finlay and Wilkinson (1963) used the average yield of a 

large group of genotypes to describe the value of an environment, circumventing the 

complexities involved in the analytical study of the edaphic and seasonal factors. They 

measured stability of a genotype in terms of the linear regression of genotype means on 

environmental means. Eberhart & Russel (1966) included deviation from linear 

regression as an additional parameter to describe stability. They suggested that deviations 

from regression should be given special consideration, since the variety x environment 

(Linear) sums of squares were only a small portion of the variety x environment 

interaction sums of squares. 

High productivity and stability of performance are two most desirable feature of a 

crop variety. In fact, the stabi I ity in production is particularly important in tree crops, as 

it is 1110st extensively grown under varied range of agro-climatic conditions. 

Identification of such genotypes will have a considerable significance in crop 

improvement. 

It is commonly observed that the relative performance of different genotypes alter in 

different environments, i.e., that there exists a genotype-environment interaction. It has 

been fLlliher observed by various authors viz., Yates and Cochran (1938), Finlay and 

Wilkinson (1963), Rowe and Andrew (1964), Eberhati and Russel (1966), Perkins and 

Jinks (1968a), Breese (1969) and Baker (1969), that the relation between the performance 

of different genotypes in the various environments and some measure of these 

environments is frequently linear, or nearly so. For this purpose, the statistical theory of 

regression has been employed, but unfortunately the fundamental statistic assumptions 

have not been satisfied in any of the work quoted. 

The concept of G x E interaction as a departure from I inear and independent genotypic 

and environmental "main effects" assumes that each factor contributes an effect to the 

phenotype (Falconer, 1981). A phenotype is the result of an interaction between genotype 

and its environment. The failure of a genotype to give the same phenotype performance 

when grown under different environments is the reflection ofG x E interaction (Verma e{ 

(1/.,1987). Gregorius and Namkoong (1986) reported that G x E interaction is essentially 

a synonym for undefinability of effect of casual variables. 
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Quantitative characters are much ini1uenced by the environment and G x E 

interaction gives an idea of the magnitude of bias in the estimation of genetic parameters 

. This bias is accounted for by growing the breeding material over a number of 

environments of breeder's interest because the effect of heterogeneous environment on 

genetic variability is a classical problem in population genetics (Via and Lande,1987). 

Perkins and Jinks (1968~ observed the non-linear component of variation by grouping 

the varieties into homogeneous groups on the basis of deviation from linear regression 

and reported a significant and marked reduction in the non-linear component of the 

interaction as a result of grouping the varieties. 

The linear regression could simply be regarded as a measure of response of a 

particular genotype, whereas, deviation is now considered to be measure of stability, 

genotype with lowest deviation being the most stable and vice versa (Breese, 1969; 

Samuel ef al. 1970; Paroda and Hayes, 1971). 

It is commonly observed that the relative performances of different genotypes alter in 

different environments, i.e., there exists a genotype-environment interaction. It has been 

further observed by various authors e.g., Yates and Cochran (1938); Finlay and 

Wilkinson (1963); Rowe and Andrew (1964); Eberhart and Russell (1966); Perkins and 

Jinks (196&y; Breese (1969); Baker (1969), that the relation between the performance of 

different genotypes in the various environments and some measure of these environments 

is frequently linear, or nearly so. These observations, which have all been made 

independently, lead to the conclusion that there may \vell be some genuine underlying 

linear relation between performance of particular genotypes and environmental 

conditions, even though it does not always account for all the observed interaction. 

Attention has thus been paid to the measurement of the environmental response and also 

to determination of the difference between the responses for different genotypes. For this 

purpose, the statistical theory of regression has been employed, but unfOitunately the 

fundamental statistical assumptions have not been satisfied in any of the work quoted. 

The most striking feature of provenance tests is the generally low sensitivity of 

populations to changing environments, even with regard to highly adaptive traits such as 

height growth. Provenances transferred over large distances into very different 

environments are able to grow and even compete with the native, local populations. This 

indicates a very high level of individual homeostasis. As a consequence, the phenotypic 

stability of populations is usually high. Reaction norms of individual populations are 

usually not well expressed within considerably large geographic areas, and growth 

differences between adjacent areas are difficult to detect in absence of steep gradients 

(e.g. mountain slopes). On geographically not fragmented plains the distance between 
c 

popUlations with measurable growth differences may e)eed 50 to 100 km along 

ecological gradients. 
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Stability dilTerences have also been observed among provenances in some 

coniferous species. Furthermore, stable provenances, seem to concentrate in certain 

'stable' areas. While the value of stable populations is very great, the evolutionary causes 

for their appearance are not clear. Phenotypic stability per se need not be adaptive. 

However, various theoretical models agree upon the fact that environmental 

heterogeneity in time favors the evolution of stability by increasing individual 

homeostasis (Mitton & Grant, 1984; Parsons, 1987; Powers et al., 1991; Scheiner, 1993b). 

Indications that high climatic instability may be responsible for the evolution of 

phenotypically stable populations, has been found for some coniferous species (Matyas, 

1986). 

A method for estimating the genetic value of an individual tree from multiple 

measurements is described, based on phenotypic residuals from the analysis of co­

variance and the within-tree repeatability of a trait. With-tree variance and heterogeneity 

produced by the environment in the original data were removed by this procedure in most 

traits. It is concluded that improvement of timber quality by breeding for a wider branch 

angle is feasible, judging by a standard deviation of 7% among trees, and within-tree 

repeatability of 0.22-0.36. Branch length and diameter Appeared to be less promising 

traits for improvement (Magnus's en and Yeatman, 1987). 

Plasticity for anatol'nical traits might have important implications for plant taxonomy 

(Dube and Morisset, 1996). Plant architecture can also vary in response to the 

environment, as has been shown for the number and length of sylleptic versus proleptic 

branches in Populus trees (Wu and Stettler, 1998). In herbaceous plants, shading can 

alter the plant's architecture as a result of effects on meristem initiation and fate as well 

as organ size and structure (Huber et al., 1999). Studies of architectural plasticity 

provide useful insight into the specific developmental components of plastic responses 

(Diggle, 1994) The timing of plant development, including plastic responses to 

the environment, can itself be plastic. uevelopmental plasticity might be limited to early 

stages of the life cycle or might vary in timing among different genotypes, populations 

or species (Wigl~ci and Schlichting, 1995; Bell and Sultan, 1999; Gcdroc et at., 1996). 

A plasticity studies have extended beyond simple effects on plant growth, researchers 

have been found that key life-history traits such as sex expression and breeding system, 

reproductive allocation and phenology can vary in responses to the environment. For 

example, the proportions of staminate and hermaphroditic flowers 111 an 

andromonoecious Solan~m were shown to depend on plan]!'esource status, confirming a 

long-standing ecological hypothesis (Diggle, 1994). 

A more surprising finding was that normally self-incompatible plant can switch to 

self-fertilization in response to noral age and lack of prior fruit development (Vogler, et 

al., 1998). This plasticity for sclf-compatibility rcsults in a 'delayed selfing' strategy that 
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insures reproduction if out crossing fails. This case inakes it clear that a plastic switch 

can occur in response to a plant's internal environment as well as to resource 

availability or other external cues (Sultan, 2000). 

Plastic reproductive timing and allocation have been documented in several 

herbaceous species ( Geber, 1990; Galloway, 1995; Pigliueci, 1997). These changes 

are likely directly to affect plant fitness and therefore population persistence and 

response to natural selection or example, Mimulus plants flower early in unfavourable 

conditions, whereas plants in favorable condition delay flowering to allocate more 

biomass to vegetative growth (Galloway, 1995). A selection experiment confirmed that 

these contrasting reproductive patterns reflect different fitness priorities in the two types 

of environment: in poor sites, plants have shorter life spans and maximizing early flower 

production is advantageous; in favorable sites, where plants live longer, greater allocation 

to vegetative growth followed by later flowering maximizes fitness (Galloway, 

1995). 

Plants can respond to environmental conditions not only by adjusting their own 

phenotypes but also by altering those of their offspring, through changes in the quantity 

and quality of seed pro~visioning, and in the structure or biochemistry of the seed coat 

and fruit tissues. Stud ies of these cross-generational effects rigorously distinguish 

environmental from genetic causes of offspring variation and focus on ecologically 

relevant propagule and seedling traits rather than on propagule mass alone (Mazer and 

Gorchov, 1996. ; Sultan, 1996 ; Lacey, et a1. 1997; Thiede, 1998). Although the 

mechanisms are not well understood (Lacey, et af. (1997). Offspring structure, 

development and morphology can be influenced in remarkably specific ways by parent 

environment. Certain species respond to contrasting growth conditions by changing the 

structure or thickness of the seed coats or peri carps while maintaining the quantity and 

quality of the embryo and endosperm tissues that determine initial seedling size (Sultan, 

1996; Lacey et aI., 1997) ; 

'. The 'progeny of nutrient­

deprive plants cal1 increase root biomass allocation compared with seedling offspring of 

plants give ample nutrients (Wulf, and Bazzaz, 1992). Similarly, the offspring of light­

deprived plants can reduce root extension relative to shoot growth compared with 

offspring of genetically identical plants grown at high light (Sultan, 1996». Such specific 

plastic changes to seedling growth patterns might allow offspring to maintain critical 

aspects of function such as root uptake capacity even if the initial seedling biomass is 

reduced by parental resource deprivation. Seedling offspring or nutrient-deprive 

Po1ygonuI71 plants produced thinner roots that extended downward more rapidly into the 

soil, resulting in root systems that were as long as seedlings form nutrient-rich parents in 

spite of their lower mass (Elmendorf and Sultan, unpubl ished). 
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Both positive and negative cross-generational effects can alter offspring quality 111 

ways that affect a population's ability to regenerate. Significant effects of parental C0 2 

environment on seedling development were found in inbred lines of Arabidopsis thaliana 

raised at ambient and elevated C02 levels: the offspring of plants grown at high C02 

produced shorter and less branched roots, possibly owing to reduced seed size and 

nitrogen content (Andalo et al., 1998) 

Similar negative effects of elevated CO2 on offspring mass, carbon: nitrogen ration 

and relative growth rates were found in a study of the annual grass Bromus rubens 

(Huxman, et al., 1998). Plasticity patterns for ecologically important traits often vary 

genetically with in natural populations, which indicates that the genetic potential for the 

evolution of adaptive plasticity can exist in many taxa (Sultan, 2000). i However, the 

selective evolution of plasticity in any given population will depend in part on whether 

the plastic response has high energetic, functional or genetic costs (DeWitt,. et ai. 1,998). 
r 

The genetic mechanisms that underl ie plastic response are as yet p09ly known 

(Schlichting, and Pigliucci, 1998; Pigliucci, and Schmitt, 1999; Via, et al., 1995), 

although it has become clear that several different mechanisms might be involved in 

different aspects of plasticity (Scheiner, 1993a; Wu, 1998). These mechanisms are 

believed to include environmentally dependent regulatory loci as well as non-epistatic 

loci at which allelic expression varies with the environment (Via et al. 9 1995) 

Because plastic responses involve both environmental perception and the production 

of the appropriate phenotype (which might ential a suit of anatomical, morphological, 

physiological and other tra'its), these responses are likely to be influence d by multiple 

loci (Wu, 1998). 

Population differences In both endogenous production and sensitivity to growth 

hormones might contribute to different patterns of plastic response. For instance, 

differences in ethylene production and sensitivity influence the ability of alpine Stellaria 

longipes plants to produce a compact ha<"it in harsh conditions (Emery. et al.~I994). 

Comparative studies at the population and species level are revealing several 

important connections between individual plasticity and higher-level ecological and 

evolutionary patterns. Species that consist of highly plastic genotype might be ecological 

generalists (Sultan, 1995), whereas species whose constituent individual express limited 

adaptive plasticity might be restricted to narrower, 'specialist' ecological ranges. 

In addition to ecological breadth plasticity, might also contribute to a species' 

invasiveness. Widespread colonizing species are often characterized by high phenotyp i c 

plasticity, which should in theory allow them to inhabit diverse new sites without 
t 

ul1dergoing local genetic adaptaion through natural selection. Work on several colonizing 
I 

species has confirmed that populations across broad geographic and environmental 

ranges can show remarkably little genetic or 111000phoiogicai differentiation but instead 
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consist of genetically similar populations of highly plastic genotypes (vVilliams et (fl., 1995; 

Hennanutz and Weaver, 1<)<)6) 

Thus plasticity'might facilitate the rapid spread of introduced as well as native taxa 

into new ranges without the evolutionary lag time required to adapt to these unfamiliar 

habitats through natural selection. 

Plasticity might also contribute to the ability of species to with-stand sudden 

environmental changes, such as those caused by human disturbance (Sultan, 2000). 

Finally, plasticity can influence patterns of evolutionary diversification. If individual 
genotypes are sufficiently plastic to produce phenotypes appropriate lo different local 
environments, natural selection will not occur for genetically distinct, locally specialized 
ecotypes (Sultan, 1987, 1995). 

2.14. Correlation studies and path analysis: 

Correlations between characters have three main causes, namely pleiotropy, linkage 

and environmental effects (Falconer, 1989). The genetic correlation arising from 

pleiotropy expresses therefore the extent to which two characters are influenced by the 

same genes. In old natural populations, which have mated at random for many 

generations the genetic cause of correlations is mainly pleiotropy. In such populations, 

linkage, which causes transient correlations, have been broken by recombination 

(Falconer, 1989). Environmental correlations reflect a similarity or dissimilarity in the 

response of traits to a common environment (Falconer, 1989; Aastveit & Aastveit, 1993). 

Knowledge about the sign and magnitude of genetic correlations are important both for 

understanding the relationship between a quantitative character and fitness in natural 

populations, and for predictions of correlated responses to selection in breeding 

programmes (Falconer, 1989; Hebert et ([/., 1994). 

Correlation and path analysis provide useful information for a breeder and assist him 

to work on those specific traits which can directly or indirectly enhance the desired yield 

level of a crop. Path coefficient studies for seed and seedling traits are scanty in NC:C:I11. 

Seed yield is a quantitative character, which is largely influenced by the environment 

and hence has a low heritability (Johnson, 1989). As a result, the response to direct 

selection for seed yield may be unpredictable, unless there is good control of 

environmental variation. Plant breeders are seldom interested in one character and 

therefore, there is the need to examine the relationships among various characters, 

especially between seed yield and other characters. 

As the number of independent variables influencing a particular dependent variable is 

increased a certain amount of interdependence is expected. In such situations, 

correlations may be insufficient to explain the associations in a manner that will enable 

breeders to decide on either a direct or an indirect selection strategy (Singh & Singh, 

1979). 
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Path-coefficient analysis provides a method of separating direct and indirect effects 

and measuring the relative importance of the causal factors involved. Several researchers 

have used this method to assess the importance of the components of yield. 

Correlations between quantitative characters are helpful in determining the 

components of a complex trait, such as yield, they do not provide an exact picture of the 

relative importance of the component characters. Path coefficient analysis, developed by 

Wright (1921,1923), is a standardized partial regression analysis, and as such it 

measures the direct influence of one variable upon another and permits the separation of 

the correlation coefficient into components of direct and indirect effects (Dewey & Lu, 

1959). 

Path analysis has been us.ed to organize and present the causal relationships between 

predictor variables and response variables through a path diagram that is based on 

experimental results or on a priori grounds. The advantage of path analysis is that it 

permits the partitioning of the correlation coefficient into its components - one 

component being the path coefficient (or standardized pat1ial regression coefficient) that 

measures the direct effect of a predictor variable upon its response variable; the second 

component being the indirect effect(s) of predictor variable on the response variable 

through other predictor variables (Dewey and Lu, 1959). In agriculture, path analysis has 

been used by plant breeders to assist in identifying traits that are useful as selection 

criteria to improve crop yield (Dewey and Lu,1959). 

Ashok Kumar and Gurumurthi (1996) conducted path coefficient studies on 
i 

morphological'traits (Ht, Dbh, Diameter at ground level, number of branches in relation 

to total biomass) in Casuarina equisetiJolia. Gupta and Patil (1988) studied Genetic 

variability and path analysis in white popinac (Lellcaena latisiliqua) for leaf morphology, 

yield, seedling morphology. 

2.15. Divergence studies: 

Temporal variation in the environment is generally thtought to be less efficient in 

maintaining genetic polymorphism than spatial variation. However, if there is delayed 

germination or diapallse, insome situations the conditions for genetic polymorphism are 

greatly broadened in a temporally variable environment (Hedrick, 1995). 

The maintenance of genetic polymorphism in heterogeneous environments continues 

to be a topic of research interest in evolutionary genetics 40 years after Levene (1953), 

who first gave the conditions for a polymorphism when there is spatial variation in the 

environment. One conclusion that has been widely accepted over the years is that the 

conditions for maintenance of polymorphism when there is temporal variation in 

selection appear to be much more restrictive than those for maintaining variation from 
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spatial variation In IItness (e.g. Hedrick el 0/., 19'76). Levene (1953)showedthat the 

conditions for temporally varying environments are based on the geometric mean, the 

latter giving much more stringent limits. 

Some organisms may be able to avoid an environment for which they are not adapted 

when there is temporal variation in the environment because they can exist in a life stage 

that does not encounter the effects of the environment. For example, some plants have 

extensive seed pools and the seed that do not germinate do not experience many of the 

environmental effects encountered by the seed that do germinate. Recently, EI ner & 

Hairston (1994) have extended these ecological models to show that the conditions for 

maintenance of genetic variation can be greater in fluctuation environments in which 

there is the opportunity for genotypes to escape unfavourable environments via the 

storage mechanism. In their recent study, El ner & Hairston (1994) did show that a 
'n 

general model with overlapping generations can maintain gejetic variance, given that the 

variance of selective fluctuations, the generational overlap, and selection intensity are 

sufficiently high. The importance of genetic diversity has long been appreciated for 

selection of parents but the basic constraint has been of recognition and estimation of 

such diversity without making actual cross (Bhatt, 1970). Peeters and Martinelli (1989) 

opined that principally because of genotype x environment interactions, univariate 

approaches to exploit quantitative and qualitative data could lack precision, which can be 

increased either by replicating estimates for a given variable or by increasing number 

variables. They suggested use of multivariate statistics under such circumstances. 

Multivariate analysis is the analysis of observations on several correlated random 

variables, for a number of individuals. Such analysis becomes necessary when one deals 

with several variables simultaneously. A series of univariate statistical analysis carried 

out separately for each of the variable is, in general, not adequate as it ignores the 

correlation among the variables and lllay even be misleading sometimes. On the contrary, 

multivariate analysis can throw' light on relationships, interdependence and relative 

importance of the characters involved and yield more meaningful information 

(Kshirsagar, 1974). 

2.15.1. 0 2 Analysis: 

Geographical diversity was earlier considered as a criterion for measure of genetic 

diversity (Ohawan and Singh, 1961; Moll et 01., 1962) but it was overruled by 

SOlllayajulu et af. (1970), Jayaparkash et al. (1974) and Chandra (1977). Hutchinfson's 

polygraph (Hutchinson, 1936) and Metroglyph and Index Score analysis (Anderson, 

1957) broadly classified the germplasm but they do not provide numerical estimates for 

precise comparison. Discriminant function of Fisher (1936) is good for selection but the 

situation becomes difficult with the increase in number of variables. 
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Mahalanobis (1925) was lirst to introduce the c~ncept of generalized distance based 

on second degree statistics. Mahalanobis (1930, 1936) for the first time applied 0 2 

statistic on extensive m~asurements of Sweden population. 0 2 statistic is a measure of 

group distallcc based on multiple characters and it permits precise comparison among all 

pairs of population alongwith their classification, before affecting actual crosses, in 

modelling the clusters in a desired genetic architecture. Rao (1952) described it as a 

measure of actual divergence between any pair of population that amounts to a measure 

of genetic divergence. 

Murty and Pavate (1962) were first to use this approach for the study of 

divergence. Murty and Arunachalam (1966) and Govil and Murty (1973) hypothesized 

that Mahalanobis 0 2 statistic could be a useful multivariate tool for effective 

discrimination among parents on the basis of genetic diversity. 

Rao (1960) suggested the use of 0 2 statistic in genetic problems and this approach was 

first lIsed by M1II1y and Pavate (1962) to the study of genetic divergence. They used this 

technique to form tentative group of varieties of a particular crop according to their 

diversities frol11 each other and recommended its use for making selection of the parents 

on the basis of diversity. 

Bagch i (1999) conducted stud ies at the Forest research Institute, Dehradun (Uttar 

Pradesh) to assess the magnitude of seed-source variations among 27 seed-sources of 

Arc!cic! nilotica, bulk seeds of which were collected from different Indian states. Ten 

quantitative characters (pialll b;:;:;;!~t, Glear-bole length, collar diameter, number of 

branches, nrst, second and third inter-branch distances and angles of first, second and 

third branches with reference to the main stem) were recorded in 8-month-old seedlings 

raised from the different seed sources. The observations were statistically analysed. 

Application of the generalized 02-statistic identified 5 cluster groupings among the 27 

seed sources, which were designated A-E. Group A contained 21 seed sources, group B2, 

group C 2, and groups 0 and E one each. Group A included seed sources from West 

Bengal, Andhra Pradesh, Uttar Pradesh Haryana, Rajasthan and Karnataka. Seed sources 

in groups B, C, 0 and E were all from Rajasthan, indicating that this state contained the 

extremes in divergence, suggesting not only maximum variability but also that the 

divergence pattern is not dependent on the geographical distribution. Group B was 

distantly related to group 0, followed (in order of strength of the relationship) by B with 

C, B with E, 0 with E, and A with E. Group Band 0 were the be best for different 

reasons. Group B had maxilllulll plant height, superior collar diameter, the highest 

number of branches, lower inter-branch distances and smaller (less wide) branch angles; 

group 0 had better tree form, lower hcight but with the longest clear bole, more than 

average collar diameter, a lower number of branches, more than average inter-branch 

distances and widest branch angle. Prom these characteristics it would be expected that 
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group B would produce higher biomass and fodder yields, whereas group 0 would 

produce increased timber yield. 

Vijayan et al. (1999) derived information on genetic variance from data on 11 

yield components in 70 genotypes. These were grouped into 8 clusters using 

Mahalanobis 0 2 statistic analysis. More than 53 genotypes exhibited very close genetic 

afli:,ity with each other while the rest showed substantial divergence. 

2.15.2. J-i;;:-I'archical cluster analysis (HCA): !-ICA allows one to identify groups of 

objects of variables til",! are similar among themselves, especially when they are closely 

related (Sneath & Sokal,1973). 

Peeters and Maliinelli (1989) suggested that a multivariate algorithm such as 

hierarchical cluster analysis has several advantages. First, it allows mixing of both 

quantitative and qualitative data and, therefore, all the information available on the 

sample can be utilized. Secondly, each entry is treated as an individual entity of equal 

weight in analysis, contrary to a number of other multivariate techniques, which are 

based on variation of groups of entries. This analysis can also define the degree of 

relatedness in the gene bank samples and can predict the degree of segregation of given 

samples thus becoming a powerful tool to classify the population with precision. 

A difficulty in using this statistic is the choice of algorithm to be used. Sokal 

(1986) and Rohlf and Wooten (1988) agreed that UPGMA clustering method generally 

yields results which are the most accurate for classification purposes, although Lebada 

and lendrulek (1987) found in their analysis (based on quantitative data bas@d on 

~R-fi.tat-i\'@ data alone) that, for six of the most commonly used procedures, results were 

nearly identical. 

Since accuracy generally increase with increase in number of characters treated 

(Rohlf and Wooten, 1988 and Peeters and Martinelli, 1989) and some type of data are 

known to have more weight in multivariate analysis than others (Thol'pe, 1985), the 

choice of characters in addition to algorithm method, also affect the outcome. Romesburg 

(1990) suggested use of different algorithm methods and resemblance coefficients for 

different types of data sets. While reviewing the works on cluster analysis, he found that 

UPGMA was the most frequently used method because researchers considered that it is 

based on a middle-of-the-road philosophy cast between the two extremes e.g. Complete 

Linkage Clustering Method (CLINK) and Single Linkage Clustering Method (SLINK) 

(Romesburg, 1990). 

Through a very few examples of hierarchical cluster analysis exist in crop plants and 

even fewer in Neem. yet they provide fruitful insight in the diversity studies. 

Eyde (1976) while studying Sfy/osanthes introduction advocated analysis of agronomic 

databases in a manner similar to those used commonly in numerical taxonomy. Such an 

analysis was shown to elucidate patterns of variation in those attributes, which are of 
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economic importance, irrespective of taxonomic or genetic distance measured by 

molecular, ci:emical, of other means. 

Smith et al. (I985a & 1985b) used cluster analysis to illustrate relative genetic 

distances and genetic diversity in maize germplasm. Lin el al. (1986) have shown 

advantages of using ;,ierarchical cluster analysis in stability analysis over a range of 

environments. 

In 0 2 and hierarchical cluster analyses, most of the workers reported no definite 

association between geographical diversity and genotypic diversity. However, Ayana and 

Bekele (1999), whi Ie studying 415 sorghum genotypes from Ethiopia and Eritrea,found 

that a greater proportion of accessions of similar adaptation zones and accessions from 

regions of origin with similar agroclimatic conditions were grouped together. Ezeaku et 

al. (1999) also reported thatgeographic diversity, although important, was not the only 

factor responsible for determining genetic divergence. Because of the mathematical 

simplicity of cluster analysis, many assume that it may be inferior to other, more 

complex multivariate methods. However, no scientific study has ever shown that 

"mathematical simplicity" equates to "inferiority" and that the more complex a method is 

the better it must be. 

2.15.3. Principal component and principal factor analysis: 

Franco el al. (1997) compared the performance of nine different hierarchical and non­

hierarchical clustering strategies for classifying accessions of five Mexican maize races. 

They compared the formation of the a priori groups using several hierarchical clustering 

methods with the distance measure developed by Gower (1971) and the application of 

Normix to these a priori groups. Based on five criteria for evaluating clustering 

strategies, the authors concluded that the application of Normix to the a priori groups 

after UPGMA (arithmetic average method) (Sokal and Michener, 1958) or after Ward 

(1963) allows re-allocation of accessions among groups and therefore the formation of 

homogeneous, compact, and well chara ~terized and separated groups. 

The idea of principal component analysis was initially floated by Pearson(190 1) and 

later developed by Hotelling (1933) for his work in educational psychology. It was 

further described by many workers to solve the complex data matrices by transferring the 

original set of variables into a smaller set of linear combinations that accounts for most of 

the variability of the original set (Anderson, 1972; Morrison, 1978 and Dillon and 

Goldstein, 1984). Out of the many orthogonal rotation methods, Varimax method of 

Kaiser (1958) is most popular and is often used to rotate principal component solutions. 

Though principal component analysis and principal factor analysis have several 

advantnges yet very limited studics had been carried out in crop plants on these aspccts. 

Hamman (1972) found that Illultivariate techniques could resolve several phenotypic 

measurements into fewer, more interpretable and Illore easily visualized dimensions. The 
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technique also assists in parameterizing the environment variability for maximising the 

yield (Goldchild and Boyd, 1975). Zobel et al. (1988) illustrated the Additive Main 

Effects and Multiplicative Interaction (AMMI) method (or analysis of genotype x 

environment interactions, which involves a principal component decomposition of 

genotype x environment deviations and subsequent biplots of component scores of 

environments and cultivars. This methods was shown to be a more efficient approach for 

partitioning genotype x environment sum of squares than methods previously developed 

and the accompanying biplot gives added insight into the nature of interaction. 

Observations were made on growth and survival of twenty provenances 111 the 

international provenance trials at three sites (optimum, intermediate and stress) in 

Bangladesh and India. Significant provenance and site effects were observed in the 

studied traits. A significant genotype x environment interaction was detected for plant 

height across the three sites in six common provenances. Latitudinal clines were 

observed for collar diameters and survival rates at two sites in Bangladesh. In a combined 

analysis of data from the three sites, latitudinal variations were also detected for collar 

diameters and production percentage. Three stability indices were used to characterize 

the six common provenances. The PCA on growth and survival data revealed three 

groups of provenances based on the variations in heights and survival rates at the 

individual sites. The results suggested that eco-climate attributes played an important role 

in population differentiation causing G X E interaction (Kundu, 1999). 

Li Peng et al. (1991) conducted study on genetic structure and patterns of genetic 

variations among populations in eastern white spruce (Picea glauca). Data were collected 

on seeding heights at various ages, l-yr branch number, and 3 yr bud burst and bud set. 

Significant differences were found for each trait among provenances and among families 

within provenances. Provenances and families within provenances accounted for similar 

amounts of the genetic variabil ity. All traits were moderately to strongly inter-correlated 

at provenance level. Two Principal cOlrponents composed 87% of the total variation for 

all traits. Regression models explained between 19 and 65% (an average of 47 %) Of 
ri 

provenance variation and showed that patternsfprovenance variation mainly followed a 

south-north cline and to a lesser extent a west- east cline. 

Romisondo and Malusa (1992) on the basis of data on bole diameter, growth, yield 

efficiency, ripening index, fruit weight and diameter, and soluble solids collected from 

more than 90 seedlings of Prunus sera/ina, Principal component analysis identified 12 

seedlings promising for yield and fruit quality; 2 of these (accessions 66 and 73) could be 

used directly tor experimental planting. 
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Lopez Mata (1987) studied genecological differentiation m mne provenances of 

Brosimum alicastrum - a tree of moist tropical forests. Seeds were randomly collected 

from 5-11 individuals of each provenance along a latitudinal gradients. Principal 

component analysis and linear correlation indicated the existence of ecoclinal variation in 

seed size (weight and diameter). Seed size strongly influenced initial seedling size and 

the relative size of seedling roots which increased in response to habitat dryness and 

geographic origin. The results suggested that Brosimum alicastrum employs an adaptive 

strategy in response to water deficit during dry seasons in initial phase of seedling 

establishment. 

Parker (1984) collected data on seed cone characters, needle morphology and needle 

flavanoids collected from 16 natural stands of Abies lasiocarpa and analysed the 

data by principal components analysis and canonical variates analysis. The cone data 

showed no geographical patterning, but eastern and western populations were segregated 

by both needle morphology and flavanoid analyses. It was concluded that a variety of 

traits should be considered when discussing the taxonomy of Abies. 

2.16. Biochemical and Molecular markers: 

The ontogenic and environmental stability of isozymes makes them an ideal tool in 

tree improvement program. The application of isoenzymes in order to control the 

efficiency of tree improvement activities is described in the following cases: 

clone identification; controlling the validity of controlled crosses; controlling the genetic 

efficiency of seed orchards; and origin reconstruction. On the basis of isozymatic studies, 

the results indicate high variation within the natural population and low variation within 

the introduced and ornamental ones in Cupressus sempervirens L.. The same tendency 

was observed for the degree of heterozygosity as well. A genetic distance of 0.214 

clearly separated the natural from the artificial group (Papageorgiou, 1998). 

The tree breeder commonly needs to check the progress of his breeding strategy and 

the genetic composition of his breeding popUlations. Genetic markers are necessary for 
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this purpose; these may include visible, physiological genetic mutants or they can be 

biochemical (Burlcy, 1976). 

The seed sources for both seeds ad plantations are difficult to identify from 

morphological and physiological traits. Howcvcr, somc chemicals that are under rigid 

genetical control may be useful, particularly terpenes and enzymes(Burley, 1976). 

Several techniques are now available for the rapid determination of identities and 

quantities of chemical compounds. These are often applicable to the evaluation of 

differences between populations of trees. In many cases, evidence of inter- and intra­

population variation may be obtained at an early stage of species and provenance 

research (Burley, 1976). 

Chemical and ~~ ectrographic analysis of mineral nutrients in foliage have frequently 

shown inter-provenance differences in nutrient concentrations. Generally the importance 

of mineral nutrient analysis lies in the evaluation of deficiencies of soil nutrients. 

However, in evaluating sllch soil deficiencies it is essential to remember the possibility of 

inter-provenance differences in the relationship between foliage nutrients and tree growth 

parameters (i.e., efficiency) (Burley, 1976). 

The ar~ usually compounds with low molecular weights, ~ take part in 

fundamental metabolism and are not normally stored. Examples are the protein amino 

acids and simple sugars. Inter-provenance differences in seeds have been found to be 

associated with climate of seed source in some species but large variations occur in 

different parts of the pla'flt(Burley, 1976). 

Other compounds also have relatively low molecular weights, but unlike the primary 

metabolites, they are often accumulated either in living cells or else deposited in 

specialised ducts (e.g., coniferous resins ducts) or dead tissues (e.g., bark and 

heartvvood). They are frequently termed as "waste products" or "metabolic by-products"; 

whilst some probably do represent the terminal product of particular metabolic pathways, 

others ma b intermediates in unknown ur poorly understood pathways, others may be 

intermediates in unknown or poorly understood pathways. Examples include lipids, 

alkanes, waxes, alkaloids, terpenoids, polyols, and polyphenols. Most work on intra­

specific variation of trees has been concentrated on terpenes, particularly coniferous 

monoterpenes. 

Two broad groups of macromolecules can be recognised. The first type (monomer and 

linkage invariant) is characterised by compounds such as cellulose and chitin in which 

monomeric components are identical in different organisms. The second type (monomer 

and/or linkage variable) is represented by proteins and nucleic acids which are polymers 

of a limited number of monomcrs that show a considcrable range of variation. 

59 



Seed and leaf proteins, particularly isoenzymes, differ between populations. Since 

they give a direct indication of an individual's genotype, they are very promising for 

studies of generic variation at the population and individual level, and for seed source 

identification. The description of multiple molecular forms of many enzymes 

(isoenzymes), reflecting allelic variants of given loci, has been largely responsible for the 

rapid advance in the use of protein characteristics in taxonomic and genetic 

investigations. Serological techniques have also been used with tree sp. to assess 

relatedness between antigenic preparations of different populations. 

As a result of widespread deforestation and overexploitation, many tree species have 

recently become the focus of increasing conservation concern. A recent survey lists 

around 9000 tree species as threatened with extinction worldwide, including more than 

half of the world's 600 conifer species (Oldfield et al., 1998). Such concerns have added 

impetus to the study of genetic variation within tree species. The extent and distribution 

of genetic variation with a species are of fundamental importance to its evolutionary 

potential, and determine its chances of survival (Holsinger and Gottlieb, 1991 ). 

Assessments of genetic variation are therefore of key importance to the development of 

effective conservation strategies. 

Hamrick et a1. (1992) highlighted Limitations of molecular-marker aided selection in 

forest tree breeding. He reviewed woody plant electrophoretic data in order to 

compare genetic diversity in woody species with species representing other life forms, 

and to investigate whether the levels and distribution of genetic diversity in woody 

species were related to life history and ecological characteristics. Data from 322 woody 

taxa were used to measure genetic diversity within species and within and among 

populations of species. Woody species maintained more variation within species and 

within populations than species with other life forms but had less variation among 

populations. Woody species with large geographic ranges, outcrossing breeding systems, 

and wind or animal-ingested seed disper<;al had more genetic diversity within species and 

populations but less variation among populations than woody species with other 

combinations of traits. Although life history and ecological traits explained a significant 

proportion (34%) of the variation among species for the genetic parameters measured, a 

large proportion of the interspecific variation was unexplained. The specific evolutionary 

history of each species must play an important role in determining the level and 

distribution of genetic diversity. 

Conkle (1992) reviewed the use of biochemical markers from individual trees as a 

means to resolve and measure genetic diversity. Identifying variation and interpreting 

such genotypic information will lead to effective means for managing populations to 

maintain forest health. 
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Relatively few studies of intra-specific variation using DNA techniques have been 

undertaken in tropical tree species. Those investigations that have been completed have 

again highlighted the existence of pronounced genetic structure within several species. 

Spanish cedar (Cedrela adorata) is a high value timber species native to the American 

tropics and is now considered to be threatened in many parts of its range. Analysis of ten 

populations from Costa Rica using RAPDs indicated that 55% of the total variation 

recorded was maintained between rather than within populations (Gillies et al., 1997). 

This finding reflected a pronounced difference between populations originating from the 

Pacific and Atlantic regions of Costa Rica. The reason for this discontinuity between 

adjacent populations is unknown, but might reflect the colonization of these regions from 

different source populations, or possibly an adaptive response to contrasting edaphic 

conditions (Gillies et 01., 1997). 

Studies of the leguminous tree Gliricidio sep illlll , another meso-American species, 

have also recorded a relatively high degree of population differentiation. In a subsequent 

survey of eight populations using RAPDs) 60% of the variation recorded was between 

rather than within populations (Chalmers et aI., 1992). Further RAPD and mtDNA 

assessments of G. sepiulIl indicated that a significant degree of differentiation also 

existed at the sub-popUlation level (Dawson et aI., 1995). In contrast, Schierenbeck et al. 

(1997) recorded very little genetic variation between popUlations of four tropical tree 

species assessed at a local scale in the Atlantic region of Costa Rica. In this study, 

RAPDs were used to assess genetic variation along an elevational gradient in species 

occurring at contrasting population densities. The lack of differentiation at this scale 

suggests that pollen and seed dispersal occur over distances of several kilometers in this 

rain forest area (Schierenbeck et 01., 1997). 

In natural popUlations, variance components are also of considerable interest for 

evolutionary studies (Lande, 1982) and, increasingly, for conservation purposes (Storfer, 

1996). In natural populations, however, information on relationships may be unreliable or 

unavailable. Molecular marker information [restriction fragment length polymorphism 

(RFLP), minisatellites, microsatellites, RAPDs etc.] from the population of interest 

provides a means of circumventing this problem, by allowing estimation of relationship 

on a pair-wise basis (Thompson, 1975; Ritland, 1996a) without the need for pedigree 

reconstruction. These estimates of relationships may be combined with phenotypic 

information gathered from the same individuals, allowing inferences to be made about 

variance components (Ritland, 199Gb ). 

Loveless (1992) reviewed data from 97 isoenzyme studies on the genetics of tropical 

woody species which demonstrated that cultivated taxa maintain higher percentages of 

polymorphic loci and highcr mean heterozygosities than native tropical species. Levels of 

within-population variation in tropical taxa are as high or higher than in plants in general. 
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Levels of genetic variation diller signilicantly among species with different geographic 

ranges, life forms, and taxonomic affinities. Levels of population differentiation are 

significantly different only between species with different seed dispersal modes. 

Outcrossing rates in 16 tropical tree species showed a preponderance of highly out­

crossed breeding systems. 

Changtragoon et al. (1996) studied genetic diversity of Azadirachta spp. by 

using isozyme analysis. Ten putative isozyme gene loci were identified and used for 

measuring genetic diversity in three Azadirachta species. The average genetic distance 

between populations of A. indica var. siamensis was low (0.90). on the other hand, the 

three taxa were separated by a very high genetic distance. As expected cluster analysis 

showed strong genetic divergence among the investigated taxa. These results confirm 

genetic distinctiveness of A. siamensis. However additional studies are needed for 

evaluation of the taxonomic status of this taxon. 

Kundu (1999) performed comparative analysis of seed morphometric and allozyme 

data among four populations of neem. The objectives of this study were to determine the 

patterns of variability and to compare genetic distance between seed morphometric and 

allozyme data for neem. Phenotypic variation from open pollinated seed materials at 12 

isoenzyme loci was examined using starch gel electrophoresis for four populations from 

Thailand, Bangladesh and Korea. All four populations exhibited high levels of variation 

for seed parameters and isoenzymes. UPGMA cluster analysis of Nei's genetic distance 

when based on isoenzymes revealed two genetic groups. The population from Kenya 

showed a close genetic relationship with the Bangladeshi populations. The population 

from Thailand exhibited a distant relationship with the other three populations. This 

result suggests that the Kenyan population was introduced from the Indian subcontinent. 

In contrast, cluster analysis of seed morphometric data indicated three different groups of 

populations. The population from Kenya showed a distant relationship with all other 

populations. The study demonstrates that allozyme data may not correspond with 

morphometric traits when measuring genetic distance. It is suggested that this 

controversy may depend on environmental influence on morphometric traits, possibly 

also on the enzyme patterns. 

Singh et az. (1999) worked on assessment of genetic diversity in Azadirachta indica 

using AFLP markers. Genetic diversity was estimated in 37 neem accessions from 

different eco-geographic regions of India and four exotic lines from Thailand using 

Af'LP markers. Seven AFLP selective primers combinations generated a total of 422 

amplification products. The average number of scorable fragments was 60 per 

experiment, and a high degree (69.8%) of polymorphism was obtained per assay with 

valucs ranging from 58% to 83.8%. Scveral rare and acccssion-specific bands were 

identified which could be effectively used to distinguish the different genotypes. 
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Nuzhat Farooqui et al.( 1998) reported RAPD profile variation amongst provenances of 

neeIl1. Neem (Azadirachta indica) is an evergreen, long-lived, mUltipurpose tree of the 

tropics with a wide distribution range in India. It is believed to be highly cross-pollinated. 

Inter-provcnancc variation has becn rcported in necm for a range of morphological and 

physiological characters. Yet no reports about the genetic determinism for this variation 

arc availablc. RArD profiles of 34 accessions/provenances of ncem were gcnerated with 

200 decamer random primers, of which 49 resulted in reproducible amplification 

products. Based on the presence/absence of bands, a similarity matrix was computed. 

Dendrogram was constructed by UPGMA method based on the pairwise similarities 

amongst the profiles. The similarities in RAPD profiles amongst the different accessions 

was more than that expected due to the outcrossing nature of neem and, furthermore, 

these more-than-expected similarities were not due to random chance. These results 

suggest that neem may have a narrow genetic base. 

Polymerase chain reaction (PCR) techniques were developed in late 1980's (Saiki et 

ai., 1985) and have been applied widely in genetic identification of biological samples. 

PCR requires only a small about of DNA, which is amplified to produce a specific 

marker profile for identification of the sample (Welsh and McClelland, 1990). Random 

amplified polymorphic DNA (RAPD) assays utilise arbitrary 10-mer oligonucleotide 

sequences as primers (Williams et Cli., 1990). Primers hybridise to two nearby sites in the 

template DNA that are complementary to the primer sequence. Deletions or insertions in 

the amplified region or base changes alternating primer binding sites will result in 

polymorphism. 

Strauss et al. (J992):The advances to date with quantitative trait locus identification in 

agronomic crops, which have mostly been with studies of inter- and intra-specific 

hybrids, are of little relevance to assessing the potential for marker-aided selection in 

non-hybrid forest tree populations. Although molecular markers provide great 

opportunities for dissection of quantitative traits in experimental populations, it is 

suggested that their near-term usefulness in most operational tree breeding programmes 

will be limited. In addition to cost, this limitation results from quantitative trait locus­

marker associations being limited to specific genetic backgrounds as a result of linkage 

equilibrium, interactions of quantitative trait locus effects with genetic backgrounds, 

genotype by environment interaction, and changes of quantitative trait locus allele 

frequencies among generations. Only where large restrictions of genetic base are 

tolerated, trait heritabilities are low, markers are able to explain much of the additive 

variance, selection intensities within families are high compared with that among 

families, and very large numbers of progeny are examined, can marker-aided selection 

within individually mapped full-sib families substantially aid phenotypic selection. Broad 

use of marker-aided selection in the longer term will require substantial technical 
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advances in a number of areas, including: means of precise quantitative trait locus 

identification; reduction of large-scale mapping and genotyping costs; and changes in 

breeding and propagation systems. 

Kremer (1994): A comparison is made between parameters referring to genetic 

markers (allelic richness, gene diversity and genetic differentiation coefficient) and those 

addressing quantitative characters (heritability, coefficient of genetic variation and 

differentiation). Definitions and relationships between the different parameters are 

outlined. It is shown that forest trees exhibit higher levels of gene diversity than other 

plants. Populations are highly differentiated for traits related to growth and phenology, 

whereas allelic frequencies of gene markers show low variation among populations. 

Determinants of genetic structuring in plant population include mating system 

(Loveless & Hamrick, 1984) natural (and possibility artificial) selection, evolutionary 

history, life- history characteristics and mechanism of gene flow (Schaal, 1980; Ellstrand 

et al., I 989;J:lam.R.G1: & Godt, 1989; Hamrick et al., 1992). Together, these factors can 

lead to complex genetic structuring within populations which is often difficult to resolve. 

The use of biochemical and molecular markers can enhance under standing of such 

complexities. Amplified polymorphic fragments are normally inherited in a biparental 

dominant Mendelian manner (Carlson et al., 1991). 

The various statistics used to estimate and partition genetic variation at a detailed level 

within plant population cannot be applied easily to RAPD data obtained from outcrossing 

species because of dominance. Codominant products are occasionally revealed (at one 

locus in the present study), but these are rare (Williams et al., 1990). Despite this, 

approximate estimators have been devised recently for various population-genetic 

parameters using RAPDs (Lynch & Milligan, 1994), although these rely on an 

assumption of Hardy Weinberg equilibrium. As individual Gliricidia half-sib families do 

not approach this equilibrium, further approximations regarding the inter-relationship of 

RAPD product frequency and underlying genetic variation are required and a relatively 

large sample of RAPDs must be scored to provide an effective description of population 

structure. In a group of randomly mating, outcrossing individuals the theoretical 

expe~~on for genetic partitioning within and among half- sib families is 75 percent and 

25 percent, respectively (Hartl, 1987). 

Chalmers et al. (1994):RAPD analysis detected intra-and interspecific polymorphism 

in 29 mahogany accessions from 8 species and 4 genera originating from West Africa 

and Tropical America. There was a clear separation of Cedrela odorata from the other 

species, with 95% of the variable amplification products differing, whereas Lovoa 

~richilioides, Khaya spp. and Swielenia spp. Were more closely grouped. These results 

are consistent with current taxonomic evidence based on morphological characteristics. 
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Although very recently developed and open to such critical appraisal, the RAPD 

technique has already shown some promise as a tool for the study of genetic diversity 

within and between populations. The important tropical genus Gliricidia has been studied 

by Chalmers et al. (1992), who were able to partition the variation into within- and 

between-population components for two species. A range of individual accessions of 

TheoiJrolJ1a cacao has been successfully fingerprinted using only a small number of 
I 

primers (Wide et af., 1992); this would have been difficult using RFLPs owing to 
/ 

difficulties of DNA extraction with this species. In Eucalyptus, where the extraction of 

high quality ~NA is again a major problem for RFLP analysis, RAPD markers can be used for 

clonal identification (Clerk, 1992), even using very young material. 

Individuals within a full-sib family of Picea glauca were distinguished by Hong et af. 

(1992), who showed that the number of RAPD markers can be maximised by using 

polyacrylamide gel electrophoresis followed by silver staining of DNA, rather than 

agarose gels and ethidium bromide. Using a single 10-nucleotide primer, at least 20 

polymorphic markers were identified, more than twice the number observed with agarose 

gels. They demonstrated the application of RAPDs to paternity analysis by comparing 

mega-gametophyte and embryo from the same seeds and thus identifying the paternalIy­

derived amplification products; for confirmation the genotypes of the paternal trees were 

also analysed. The same authors are also carrying out a RAPD's-based survey of genetic 

diversity in British Columbian Douglas-fir populations; between 8 and 20 segregating 

genetic markers can be identified from each primer screened. 

RAPD markers are currently being used in the construction of genome maps in a 

variety of species of commercial importance in agronomy and forestry, with the 

advantage over RFLPs of speed and higher genome saturation. They are well suited for 

mapping haploid genotypes as in conifer mega-gamctophyte DNA. In diploid organisms 

two closely-linked RAPD markers, each amplified from a different parent, may be used 

as a pair to identify heterozygous re~ions as described by Williams et al. (1992). 

Alternatively, differences in band intensity can be measured densitometrically to 

d istingu ish bands from heterozygous and homozygous regions, although it is pertinent to 

add that the reliability of this procedure has not yet been adequately substantiated. 

Fingerprinting reliability through RAPD has been qu~stioned since comigrating bands 

from different individuals do not necessarily represent homologous amplification 

products, but the presence of comigrating bands only reduces the absolute similarities, 

not the relative similarities nor the relationships aillong clusters (Adams and Rieseber, 

1998). Hence j)·agment size and frequency can be considered a reliable predictor of 

hOlllology of closely related individuals (Nicese e{ a1., 1998), provided that they can 

differentiate between at least two populations. 
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Lu et 01. (1997) reported RAPD variation in 10 northern Swedish populations of _r. 
sylvestris was characterized by isolating 10 polymorphic and 10 mono-morphic RAPD 

fragments for use as probes in Southern analysis of RAPD profiles and genomic DNA 

digests. Results showed that: (i) individual RAPD bands often contained more than one 

non-homologous DNA sequence, although one sequence usually predominated; (2) 

Southcrn hybridization revealed that the presence/absence polymorphism ofRAPD bands 

was due to the lack of amplification of the corresponding sequence rather than to the 

absence of the target sequence in the individuals lacking the band; (3) in spite of the large 

genome in conifers, most of the analysed RAPD fragments did not appear to originate 

frolll repetitive sequences. Of the 20 RAPD fragments tested, only one appeared to be of 

repetitive origin. Implications of the observed molecular properties of RAPD variation 

for genetic analysis in f. sylvestris are discussed. 

Mamta Goswami and Ranade (1999): Genetic variability among accessions of 

Prosopis was determined using randomly amplified polymorphic DNA (RAPD) profiles. 

Similarities of profiles were determined llsing the algorithm of Jaccard and UPGMA and 

neighbour joining trees were generated from the similarity data. 

Kanetani (1997) reported RAPD analysis performed to reveal genetic variation and 

differentiation within and among 6 populations in Kyushu, Japan. As a result of primers 

screening, forty primers were selected. Some 92 putative polymorphic loci were 

obtained. 

Skov (1999): The widespread application of RAPD-markers in diverse 

organisms has highlighted a need to demonstrate the repeatability of these markers across 

different laboratories, using deviating protocols, as well as across different genetic 

material within Picea abies. The present investigation has (1) compared the segregation 

of RAPD-markers in the haploid mega-gametophytes of the same tree analysed at two 

different laboratories and (2) compared the homozygosity of two geographical diverse 

individuals. 

2.17. Tissue culture studies: 

Neem is a tropical tree native to the Indian sub-continent and Mayanmar. Now it is 

widely distributed throughout tropical and subtropical Asia, Africa, Australia and central 

and sOllth America and has adapted to diverse climatic and edaphic conditions. It has 

been extensively studied and now being exploited commercially for its pesticidal and 

medicinal properties (Anon., 1985). Conventionally neem is propagated by seeds. Due to 

their recalcitrant nature, seeds require immediate sowing and generally gennplasm 

exchange and breeding programmes suffer badly. Moreover as reports are available on 

elite genotypes/ecotypes with higher contents of oil and azadirachtin and superior 

insecticidal efficiency during bioassays(Singh, 1987; Ermel. 1995; Ermel et a/., 1998; 

Kumar and Parmar, 1996; Kaura e( aI., I 998c), availability of an efficient 
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micropropagation tool will be helpful in multiplying the desirable genotypes. 

Among the various in vitro methods, somatic embryogenesis is the method of 

choice, because of certain advantages viz., probable single-cell origin of the regenerants, 
. of 

a very high multiplication rate, and possibility of adaptation to system; artificial or 

synthetic seeds. 

Currently only three published reports are available on somatic embryogenesis in 

neeni i.e., Shrikhande (1993), Su et al. (1998) and Murthy and Saxena (1998). Other 

reports on in vit~o regeneration in neem pertain to shoot proliferation from nodal explants 

(Yaseen 1994), and decapitated seedlings (Rangaswamy and Promila, 1972), Shoot and 

root forn1ation from anther derived callus (Guatam et al., 1993), and Agrobacterium 

mediated genetic transformation attempts (Naina et al. 1989). 

Plant tissue culture techniques are also available for obtaining callus growth and 

plantlet regeneration from a variety of explants including leaf, cotyledon and stem 

segments (Rao et aI., 1988; Ramesh and Padhya, 1990; Narayan and Jaiswal, 1985; 

Kearney et al., 1994). 

The present study was designed to see the efficiency of mature seeds for shoot 

regeneration / somatic embryogenesis in different media and also establish callus and 

suspension cultures to explore the possibility of in vitro production of important 

commercial metabolites. 

Mass propagation of neem on a commercial scale has limitations of seed viability. 

Moreover, vegetative propagation of this tree using conventional methods is not possible 

(Narayan and Jaiswal, 1985). Tissue culture offers a reliable method for mass production 

of plants in a shorter time and without seasonal constraints. The present study was 

designed to see the efficiency! matl.ce seeds for shoot regeneration / somatic 

embryogenesis in different media and also establish c~llius and suspension cultures to 

explore the possibility of in vitro production of important commercial metabolites. 

Tissue culture studies were under taken by National Chemicals Laboratory (NCL), 

Pune, India for propagation of neem (Azadirachta indica) using different pathways like 

micropropagation, direct and indirect induction of somatic embryogenesis and induction 

of secondary metabolites from callus cultures. (DSIR, 1999). 

Jaiswal and Narayan (1984) reported regeneration of plantlets 

tissue of Azadirachta indica Juss.. Experiments were undertaken 

a tissue culture method for large-scale clonal multiplication 

from stem 

to develop 

of Neem 

stem segments. Stem segments,l cm long,were taken from mature branches of the tree and 
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inoculated onto Murashige and Skoog medium supplemented with different growth 

regulators at different concentrations and combinations. Growth regulators used were 

indoleacetic acid (IAA), naphthalcneacelic acid (NAA), 2,4~D, bcnzyladeninc and 

kinetin. Cultures were maintained at 25°C with a 12 hr photoperiod. Callus was induced 

successfully on medium cOlllaining 0.5 ppm kinetin or benzyladcnine. Shoot buds 

differentiated when O.OS~O.l ppm lAA or NAA were added to the same medium. Root 

induction also occurred on this medium, and in medium without kinetin or 

benzyladenine. 2,4~D VYas inhibitory for organogenesis. 
reported 

Joshi and Thengane (1 996)fin vitro propagation of neem by shoot proliferation. Clonal 

propagation of neem from non~woody branch explants (from 2~5 yr old trees) was 

achieved on MS medium supplemented with 6~benzylaminopurine [benzyladenine] at 0.5 

mg/litre and kinetin at 1.0 mg/litre. Two to three shoots per explant were observed after 

20 days. An increase in mUltiplication frequency of shoots per explant (45~50) and 

average shoot length (4.7 cm) was observecl after 14~16 weeks on medium containing 3/4 

dilution of MS macronutrients, full strength MS micronutrients, kinetin (0.05 mg/litre), 

benzyladenine (0.1 mg/litre), calcium pantothenate and biotin (both 0.05 mg/litre). 

Rier and Obasi {l996) reported organogenesis and oil production in neem seed callus. 

Callus initiated from germinating seeds of Azadirachta indicq was maintained on a 
studied 

modined Murashige and Skoog medium. Zypman et al. (1997)/tissue culture methods 

and cloning of the neem tree (Azadirachta indica) for bioinsecticide production. Light 

yellow friable callus and shoots were initiated frol11 hypocotyl explants of A. indica on 

MS (Murashige and Skoog) medium supplemented with 0.5 mg IAA and 1 mg benzyl 

am inopurine [benzyladenine] (SA)/l itre. Shoots were regenerated from nodal buds and 

calli. Eeswara et a1. (1997b)developed a standard procedure for the micropropagation of 

the neem tree (Azadirachla indica A. Juss). Micropropagated shoots were initiated from 

leaf explants of Azadirachta indica, taken from potted plants (6~ or 18~months old) 

grown from seed. 

Venkateswarlu et al.(1998) worked on micro-propagation of plus neem (Azadirachta 

indica A. Juss) and evaluation of field transferred plants. A micropropagation protocol 

for a mature plus tree of neem has been standardized. Nodal explants were collected from 

actively growing young shoots of a 22 ~yr~old plus tree in Andhra Pradesh (India) with 

a straight stem, 50 kg seed yield/year, 25% oil in seeds and 0.6% azadirachtin in the 

kernels. Successful shoot bud induction and multiplication could be achieved on MS 

medium with suitable concentrations of cytokinin . 

. Yas$een (1994) stud ied shoot proliferation and plant formation from neem 

(Azadirac!Jta indica· ) with thidiazuron. Nccll1 trce (Azadirachla indica . ) is one 

of the most promising plants for producing pesticides, pharmaceuticals and other 

commonplace materials. A protocol for shoot formation from node and stem explants 
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was described. Stem nodes and stem segments ,vere obtained from a mature tree and 

cultured in Murashige-Skoog (MS) medium supplemented with 0.5 llM thidiazuron 

(TDZ) and 0.5 pM naphthaleneacetic acid (NAA). 

Tawfik (1997) reported micropropagation and plant regeneration of neem tree 

(Azadirachta indica Juss~. A micropropagation system was developed to overcome the 

difficulty in conventional propagation techniques used for the neem tree (Azadirachta 

indica). Four types of explants (shoot-tips, stem nodes, petiole and leaf segments) were 

used. Shoot tips and stem explants were cultured on woody plant medium (WPM) 

supplemented with kinetin and benzyladenine (BA) each at 0,0.5, and I mg/litre. 

Gautam et al. (1993) studied development of shoots and roots in anther-derived callus 

of Neem - a medicinal tree. Anthers from surface-sterilized flower buds of neem tree 

containing uninucleate microspores were grown on NB (Nitsch) and Murashige-Skoog 

(MS) culture media containing 3% sucrose, 0.8% agar and various combinations and 

concentrations of plant growth factors (PGFs). Best callusing occurred on NB medium 

with 10 )..IM indoleacetic acid (lAA) plus I IJM benzyladenine (BA). 
studied 

Wewetzer (1998)/ callus cultures of Azadirachta indica and their potential for the. 

production of azadirachtin. The content of azadirachtin in neem tree (Azadirachta indica) 

seeds is affected by environmental and genetic factors. An in vitro culture study 

investigated if and how azadirachtin contents of callus cultures derived from various cell 

lines are affected by different nutrient media and carbohydrate concentrations. The 

azadirachtin contents of the calluses were analysed by TLC and HPLC. Azadirachtin 

contents of callus cultures varied depending on the cell line, the nutrient medium and the 

carbohydrate source employed. 

Murthy and Saxena (1998) reported somatic embryogenesis and plant regeneration of 

neem. Somatic embryos were initiated from mature seeds of neem (Azadirachta indica) 

when cultured on Murashige and Skoog's medium supplemented with thidiazuron (TDZ). 

Regeneration occurred via somatic embryogenesis, direct embryo formation and through 

an intermediary callus phase. 

George and Kulkarni (1997) reported micropropagation of neem. Explants of leaflets, rachis, 

inflorescence axis and cotyledons from locally growing trees in Maharashtra callused 

with high frequency in an in vitro culture medium of MS + 5% (V/V) coconut water + 2 

pM BAP [benzyladenine] in 2-3.5 weeks, and differentiated into shoots in 2.5-5.5 

months. 

Shrikhande et al. (1993) studied somatic embryogenesis and plant regeneration in 

Neem, Culture medium for induction of somatic embryogenesis from immature 

cotyledonary tissues of neem was optimized. Immature cotyledons were cut in half and 

grown at 24-26 deg in the dark for 20 days in Murashige-Skoog (MS) medium (pH 5.7) 

solidified with 0.4% agar with MS vitamins, 1.0 gil casein hydrolyzate, 5% sucrose and 
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0.5-5.0 mg/l indoleacetic acid (lAA), alone and In combination with 1.0 mg/l 

benzyladenine (BA) or 1.0 mg/l kinetin. Callus was initiated on medium containing 0.5 

mg/l IAA, 1.0 mg/l BA and 1.0 gil casein hydrolyzate. 

Cautalll et (/1. (199 I) studied differcntiation in long-term callus culturcs of Neelll. 

Neem tree (Azadirachta indica) is a tree of medicinal value, belonging to the Meliaeeae, 

and is a source of insecticides and alkaloids. Its anthers, containing uninucleate pollen 

grains, developed callus masses when cultured on Murashige-Skoog (MS) culture 

medium supplemented with the following: 1.86 mg/l naphthaleneacetic acid (NAA) and 

0.21 mg/l kinetin (Kn); 1.86 mg/l NAA and 0.22 mg/l benzyladenine (BA); and 1.75 

mg/l lAA and 0.22 mg/l BA. 

Ramesh and Padhya (1990) studied in vitro propagation of neem, Azadirachta indica 

A. Juss., from leaf discs. Excised leaf disks of Azadirachta indica A. Juss. were grown 
" on Wood and Braun's culture medium supplemented with various concentrations and 

combinations of kinetin, benzyladenine, adenine sulfate, indoleacetic acid (lAA), 

indolebutyric acid, 2,4-0, naphthaleneacetic acid or gibberellin at pH 5.8 and 24-26 deg 

under a 16 hI' photoperiod. 

Islam et al. (1996) reported high frequency somatic embryogenesis achieved from 

cotyledon explants in MS medium containing different concentrations of NAA. The 

embryoids developed into shoots when the embryogenic calli were transferred to 

cytokinin-supplemented media. However, the frequency of embryogenesis was very low. 

A high concentration of BA (0.5 2.5 mgrl) of Nl,,/. induced cotyledon and nucellus 

explants to produce adventitious shoots. Shoot organogenesis best oeeurred '.vhel'l 2 mgr l 

NAA were b1~ed. 

10arder et al. (1996) developed a micropropagation method using nodal explants from 

field-grown adult Neem tree. The explants were stabilised by culturing two weeks in 

hormone-free MS medium followed by four weeks in cytokinin supplemented-medium. 

Established explants upon transfer to medium containing low concentration (0.05-0.3 

mgr') of cytokinin produced shoots. 
studied 

Preetha et al. (1995¥ Peroxidase isoenzymes as markers of organogenesis 111 

Azadirachta indica. Isoenzymes of peroxidase were used as biochemical markers for 

differentiating regenerating callus lines in the early stages of differentiation in 

Azadirachta indica. The methods of callus induction, sample preparation and 

electrophoresis are given. The isoenzymes characteristic for various types of callus are 

discussed in detail. 

Joshi and Thengane (1996) achieved induction of somatic embryos directly on explant 

tissue (cotyledons) or from the callus. Type of auxin was found to be a deciding factor 

for embryo induction pathway. Adventitious multiple shoots (10-15) were induced 

In excised axillary and terminal buds of neem on medium containing BAP, kinetin and 
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sucrose. The individual shoots were transferred to sand:soil (1:1) mixture for direct 

rooting and-grown in polyhouse, where 90 per cent survival was observed. 

Callus production has been obtained from adult embryos (Rangaswamy and Promila, 

1972), young seedlings (Naina et aI., 1989), leaves, cotyledons, and petioles (Narayan 

and laiswal, 1985; Rao et al., 1990; Sanyal et al., 1983; Schulz, 1983), stem segments 

(Jaiswal and Narayan, 1984) and stem bark segments (Sanyal et al., 1981). Occurrence of 

genetic off-types is well documented in many other species when regenerated from callus 

cultures (Larkin and Scowcroft, 1981). 

- Su et al. (1997) were able to induce somatic em bryogenesis in Azadirachta indica. 

A modified culture protocol was developed for the induction of somatic embryogenesis 

in Azadirachta indica. Embryogenic calli were initiated from cotyledons or hypocotyls 

using an MS agar medium supplemented with 0.5 mg NAA, 1 mg 6-benzylaminopurine 

[benzyladenine] (BA), 1 g casein hydrolysate, and 50 g sucrose per litre. 

Dumet et al. (1997) rep0l1ed desiccation tolerance and cryopreservation of embryonic 

axes of recalcitrant species. Because recalcitrant seeds are generally large and show very 

curtailed longevity even if stored hydrated, cryopreservation of their embryonic axes 

seems to be the most obvious way to create a gene bank. The aim of this investigation 

was to determine the minimal water content tolerated by embryos of 5 recalcitrant 

species and their subsequent survival after cryopreservation. 

1-issue culture of neem was first reported in the 1970s (Rangaswamy and Promilla, 

1972; Sanyal e/ al., 1981). Since then, several papers have been published on the effect of 

variOlls growth factors on the differentiation processes in neem tissue cultures and about 

secondary metabolites, notably nimbin (Schulz, 1983; Sarkar and Datta, 1986; Rao et al., 

1988; Sanyal et al., 1988; Ramesh and Padhya, 1988, 1996). 

Drew (1996) developed a technique for production of micro-cuttings in vitro 

for clonal propagation of neem line with high yields of azadirachtin. Apically 

dominant shoots were grown on hormone free MS medium and multiplied by dissection 

into nodal sections. Roots were initiated on axillary shoots removed from nodal sections 

when cultured on MS medium plus 10 IlM lEA for four days with subsequent root 

development on hormone-free medium. 

Th iagarajan and Mural i (1996) reported high frequency regeneration of neem plantlets 

from excised embryos, with intact cotyledon. The embryos were cultured in basal MS 

medium supplemented with various combinations of sugars, nitrates, cytokinins and 

auxins. Nirmalakumari et af. (1996) conducted experiments to study the in vitro response 

of various explants viz., leaf, stem, bark, and cotyledon for callus induction; and shoot tip 

and cotyledons for micropropagation on MS medium with different levels of auxins and 

cytokinins. The leaf explants produced nodular and friable calli on MS + 2,4-0 (2 mgr i
) 

+ kinetin (0.5mgr i
). 
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Yousef and Fattah (1999) studied propagation of neem plant by tissue culture. This 

study was conducted to propagate neem- plant in vitro using apical and lateral buds. The 

buds were cultured on a medium supplemented with three concentrations of BA (0.25, 0.5 

and 1.0 mg/litre) and two concentrations(O.1 and 0.25 mg/litre) of IBA. The shoots were 

rooted in a medium supplemented with 0, 0.5 and 1.0 mg IBA/litre. 

Zounos et al. (1999) worked on bioactive compounds from neem tissue cultures and 

screening' against insects. Hairy root cultures were derived from neem (Azadirachta 

indica) using Agrobacterium rhizogenes and studied for the production of compounds 

with antifeedant effects on insects. Six-week-old hairy root cultures were extracted, and 

HPLC yicldcd fractions ranging li·om polar tonon-polar compounds. 

Naina et al. (1989) reported genetic transformation and regeneration of transgenic 

neem (Azadirachta indica) plants using Agrobacterium tumefaciens. The transformation 

and regeneration of tratfSgenic neem using Agrobacterium tumefaciens is 

discussed. Seedlings were inoculated using A. tumefaciens strains K12 x 562E and KI2 

x 167, which contained plasmid pCGN562 and pCGN167, respectively. These are 

recombinant derivatives of the plasmid pTiA6. Only strain K12 x 562E produced crown 

galls on the seedlings. The. crown galls were formed within 4-5 wk of infection. Gall 

growth at the base (45-50 mg) was more than at the apex (30-35 mg). 60% of seedlings 

formed crown galls, which were cultured on Murashige Skoog (MS) medium without 

phytohonnones. The crown galls proliferated and within 2-3 wk weighed 250-300 mg. 

Strain K I 2 x 167 gave rise to shoots with teratomas at the base. The transformed shoots 

were cultured on MS medium without phytohormones. They elongated to 5-8 cm within 

4 wk. The transformed calli and shoots also survived on MS medium containing 150 

mg/l kanamycin, while the control calli and shoots did not. The kanamycin-resistant 

plants were then transferred to soil. The presence of octopine was detected. 

Verpoorte (1989) reviewed the production of secondary metabolites by plants, 

applied to the manufacture of cum pounds of economic importance, e.g. drugs, 

toxins, insecticides and additives. This review discusses the importance of studies of the 

factors regulating secondary metabolism to the development of plant cell and tissue 

cultures in industrial plant cell biotechnology. The role of secondary metabolites in plant 

resistance to microorganisms, viruses, insects, nematodes, etc., can lead to important 

compounds, e.g. the insecticidal azadirachtin produced by an Indian tree, Azadirachta 

indica. The formation of crown galls in plants due to infection by Agrobacterium spp. 

has provided a means of introducing foreign DNA and hence new genes into plant cells. 

The development of plant cell cultures in culture vessels has resulted in the successful 

industrial production of shikonin, berberine and rosmarinic acid. The production of 

secondary mctabolites has been improved by usc of elicitors. The culturing of 
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differentiated plant cells and genetic modifications of cells by targeting key enzymes is 

also underway for many species now (Verpoorte, 1989). 

Leaf and bark segments from 2-3-year-old A. indica plants form Nicaragua and Togo 

were subcultured twice and analysed for azadirachtin content. Nicaraguan cell lines had a 

significantly higher azadirachtin content tl13n those from Togo. Calli from Togo only 

yielded azadirachtin when derived from leaf explants and cultured on White's medium, 

though no differentiation was observed on this medium. Azadirachtin content was 3 

times higher on media supplemented with 15 g sucrose per litre compared to those with 

30 g sucrose per litre (Wewetzer et a1., 1997). 

Ecswara et Cl/. (I 997a)s[uuicu azauirachtin, salannin and nimbin contents of seeds and 

callus of neem (Azadirachta indica A. Juss). Azadirachtin, salannin and nimbin contents 

were determined of neem seeds and callus cultured from leaf explants from trees at 3 

sites in the Dry Zone and 1 site in the Intermediate Zones of Sri Lanka. All callus lines 

examined contained azadirachtin, nimbin and salannin. The azadirachtin content of callus 
-1 

varied from 4 to 190flg g freeze-dried callus. The variation in meliacin content between 

trees was greater than that between sites for both callus and neem seed kernels. No 

correlation was found between the amount of azadirachtin, nimbin and salannin produced 

by callus and the same chemical present in seeds collected from the same tree. 

The connection between differentiation and secondary metabolism is generally 

accepted. It was not until the 1990's however, that efforts were started to produce 

azadirachtin in tissue culture (Wewetzer, 1999). 

Tissue culture of neem was first reported in the 1970s (Rangaswamy and Promilla, 

1972; Sanyal et al., 1981). Since then, several papers have been published on the effect of 

various growth factors on the differentiation processes in neem tissue cultures and about 

secondary metabolites, notably nimbin (Schulz, 1983; Sarkar and Datta, 1986; Rao et al., 

1988; Sanyal et al., 1988; Ramesh and Padhya, 1988; 1996). 

Kuruvilla et al. (1999<ystudied enhanced secretion of azadirachtin by permeabilized 

margosa (Azadirachta indica) cells. Azadirachta indica, commonly known as neem or 

margosa is well known for its utility as a source of pesticide against a variety of insects. 

The role of penneabi I izing agents on secretion of the pesticide azad irachtin from magosa 

callus cultures was investigated, under laboratory conditions. Callus cultures of leaf 

explants were grown on Murashige-Skoog basal culture medium, supplemented with 

indolebutyric acid (4 mg/I), naphthaleneacetic acid (4 mg/I), benzyladenine (2 mg/l) and 

2% sucrose (pH 5.8), and solidified with agar (0.8%). 

Lei GuangFu et al.(1998)observed the effects of explants fi·om different organs of A. indica, 

culture media and subculture times 011 callus growth and azadirachtin content in cultures. 

All calli induced from root, leaf, stem and bark tissue were capable of 
.. , 
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synthcsizing azadirachtin. Callus growth rate and azadirachtin content were highest in 

leaf explants. Azadirachtin content was 0.40, 0.50, 0.57 and 0.63 mglg dry weight for 

bark, stem, root and leaf explants, respectively. 

Srividya et al. (1998) reported azadirachtin and nimbin content in in vitro cultured 

shoots and roots of Neem. Callus was developed with 100% response from immature 

embryos of A. indica on MS medium supplemented with (a) 2.0 mg NAA + 0.5 mg BA, 

(b) 2 mg BA and (c) 1.0 mg NAA + 0.5 mg BA/litre. For optimum multiple shoot 

formation, medium containing (a) 2.0 mg BA or (b) 0.5 mg BA + 0.1 mg NAA was used. 

These shoots rooted in ha If-strength M S med i UI1l supplemented with O.S mg !BA/I itre. 

Azadirachtin and nimbin content were analysed in callus, in vitro-cultured roots and 

shoots. Roots contained 4 ppm azadirachtin and shoots contained 8 ppm azadirachtin and 

3 ppm nimbin. Callus had negligible amounts of azadirachtin. 

Veeresham el al. (1998) was able to produce azadirachtin from callus cultures of 

Azadirachta indica. Callus cultures, initiated from leaves and flowers of A. indica 

(collected from India), were established for the production of azadirachtin. Twelve-week­

old flower callus produced 2.46% azadirachtin. 

Tissue culture studies were under taken by NCL for propagation of neem (Azadirachta 

indica) lIsing different pathways like micropropagation, direct and indirect.induction of 

somatic embryogenesis and induction of secondary metabolites from callus cultures. 

1999). 

Murthy and Saxena (1998) studied Somatic embryogenesis and plant regeneration of 

neem. Somatic embryos were initiated from mature seeds of neem tree when cultured on 

Murashige and Skoog mediulll supplemented with thidiazuron (TDZ). Somatic embryos 

originated directly, and also via an intermediary callus phase, from mature seeds. In both 

cases, the presence of TDZ alone in th~ medium was capable of inducing regeneration. 

TDZ induced somatic embryogenesis across a wide range of concentrations (1-50 11M). 

However, somatic embryogenesis was accompanied by callus formation at TDZ 

concentrations of 20 ~IM and above. 

Eeswara et al. (1997b)developed a standard procedure for the micropropagation of the 

neemtree (Azadirachla indica A. J uss). A procedure for the production of complete 

micropropagated plantlets from neem (Azadirachta indica A. Juss) leaf explants from 

different ecological regions was developed. 

Su et al. (1997) were able to induce somatic embryogenesis in Azadirachta indica. 

A modined method for somatic embryogenesis induction in neem (Azadirachta 

indica) is dcscribed. Cotyledons and hypocotyls of necm· were grown in the dark at 

24-26 deg on Murashige-Skoog mcdium with MS vitamins, 0.5 mg/l naphthaleneacetic 

acid (NAA), 1 mg/l bcnzyladcninc, I gIl cascin hydrolyzate and 50 gil sucrose. Callus 

formed was transferred to liquid medium similar to the agar medium but with NAA 
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replaced by 0.5 mg/l indoleacetic acid (lA!\). The callus !ormcd globular structurcs 

which rurthcr devcloped a rudimcntary root, alkr 4-5 wk incubation. 

Kearney el al. (1994) studied the antifeedant effects of in-vitro culture extracts of the 

neemtrce, Azadirachla indica against the dcscrt locust (Schistoccrca gregaria (Forskal)). 

Callus and micropropagated shoots were initiated from leaf explants of the neemtree. A 

variety of whole plant and in-vitro cell cultures from neemtree seedlings of Ghanian 

origin were tested for insect antifeedant compounds using the desert locust (Schistocerca 

gregaria (Forskal)) as the insect. Feeding suppression occurred when whole extracts of 

seed, leaf, callus, suspension cells and shoot cultures were tested in no-choice feeding 

bioassays. Controls of sucrose, carrot (Daucus carota) callus and the plant growth 

medium showed no antifeedant activity. Azadirachtin, the main component of neemtree 

seed kernels, was quantified from a seed extract by HPLC, but was not detected in any of 

the other extracts. 

Sanyal and Datta (1984) carried out experiments to find the optimum conditions for 

the in vitro production of a triterpenoid, nimbin, from cultures of neemtree, Azadirachta 

indica. To try to induce calli, explants were taken from bark, leaf, young leaf, epicotyl, 

and hypocotyl, and plated onto a variety of standard media. The only medium on which 

callus was induced was new Sanyal and Datta medium comprising basal salts 

supplemented with vitamins, 30 gil sucrose, 15% coconut milk, 1.5 mg/l indoleacetic 

acid and 0.5 mg/l kinetin. Young bark containing cambium tissue responded best. 

Nimbin gradually decreases during dedifferentiation but a different compound, beta­

sitosterol, appears. A combination of high benzyladenine and low naphthaleneacetic acid 

induces shoots whi 1st the reverse roots. Indolebutyric acid added to the shoot medium 

induces roots and shoots together. After organogenesis, nimbin reappears. No 

propagation was achieved with other members of the Meliaceae family. 

Joshi and Thengane (1996) studied in vitro propagation of by shoot proliferation. 

Clonal propagation of neemtree (Azadi,'achto indica A. ]USS) was achieved from node 

explants from young trees on Murashige-Skoog (MS) culture medium supplemented with 

0.5 mg/l benzyladenine and 1.0 mg/l kinetin. 2-3 Shoots per explant were observed after 

20 days. Increase in multiplication frequency of shoots per explant (45-50) and average 

shoot length (4.7 cm) were observed. 

Wewetzer (1999) studied effect of different nutrient media and two carbohydrate 

sources' on the azadirachtin content of callus cultures of neem derived from leaf, root, 

shoot and bark. Level of differentiation was higher on medium supplemented with 

maltose but overall, average azadirachtin contents were higher when sucrose was used as 

carbohydrate source. 

2.18. Genetic improvement or trees: 
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The world's forests are retreating rapidly in response to the expansion of human 

activities. Many species are currently faced with extinction due to declining popUlations; 

in many cases, there are only a few populations remaining and just a few individuals in 

these populations (Kundu, 1999). Genetic diversity found in tree species is a natural 

strategy for defence and survival against different types of risks encountered in the long 

life spans of forest trees. (Heybrock, 1978). The largest, cheapest and fastest gain in most 

forest tree improvement programme can be made by ensuring the use of the prelim inary 

basic information on natural variability for selection. Observation on phenotypic 

variation is desirable to screen the naturally available genetic variation so as to utilise the 

best material for afforestation and reforestation in order to get maximum productivity. So 

it is imperative to understand the pattern of phenotypic variation in the natural population 

for planning the selection program. Knowledge of the distribution of genetic variability, 

breeding system of trees and of the evolutionary forces that have shaped them, is a 

prerequisite for tree improvement (Muona, 1990). Such information is also needed for 

planning gene conservation and establ ishing breeding populations. 

The use of selection in forest tree crops is certainly not a new or unique idea. 

Archaeological evidence suggests that plant improvement by selection has been practised 

as early as 2500 Be early human being simply utilized those individuals which best 

suited his needs to reproduce the next generation (Blair, 1975). Allard (1960) discussed 

several crop improvement efforts of the eighteenth century and noted the first reported 

accounts regarding the effectiveness of selection in England, Belgium and America. 

Wright (1976): the first experiments in forest trees which provided a basis for 

selection were provenance (geographic origin) tests, begun about 1820. Since these early 

efforts, the use of sophisticated selection procedures have become common in forest tree 

im provement. 

To a tree breeder, the most important source of genetic variation IS natural 

popUlations, and it is this natural variation which serves as the raw material for genetic 

gain (Lantz, 1975). Provenance variation and tree to tree differences generally account 

for the bulk of the genetic variation found within a tree species. These two components 

may account for as much as 90% of the within-species variation, leading to the fastest 

and cheapest gains in most tree improvement programs being obtained by selection from 

the best seed source within the appropriate species (Zobel and Talbert, 1984). Additional 

gains are then made by selecting the best individuals. Tropical hardwoods are more likely 

to show greater inter-population genetic variation (Bawa, 1976). 
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In most forest trees, which are long lived, predominantly outcrossecL, wind pollinated, 

and generally widespread in distribution, population variation accounts for most of the 

genetic variation. Tree improvement programs must place great emphasis on the 

exploitation of this variation. Knowledge of the genetic structure of the forest populations 

is important in determining the efficiency of different selection procedures. Every tree 

improvement program begins with the identification of individual trees which are above 

average in quality for some particular traits, and are used to establish a base population 

for future breeding. Plus-tree selection is the very first stage of a breeding program(Puri, 

1998). 

Tree improvement involves three distinct, but related, phases: conservation, selection 

and breeding, and propagation. As one moves from one phase to the other decreasing 

amount of variations are being managed. Therefore, at anyone time, more variation is 

being conserved or selected than is being deployed through propagation (Puri, 1998). 

Although, the neem tree is widely recognised as a forest crop with multiple uses 

including pesticides, medicinal products, oils, tannins, fuelwood and timber, the most 

published research has dealt with isolation, identification, formulation and field testing of 

pest control agents derived from the kernels and leaves. 

Tree breeding through the application of genetic principles is basically directed 

towards modifying the heredity of tree popUlations so that the trees are able to meet the 

better needs of the forester and wood based industries. Serious attention to selective tree 

breeding has been paid only in the present century, mainly since 1950, and primarily for 

industrial wood products (Burley, 1987). Initially, work was concentrated in Europe and 

North America, then Australia, Japan and Brazil, lately in Africa and Indian sub­

continent. The major initial task was to convince the foresters that not only environment, 

but also;the heredity of the trees determines their growth, form and adaptability (Zobel~ 

1952). A seed orchard has been defined by Zobel et al. (1958) as 'an isolated and 

intensively managed plantation of genetically superior trees, to produce regular and 

abundant crops of sound and easily harvested seed.' 

Besides, immediate genetic gain, breeding strategies have several objectives like, 

genetic conservation, maintenance of continued genetic gain over several generations and 

supply of genetically improved reproductive material. Sufficient genetic diversity exists 

in neem which is useful to attain substantial genetic gains. The greatest potential exists in 

the selection of desired trees from natural genetic resources. The effective exploration, 

identification, documentation and use of genetic resources of neem are a prerequisite for 

its efficient use (Kundu, 1999). 

Breeding neem for bioactive compounds or other multiple uses has not yet started 

systematically. So far, no comprehensive breeding plan is available for neem 

improvement. Breeding objectives must be set on the basis of present and future needs. 
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Thereafter, short, medium, and long term breeding programs may be established on the 

basis of the results of the ongoing international provenance trials. The ongoing 

internatiOilal provenance trials would provide a great opportunity to select the best 

provenance for further improvement and domestication. Recommendations have been 

made for genetic improvement and conservation of neem through development of 

different duration types; higher seed yielding types; rapid multiplication through tissue 

culture; development of high-oil and superior quality types; development of different 

canopy architecture; development of types suitable to different situations (industrial 

areas, abandoned mines) and environments; collection/augmentation, evaluation and 

maintenance of different genetic stocks; and lise in afforestation of waste lands, problem 

soils and forestry and environment programmes (Prasad et al., 1996; Kaura, et al.,1998a; 

Kundu, 1999). 

A number of selection methods have been developed for tree improvement programs. 

The method chosen for a tree species depends on the type of genetic variation present in 

the population, the type~stands (natural vs. plantation even aged vs. uneven-aged) 

available for plus tree selection as well as the intensity of the tree improvement 

effort(Simpson, 1998). 

Comparison-tree method: The comparison-tree method is the most widely adopted, 

meth()d of plus-tree selection. A candidate tree is compared with its nearest neighbours or 

the average or best dominant trees in a stand; it must be superior in one or more traits in 

order to be chosen (Morgenstern, 1975) and should not be older than the comparison 

trees (Brown and Goddard, 1961) this procedure is efficient in plantations and even-

aged stands of a single dominant species or when only a few species are co-dominant 

(Ledig, 1973; Morgenstren, 1975) 

The purpose of using comparison trees is to adjust or correct the phenotypic value of 

the candidate tree for environmental "ffects common to that stand but distinguishing it 

from other stands (Ledig, 1973). The use of comparison trees as a correction for 

environmental effects should increase the genetic gain (Ledig, 1974). One shortcoming is 

that the comparison trees may be related to the candidate tree and in this case 

comparison-tree selection becomes within- family selection (Falconer, 1981) and could 

result in a reduction in genetic gain. For six trees in a stand (plus tree and five 

comparison trees) to be unrelated, 12 parents 24 grandparents and 48 great-grand-parents 

are required unless a population has been constantly shrinking, comparison and candidate 

trees will be related. Ledig (1973) concluded that comparison-tree selection should be 

analyzed as within-family selection. Within-family selection results in higher genetic 

gain than individual-tree selection only if the family relationship is very low and 

environmental variation among population is very large relative to genetic and within­

population environmental variation (Ledig, 1974) 



The fault with comparison-tree selection is not that "bad" trees are chosen but that 

"good" trees are discarded. The effectiveness of this method can be improved by 

increasing the number of comparison trees and by using comparison trees not 

immediately adjacent to the candidate tree. This would reduce the average relationship 

among trees (Simpson, 1998). 

Individual-tree selection: The individual-tree selection procedure is also called ocular 

or mass selection trees that are vigorous healthy and of good forms.are rapidly identified. 

No measurements are taken nor are individual traits rated or scored. The procedure can 

be used for two situations. When the heritability of traits is considered so low that 

substantial progress can only be made through selection in progeny tests (Morgenstern, 

1975) or when the traits are highly heritable in which case the phenotype is a good 

refection of the genotype ( Zobel and Talbert, 1984). It is applicable when only a few 

traits are being selected (Morgenstern, 1975). It can also be considered when selection 

crews have gained considerable experience using another method ( comparison-tree) and 

thus increase product selected by eliminating the time required to measure and record 

information collected from the comparison trees. 

Base-line selection: Base-line tree selections can be used when stands are even-aged 

and when it is difficult to find comparison trees adjacent to the candidate due to high 

species diversitY5 individuals are located and their value for traits of interest is compared 

to the average for the region in which the selections are made .The average called a base­

line may take tire form of a regression line or equations (Ledig, 1974). Candidate trees 

must exceed the base-line by a certain amount in order to be incorporated into the 

breeding population (Morgenstern, 1975). 

The base-line procedure was adopted by Brown and Goddard (1961) to enable 

selection for growth efficiency. It consisted of a regression of basal area increase versus 

crown length x crown radius. The measurements needed to relate crown size and growth 

were relatively time consuming so Brown and Goddard (1961) made them only if the 

candidate tree met minimum requirements in crown and branch characteristics and was 

free of damage from insects and disease. Rudolf (1956) developed a similar system 

whereby a regression of diameter at breast height squared x height versus crown diameter 

squal:ed x crown length was used. He reasoned that if this relationship is expressed as a 

percentage, then soil and other site ditference can be eliminated, to some extent, as 

variables. Superior trees had to be at least 20 percent greater and plus trees at least 50 

percent greater than the average for trees within 20 meters that were of comparable age 

and species and growing under similar conditions. Ledig (1974) suggested that base-lines 

could be developed from accumulated comparison-tree data and that estimates of 

cnvironmcntal variancc indicatc that such basc-lincs could apply over wide arcas. With 
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high hcritability for hcight growth (Teich, 1975) and considerable variations In stem 

straightness and crown form, a high selection intensity was warranted. 

The success of plus-tree selection depends on the variability of the trait(s) being 

selected, the heritability of the trait(s), and the selection intensity (Morgenstern, 1975) 

while the method of selection employed depends on the biology of the species being 

selected (van Buijtenen, 1969). 

The steps involved in conducting a plus-tree selection program (Morgenstern, 1975) 

are given below: 

I. Examine the variations pattern of the species -to determine at which level to 

concentrate selection. If experimental evidence indicates stand-to-stand variations is 

large and tree-to-tree variation within stands is small then selection should be 

concentrated at the stand level and less effort devoted to selection within stands. It is 

prudent to select trees from a large number of stands. 

2. Decide whether to emphasize high or low-intensity selection. This decision is based 

on heritability of traits and the breeding strategy to be employed. High heritability of a 

trait favours high-intensity selection but low heritability would favour low-intensity 

selection and increased emphasis on progeny testing a large number of selected trees. 

3. Choose the traits or characteristics to be improved by considering those of 

economic importance and that are suspected or known to be inherited. As the number of 

traits increases it becomes increasingly difficult to find the type of tree desired (van 

Buijtenen, 1969). 

The methodology for seed collection consisted of getting the seeds from a minimum 

of25 randomized mother trees spaced at 50-100 m. 

The variations in Prosopi~ pod production and pod characteristics like size and protein 

contents is large in the region (Lima, 1998). According to Azevedo (1982 ), the pod 

production of Prosopis in the semi-arid environment ranges from 2-3 ton/ha/year and in 

humid zones 8 tons has been recorded in northeastern Brazil. 

Population studies of genetic variation cannot replace provenance tdEils if there is no 

correlation between morphological traits and isoenzyme variants. However, they can 

supply important information about genetic variation generally and the evolutionary 

factors responsible for the genetic structure observed. Such information is very useful, 

because the existence of genetic variation is the main p(erequisite for a successful tree 

improvement project (Papageorgiou, 1998). 

A direct com parison between patterns of genetic variation of morphological traits and 

isoenzymes gene markers have shown both positive (Guries and Ledig, 198 I; Lagercrantz. 

and Ryman, 1990), and negative correlations (Rajora ~ 'l!., 1991). 
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When studies of variation and heterozygosity show clearly that a population has a 

narrow genetic base and was influenced by genetic drift or inbreeding, then this 

population should not be chosen as a provenance, since the amount of variation would 

not be sufficient, even for morphological traits. Patterns of differentiation among 

populations can supply information about gene flow and migration isolation. The 

investigation of such patterns is closely related to the identification of diversity centres. 

According to this information, the amount and range of provenances used in a 

provenance trial can be determined without any loss of time or money. 

The natural variability existing within species is the result of complex interaction 

among various factors, I ike mutations, response to diversity habitat, breeding system, 

degree of outbreeding, hybridization, size of population, isolation, etc. This variability 

has always been the main safe guard system of living organisms, a mechanism created by 

nature. It constitutes a buffer against changes in the environment and climate. Genetic 

variability also constitutes the raw material for tree breeding. The higher the variability 

inside a population, the better the chances to select families and individuals with 

desirable characteristics (Puri, 1998a). 

Genetic variation in natural forest populations is not uniformly distributed. Population 

genetic structure is described by the partitioning of genetic variation within and between 

populations of a species. In most out-crossed species, e.g., conifers with large continuous 

distribution, most of the genetic variation resides within the population (Hamrick and 

Godt, 1990). Small population size, restricted gene flow, inbreeding, and life history 

features such as the highly specific site/habitat requirements that result in populations 

fragmentation tend to increase genetic difference between populations. Gibson and 

Hamrick (1991) opined that the cycles of local extinction and colonization that 

characterized some meta-population species tend to exhibit more genetic differentiation 

between populations. 

Solanki et al. (1999): At the National Research Centre for Agroforestry, studies on 

neem since 1988 indicated that it has good adaptability in semi-arid tropics with an 

annual increment of 55 cm for plant height and 1.38 cm for collar diameter in red soil. 

Seed viability was increased by 10-15 days through depulping of seeds. Substantial 

variability was present for all characters under study. Results of provenance trials showed 

that seedlings from Riva, Katni, Bhopal, Guna, Shivpuri and Karera districts were 

excellent. Studies on reproductive biology over 3 years (1993-96) suggest that neem is 

predominantly a self-pollinated species. 

The interpretation of adaptation in natural plant populations is difficult. The safest and 

simplest is the analysis of cl imatic adaptation, through observing differences in 

populations of different origins and relating their response to ecological conditions at 

their location of origin (Matyas, 1996). 
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To demonstrate the effects of cl imate on intraspecific genetic variation, it is 

sufficient to plot provenance data against an important climate or geographic factor of the 

location of origin. Depending on the nature of the observed trait, adaptive genetic 

variation may exhibit certain geographic patterns; although linked to climate, the various 

traits may show independent patterns depending on the effect the climate has on that 

specific trait. Correlations between trait variation and climate parameters may suggest the 

adaptive pressure exerted on the trait - in a sense demonstrating its adaptive significance. 

Comparing different t,ypes of traits, the variation of growth and phenology related traits 

seems to be in closest agreement with cl imatic factors. Morphological and allozyme 

variation generally do not correlate well with climate (Matyas, 1996). 

From a forestry point of view, growth and survival traits are the most important. In 

temperate and boreal forests, the adaptive variation of growth -related traits (height 

increment, bud break and formation, hardiness, etc.) are primarily shaped by the thermo-
o 

per}d (Sarvas, 1972, 1974; Prokazin & Bogachev, 1975; Morgenstern, 1978). Growth and 

phenology d$ata of provenances correlate best with thermal parameters whereas heat 

sum, temperature average, maxima and minima yield roughly the same results. This is 

also in agreement with experiments in controlled environments (Giertych & Farrar, 1962; 

Yeatman, 1966). 

Global climate change may have a serious impact on genetic 'resources in tropical 

forest trees. Genetic diversity plays a critical role in the survival of populations in rapidly 

changing environments. Furthermore, most tropical plant species are known to have 

unique ecological niches, and therefore changes in climate may directly affect the 

distribution of biomes, ecosystems, and constituent species. Climate change may also 

indirectly affect plant genetic resources through effects on phenology, breeding systems, 

and plant-pollinator densities may be reduced, leading to reduction in genetic diversity 

through genetic drift and inbreeding. Tropical forest plants may respond to climate 

change through phenotypic plasticity, adaptive evolution, migration to suitable site, or 

extinction (Bawa and Dayanandan, 1998). 

Exploration of the natural range of a species for provenance research may reveal that 

some populations are seriously endangered through clearance of the forest. Where 

conservation in situ cannot be guaranteed it may be necessary to collect seed to establish 

gene conservation plantations elsewhere (Bouvarel, 1970). 

The phylogenetic variation is the genetic variation due to the phylogenetic differences 

within species. As an example of this variation, is the work of Chylarecki and Giertych 

(1-969). They have measured 17 characters of cones collected from 32 natural stands of 

Piceo abies growing in Poland. By biometrical comparison among populations, they 

were able to classify 32 populations into four phylogenetically different groups. 
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Genetic variation developed in connection with 'ilatural selection is divided into two 

groups, one being latitudinal which copes with latitudinatcircumstances, while the other 

ecological, developed by selection caused by ecological conditions. Theoretically 

speaking, the latitudinal variation could be involved in the ecological variation in the 

broad sense. However, genetic variation related to different latitudes is quite unique in 

the sense that the variation is essentially in growth rhythms of trees in response to photo­

periodism, and is thus often of primary interest in forest tree breeding as is repeatedly 

found in the so-called provenance test (Libby et al., 1969 ; 

Campbell and Sorensen, 1973). So, the latitudinal variation is separated from the 

ecological variation to meet the interest of forest tree breeders. 

The distributional and the family variation have nothing to do with environmental 

stresses. The distributional variation among populations occurs as the result of random 

genetic changes during successive. dispersal of the species i.e., the so called genetic 

random drift, while the family variation occurs with in the population as the result of 

formation of small groups of related trees as families due to limited distance of dispersal 

of seed and possibly of pollen (Sakai et af., 1975). 

For effectively conserving forests genetic resources, it is very important before all to 

choose natural stands in which a large amount of genetic variation is maintained. Natural 

stands of Cryplomeria japonica vary remarkable W.r.t. the amount of genetic variation 

they keep. Furthermore, genetic variation in natural stands involves different kinds of 

variability. Thus, it should be emphasized that the conservation should be preceded by 

investigation by biochemical, morphological physiological and particularly ecological 

techniques to find locations in which the natural forests involve a large amount of genetic 

variation of this kind (Sakai et al., 1975). 

For seed source trials and even more for gene conservation, it is desirable to capture as 

much as possible of the potentially valuable genetic variation within the population. 

Estimates of population variability, together with knowledge of the natural breeding 

system, are essential in assessing the need for and methods of genetic conservation 

(Burley, 1976). Newton e/ al. (1993):Swietenia JPp.(Meliaceae) are amongst the most 

economically important tropical hardwoods and yet little information exists concerning 

their patterns of genetic variation. Characterization of this variation is essential for 

defining more accurately the conservation status of mahogany populations and for their 

economic utilization. The loss of genetic variation through deforestation may be critical 

for these species, which are highly susceptible to pest attacks when grown in plantations. 

This paper assesses the current state of knowledge concerning the extent of genetic 

variation in wild populations of mahoganies, and highlights its potential importance. It is 

suggested that any conservation strategy developed for mahoganies should include a 

genetic selection and improvement programme, as well as the protection of natural stands 
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in situ. Techniques by which particular genotypes may be captured for ex situ 

conservation are briefly described. 

Fisher's view that traits closely associated with fitness should exhibit low levels of 

additive genetic variance has been widely interpreted to mean low heritabilities, 

(Falconer, 1981; Mousseau and Roff, 1987). Fisher postulated that differences between 

heritabilities among traits categories are the result of differences in additive genetic 

variance, but recent theoretical considerations by Price & Schluter (1991) contest this 

idea. They proposed that the reason life history traits have low heritabilities is because 

such traits are composites of many morphological, physiological and behavioural traits. 

Because life history traits are composites of multiple under lying traits, they are subject 

to numerous sources of environmental variation which in turn inflates phenotypic 

variance, thus decreasing the heritability. 

Primary goal of many genetic studies is the estimation of variance components 

associated with individual traits and of covariance terms between traits. Heritability, the 

proportion of variation in a trial that is contributed by average effects of genes, may be 

calculated from variance components. The heritability of a trait gives an indication of the 

ability of a population to respond to selection, and thus, the potential of that population to 

evolve (Lande, 1982; Mousseau & Roff, 1987). 

Most of important traits in crops are quantitative and are controlled jointly by many 

loci. With maize (Zea mays L.) as a model species, it has been found through computer 

simulation that gene information is most useful in selection when few loci (e.g., 10) 

control the trait. With many loci (2':50), the least squares estimates of gene effects become 

imprecise. Gene information consequently improves selection efficiency among hybrids 

by only 10% or less, and actually becomes detrimental to selection as more loci become 

known. Increasing the popUlation size and trait heritability to improve the estimates of 

gene effects also improves phenotypic selection, leaving little room for improvement of 

selection efficiency via gene informabn. The typical reductionist approach in genomics 

therefore has limited potential for enhancing selection for quantitative traits in hybrid 

crops (Bernardo, 2001). 

Breeders have successfully improved crops despite not knowing the genes affecting 

quantitative traits. The numbers of genes controlling quantitative traits in different crops 

are yet unknown, although rough estimates include 69 loci for oil and 173 loci for protein 

content in the maize kernel (Dudley and Lambert, 1992). Experiments in many plant 

species have indicated that few quantitative trait loci have large effects, whereas many 

loci have smaller effects (Kearsey and Farquhar, 1998). Will knowing all the genes for a 

quant'itative trait in crops further enhance breeding progress? 

Suppose the identity and function of quantitative trait loci become known through 

extensive analysis of sequence homology, map posifiton, gene expression, or genetic 
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path ways (Bowen and Luedtke, 1997; Somerville and Somerville, 1999). If inbreds 

differ at only a few loci with large effects, then information regarding gene function may 

be directly useful in selection, e.g., "cherry-pick" as many desirable genes as possible 

into one single-cross hybrid. It becomes increasingly difficult to accumulate all the 

desirable genes into one hybrid if the inbreds differ at an increasingly large number of 

loci. Consequently, the effects of the individual genes need to be quantified for the 

information to be useful in selection (Kennedy el aI., 1992). 

Perhaps the practical value of knowing all the genes in hybrid crops would be in 

creating new genetic variation. I f the identity and function of important genes for a 

quantitative trait become known, then new genetic variation can be created by over­

expressing genes, targeted mutagenesis, or searching for novel genes in other germplasm 

sources CTranksley and McCouch, 1997). But after new genetic variation has been 

assembled in a breeding population, selection based primarily on trait phenotypes would 

be the preferred approach for improving inbreds and hybrids. 

Strong directional, and to some degree stabilizing, selection usually erodes only 

additive genetic variance while not affecting dominance variance. Consequently, traits 

closely associated with fitness should exhibit high levels of dominance variance. Traits 

that were known to have been subject to intense directional selection (morphological 

traits for domestic species) had significantly higher dominance estimates than did traits 

that were assumed not to have been subject to strong selection (morphological traits for 

wild outbred species)( Cmokrak and Roff, 1995 ). 

Strong directional selection (and to a lesser degree, stabilizing selection; Lee & 

Parsons, 1968; Lacy, 1987) is predicted to erode additive genetic variance and, 

subsequently, decrease the heritability of a trait (Felsenstein, 1965). As a consequence, 

the response to selection will be reduced (but the reduction in response may result from 

other factors: see Falconer (1989) and Lande (1988). 'Raits for a population at 

equilibrium are predic*ted to have low additive genetic variance as it is assumed that 

selection has moulded them to an optimum (Hegmann & Dingle, 1982 for an alternative 

explanation). Because they are assumed to be subject to intense selection, traits most 

closely associated with fitness are predidlted to have low he~abilities and subsequently 

l.'elatively high dominance components (Wright, 1929). A numberof studies(Mousseau& 

Roff, 1987) have shown that life history traits, which are assumed to be closely 

connected to fitness, have low heritabilities while morphological traits, which are 

assumed to be more distahtly related to fitness have high heritabilities behavioural and 

physiological traits are usuallY intermediate to the above two types of traits). Because 

selection u.sually erodes only additive genetic variance (Lynch, 1994), although changes in 

gene frequency may also cause changes in nonadditive variance as well, one would 

predict that the opposite pattern should be found in terms of dominance variance: life 

85 



history traits should have relatively high levels of dominance variance while 

morphological traits should have low levels of dominance variance. In addition to 

eroding additive variance, selection is also expected to act directly on genetic dominance, 

resulting in a further relative increase of dominance variance to total genetic variance. 

(Lynch, 1994). Therefore, before deciding on particular breeding design for estimating 

heritabilities, it is critical to take into consideration the type of traits being measured to 

obtain accurate estimates. 

Newton (1996) argued whether tree improvement conflicts with the conservation of 

biodiversity? Tree breeders rarely consider ecological implications of their activities, but 

with recent global initiatives focllsing on the conservation of biodiversity, the activities 

of tree breeders require critical exam ination. As ex situ approaches to genetic 

conservation will always be inadequate in the long term, greater attention needs to be 

paid to ill situ conservation of the genetic resources on which tree breeders depend. The 

deployment of genetically improved material may have direct negative impacts on the 

status of native biodiversity, by the introduction of exotic species or non-native sources 

of germplasm. To avoid such conflicts between tree improvement and biodiversity 

conservation, new approaches need to be developed. It is suggested here that tree 

improvement should to be redefined as a rural development activity, with emphasis on 

the development of local genetic resources through the participation of local 

communities. In this way, lD situ conservation and genetic improvement may be fully 

integrated, enabling forest genetic ~esources to be developed in a sustainable manner. 
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3. Material and Methods 

The present investigation was carried out at Department of Genetics, CCS Haryana 

Agricultural University, Hisar, India during year 1995-2000. A total of 221 germplasm 

accessions from Northern, Western, Central and Southern India, representing a wide 

spectrum of geographical diversity, were studied in the following manner: 

Tree architectural parameters were subjected to univariate analyses, simple 

correlation, multiple regression analyses, principal component and principal factor 

analyses. 

Leaf morphological parameters were studied for variability and simple correlation. 

Endocarp morphological parameters were studied for variability, genetic parameters 

(phenotypic coefficient of variation, genotypic coefficient of variation, heritability and 

genetic advance); simple, genotypic phenotypic and environmental correlation; path 

analysis; multiple regression analysis; D2 analysis, hierarchical cluster analysis; principal 

component and principal factor analysis; temporal stability (predictability) analysis in 

different growing seasons. 

Seed biochemical parameters (oil content, and profile of major fatty acids) were 

studied for variability, simple correlation, multiple regression analysis, hierarchical 

cluster analysis, principal component and factor analysis and stability (predictability) 

analysis in different growing seasons. Protein content and azadirachtin content of seeds 

was studied for variability, and simple correlation. 

Evaluation of different provenance collections under in vitro (seed viability) and 

nursery conditions (comparative growth of seedlings of provenance collections). 

RAPD (Random Amplified DNA Polymorphism) profiles of individual plants and 

pooled samples. 

In vitro callusing and production of azadirachtin in tissue culture. 

3.1. Material 

3.1.1. Germplasm 

Extensive survey of Neem trees was made during July-September, 1995, 1997 and 

1998. All the agroclimatic zones of Haryana state and some parts of neighbouring states 

(Rajasthan, Himachal Pradesh, Delhi and Panjab) were covered. In addition to this, a 

total number of 59 seed samples were received from Neem Network participants from 

Tamil-Nadu, Karnataka, Uttar Pradesh, Maharashtra, Panjab and other sources. Detail of 

locations covered along with number of trees are given in Appendix 1.. ' 



3.1.2. Nomenclature of the accession numbers adopted 

Each tree was given a unique accession number. Nomenclature system adopted for 

accession numbers is explained in Appendix 2 .. 

3.1.3. Explants for tissue culture studies 

A variety of explants were used from field grown plants, belonging to different 

provenances and age groups (Appendix 3.). 

Mature fruits were collected from a tree of Hisar (Haryana) provenance. Within 48 

hours of collection, fruits were depulped and endocarps were washed thoroughly with tap 

water and air dried at rool11 temperature for 2-3 days. Thereafter, endocarps were kept in 

cotton cloth bags and stored at a temperature of 25±20 C. 

Actively growing shoots were excised from parent tree with the help of a sharp edged 

scatier, and kept immersed in an antioxidant solution containing 0.5 g r1 of ascorbic acid, 

0.5 g rl of citric acid and 0.1 g rl PVP during transportation to laboratory and while 

excising different explants from the shoots. All the explants were excised from the shoots 

maintaining uniformity in size and shape of explants. Description of source plant and 

dimensions of explants are given in Appendix 4 .. 

3.1.4. Glassware 

Glassware used during the course of study was of boro-silicate quality and procured 

from Borosil India Limited or Corning Glass Company. Conical flasks of specified 

volume of 100 and 150 ml volume were used for culturing of explants except for axillary 

buds where test tubes of 25mm x 150mm and 25mm x 200mm dimensions were also 

used in addition to t€lst tubes. Test tubes were also used for some of the rooting 

experiments. 

3.1.5. Chemicals 

All the inorganic reagents used were of analytical grade and were procured from BDH 

India, Glaxo India, SRL India & E. Merck India. Sucrose, type A agar agar, activated 

charcoal, myo-inositol and EDT A sodium salt were purchased from Hi-media, India. The 

plant growth regulators, reagents for DNA isolation, PCR vitamins, amino-acids and 

casein hydrolysate were obtained from Sigma Chemical Company, USA, Perkin Elmer, 

USA, and Promega, USA. 

3.2. Methods 

3.2.1. Germplasm collection and storage 

Trees were selected keeping an isolation distance of ~. SOm. Mature neem fruits 

were collected from trees. Method followed for processing of fruits' and storage of 

endocarps is given in section 3.1.3 .. 



3.2.2. Tree architecture 

Fifty one sites of Haryana, Panjab, Rajasthan, Delhi, and Himachal Pradesh were 

surveyed for recording the tree architecture data during .Tune-September 1998. Extent of 

phenotypic variation in natural population and estimation of association among' 

morphological characters was done. Description of sampling sites considered for 

studies of tree architecture is given in Appendix 5 .. 

Following observations were recorded for the trees under survey: 

Girth at breast height (m): The girth of the individual tree was recorded with the help 

of measuring tape. Measurements were taken at a height of 1.37m from ground level. 

Girth was converted to diameter by following formula: 

Diameter = Girth In 

where value of n was taken as 22 I 7 

Basal girth (m): The girth of the individual tree was recorded from the basal portion of 

the stem, nearest to the ground, with the help of measuring tape. 

Total height (m): Total height of standing tree is the perpendicular distance from the 

top of the leading shoot to the ground level. The total height of tree was recorded with 

the help of Suunto clinometer height meter. 

Clear bole height (m): Clear bole height is the distance between ground level and 

crown point. The crown point is the position of the first crown forming living or dead 

branch. Clear bole height of all the sampled tree was taken with the help of a steel tape 

directly. 

Unforked height (m): The stem height up to the point where main stem remains 

leading was recorded with the help of scale pole. 

Crown spread (m): It was calculated by measuring the linear distance between two 

extremely leading shoots, passing along the stem in horizontal line. Similarly the length 

was measured between two extremities (leading shoots) in the other direction (at right 

angle to previous measurement) along the stem in a line. The mean was computed to get 

the crown spread (diameter). 

Stem straightness: Trees were visually graded from 1 (least straight) to 5 (most 

straight) in the following manner: 

Stem straightness index: 

1 = devia'tion of ~ 150 from vertical plane j 

2 = deviation of ~ 1 Od 50 fro111 vertical plane; 

3 = deviation of = 5<1 00 from vertical plane; 

4 = deviation of < 50 from vertical plane; 



5 == straight. 

Crown shape: For this purpose the trees were visually graded from 1 (least straight) to 

5 (most straight) based on crown shape: 

Crown shape index: 1 = mushroom shape; 2 == round; 

3 = oblong; 4 = conical; 5 = cylindrical 

Tree health: Tree health was marked as good (G) and average (A). 

Branch angle: In the parameter of branch angle, the angle of main branches was 

ignored. Angle of majority (90%) branches was considered. 

Branch angle index: + = Small; ++ = medium; +++ == high 

Apical dominance: Trees were visually graded on the basis of apical dominance as 

follows: - = nil; +/- = very low / negligible; + = low; ++ = moderate; +++ == high 

Intensity of leafiness and colour of leaves: Trees were visually graded on the basis of 

intensity and colour of leaves as follows: 

Leafiness index: - = nil; +/- = very low / negligible; + = low; 

++ = moderate; +++ = high; 

Colour of leaves: G == green; Y = yellow; DG = dark green; LO = light green; 

YG ~ yellowish green; G+ Y = green & yellow; 

DG+LG == Dark green & light green; 

LG+ YG == Light green & yellowish green; 

Fruiting intensity: Trees were visually graded on the basis of Fruiting intensity as 

follows: - = nil; +/- = very low / negligible; + = low; ++ = moderate; +++ = high 

Grading as plus tree: Trees were visually graded on the basis presence or 

absence of traits useful for agroforestry systpm as follows: 

P = poor; G = good; A = average; C = candidate plus tree; 

Selected as poor/average/candidate plus tree for agroforestry purpose, 

Remarks about suitability of tree for seed productionlagroforestry purpose based on 

visual observations. 

Ratios of different parameters: Ratios were calculated between all the quantitative 

parameters of the tree architecture as follows: 

Total height: dbh 

Clear bole height: total height 

Unforked height: total height 

Crown spread : dbh 

Crown spread : total height 

(\(\ 



3.2.3. Endocarp morphology 

A total of 47 trees were selected from 12 provenances for studying the endocarp 

morphology. Description of sampling sites considered for studying endocarp 

morphological parameters is given in Appendix 6.. Endocarp morphological 

parameters selected are listed below: 

20 endocarp weight* 

Endocarp length (mm) 

Endocarp breadth (mm) 

Endocarp weight (g) 

Seed weight (g) 

Endocarp coat weight (g) 

Number of seeds per endocarp and their arrangement 

Seed weight: Endocarp weight 

Endocarp length: endocarp breadth 

For all the parameters 5 unique random samples were considered. Endocarp length 

and breadth was recorded with the help of a vernier calipers. 

*Three unique random samples were taken. 

3.2.4. Seed oil content 

Oil content was determined for 28 seed samples representing 6 provenance collections 

(Haryana, Rajasthan, Maharashtra and Uttar Pradesh). Oil content of oven dried (60°C 

for 24hr) whole seeds (including endocarp) was measured by NMR (Nuclear Magnetic 

Resonance) technique (Medsen, 1976). 

3.2.5. Fatty acid profile of seeds 

Fatty acid analysis was performed for 28 seed samples representing 6 provenance 

collections (Haryana, Rajasthan, Maharashtra and Uttar Pradesh). Oil from the kernels 

was extracted in petroleum ether using standard Soxhlet apparatus. Methyl esters of each 

oil sample were prepared by the method of Luddy et al. (1968) and separated in Hewlett 

Packard (Model NO. 5730) A, 7030 Boeblingen, Germany) gas chromatograph, equipped 

with flame ionization detector, and stainless steel column (305 x 3.175 mm) packed with 

20 % diethylene glycol succinate (DEGS) absorbed on 60-80 mesh chromo sorb W. The 

column temperature at 1900 C, and nitrogen (carrier gas) flow rate of 35 ml / min. was 

maintained. The peaks were identified by comparison of their retention times with those 

of standard fatty acid methyl esters, obtained from Sigma Chemical Co., USA. The area 

under individual peak was calculated by the formula: half the base x height, and 

converted directly into relative percentage. 
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3.2.6. Azadirachtin content of seeds: 

Azadirachtin content (%) was estimated for seven seed samples representing five 

provenance collections of Haryana. 

Principle: Azadirachtin in the sample was dissolved 111 Acetonitrile :Water and 

analyzed at 217nm by HPLC. 

Apparatus: HPLC system model LC-I0AD with UV IVIS detector model SPD-IOA 

and C-R7 A Plus Chromatopack (Plotter-cum-integrator ) and was operated with the 

following parameters: 

a) Column: RP-18e, E.Merck, 12.5cm X 4 mm; SS; 51l particle size 

b) Mobile phase = Acetonitrile: Water (35:65) 

c) Flow rate = 1.Oml I min. 

d) Detector wavelength = 217nm 

e) Retention time = Around 6.0 min. 

£) Micro syringe = 25~tl capacity (Hamilton, USA) 

Reagents: 

a) Reference standard: 96% purity azadirachtin from MIS Trifolio-M, GMBH, 

Germany 

b) Acetonitrile: HPLC Grade, E.Merck 

c) Water: Triple distilled using all quartz distillation unit 

Preparation of standard solution: 4.56mg of standard Azadirachtin was weighed on the 

analytical balance (Mettler AE 240, 0.01 mg sensitivity) into 100ml volumetric flask and 

dissolved it in Acetonitrile and made upto the mark with Acetonitrile. 100lli of the 

standard solution was diluted to 1.0ml with water using 200-1000IlI transferpette 

E.Merck. 

Preparation of sample solution: 

Cleaned Neem seeds (about 50 gm) were crushed using waring blender to remove 

outer nut shell and the shell was removed manually. Decorticated kernels (around 20gm) 

was crushed to fine powder using waring blender. 10gm of Neem kernel powder was 

weighed accurately and transferred into a 100mi stoppered measuring cylinder (class A) 

and made upto the mark using DM water. Shaken well for 2min. and continue shaking 

similarly every hour up to 8hr. Filter the extract after 8hr using Whatman No. 2 filter 

paper. Transfer 1 OO~ll of this filtrate into a 5ml STD volumetric flask and made upto the 

mark with HPLC water. Shake well and filter this solution using 0.451l nylon filter. 



Estimation: 20 ~d of standard azadirachtin (containing 0.00465 mg mr1) and sample 

solution (containing 2.0mg ml"l) were injected to get area reproducibility (within 2% 

variation) for each two consecutive injections. 

Calculations: 

% Azadirachtin in the sample = A 1 / A2 x M2 / M 1 

where 

A 1 = Peak area of Azadirachtin in sample solution 

A2 = Peak area of Azadirachtin in reference standard 

M 1 = Concentration of sample in the injected volume 

M2 = Concentration of reference standard in the injection volume 

3.2.7. Seed protein estimation 

Seed protein estimation (as per the method given by Mckenzie and Wallace, 1954) 

was done for 10 whole seed samples representing six provenance collections of Haryana, 

Rajasthan, and Delhi. The whole seeds (alongwith endocarp) were used for the analysis. 

3.2.8. Leaf morphology 

Six leaf morphological characteristics of 13 trees of Hisar provenance were studied. 

Ten replications were studied for each characteristics. The characteristics under study 

were, 

1. Leaf length 

2. No. of leaflets per leaf 

3. Length of leaflets 

4. Number of serrations on side away from rachis 

5. Number of serrations on side towards rachis 

6. Presence of terminal leaf 

Bottom most leaflet was considered for length and number of serrations. Vernier 

callipers was used to measure the lengths. 

3.2.9. In vitro and Field evaluation of germplasm 

Seed viability was tested in the seed collected from 21 trees representing 6 provenance 

collections (Haryana, Delhi and Rajasthan) after 6 months of storage at 25±2°C. Five 

seeds were put per petri plate lined with moist blotting paper. Germination parameters 

(germination percentage and radicle length) were scored after 10 days of incubation at 

28±2°C. 

Seeds from 27 trees representing 17 provenance collections (from Haryana, Rajasthan 

and Delhi) from all over India were taken for evaluation in the nursery. Seeds were sown 

in beds from August 31, to September 4, 1998. Two characters were studied viz. seedling 



height and collar diameter. Six replications per treatment were taken. Data were recorded 

on November 29, 1998. 

3.2.10. DNA fingerprinting 

DNA isolation: 

Genomic DNA from Neem leaves was isolated by CTAB extraction method of 

Murray and Thompson (1980) with minor modifications. Leaf tissue samples were taken 

from trees I nursery grown seedlings. Five grams of leaf tissue was ground in liquid 

nitrogen llsing a sterilized, pre-chilled mortar and pestle. Care was taken that leaf powder 

did not become moist, as under wet conditions DNAase would become active. Ground 

leaf tissue was mixed with 15 ml CTAB (Appendix 9.) extraction buffer in sterilized 50 

ml centrifuge tube and the mixture was incubated at 650 C for 3 hrs in water bath. The 

tubes were removed from water bath, after cooling for 5 minutes, 10 ml of chloroform: 

octanol solution (24: 1) was added. Sample was mixed thoroughly by gently inverting the 

tubes several times. It was centrifuged for 10 minutes at 8000 rpm. The aqueous phase 

was then transferred to a fresh 50 ml tube and again washed with chloroform: octanol 

solution. The DNA was precipitated with equal volume of ice cold isopropanol. DNA 

was hooked out and placed in wash I for washing for 20 min. followed by washing with 

wash II for 2-3 minutes. Washing solution was removed and DNA was dried overnight in 

refrigerator and dissolved in TE buffer. 

DNA quantitation: 

The nitrogenous bases constituting DNA absorb UV light. Spectrophotometeric 

measurement ofUV absorbance by nucleic acid in solution is a simple and fast method of 

determining DNA concentration. DNA has a maximum absorbance at about 260 nm. 

Based on extinction coefficient an optical density (OD) of 1.0A at 260 nm, corresponds 

to approximately 50 ~lg/ml of double standard DNA. Concentration of DNA was 

determined by the following formula (Maniatis ~ fiL 1989): 

Concentration of DNA (J.lg/ml) == OD260 x 50 x dilution factor 

Quality of DNA: 

Quality of DNA was checked by submerged horizontal agarose (0.8%) gel 

electrophoresis. 

DNA samples: 

Fifteen DNA samples from individual plants representing 8 provenance collections 

(Haryana, Himachal Pradesh, and Tamil Nadu) and five pooled. DNA samples 

representing five provenance collections (Haryana, Delhi, and Karnataka) were 

considered for RAPD analysis. Detail of DNA samples is given in Appendix 7; and 

Appendix 8 .. 



Primers: Random primers supplied by Operon Technologies Inc., USA were used for 

RAPD analysis. Detail of primers used are given in Appendix 11.. 

RAPD analysis: 

Polymerase chain reaction (PCR) was carried out in 20 pI of reaction mixture 

containing 50 ng of genomic DNA, 1 unit of Ta1 polymerase, 10 mM tris HCl (pH 9.0), 

50mM KCl, 0.1 % triton x 100, 2 mM MgCI2, 100 I-1M of each 4 dNTPs and 0.2 I-1M of 

Primer. The reaction mixture in 0.2 ml Micro Amp tubes were placed in an automated 

thermal cycle (Gene amp2400, Perkin-Elmer). The temperature cycles used in PCR are 

given in Appendix 10 .. 

Gel electrophoresis: 

DNA fragments generated by amplification were separated by agarose gel submerged 

horizontal electrophoresis. 1.5 per cent agarose solution in Ix TAE buffer (Appendix 7.) 

was used for preparation of gel. The mould was washed with distilled water and dried . 

. The mould was wiped with ethanol swab air dried and ends were sealed with tape. After 

melting the agarose, ethidium bromide was added in the gel at a concentration of 5 

~lgll OOm1. Gel solution was then poured onto the mould to get a 0.5 cm thick gel. Well 

forming comb was inserted in the gel and it was allowed to set for about 30 minutes. 

Comb was removed gently and mould sealing tapes were removed from both the ends. 

Gel tray was placed in the electrophoresis chamber filled with Ix TAE buffer. DNA 

sample was prepared by adding loading dye solution @ 1 ml/l0 1-1l. Samples were loaded 

in the wells by a micropipette. Cover was placed on chamber and was connected to the 

power supply of Mjs Atto, Japan. The electrophoresis was carried out at 60V constant 

voltage for 3-4 hours. Gel was run until the dye front was with in about four centimetres 

of the other end of gel. 

PCR amplification products were viewed by fluorescence under UV light using 

UV transilluminator. Molecular weight of different fragments was determined 

by using Hind II1-Eco RI double digest ,.I. DNA as standard marker. The gel was 

photographed using coloured or monochrome 200 ASA film / thermal imaging system 

and yellow filter. 

Evaluation of polymorphism and data analysis: 

Data generated from detection of polymorphic amplified fragments by RAPD assays 

were analysed by employing the following equation ofNei and Li (1979): 

Similarity (F) = 2Mx I My+Mz 

Dissimilarity = (1- F) 

Where, 

Mx = number of shared fragments between genotypes y and z 



My :;:: number of scored fragments of genotype y 

Mz :;:: number of scored fragments of genotype z 

An agglomerative method of clustering the accessions was employed utilizing the 

Unweightcd Pair Group Method with Arithmetic Mcan (UPGMA) and Jaccard's· 

coefficient. 

Genotype Discriminating Efficiency*: 

For a given RAPD assay and n number of genotypes 

Genotype Discriminating efficiency = (A x 100) I B 

where, 

B (all possible pairs of' genotypes which are to be distinguished) == [n(n - I)] / 2 

A (Number of pairs of genotypes actually distinguished) = {[n(n - 1)] / 2} - P 

where n is the total number of genotypes, P is the number of pairs of genotypes 

which could not be distinguished. 

*This formula was devised by us to assess the efficiency of fingerprinting. 

This formula has not been reported elsewhere. 

3.2.11. Tissue culture studies 

Sterilization of equipments: Glassware was thoroughly washed with tap water (to 

remove residual detergent) after overnight soaking in dilute teepol solution. Thereafter, it 

was rinsed with single glass distilled water and dried in an oven at 180°C for 30 minutes. 

The glassware viz. pipettes, beakers, pasteur pipettes, etc., scalpels and forceps were dry 

heat sterilized at a temperature of 180°C at least for 2 h in a hot bed oven whereas, the 

plastic ware viz. beakers, measuring cylinders and assembly for filter sterilization were 

sterilized by autoclaving at 1.2 kg cnl.2.. pressure for 15 min. 

Preparation of stock solutions and their storage: Separate stock solutions (Ix to 30x) 

were prepared for hormones, vitamins, amino-acids, chelating agent, major salts and 

minor salts. These stocks were stored in glass containers at a temperature of 4°C ± 1°C in 

a refrigerator. Stocks of chelating agent and IAA were kept in amber coloured bottles for 

protection from light. All the stocks were consumed within a month of their preparation. 

Sterilization of stock solutions: All the stock solutions of plant growth regulators were 

filter sterilized through Whatman filter (0.3 Jlm pore size), and stored at a temperature of 

4°C ± 1°C and used with in 30 days of preparation. 

Culture media: 

In all the experiments, Murashige and Skoog (1962) medium in full or half strength 

was used (Appendix 12.). Basal MS medium without plant growth regulators was used 

for seed germination. A variety of supplements (AC, PVP, etc.) and hormones were 

added to the basal MS medium and the resulting combinations were coded accordingly 

(Appendix 13.). In general, the full and half strength of basal MS medium were used. 

The various media formulated differ with respect to plant growth regulators, agar 



concentration, AC, PVP (soluble and insoluble type). All the constituents of the medium 

were mixed and final volume made prior to pH testing and pH of the medium was 

adjusted to 5.85 ± 0.03 with the help of IN HCI and/or IN NaOH. Following the melting 

of medium at a pressure of 1.2 kg cn;2.. a standard volume of the medium was suspended· 

in the culture vessels. The volume of medium dispensed in the conical flasks was 35 ml ± 

5 ml, while in test tubes the volume dispensed was 20 ml ± 3 ml. After plugging the 

culture vessels with cotton plugs, these were autoclaved at a pressure of 1.2 kg cm-2 for 

15 min and stored at 25°C ± 1°C and used within 10 days of the preparation. 

Disinfection of explants: 

Seeds were surface sterilized with 0.1 % aqueous solution (w/v) of HgCh for 4 

minutes. Afterwards seeds were split into 2-4 pieces and placed on medium. Interval of 

subculture was kept at 30-35 days. Twenty seeds were kept for each treatIp.ent. 

Vegetative explants were washed thoroughly under tap water for 10-15 min., with a 

few drops of teepol added, followed by a quick dip in 90% ethanol for 5-10 s. Thereafter, 

explants were treated with 0.1% (w/v) solution of HgCI.1 for 10-12 min. The explants 

were washed thoroughly in sterile single glass distilled water by 4-5 full volume rinses to 

remove the traces of surface sterilants used. 

Establishment of the aseptic primary culture of vegetative explants: 

After surface sterilization steps are completed, the explants were transferred to the 0.5 

g rl of ascorbic acid, 0.5 g )"1 of citric acid and 0.1 g rl PVP solution, and inoculated 

immediately in order to avoid the undesirable browning/phenolic oxidation of the plant 

material. Leaves and stem segments were inoculated horizontally on to the medium while 

the axillary buds and shoot tips were implanted vertically. Depending on the size and 

type of ex pi ants, 3-5 explants were inoculated in one conical flask while 1-2 axillary 

buds in the test tubes. 

Subculturing: 

Although a two step propagation system (shoot regeneration and root induction) was 

adopted, but in some cases the regenerated shoots/calli were subcultured on a fresh 

medium (similar to or different than the first medium) at an interval of 30-40 days to 

promote shoot/callus proliferation. 

Rooting: 

The shoots produced in vitro were used for root induction by inoculation of shoots on 

to the media formulations containing growth regulators with full and half strength MS 

medium. In all the experiments intended for root induction, the regenerated shoots were 

excised from the explant and any accompanying callus was removed from the shoots 

before keeping on the rooting medium. 

Incubation conditions: 

All the seed, explant, callus and suspension cultures were incubated at a constant 



temperature of 25 ± 1°C with light (fluorescent white light; intensity 4000 lux) 1 dark 

cycles of 16h/8h. 

For the experiments aimed at rooting of regenerated shoots, the culture tubes were 

kept in diffused light and lower end of the shoots was maintained in the dark by inserting 

the bottom of culture tubes in a sand box. 

Observations and record of data: 

From time to time the plant cultures were observed in fluorescent white light for the 

following attributes: 

Time taken by the explantslinoculum for initiation of response; callusing intensity, 

callus colour, softness and friability of callus, callus necrosis; number of explants or calli 

exhibiting rootslshootslshoot buds/callus. 

3.2.12. Statistical analysis 

Univariate statistical analyses: 

The mean value of each character was computed by dividing the totals by 

corresponding number of observations. 

X = I: Xi 1 n 

where, 

Xi = value of the variable 

n = total number of observations 

Range: The lowest and the highest values for each character were recorded. 

Standard deviation (0-): Standard deviation was calculated by squaring the deviation of 

each observation from the mean, adding the squares, dividing by the number of 

observations and extracting the square root according to the formula: 

0- = JI(Xi - X)2 

N 

where, 

~i value of the given variable 
X arithmetic mean 
N total number of observations 

't' -test: In order to test the significance of difference between means '1' -test was 

performed as suggested by Bailey (1997). 

Analysis of variance: Analysis of variance based on randomised block design for various 

experiments was applied (Panse and Sukhatme, 1967). 



Standard error (SE): Standard error for difference of two means were calculated with the 

help of error mean square from the analysis of variance table like: 

SE(d) ~ 

where, 

EMS = Error mean square 

r = number of replications 

Critical difference (CD): Critical difference for all the characters was calculated to 

compare the treatment means. Critical difference were calculated with the help of 

standard error for the difference of two means and tabulated value of t at 5% level of 

significance for error degree of freedom like: 

CD = SEed) x t at error de-grees of freedom (P=O.05) 

Univariate genetic parameters: 

Genotypic and phenotypic coefficients of variation were estimated by the formula 

suggested by Burton (1952) for each character as follows: 

PCV = (0 p / X) x 100 

GCV = (Og / X ) x 100 

where, 

X = mean of that palticular character 
op = phenotypic standard deviation 
Og = genotypic standard deviation 

Heritability: 

Heritability in broad sense was calculated according to the J.ormula suggested by 

Singh and Chaudhary (1979) for each character. 

2 
h = 

2 ? ) (0 g / O-p X 100 

where, 
2 " o g = genotypIC vanance 

0
2 
p = phenotypic variance 

Genetic Advance: Estimates of appropriate variance components were substituted for 

the parameters to predict expected genetic gain as suggested by Lush (1949). 

The expected genetic advance was calculated at 5 per cent selection 

intensity for each character as: 

Genetic Advance (% of mean) = {(K 0' p h2
) / X } x 100 

where, 



K == Selection differential (2.06) 

a p == Phenotypic standard deviation 

h2 == Heritability in broad sense 
-
X == Mean for the particular character over ,all the genotypes 

Stability Analysis: Temporal stability was assessed for endocarp morphological 

characteristics and seed oil content using the model given by Eberhart and Russel (1966). 

Bivariate statistical analyses: 

Genotypic and phenotypic correlation coefficients were calculated for each character 
as suggested by Singh and Chaudhary (1979). 

Multivariate statistical analyses: 

Multiple regression: Multiple regression analysis was performed for morphological 

traits and biochemical traits as suggested by Bailey (1994). 

Path coefficient analysis: The genotypic correlation coefficients obtained were subjected 

to this analysis. Path coefficients were obtained according to the method described by 

Dewey and Lu (1959). 

D2 analysis: It is a measure for group distance based on multiple characters and was 

given by Mahalanobis (1928, 1930, 1930). With Xl, X2, X3, ........ Xp as the multiple 

measurements available on each individual and dl, d2, d3, ........ dp as Xl - Xl, X2 - X2 ........... . 

xp - xp respectively, being the difference in the means of two popUlations, Mahalanobis 

D2 statistic is defined as follows: 

D2 x == 2:Pj L;Pj (AU) di dj 

where, X is the number of traits in consideration, p is the number of genotypes, Aij is the 

matrix reciprocal to the common dispersion matrix and the di and dj are the difference 

between the mean values of the two genotypes for ni and nj characters, respectively. In a 

still simpler fo~ it is: 

D2 == LX; d2 == .2:\ (y~ - Yiki 

Here, y is the uncorrelated variable which varies from I = 1 to x, i.e. number of 

. characters. The superscripts j and k to y represent a pair of any two genotypes, e.g., 1 - 2, 

1 - 3, 1 - 4; " .. ,2 - 3, 3 - 4, 4 - 5, .... ; 3 - 4,3 - 5, 3 - 6; .. '" (n - l)n (where n is the 

number of populations). 

In brief the calculation ofDl. involved the following steps: 

Transformation of the original measurements to uncorrelated variables. 

Calculation of the mean values of transformed characters. 

Calculation of D2 values: D2 values between pairs of corresponding mean values of 

the transformed characters. Thus a total n(n-l) I 2 possible combinations among 106 

values of D2 were computed for the experiment and arranged in the form of matrix. 
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The determination of group constellations: The ,D2 values presented in matrix form 

were arranged in increasing order of magnitude. Grouping of the genotypes into different 

clusters was done using Tocher's method (Rao, 1952). At first, two most closely 

associated strains were chosen and then a third strain was located which had smaller, 

average D2 value from the first two. Similarly the fourth was chosen and added to first 

three and change in average D2 value within a cluster due to inclusion of additional 

genotype was assessed and so on. So long the change of D2 value was not high, the 

genotypes were grouped in one cluster. If the change was appreciable then the newly 

added genotype was considered as out of the cluster. The genotypes of the first cluster 

were then omitted and the rest were treated similarly for the formation of other clusters. 

The idea behind this exercise was that any two genotypes belonging to the same cluster 

should at least on the average show a smaller D2 value than those belonging to these 

groups. 

Intra, and Inter-cluster D2 values were calculated as the sum of n(n - 1 )/2 D2 values 

among the genotypes within a cluster divided by n(n-1)/2. The single genotype had 

no intra-cluster D2 values. For calculating inter-cluster D2 value. all possible D2 values 

between the genotypes of two clusters were added and then divided by nl x n2 (the 

number of genotypes in two clusters). 

Intra and Inter-cluster distances: The square rootof average D2 value represents the 

distances within and between two clusters. 

Intra cluster mean values: The cluster mean for a particular character is the summation 

of mean values of genotypes included in a cluster divided by number of genotypes in the 

same cluster. The values were calculated separately for each cluster and each character.. 

Hierarchical cluster analysis: Cluster analysis is a method of displaying the 

similarities and dissimilarities between pairs of genotypes of a set. A commonly used 

method for forming clusters is hiera!'chical cluster analysis, using one of the two 

methods: agglomerative or divisive. In agglomerative hierarchical cluster analysis (used 

in the present study), clusters are formed by grouping cases into bigger and bigger 

clusters until all cases are member of a single cluster. This procedure attempts to identify 

relatively homogeneous groups of cases (or variables) in separate cluster and combines 

clusters until only one is left. 

There are several alternatives available to carry out agglomerative hierarchical cluster 

analysis. They are between groups linkage, within-group linkage, nearest neighbour, 

furthest neighbour, centroid clustering, median clustering, Ward's method, etc. For the 

present investigation between-group linkage or UPGMA (Unweighted pair group method 

using arithmetic averaged) was used as it is suggested to be best and most commonly 

used method (Romesburg, 1990). 
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UPGMA defines the distance between two clusters as the average of the distances 

between all pairs of cases in which one member of the pail' is from each of the clusters. It 
considers only distances between pairs of cases between different clusters. Distance or 

similarity measures are generated by the Proximity procedure. Several options are' 

available to measure similarity and dissimilarity (proximity) e.g., Euclidean, Squared 

Euclidean, Chebychev, Minkowski, etc. are the dissimilarity measures and Pearson 

correlation and Cbsine are the similarity measures. 

In the present study, Squared euclidean distance was used for endocarp and seed 

morphological and biochemical data; and RAPD data and Jaccard similarity coefficient 

was used for RAPD data (Jaccard, 1908). 

Once the distance matrix was calculated, the actual formation of clustering was 

carried out. The first two cases combined were those that have the smallest distance 

between them. The distance between the two clusters was calculated as the average of the 

distances between all the pairs of cases in which one member of pair is from each of the 

clusters, e.g., If cases 1 and 2 form cluster A and cases 3, 4 and 5 form cluster B, the 

distance between cluster A and B is taken as to be the average of the distances between 

the following pairs of cases: (1,3) (1,4) (1,5)(2,3)(2,4)(2,5). This differs from the linkage 

methods in that it uses information about all pairs of distances, not just the nearest or the 

farthest. For this, it is usually preferred to single and complete linkage methods. This 

process continued until all cases were merged into single cluster. 

At the first step, all the cases were considered separate clusters i.e., there were as 

many clusters as there were cases. At the second step, two of the cases having least 

distance were combined into a single cluster. At the third step, either a third case is added 

to the cluster already containing two cases, or two additional cases were merged into a 

new cluster. At every step, either individual case was added to clusters or already 

existing clusters were combined. Once a cluster was formed, it could not be split; it could 

only be combined with other cluster. Thus, this method did not allow cases to separate 

from clusters to which they have been allocated. 

Based on the process of cluster formation dendrogram was produced using rescaled 

distances so that the ratio of distances between steps is preserved and problem of large 

distances was overcome. The dendrogram showed the clusters being combined and the 

values of coefficient (distance) at each step. In other words, dendrogram is the 

transformation of proximity matrix into a tree. The tree makes it easy to see the 

similarities and dissimilarities between aU pairs of objects. 

The number of clusters we want the classification to have,determines where to cut the 

tree. This is quite a subjective matter. However, Romesburg (1990) suggested a strategy 

to cut the tree at some point within a wide range of the resemblance coefficient for which 

the number of clusters remain constant, because a wide range indicates that the clusters 
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are well separated in the attribute space. This means thilt the decision of where to cut the 

tree is least sensitive to error when the width of range is the largest. This method of 

Romesburg was used to determine the number of clusters to be retained. 

Principal Component Analysis: It is a multivariate technique to reduce the data with 

large number of correlated variables into a substantially smaller set of new variables, 

through linear combination of the variables that accounts most of the variation present in 

the original variables. Principal components are generally estimated either from 

correlation matrix or variance-covariance matrix. When the variables are measured in 

different units, scale effects can influence the composition of derived components. In 

such situations, it becomes desirable to standardize the variables and the correlation 

matrix comes to the rescue. In the present investigation correlation matrix was used to 

extract the principal components. 

Suppose the vector of observations X = (XI, X2, ....... Xp ) had correlation matrix R. 

the eigen values and associated eigen vectors of correlation matrix were determined by 

solving the determinantal equation: 

IR - A I I v = 0 

Being (AI, VI), (A2, V2), ........ (Ap, vp) the eigen values and eigen vector pairs of R 

with Al ~ A2~ ........ Ap, then the first principal component Yl, was calculated as: 

YI = VI 'X = V1IX j + VJ2X2 + ....... + vJpXp 

such that the variance of Y I was maximised subject to the constraint that the sum of 

squared weights was equal to one (i.e. IPj=1 Vlj 2 = 1). The second principal component 

was calculated as: 

Y2 = V2'X =; V2lXJ + V22X2 + ....... + v2pXp. 

and this was uncorrelated with first principal component and 

'VP. v.2 1 
L.. .1=1 2.1 = . 

The principal components were uncorrelated with each other and their variances were 

equal to the eigen values AI, A2, ....... Ap I.e., 

V(Yj) = Aj (j = 1 ......... p) 

and the total variance in p variables was calculated by 

27j=1 v(Yj) = tr (R) = P = AJ + A2 + .......... Ap = IPj=1 Aj 

Therefore, the proportion of the total variance explained by /h principal component 

was estimated as: 

A.J p (j = 1 ............ p) 

In view of above, the standardized principal components were given by: 

Y*I = yl!.j A1 Y*2 = Y2! .j A2, ......... Y'p = Ypi .j Ap 

103 



For deciding number of principal components to be retained, Kaiser's (1958) 

suggestion of dropping those principal components of correlation matrix with eigen roots 

less than one, was followed. 

Principal Factor Analysis: 

For further investigation Principal factor analysis was carried out as it has many added 

advantages over principal component analysis. It is closely related to principal 

component analysis, but differs in that it assumes a definite model, where each observed 

variable is expressed linearly in terms of common factor and unique factor. The common 

factor account for the correlation among the variables, while each observed variable is 

expressed linearly in l terms of common factor and unique factor. The common factors 

account for the correlation among the variables, while each unique factor accounts for the 

remaining variance (including error) of that variable. Moreover, in principal component 

analysis total variation contained in a set of variables is considered, whereas in factor 

analysis interest centres only on that part of variance, which is shared by the common 

factors. 

The common factor analytical model can be written in the following form: 

..... (i) 

Where each of the p observed variables has been described in terms of a common factor 

and a unique factor. 

For a set of p variables, linear model (i) can be written in a slightly expanded form as: 

XI=Illf l +I I2 f 2 + ....... + 

Xl = I II f I + I 12 f 2 + ....... + 

+ ....... + 11111 ell ..... (ii) 

Such a set of equations is called factor pattern. Factor analysis yields not only pattern 

but also correlation between variables and the factors. A table of correlation is called 

factor structure. A structure and pattern both are necessary in order to furnish a complete 

solution. 

The factor model in matrix notation can be written as: 

X =LF + e ...... (m) 

Where, X = (p x I) vector of observed variable 

L = (p x m) matrix of unknown constants called factor loadings. 
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I)) 1)2 ............. r 
1) m 

hI 122 ...... , ...... lim 

hI 1.32 ............. bm 

F = (m X I) vector of unobservable variables called common factors, 

F' = (1'1, f2, ........ fm) 

e = (p x I) vector of unobservable variables called specific factors, 

e' = (e), e2, ........ ep) 

It is obvious from each equation in (ii) that the variance of a variable X consists of two 

parts, viz., 

VeX) h/ + ¢j (j = 1 ........ p) 

I· 2 + I· 2 + + I 2 ,), .1 J )2 . . . . • • • • •.• jill + 'Yj 

Where, h/ is that portion of the variance of fl1 variable contributed by m common 

factors, also called communality and the specific variance (q)j) contributed by specific 

factors. The jIll communality is the sum of squares of the loading or common factor 

coefficients of /11 variable. 

Principal component and maximum likelihood methods of factor extraction are most 

commonly used besides other. 

The advantage of 

using principal component method IS that no distributional assumption is required 

whereas, maximum likelihood assumes that the general form of population distribution is 

known and follows multivariate normal distribution. Therefore, principal component 

method was used in the present study. 

As the'initial factor loading were not clearly interpretable, the factor axes were rotated 

using Varimax rotation (Kaiser, 1958) which is the most popular method of rotation. By 

this the variance of the squared loading across a factor was maximised which 

corresponded to spreading out of the squares of loading on each factor as much as 

possible. It made possible to obtain groups of large and negligible coefficients in 

different columns of the rotated factor loading. 

Principal factor scores were determined using Anderson-Rubin method which is a 

modification of Bartlett's method (scores have mean = 1 und the sum of squares of 

unique factors over the range of variables is minimized), which ensures orthogonality of 

estimated factors. The scores produced have mean = 1 and SD = 1 and are uncorrelated. 

Plotting of different genotypes was done using their individual factors scores taking 

difTcrent principal factors as axes. 
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Statistical analysis in most of the cases was carried out using SPSS statistical 

package (version 7.52) and for some in house programmes developed at Computer 

Centre, The College of Basic Syiences and Humanities, CCS Haryana Agricultural 

University, Hisar. 

3.2.18 Photography 

Microphotography was done with the help of SLR Type, Olympus PM-6 camera 

mounted on the compound microscope / stereOZOOl11 dissecting microscope. The 

macrophotographs were taken, using SLR Type Cameras (fitted with macro-lenses). 



4. Experimental Results 

The present investigation was carried out at D~partment of Genetics, CCS Haryana 

Agricultural University, Hisar, India during year 1995-2000. A total of221 germplasm 

accessions of Neem A. Juss. from Northern, Western, Central and Southern India, representing 

a wide spectrum of geographical diversity, were studied in the following manner: 

Tree architectural parameters were subjected to univariate analyses, simple correlation, 

multiple regression analyses, principal component and principal factor analyses. 

Leaf morphological parameters were studied for variability and simple correlation. 

Endocarp morphological parameters were studied for variability, genetic parameters 

(phenotypic coefficient of variation, genotypic coefficient of variation, heritability and genetic 

advance); simple, genotypic, phenotypic and environmental correlation; path analysis; multiple 

regression analysis; D2 analysis, hierarchical cluster analysis; principal component. and 

principal factor analysis; temporal stability analysis in different growing seasons. 

Seed biochemical parameters (oil content, a!1d profile of major fatty acids) were studied for 

variability, simple correlation, multiple regression analysis, hierarchical cluster analysis, 

principal component and factor analysis and stability (predictability) analysis in different 

growing seasons. Protein content and azadirachtin content of seeds was studied for variability, 

and simple correlation, 

Evaluation of different provenance collections under in vitro (seed vlability) and nursery 

conditions (comparative growth of seedlings of provenance collections). 

RAPD (Random Amplified DNA Polymorphism) profiles of individual plants and pooled 

samples. 

In vitro 'callusing and production of azadirachtin in tissue culture. 

The results ofthe present investigation are presented under the following categories heads: 

4.1 Survey and germ plasm collection 

Extensive survey of Neem trees was made during july-September in the years 1995, 1997 

and 1998. All the agroclimatic zones of Haryana state (Rajasthan, Panjab, Delhi, Himachal 

Pradesh) and some parts of neighbouring states were covered under the survey. In addition to 

this, a total of 51 seed samples were received from Neem Network participants from Tamil­

Nadu, Karnataka, Uttar Pradesh, Panjab and other sources in the year 1998. Passport data of the 

trees covered under survey is given in Table 4.1.1. 

4.2. Tree architecture 

Of 136 trees selected/surveyed, a total of 58 candidate plus trees (CPTs) for agroforestry; 45 

CPTs for seed production as well as agroforestry and 47 CPTs only for seed production were 
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marked. It was observed that in the year 1998, fruit s@tting in arid & semi·arid areas of Haryana 

and Rajasthan surveyed, fruit setting was poorer compared to the year 1995 and 1997. 

Incidentally in these areas, damage of immature fruits by birds was also more pronounced than 

in other agroclimatic regions. In some areas, particularly in Bhiwani and Mahendragarh, there 

was no fruit setting at all in the year 1998. 

Six trees with conical crown shape were found scoring four with respect to crown shape 

index. Two trees were found to show cylindrical crown shape scoring five with respect to crown 

shape indcx. Twenty three trees were found to have completely straight stem scoring five with 

respect to stem straight. index, while 46 trees were found to have completely straight stem 

s~ored four with respect to stem straight. index. Sixteen trees were found to have unusual 

character of fruits turning brown on the tree itself. Sixteen trees were observed to have low 

branch angle. 

4.2.1. Variation with respect to tree architecture parameters 

Phenotypic variation with respect to dbh in some provenance collections ofNeem is given in 

Table 4.2.1.1. Diameter at breast height (dbh) exhibited a wide range in different provenances 

(0.05 m- 1.41 m). Mean dbh in different provenance collections varied from 0.27 m to 0.69 m. 

Highest mean diameter (0.69 m) was observed in Kaithal + Kurukshetra provenance. Lowest 

mean diameter was observed in Jodhpur (0.27 m) provenance. Alwar + Rewari provenance 

exhibited highest level cv, '. (65.6~. Lowest level of cv (31.26) was observed in Rohtak + 
.Tha,ijar provenance. 

Phenotypic variation with respect to basal gilih in some provenance collections of Neem is 

given in Table 4.2.1.2. Basal girth exhibited a wide range in different provenances (0.22 -

6.12). Mean basal girth in different provenance collections varied from 1.03 m to 2.70 m. 

Highest mean basal girth (2.70 m) was oLserved in Kaithal + Kurukshetra provenance. Lowest 

mean basal girth was observed in Hisar + Sirsa (1.03 m) provenance. Kaithal + Kurukshetra 

provenance exhibited highest level cv- 1(67.47). Lowest" . -: cv (25.66) was observed in 

Kalka + Pinjore provenance. 

Phenotypic variation with respect to height: dbh in some provenance collections ofNeem is 

given in Table 4.2.1.3. Height: dbh exhibited a wide range in different provenances (7.50 -

171.00 ).Mean height: dbh in different provenance collections varied from 21.57 to 50.13. 

Highest mean height: dbh (50.13) was observed in Jodhpur provenance. Lowest mean height : 

dbh was observed in Kaithal + Kurukshetra (21.57) provenance. Hisar + Sirsa provenance 

exhibited highest level cv :., '(91.42) followed by Bhiwani+Bhorugram (90.05). Lowest 

_ !Cv (18.50) was observed in Rohtak + Ihajjar provenance. 

Phenotypic variation with respect to height in some provenance collections ofNeem is given 

in Table 4.2.1.4. Height exhibited a wide range in different provenances (3.88 m - 19.80 m) .. 
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Mean height in different provenance collections varied from 10.28 m to 15.12 m. Highest mean 

height (15.12 m) was observed in Delhi provenance. Lowest mean height was observed in Jind 

+ Narnaund (15.12 m) provenance. Alwar + Rewari provenance exhibited highest level cv 

,,(40.28)followed by Sirmour (34~73 ). Lowest level cv (15.24 ) was observed in Gurgaon + 

Faridabad provenance. 

Phenotypic variation with respect to clear bole height ; height in some provenance 

collections of Neem is given in Table 4.2.1.5. Clear bole height: height exhibited a wide range 

in different provenances (0.02 - 0.52). Mean Clear bole height: height in different provenance 
," 

collections varied from 0.15 to 0.24. Highest mean clear bole height : height (0.24) was 

observed in Hisar + Sirsa provenance. Lowest mean clear bole height: height was observed in 

Sirmour provenance (0.15). Ambala + Yamunanagar + Patiala provenance exhibited highest 

level cv- .• (81.00) followed by Alwar + Rewari (66.63). Lowest' cv (36.28) was 

observed in Hisar + Sirsa provenance. 

Phenotypic variation with respect to clear bole in some provenance collections of Neem is 

given in Table 4.2.1.6. Clear bole exhibited a wide range in different provenances (0.27 111 -

5.00 111). Mean clear bole in different provenance collections varied from 1.75 m to 2.87 111. 

Highest mean clear bole (2.87 m) was observed in Rohtak + Ihajjar provenance. Lowest mean 

clear bole was observed in Sinnour (1.75 m) provenance. Ambala + Yamunanagar + Patiala 

provenance exhibited highest level cv "" \ :!( 62.95) followed by Jodhpur (45.87). Lowest 

, cv (18.28) was observed in Sirmour provenance. 

Phenotypic variation with respect to unforked height : height (Co-efficient of Apical 

Dominance) in some provenance collections of Nee111 is given in Table 4.2.1.7. Unforked 

height: height exhibited a wide range in different provenances (0.02 - 1.00). Mean value of 

unforked height ; height in different p[l)venance collections varied from 0.165 to 0.346. 

Highest mean unforked height: height (0.346) was observed in Hisar + Sirsa provenance. 

Lowest mean unforked height; height was observed in Sirmour (0.165 m) provenance. Ambala 

+ Y~m1Unanagar + Patiala provenance exhibited highest level CVI \. : ,A76.64) followed by 

Hisar (71.98). Lowest !cv (32.58) was observed in Rohtak + Jhajjar provenance. 

Phenotypic variation with respect to unforked height in some provenance collections of 

Nee111 is given in Table 4.2.1.8. Unforked height exhibited a wide range in different 

provenances (0.27 111 - 9.08 m). Mean unforked height in different provenance collections 

varied from 1.92111 to 3.95 m. Highest mean unforked height (3.95 m) was observed ih Hisar + 

Sirsa provenance. Lowest mean unforked height was observed in Sirmour (1.92 rn) provenance. 

Ambala + Yamunai1agar + Patiala provenance exhibited highest level cv - _ (99.95) 

followed by Hisar (66.37). Lowest" < 'cv (30.52) was observed in Sirmour provenance. 

Phenotypic variation with respect to crown spread : dbh in some provenance collections of 

Neem is given in Table 4.2.1.9. Crown spread: dbh exhibited a wide range in different 
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Table 4.2.1.1. V.ariation w.r.t. dbh in some provenance collections of 
Auulirachta illdica 

Site Range mea n sl.! cv se 

I 0.20 - 0.89 0.5633 0.2214 39.295 0.0738 

2 0.24 - 0.84 0.4858 0.1534 31.577 0.4043 

3 0.32 - 0.79 0.5200 0.1626 31.263 0.0575 

4 0.09 - l.13 0.4647 3.3053 65.691 0.074 

5 0.15 - 65 0.3144 0.1549 49.27 0.0365 

6 0.12 - 0.99 0.405 0.2309 57.014 0.0667 

7 0.26 - l.41 0.6925 0.3701 53.448 0.1309 

8 0.36 - 0.83 0.5037 0.1652 32.79 0.0584 
9 0.25 - 0.60 0.4250 0.2021 47.546 0.101 
10 0.29 - 0.80 0.5043 0.1667 33.06 0.063 
II 0.15 - 0.50 0.2750 0.141 51.259 0.0575 
12 0.05 - 0.68 0.3800 0.2165 56.978 0.0884 
13 0.10 - 0.56 0.2944 0.1206 40.97 0.4042 
14 0.25 - 0.80 0.4755 0.1747 36.748 0.0527 

Table 4.2.1.2. Variation w.r.t. basal girth in some provenance collections of 
AZIlt/irachta indica 

Site Range mean sd cv se 
I 0.82-3.15 2.1222 0.7941 37.4198 0.2647 
2 1.15 - 4.62 1.9492 0.91852 47.1238 0.26515 
3 l. 10 - 2.8 I 2.01 0.5739 28.5527 0.2029 
4 0.38 - 3.58 1.5388 0.86661 56.3168 0.21018 
5 0.45 - 2.90 1.2456 0.69468 55.7733 0.16373 
6 0.46 - 3.70 1.5167 0.83943 55.347 0.24232 
7 0.98 - 6.12 2.7025 1.82325 67.4654 0.64461 
8 1.35 - 2.73 1.7737 0.481 27.1882 0.17006 
9 0.88 - 2.10 1.4775 0.69023 46.7164 0.34511 
10 0.94 - 2.24 1.7371 0.44574 25.6598 0.16847 
11 0.61 - 1.93 1.12 0.52394 46.7809 0.2139 
12 0.22-3.16 1.7283 0.96495 55.8315 0.39394 
13 0.35 - 1.96 1.0344 0.42705 41.2837 0.14235 
14 0.88 - 2.24 1.6427 0.52849 32.1715 0.15934 



Table 4.2.1.3. Variation w.r.t. height: dbh in some provenance collections of 
Azatiirachta illdicll 

Site Range mean sd cv se 

I 17.53 - 37.96 28.7700 7.0647 2-1.5557 2.3549 

2 20.54 - 53.13 31.7717 10.07427 31.70835 2.90819 

3 17.22 - 31.64 24.375 4.51042 18.50429 1.59467 

4 7.50 - 37.50 26.2565 9.92391 37.79606 2.4069 

5 17.17 - 87.00 39.225 16.79578 42.81908 3.9588 

6 15.15-48.00 29.6167 10.21337 34.-18523 2.94834 

7 10.64 - 32.61 21.5700 9.39022 43.5337 3.31994 

8 15.61 - 45.00 25.4562 10.15209 39.88056 3.5893 

9 15.75 - 72.00 37.5625 24.40318 64.96689 12.20159 

10 14.75 - 29.48 22.8129 5.088 22.30323 1.92308 

II 27.00 - 82.94 46.635 20.74136 4-1.-17596 8.46762 

12 20.07 - 42.60 42.8833 38.61458 90.04567 15.76433 

13 21.43 - 171.00 50.1256 45.82446 91.-11936 15.27482 

14 14.75 -72.00 28.1764 15.79762 56.06685 4.76315 

Table 4.2.1.4. Variation w.r.t. height in some of provenance collections of 
Azat/irachta indica 

Site Range mean sd cv se 

I 6.50 - 19.80 15.1222 4.3413 28.708 1.4471 

2 10.80-17.25 14.3208 2.1822 15.238 0.6299 

3 8.00 - 17.40 12.2875 2.9827 2-1.274 1.0545 

4 4.50 - 18.00 10.6406 4.2855 40.275 1.0394 

5 3.88 - 14.35 10.6917 2.2867 21.3 88 0.539 

6 4.98 - 15.00 10.2775 2.7461 26.72 0.7927 

7 8.40 - 15.00 12.2::75 2.1064 17.213 0.7447 

8 7.70 - 18.00 11.9862 3.48770 29.098 1.2331 

9 9.00 - 18.00 13.0875 4.5454 3-1.731 2.2727 

10 8.55 - 13.50 10.8557 1.8514 17.055 0.6998 

11 7.05 - 14.10 11.025 2.7573 25.01 1.1257 

12 6.00 - 11.25 10.375 2.48 23.904 1.0 I 25 

13 9.00 - 12.15 11.3167 2.4048 21.25 0.8016 

14 8.55-14.10 11.6673 3.0859 26.449 0.9304 



Table 4.2.1.5. Variation w.r.t. clear bole height: height in some provenance 
collections of· Azadiracilta indica 

Site Range mean sd cv se 

I 0.08 - 0.34 0.1867 0.0917 49.0990 0.0306 
" 2 0.03 - 0.37 0.175 0.07982 45.61677 0.02304 

3 0.06 - 0.34 0.2137 0.09767 45.6975 0.03453 

4 0.03 - 0.52 0.2188 0.14581 66.63434 0.03536 

5 0.02 - 0.48 0.2044 0.13039 63.77971 0.03073 

6 0.12 - 0.40 0.2117 0.08189 38.68844 0.02364 

7 0.08 - 0.28 0.1862 0.07308 39.23899 0.02583 

8 0.03 - 0.45 0.1712 0.13871 80.99981 0.04944 

9 0.10-0.22 0.145 0.05259 36.27525 0.0263 

10 0.09 - 0.31 0.2014 0.08532 42.36166 0.03225 

11 0.08 - 0.34 0.2117 0.09621 45.45428 0.03927 

12 0.06 - .041 0.2383 0.12512 52.50067 0.05108 

13 0.15-0.38 0.2433 0.08015 32.94086 0.02671 

14 0.09 - 0.31 0.1809 0.07751 42.84932 0.02337 

Table 4.2.1.6. Variation w.r.t. clear bole in some provenance collections of 
Azadiracflta illdica 

Site Range mean sd cv se 
I 3.78 - 1.32 2.5733 0.8223 31.9546 0.2741 

2 0.41-5.00 2.6975 1.02759 38.09427 0.29664 

3 0.82 - 3.60 2.8675 1.09816 38.29691 0.38826 

4 0.28 - 3.90 2.1365 0.78871 36.91681 0.19129 

5 0.27 - 4.00 2.1111 0.96843 45.8733 0.22826 

6 1.09 - 3.05 1.°717 0.59516 30.18561 0.1718 

7 1.15 - 2.60 2.1300 0.62967 29.56202 0.22262 

8 0.30 - 3.50 1.8037 1.13554 62.9545 0.40147 
9 1.30 - 2.00 1.745 0.319 18.28131 0.1595 
10 0.83 - 3.00 2.1257 0.75546 35.53938 0.28553 

II 0.99 - 3.90 2.27 1.04103 45.8607 0.425 

12 0.64 - 3.48 2.29 0.94276 41.16864 0.38488 
13 1.60 - 4.50 2.7089 0.93392 34.47621 0.3113 
14 0.83 - 3.00 1.9873 0.6402 32.21523 0.19302 



Table 4.2.1.7. Variation for unforked height': height in some provenance collections 
of Azadirachta illdica 

Site Range mean sd cv se 
I 0.08 - 0.62 0.2556 0.1821 71.275 0.0607 
2 0.03 - 0.50 0.2417 0.12386 51.254 0.03575 

3 0.08 - 0.34 0.245 0.07982 32.58 0.02822 
4 0.04 - 0.56 0.2759 0.18611 67.461 0.04513 
5 0.02 - 0.92 0.3256 0.23432 71.977 0.05523 

6 0.12 - 0.43 0.2742 0.14422 38.015 0.03008 
7 0.08 - 0.46 0.2325 0.11865 51.034 0.04195 

8 0.03 - 1.00 0.2437 0.31802 76.64 0.11243 
9 0.10 - 0.30 0.1650 0.09146 55.436 0.04573 
10 0.09 - 0.31 0.2014 0.08532 42.362 0.03225 
II 0.08 - 0.36 0.2233 0.11075 49.592 0.40521 
12 0.06 - 0.41 0.2383 0.12512 52.501 0.05108 
13 0.15 - 0.64 0.3456 0.17161 49.664 0.0572 
14 0.09 - 0.31 0.1882 0.02494 45.142 0.02561 

Table 4.2.1.8. Variation for unforked height in some provenance collections of 
Azat/irachta illdica 

Site Range mean sd cv se 
I 1.32 - 6.48 3.3156 1.57417 47.4785 0.52072 
2 0.41 - 8.55 3.4575 1.93708 56.0257 0.55918 
3 0.82 - 5.40 3.0925 1.40985 45.5893 0.49845 
4 0.28 - 6.00 2.4565 1.2637 51.4439 0.30649 
5 0.27 - 9.08 3.1828 2.11229 66.3663 0.49787 
6 1.41 - 4.26 2.7025 1.49195 40.5054 0.31522 
7 1.15-5.56 2.74 '52 1.36591 49.7373 0.48292 

8 0.30 - 3.60 2.3737 2.37484 99.95 0.83963 
9 1.30 - 2.70 1.9200 0.58589 30.5151 0.29294 
10 0.83 - 3.00 2.1271 0.75652 35.5651 0.28593 
II 0.99 - 4.92 2.4400 1.38643 56.8211 0.5660 
12 0.64 - 3.48 2.2900 0.94276 4l.l686 0.38488 
13 1.60 - 7.62 3.9467 2.20535 55.879 0.73511 
14 0.83 - 3.00 2.0518 0.67623 32.9579 0.20389 



Table 4.2.1.9. Variation for crown spread: dbh in some provenance collections 0 

Azadiracltta illdica 

Site Range mean sd cv se 

1 1.88-3.74 27.9900 6.63148 23.69235 2.21049 

2 16.86 - 33.19 23.7750 4.59623 19.33222 1.32681 

3 16.21-31.66 22.5162 5.22947 23.22532 1.84889 

4 13.53 - 40.57 26.7882 8.36176 31.21431 2.02802 

5 15.90 - 82.00 36.6656 15.60821 42.56914 3.67889 

6 17.50 - 42.67 27.9083 7.53057 26.98325 2.17389 

7 12.24 - 31.67 21.4075 7.65163 35.74277 2.70526 

8 14.99 ~ 33.08 23.7625 6.11358 25.72787 2.16147 

9 10.08 - 33.32 20.87 9.94101 47.63305 4.97051 

10 16.33 - 23.92 19.15 2.7406 14.31127 1.03585 

11 29.44 - 41.86 37.11 4.93827 13.30711 2.01604 

12 9.94 - 49.00 30.675 15.35132 50.04505 6.26715 

13 11.61 - 75.00 34.3111 17.52211 51.06833 5.8407 

14 10.08 - 33.32 19.7755 5.90819 29.8764 1.78138 

Table 4.2.1.10. Variation for crown spread in some provenance collections of 
Azadiracltta indica 

Site Range mean sd cv se 
1 6.62 - 19.75 14.6722 3.95394 26.94852 1.31798 

2 6.19 - 15.49 11.1558 2.50671 22.46997 0.72362 

3 7.78 - 13.07 11.155 2.06796 18.53847 0.73113 

4 3.36 - 18.95 10.3629 4.19088 40.44102 1.01643 

5 6.58 - 12.94 9.8478 1.73831 17.65184 0.40972 

6 5.12 - 21.20 10.30')7 4.45656 43.23959 1.28649 

7 5.78 - 21.50 13.28 5.05581 38.07086 1.78749 

8 7.75 - 13.69 11.3612 2.24506 19.76068 0.79374 

9 5.87 - 9.96 7.5525 1.95694 25.91119 0.97847 

10 5.84 - 13.07 9.4386 2.53773 26.88688 0.95917 

11 5.97 - 14.72 9.7667 3.8711 39.6359 1.58037 
12 2.45 - 13.20 9.0717 3.95111 43.55449 1.61303 
13 6.40-13.45 8.5589 2.11717 24.73658 0.70572 

14 5.84 - 14.72 8.7527 2.43278 27.79459 0.73351 



Table 4.2.1.11. Variation for crown spread: height in some provenance collections of 
Awdirac/t(a indica 

Site Range mean sd cv se 

I 0.78-1.10 0.9833 0.101 10.271 0.0337 

"2 0.49 - 1.20 0.7883 0.1879 23.835 0.0542 

3 0.68 - 1.31 0.9337 0.2032 21.76 0.0718 

4 0.59 - 1.88 1.0076 0.287 28.487 0.0696 

5 0.78 - 1.79 0.9556 0.2327 24.354 0.0549 

6 0.57 - 1.41 0.9908 0.2354 23.753 0.0679 

7 0.61 - 1.79 1.0725 0.3657 34.098 0.1293 

8 0.43 - 1.37 1.0137 0.2919 28.798 0.1032 

9 0.33 - 0.93 0.6325 0.2450 38.735 0.1225 

10 0.68 - 1.1 I 0.7429 0.3221 43.354 0.1217 

II 0.42 - 1.16 0.8950 0.2786 31.131 0.1137 
12 0.41 - 1.17 0.8567 0.3279 38.274 0.1339 

13 0.44 - 1.21 0.7789 0.2189 28.11 0.073 

14 0.33-1.11 0.7027 0.2887 41.081 0.087 



provenances (1.88 - .82.00). Mean crown spread: dbh in different provenance collections varied 

from 19.15 to 37.11. Highest mean crown spread: dbh (37.11) was observed in Jodhpur 

provenance. Lowest mean crown spread: dbh was observed in Kalka + Pinjore (21.57 m) 

provenance. Hisar + Sirsa proveli.ance exhibited highest level cv _ .. ', {51.07) followed by 

Bhiwani+Bhorugram (50.05). Lowest' cv (13.31) was observed in Jodhpur provenance. 

Phenotypic variation with respect to Crown spread in some provenance collections of Neem 

is given in Table 4.2.1.10. Crown spread exhibited a wide range in different provenances (2.45 

m - 21.50 m). Mean Crown spread in different provenance collections varied from 7.56 m to 

14.67 111. Highest mean Crown spread (14.67 m) was observed in Delhi provenance. Lowest 

mean Crown spread was observed in Hisar + Sirsa (8.56 m) provenance. Bhiwani + Bhorugram 

provenance exhibited highest level cv '. ,'~~(43.55) followed byJind + Narnaund (43.24). 

Lowest cv (17.65) was observed in Hisa! provenance. 

Phenotypic variation with respect to crown spread : height in some provenance collections 

of Neem is given in Table 4.2.1.11. Crown spread: height exhibited a wide range in different 

provenances (0.33 - 1.88). Mean crown spread : height in different provenance collections 

varied from 0.63 to 1.07. Highest mean crown spread: height (1.07) was observed in Kaithal + 

Kurukshetra provenance. Lowest mean crown spread : height was observed in Sirmour 

provenance (0.63). Kalka + Pinjore provenance exhibited highest level cVI ... (43.35) 

followed by Sirmour + Kalka + Pinjore( 41.08). Lowest \ cv (10.27) was observed in Delhi 

provenance. 

4.2.2. Association of tree architecture characteristics 

Association of different morphological characteristics of trees in all the 14 sites under study 

(Table 4.2.2.1.) was studied. Diameter at breast height (dbh) was positively and significantly 

associated with basal girth, height, crown spread and crown spread: height; and negatively and 

significantly associated with and height : dbh, clear bole height : height, unforked height: 

height, un forked height and Crown spread : dbh. Basal girth was positively and significantly 

associated with dbh, height, crown spread; and negatively and significantly associated with and 

height : dbh, clear bole height : height, unforked height: height, unforked height, and crown 

spread: dbh. 

Height: dbh was positively and significantly associated with height and crown spread: dbh; 

and negatively and significantly associated with dbh, basal girth, crown spread and crown 

spread : height. Height was positively and significantly associated with dbh, basal gir'th, height 

: dbh, and crown spread; and negatively and significantly associated with clear bole height : 

height, llnforked height: height, crown spread: dbh and crown spread: height. 

Clear bole height: height was positively and significantly associated with clear bole, 

unforked height: height, llnforked height, crown spreae!; and negatively and significantly 
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associated with dbh, basal girth, height, and crown spread. Clear bole was positively and 

significantly associated with clear bole: height, unforked height: height and unforked height. 

Unforked height: height was positively and significantly associated with clear bole height: 

height, clear bole, and unforked height; and negatively and significantly associated with dbh, 

basal girth, height, and crown spread. Unforked height was positively and significantly 

associated with clear bole height : height, clear bole and unforked height : he~ght; and 

negatively and significantly associated with crown spread. 

Crown spread : dbh was positively and significantly associated with height : dbh, and 

negatively and significantly associated with dbh, basal girth, height. Crown spread was 

positively and significantly associated with dbh, basal girth and height; and negatively and 

significantly associated with and height : dbh, unforked height: height. Crown spread: height 

was positively and significantly associated with dbh, and crown spread.; and negatively and 

significantly associated with and height: dbh, and height. 

Association of different morphological characteristics of trees in site 1 (Delhi) (Table 

4.2.2.2.) was studied. Diameter at breast height (dbh) was positively and significantly 

associated with basal girth, and crown spread; and negatively and significantly 

associated with and Height: dbh, Clear bole height: Height, Unforked height: Height, 

and Crown spread : dbh. Basal girth was positively and significantly associated with 

dbh, crown spread; and negatively and significantly associated with clear bole height: height, 

unforked height: height, and crown spread: dbh. 

Height: dbh was positively and significantly associated with clear bole, unforked height and 

crown spread: dbh; and negatively and significantly associated with dbh. Height was positively 

and significantly associated with crown spread; and negatively and significantly associated 

with clear bole height: height, and unforKed height: height. 

Clear bole height: height was positively and significantly associated with, unforked height: 

height, crown spread : dbh; and negatively and significantly associated with dbh, basal girth, 

height, and crown spread. Clear bole was positively and significantly associated with height: 

dbh, and crown spread : dbh. 

Unforked height: height was positively and significantly associated with clear bole height: 

height, and unforked height; and negatively and significantly associated with dbh, basal girth, 

height, and crown spread. Unforked height was positively and significantly associated with 

height : dbh, and unforked height : height; and negatively and significantly associated with 

crown spread. 

Crown spread : dbh was positively and significantly associated with clear bole height : 

height and clear bole, and negatively and significantly associated with dbh, and basal girth. 

Crown spread was positively and significantly associated with dbh, basal girth and height; and 
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negatively and significantly associated with clear bole height: height and unforked height: 

height. 

Crown spread : height was not significantly associated with any of the tree architecture 

characteristics. Association of different morphological characteristics of trees in site 2 

(Gurgaon) (Table 4.2.2.3.) was studied. Diameter at breast height (dbh) was positively and 

significantly associated with basal girth, and crown spread; and negatively and significantly 

associated with height: dbh and crown spread: dbh. 

Basal girth was positively and significantly associated with dbh, and crown spread; and 

negatively and significantly associated with and height : dbh. Height: dbh was negatively and 

significantly associated with dbh, basal girth, crown spread and crown spread: height. 

Height was not significantly associated with any of the tree architecture characteristics. 

Clear bole height: height was positively and significantly associated with clear bole. Clear bole 

was positively and significantly associated with clear bole: height, unforked height: height and 

unforked height. 

Unforked height: height was positively and significantly associated with clear bole and 

unforked height. Unforked height was positively and significantly associated with clear bole 

and Unforked height: height. 

Crown spread: dbh was negatively and significantly associated with dbh. Crown spread was 

positively and significantly associated with dbh, basal girth and crown spread : height; and 

negatively and significantly associated with height: dbh. Crown spread: height was positively 

and significantly associated with crown spread : dbh.; and negatively and significantly 

associated with and height: dbh. 

Association of different morphological characteristics of trees in site 3 (Rohtak + Ihajjar) 

(Table 4.2.2.4.) was studied. Diameter at breast height (dbh) was positively and significantly 

associated with basal girth; and negatively and significantly associated with crown spread : 

dbh. Basal girth was positively and significantly associated with dbh, and height. Height: dbh 

was not significantly associated with any of the characters under study. Height was positively 

and significantly associated with basal girth, and unforked height. Clear bole height : height 

was not significantly associated with any of the tree architecture characteristics. Clear bole was 

positively and significantly associated with unforked height: height and unforked height. 

Unforked height : height was positively and significantly associated with clear bole, and 

unforked height. Unforked height was positively and significantly associakd with height, clear 

bole and unforked height : height; and negatively and significantly aswciated with crown 

spread: height. 
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Crown spread : dbh was positively and significantly associated with crown spread: height, 

and negatively and significantly associated with dbh. Crown spread was not significantly 

,:issociated with any of the tree architecture characteristics. 

Crown spread : height was positively and significantly associated with crown spread: dbh; 

and negatively and significantly associated with unforked height. AssoCiation of different 

morphological characteristics of trees in site 4 (Alwar + Rewari) (Table 4.2.2.5.) was studied. 

Diameter at breast height (dbh) was positively and significantly associated with basal girth, 

height and crown spread; and negatively and significantly associated with and height: dbh, 

clear bole height: height, unforked height: height, and Crown spread: dbh. 

Basal gilih was positively and significantly associated with dbh, height, and crown spread; 

and negatively and significantly associated with height: dbh, height, clear bole height: height, 

unforked height: height, and crown spread : dbh. 

Height : dbh was positively and significantly associated with clear bole height : height, 

unforked height : height; and negatively and significantly associated with dbh, basal gilih, 

height, and crown spread. 

Height was positively and significantly associated with dbh, basal girth, and crown spread; 

and negatively and significantly associated with height : dbh, clear bole height : height, 

unforked height: height, crown spread : dbh. 

Clear bole height: height was positively and significantly associated with height: dbh, and 

unforked height: height: and negatively and significantly associated with dbh, basal girth, 

height, and crown spread. Clear bole was positively and significantly associated with unforked 

height: height and unforked height. 

Unforked height: height was positiveJy and significantly associated with height: dbh, clear 

bole height : height, clear bole, and unforked height; and negatively and significantly 

associated with dbh, basal girth, height, and crown spread. Unforked height was positively and 

significantly associated with clear bole and unforked height: height. 

Crown spread: dbh was negatively and significantly associated with dbh, basal girth, height 

and crown spread. Crown spread was positively and significantly associated with dbh, basal 

girth and height; and negatively and significantly associated with and height: dbh, clear bole 

height : height, unforked height: height, crown spread : dbh. Crown spn~ad : height was not 

significantly associated with any of the tree architecture characteristics. 

Association of different morphological characteristics of trees in site 5 (Hisar) (Table 

4.2.2.6.) was studied. Diameter at breast height (db h) was positively and significantly 

associated with basal girth; and negatively and significantly associated w:!th Height: dbh, and 

Crown spread: dbh. 
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Basal girth was positively and significantly associated with dbh; and negatively and 

significantly associated with and height : dbh, and crown spread : dbh. Height : dbh was 

positively and significantly associated with crown spread : dbh; and negatively and 

significantly associated with dbh, and basal girth. Height was positively and significantly 

associated with crown spread; and negatively and significantly associated with clear bole 

height: height, unforked height: height, and crown spread: height. 

Clear bole height : height was positively and significantly associated with clear bole, 

unforked height: height, crown spread: height; and negatively and significantly associated with 

height, and crown spread. Clear bole was positively and significantly associated with clear bole 

: height, unforked height: height and unforked height. 

Unforked height: height was positively and significantly associated with clear bole height: 

height, clear bole, and unforked height; and negatively and significantly associated with height. 

Unforked height was positively and significantly associated with clear bole and unforked 

height: height. 

Crown spread : dbh was positively and significantly associated with height : dbh, and 

negatively and significantly associated with dbh, basal girth. Crown spread was positively and 

significantly associated with height; and negatively and significantly associated with clear bole 

height : height. Crown spread : height was positively and significantly associated with clear 

bole height: height.; and negatively and significantly associated with height. 

Association of different morphological characteristics of trees in site 6 (lind + Narnaund) 

(Table 4.2.2.7.) was studied. Diameter at breast height (dbh) was positively and significantly 

associated with basal girth, height, crown spread and crown spread: height; and negatively and 

significantly associated with Height: dbh, and Crown spread : dbh. Basal girth was positively 

and significantly associated with dbh, h~ight, crown spread; and negatively and significantly 

associated with and height: dbh, and crown spread: dbh. 

Height : dbh was positively and significantly associated with crown spread : dbh; and 

negatively and significantly associated with dbh, basal girth, crown spread and crown spread: 

height. Height was positively and significantly associated with dbh, basal girth, and crown 

spread. Clear bole height : height was positively and significantly associated with clear bole. 

Clear bole was positively and significantly associated with clear bole: heigllt. 

Unforked height: height was positively and significantly associated with unforked height. 

Unforked height was positively and significantly associated with unforked height : height. 

Crown spread : dbh was positively and significantly associated with height : dbh, and 

negatively and significantly associated with dbh, and basal girth. Crown spread was positively 

and significantly associated with dbh, basal girth, height and crown spread : height; and 

negatively and significantly associated with and height: dbh. 
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Crown spread : height was positively and significantly associated with dbh, basal girth, and 

crown spread; and negatively and significantly associated with height : dbh. Association of 

different morphological characteristics of trees in site 7 (Kaithal + Kurukshetra) (Table 

4.2.2.8.) was studied. Diameter at breast height (dbh) was positively and significantly 

associated with basal girth; and negatively and significantly associated with and Height: dbh. 

Basal girth was positively and significantly associated with dbh; and negatively and 

significantly associated with and height : dbh, and crown spread : dbh. Height : dbh was 

negatively and significantly associated with dbh, and basal girth. Height was negatively and 

significantly associated with clear bole height: height. 

Clear bole height : height was positively and significantly associated with, clear bole, 

unforked height: height; and negatively and significantly associated with height. Clear bole was 

positively and significantly associated with clear bole height: height, and unforked height: 

height. 

Unforked height: height was positively and significantly associated with clear bole height: 

height, clear bole, and unforked height. Unforked height was positively and significantly 

associated with unforked height : height. Crown spread : dbh was negatively and significantly 

associated with basal girth. Crown spread was positively and significantly associated with 

crown spread : height. Crown spread : height was positively and significantly associated with 

crown spread. 

Association of different morphological characteristics of trees in site 8 (Ambala + 
Yamunanagar + Patiala) (Table 4.2.2.9.) was studied. Diameter at breast height (dbh) was 

positively and significantly associated with basal girth. 

Basal girth was positively and significantly associated with dbh; and negatively and 

significantly associated with crown spread: dbh. Height: dbh was positively and significantly 

associated with height; and negatively and significantly associated with crown spread: height. 

Height was positively and significantly associated with height: dbh, crown spread: height. 

Clear bole height: height was positively and significantly associated with clear bole, unforked 

height: height, and unforked height. Clear bole was positively and significantly associated with 

clear bole: height, unforked height: height and unforked height. 

Unforked height: height was positively and significantly associated with clear bole height: 

height, clear bole, and unforked height. Unforked height was positively and significantly 

associated with clear bole height: height, clear bole and unforked height: height. 

Crown spread : dbh was negatively and significantly associated with basal girth. Crown 

spread was not significantly associated with any of the tree architecture parameters. Crown 

spread: height was positively and significantly associated with height: dbh, and height. 
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Association of different morphological characteristics of trees was studied in site 9 

(Sirmour) (Table 4.2.2.10.) was studied. Dial1}eter at breast height (dbh) was positively and 

significantly associated with basal girth. Basal girth, Height : dbh, Height, Clear bole, 

Unforked height : height, Unforked height, Crown spread : dbh, Crown spread, and Crown 

spread : height were not significantly associated with any of the tree architecture 

characteristics. Clear bole height : height was positively and significantly associated with 

unforked height: height. 

Association of different morphological characteristics of trees in site 10 (Kalka + Pinjore) is 

depicted in Table 4.2.2.11. Diameter at breast height (dbh) was positively and significantly 

associated with basal girth and crown spread and negatively and significantly associated with 

Height: dbh. Basal girth was positively and significantly associated with dbh. Height: dbh was 

positively and significantly associated with dbh. Height was not significantly associ1ted with 

any of the tree architecture characteristics. Clear bole height : height was positively and 

significantly associated with clear bole, unforked height: height, and unforked height. 

Clear bole was positively and significantly associated with clear bole : height, unforked 

height: height and unforked height. Unforked height : height was positively and significantly 

associated with clear bole height: height, clear bole, and unforked height. Unforked height was 

positively and significantly associated with clear bole height: height, clear bole and unforked 

height : height. Crown spread : dbh was not significantly associated with any of the tree 

architecture characteristics. Crown spread was positively and significantly associated with dbh. 

Crown spread : height was not significantly associated with any of the tree architecture 

characteristics. 

Association of different morphological characteristics of trees was studied in site 11 

(Jodhpur) (TabJe 4.2.2.12.) was studied. Diameter at breast height (dbh) was found to be 

positively and significantly associated with basal girth Crown spread. 

Basal girth was positively and significantly associated with dbh, crown spread. Height: dbh 

was negatively and significantly associated with crown spread: height. Clear bole height: 

height was positively and significantly associated with unforked height: height. Clear bole was 

positively and significantly associated with un forked height: height and unforked height; and 

negatively and significantly associated with crown spread: dbh. 

Unforked height: height was positively and significantly associated with clear bole height: 

height, clear bole, and unforked height. Unforked height was positively and significantly 

associated with clear bole and unforked height : height; and negatively and significantly 

associated with crown spread: dbh. 

11(,; 



Crown spread : dbh was l1egatively and significantly associated with clear bole, unforked 

height. Crown spread was positively and significantly associated with dbh, and basal girth. 

Crown spread: height negatively and significantly associated with and height: dbh. 

ASSOCIatlOn of different morphological characteristics of trees 111 site 12 

(Bhiwani+Bhorugram) was studied (Table 4.2.2.13.) was studied. Diameter at breast height 

(dbh) was positively and significantly associated with basal girth and height; and negatively 

and significantly associated with Crown spread : dbh and Height : dbh. Basal girth was 

positively and significantly associated with dbh, and height; and negatively and significantly 

associated with height : dbh, and crown spread : dbh. Height : dbh was negatively and 

significantly associated with dbh, basal girth, height. 

Height was negatively and significantly associated with dbh and basal girth. Crown spread: 

dbh was negatively and significantly associated with dbh and basal girth. Crown spread was 

positively and significantly associated with crown spread : heigh~ 

Association of different morphological characteristics of trees in site' 13 (Hisar+Sirsa) is 

given in Table 4.2.2.14 was studied. Diameter at breast height (dbh) was positively and 

significantly associated with basal girth; and negatively and significantly associated with height 

: dbh and crown spread: dbh. 

Basal girth was positively and significantly associated with dbh and negatively and 

significantly associated with and height : dbh, and crown spread : dbh. Height : dbh was 

positively and significantly associated with height and crown spread: dbh; and negatively and 

significantly associated with dbh, and basal girth. Height was positively and significantly 

associated with height: dbh, and crown spread: dbh. Clear bole height: height was positively 

and significantly associated with, and clear bole, and unforked height: height. Clear bole was 

positively and significantly associated with clear bole: height, unforked height: height and 

unforked height; and negatively and positively associated with crown spread: height. 

Unforked height: height was positively and significantly associated with clear bole height: 

height, clear bole, and unforked height; and negatively and significantly associated with crown 

spread : height, and crown spread. Unforked height was positively and significantly associated 

with clear bole and unforked height : height; and negatively and significantly associated with 

crown spread : height. Crown spread : dbh was positively and significantly associated with 

height: dbh, and height; and negatively and significantly associated with dbh and basal girth. 

Crown spread was positively and significantly associated with crown spread : height; and 

negatively and significantly associated with unforked height: height. Crown spread: height was 

positively and significantly associated with crown spread; and negatively and significantly 

associated with clear bole, unforked height: height, and unforked height. 

1 1 '7 
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Association of different morphological characteristics of trees in site 14 (Sirmour + Kalka + 

Pinjore) (Table 4.2.2.15.) was studied. dbh was positively and significantly associated with 

basal girth and crown spread and negatively and significantly associated with height: dbh and 

crown spread : dbh. Basal girth was positively and significantly associated with dbh; and 

negatively and significantly associated with height: dbh and crown spread: dbh. Height: dbh 

was positively and significantly associated with height; and negatively and significantly 

associated with dbh and basal girth. Height was positively and significantly associated with 

height : dbh. Clear bole height : height was positively and significantly associated with, and 

clear bole, unforked height: height, and unforked height. Clear bole was positively and 

significantly associated with clear bole: height, unforked height: height and unforked height. 

Unforked height: height was positively and significantly associated with clear bole height : 

height, clear bole, and unforked height. Unforked height was positively and significantly 

associated with clear bole height : height, clear bole and unforked height : height. Crown 

spread : dbh was negatively and significantly associated with dbh and basal girth. Crown 

spread was positively and significantly associated with dbh. Crown spread : height was not 

associated with any of the tree architecture parameters. 

Qualitative data was analysed with the help of Kendall's rank correlation coefficient (1"). 

Based on data of 126 trees, association of branch angle index with apical dominance index was 

found to be negative and significant (-0.174) at five per cent level of significance. The 

association of branch angle index with fruiting intensity was found to be negative and non­

significant (-0.077) at five per cent level of significance. The association of apical dominance 

index with fruiting intensity index was found to be negative and significant (-0.196) at five per 

cent level of significance. Crown shape index was found to be negatively and non-significantly 

associated with branch angle index (-0.133) at five per cent level of significance. The 

association of crown shape index with apical dominance index was found to be positive and 

significant (0.487) at one per cent level of significance. Association of crown shape index with 

fruiting index was found to be negative and significant (-0.204) at one per cent level of 

significance.(Table 4.2.2.16.) 

4.2.3. Regression analysis of the tree architecture parameters 

Multiple regression analysis of Clear bole height : Height on all other tree architecture 

characteristics in Neem in four provenances individually (Site 2 = Gurgaon + 

Faridabad, Site 4 = Alwar + Rewari, Site 5 = Hisar, Site 6 = lind + Narnaund) and 14 sites 

combined was done (Table 4.2.3.1.). In individual provenances coefficient of determination 

(R2) was very high (0.88 to 0.98), pointing to very high level of goodness of fitness of the 

regression line. For all the 14 sites combined, coefficient of determination (R2) was very high 

(0.84). Multiple regression analysis Clear bole on all other tree architecture characteristics in 

Neem was done (Table 4.2.3.2.). In individual provenances coefficient of determination (R2) 
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was very high (0.87 to 0.97), pointing to very high level of goodness of fitness of the regression 

line. For all the 14 sites combined, coefficient of determination (R2) was very high (0.82). 

Multiple regression analysis of Unforked height: Height on all other tree architecture 

characteristics in Neem was done (Table 4.2.3.3.). In individual provenances coefficient of 

determination (R2) was very high (0.994 to 0.998), pointing to very low level of goodness of 

fitness of the regression line. For all the 14 sites combined, coefficient of determination (R2) 

was very high (0.94). 

Multiple regres;ion analysis of Unforked height on all other tree architecture characteristics 

in Neem was done (Table 4.2.3.4.). In individual provenances coefficient of determination (R2) 

was very high (0.993 to 0.998), pointing to very low ievel of goodness of fitness of the 

regression line. For all the 14 sites combined, coefficient of determination (R2) was very high 

(0.94). 

4.3. Endocarp morphology 

4.3.1. Variation with respect to endocarp morphological characteristics 

Endocarp morphological characteristics of some trees of Hisar provenance were studied 

(Table 4.3.1.1.). Endocarp length show,ed a range of 0.69 to 1.75 cm. Highest value for 
11<1 

Endocarp length (1.75 cm) was observed1tr~e NONI of Pune provenance and lowest value for 
,'1 

Endocarp length (0.69 cm) was observed."tree T23 of Jodhpur provenance. Lowest mean 

Endocarp length (0.778 cm) was found in tree T23 of Jodhpur provenance. Highest mean 

endocarp breadth (0.812 em) was found in tree HI00 of Kalka provenance. Lowest mean 

Endocarp length (0.489 cm) was found in tree HSRO~ of Hisar provenance. Highest coefficient 
. IVI 

of variation (14.73 ) for this character was observed tree T30 of Alwar provenance, while tree 
l' 

NMN4 ofPune provenance exhibited a lowest value of2.07. 

Endocarp breadth showed a range of C.42 to 0.93 cm. Highest value for Endocarp breadth 

(0.93 cm) was observed in tree H099 of Kalka provenance and lowest value for Endocarp 

breadth (0.42 cm) was observed in tree T33 of Alwar provenance. Highest mean Endocarp 

breadth ( cm) was found in tree HlOO of Kalka provenance. Lowest mean Endocarp breadth 

(0.489 cm) was found in tree HSR03 of Hisar provenance. Highest coefficient of variation ( 

22.69) for this character was observed in tree T30 of Alwar provenance while tree NMN4 of 

Pune provenance exhibited a lowest value of 2.42. 

Endocarp weight showed a range of 0.05 to 0.413 gm. Highest value for Endocarp length 

(0.413 gm) was observed in tree T44 of Raipur provenance and lowest value for Endocarp 

weight (0.05 gm) was observed in tree HSR03 of provenance Hisar. Highest mean Endocarp 

weight ( 0.3116 gm) was found in tree T44 of Raipur provenance. Lowest mean Endocarp 

,veight (0.0844 gm) was found in tree T33 of Alwar provenance. Highest coefficient of 
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variation (47.14) for this character was observed in tree T30 of Alwar provenance while tree T4 

of Bikaner provenance exhibited a lowest value of 6.15. 

Seed weight showed a range of 0.004 to 0.233 gm. - _, . Highest value for Seed 

weight (0.233 gm) was observed in tree T44 of Raipur provenance and lowest value for Seed 

weight ( 0.004 gm) was observed in tree HSR03 of Hisar provenance. Highest mean Seed 

weight (0.1652 gm) was found in tree T44 of Raipur provenance. Lowest mean Seed weight 

(0.0141 gm) was found in tree T21 of Jodhpur provenance. Highest coefficient of variation 

(79.04) for this character was observed in tree HI02 of Kalka provenance. while tree T4 of 

Bikaner provenance exhibited a lowest value of 5.78. 

Endocarp coat weight showed a range of 0.027 to 0.197 gm. Highest value for Endocarp 

coat weight ( 0.197 gm) was observed in tree HI 07 of Kalka provenance and lowest value for 

Endocarp coat weight (0.027 gm) was observed in tree T3 of Bikaner provenance. Highest 

mean Endocarp coat weight (1.464 gm) was found in tree T44 of Raipur provenance. Lowest 

mean Endocarp coat weight (0.0426 gm) was found in tree T23 of Jodhpur provenance. 

Highest coefficient of variation (58.04 ) for this character was observed in tree T3 of Bikaner 

provenance, while tree T24 of Jodhpur exhibited a lowest value of 6.14. 

Number of seeds endocarp-l showed a range of one to 3. Highest value for number of seeds 

endocarp-l (3) was observed in tree T30 of Alwar provenanee and lowest value for and number 

of seeds endocarp-l (1) was observed in all the provenance collections. Highest mean number of 

seeds endocarp-l (1.4) was found in three trees ~amely, T3 of Bikaner provenance, T44 of 

Raipur provenance and T30 of Alwar provenance. Lowest number of seeds endocarp-l (1) was 

found in T33 trees of different provenance. Highest coefficient of variation (63.89) for this 

character was observed in tree T30 of Alwar provenance followed by tree T3 of Bikaner and 

tree T45 of Raipur both of the exhibiting a coefficient of variation of 39.12, while 34 tree of 

different provenance collections exhibi,ted nil coefficient of variation. 

Seed weight: Endocarp weight showed a range of 0.057 to 0.862. Highest value for Seed 

weight: Endocarp weight (0.862) was observed in tree T3 of Bikaner provenance and low 

value for Seed weight: Endocarp weight (0.057) observed in tree T20 of Jodhpur provenance. 

Highest mean Seed weight : Endocarp weight(0.6328) was found in tree T3 of Bikaner 

provenance. Lowest mean Seed weight: Endocarp weight (0.2426) was found in tree T20 of 

Jodhpur provenance. Highest coefficient of variation (61.17) for this character was observed in 

tree 20 of Jodhpur provenance. while tree T7D of Delhi exhibited a lowest value of 1.15. 

Highest value for Endocarp 

length: Endocarp breadth (3.192) wo-s observed in tree NON1 ofPune provenance and lowest 

value for Endocarp length: Endocarp breadth (1.266) was observed in tree T23 of Jodhpur 

provenance. Highest mean Endocarp length : Endocarp breadth (2.9334) was found in tree 

NONl of Pune provenance. Lowest mean Endocarp length: Endocarp breadth (1.3838) was 

120 



Table 4.3.1.2. Percentage of trilocular endocarps containing 0-3 seeds in different trees 
of some provenance collections of AZ(I(/iracllta ifl{/ic{[ 

Accession Provenance Total Total Total Proportion (%) of cndocarps showing 

Nuinber of number of number of number of 

tree elldocarps seeds seeds as 
%age of 
endocarps 

0* sced 1 seed 2 seeds 3 secds 

ALDI Allahabad 11.00 11.00 100.00 0 100 0 0 

DRNI Dehradlill 24.00 28.00 116.67 0 83.33 16.67 0 

DRN2 Dchradlill 16.00 19.00 118.75 12.5 56.25 31.25 0 

DRN3 Dehradull 21.00 22.00 104.76 0 95.24 4.76 0 

DRN4 Dehradull 25.00 25.00 100.00 0 100 0 0 

KTLI Kaithal 17.00 12.00 70.59 29.41 70.59 0 0 

KTL2 Kaithal 13.00 10.00 76.92 23.08 76.92 0 0 

KTL3 Kailhal 13.00 12.00 92.31 15.38 76.92 7.69 0 

KTL4 Kailhal 14.00 10.00 71.43 . 28.57 71.43 0 0 

KTL5 Kaithal 15.00 10.00 66.67 33.33 66.67 0 0 

KTL6 Kailhal 10.00 10.00 100.00 0 100 0 0 

HSRI I-lisar 10.00 12.00 120.00 0 80 20 0 

I-ISR2 liisnr 10.00 12.00 120.00 0 80 20 0 

HSR3 Hisar 10.00 11.00 110.00 0 90 10 0 

HSR4 Hisar 10.00 10.00 10000 0 100 0 0 

I-ISR5 Hisar 10.00 10.00 100.00 0 100 0 0 

IISR6 I-lisar 10.00 11.00 110.00 0 90 10 0 

HSR7 Hisar 10.00 10.00 100.00 0 100 0 0 

BNRI Bikancr 10.00 11.00 11000 0 90 10 0 

BNR2 Bikuncr 10.00 13.00 130.00 0 70 30 0 

I3NR3 Bikancr 11.00 14.00 127.27 a 72.73 27.27 0 

BNR4 Bikancr 10.00 11.00 110.00 0 90 10 0 

BNR5 Bikaner 11.00 16.00 145.45 9.09 36.36 54.54 0 

NMN4 Punc 10.00 10.00 100.00 a 100 0 0 

.. TGN3 Pune 10.00 10.00 100.00 0 100 0 0 

TER2 Pune 10.00 12.00 120.00 10 70 10 10 

NGNI Pune 11.00 11.00 100.00 0 100 0 0 

KLKI Pune 10.00 10.00 100.00 20 60 20 0 

KLK2 Kalka 10.00 10.00 100.00 0 100 0 0 

KLK3 Kalka 10.00 10.00 100.00 20 60 20 0 

KLK4 Kalka 10.00 9.00 90.00 20 70 10 0 

KLK5 Kalka 11.00 11.00 100.00 0 100 0 0 

I\lt:an 12.28 12.59 103.46 6.92 83.01 9.76 0.31 

Hauge 70.59-145.45 0-33.33 56.25- 0-54.54 0-10 
100.00 

S.D. 17.10 10.73 16.78 12.84 1.77 

C.V. 33.49 155.11 20.22 131.60 565.69 

*contains one shrivelled seed per endocarp 
X2 = 141.263**, N = 393, d.f. = 62, P<O.O I (when 0, I, and 2 seed(s) per endocarps are considered) 
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found in tree H102 of Kalka provenance. Highest coefficient of variation ( 39.53) for this 

character was observed in tree H082 of Kaithal provenance, while tree T31 of Alwar 

provenance exhibited a lowest value of2.20. 

Data regarding percentage of trilocular endocarps containing 0-3 endoc;lrp in different trees 

of some provenance collections of Neem was analysed (Table 4.3.1.2.). Proportion (of 

endocarps showing 0 seed varied from 0 to 33.33 per cent. Proportion of endocarps showing 

one seed varied from 56.25 to 100 per cent. Only one genotype (TER2 from Pune provenance) 

showed three seeds in one endocarp. 

Provenance variation with respect to percentage of endocarps containing 0-3 seeds in 

different provenance collections of neem varied considerably (Table 4.3.1.3). Proportion of 

endocarps showing 0 seed varied from 0 to 32.09 per cent highest being in Kaithal provenance. 

The differences in the mean values were significant in 60 per cent of the paired wise 

comparisons of means. Proportion of endocarps showing one seed varied from 77.43 to 95.83 

p~r cent highest being in Kaithal provenance. Proportion of endocarps showing two seeds 

varied from 2.08 to 15.67 per cent. Proportion of endocarps showing three seeds varied from 0 

to 2.08 per cent. 

Between provenance variation was found for total number of seeds as percentage of 

endocarps, which ranged from 77.81 to 119.32 per cent. Highest value for this characteristic 

was shown by Bikaner provenance and lowest by Kaithal provenance. The differences in the 

mean values were significant in 60 per cent of the paired wise comparisons of means. 

4.3.2. Association of endocarp morphological characteristics 

Association of endocarp morphological characteristics was studied using simple 

correlation. Table 4.3.2.1. contains the result of correlation when all the 43 trees were 

taken ~together. Endocarp length was positively and significantly associated with endocarp 

breadth, endocarp weight, endocarp coat weight, number of seeds endocarp-J, seed weight 

endocarp weight" (' and endocarp length: endocarp breadth. 

Endocarp breadth was positively and significantly associated with endocarp length, 

endocarp weight, endocarp coat weight, number of seeds endocarp·J, and seed weight : 

endocarp weight; and negatively and significantly associated with endocarp length : endocarp 

breadth. EndoGarp weight was positively and significantly associated with endocarp length, 

endocarp breadth, endocarp coat weight, number of seeds endocarp-I, and seed weight : 

endocarp weight. 

Endocarp coat weight was positively and significantly associated with endocarp length, 

endocarp breadth, endocarp weight, number of seeds endocarp-J and seed weight: endocarp 

weight. Number of seed endocarp-J was positively and significantly associated with endocarp 

length, endocarp breadth, endocarp weight, and endocarp coat weight. Seed weight: endocarp 
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weight was positively and significantly associated with endocarp length, endocarp breadth, 

endocarp weight, and endocarp coat weight. Enciocarp length: endocarp bn:!adth was positively 

and significantly associated with endocarp length; and negatively and significantly associated 

with endocarp breadth. 

Individual trees showed considerable variation with respect to. association of 

endocarp morphological characteristics (Table 4.3.2.2. to Table 4.3.2.44.). Endocarp 

length was significantly and positively associated with endocarp breadth in nine trees 

while it was negatively and non-significantly associated with endocarp breadth in 

seven trees. In the rest of trees these two traits were positively and non-significantly 

associated. 

Endocarp length was significantly and positively associated with endocarp weight 

in eight trees while it was negatively and non-significantly associated with endocarp 

weight in three trees. In the rest of trees these two traits were positively and non­

significantly associated. Endocarp length was significantly and positively associated 

with seed weight in six trees while it was negatively and non-significantly associated 

with seed weight in three trees. In the rest of trees these two traits were positively and 

non-significantly associated. 

Endocarp length was significantly and positively associated with endocarp coat 

weight in 13 trees while it was negatively and non-significantly associated with seed 

weight in three trees. In the rest of trees these two traits were positively and non­

significantly associated. Endocarp length was significantly and positively associated 

with and number of seeds endocarp"l in two trees while it was negatively and non­

significantly associated with and number of seeds endocarp"l in one tree. These two 

traits were positively and non-significantly associated in seven trees. In the rest of 

trees these there was no association between the two traits. 

Endocarp length was significantly and negatively associated with seed weight : 

endocarp weight in three trees while it was negatively and non-significantly associated 

with seed weight: endocarp weight in 23 trees. In the rest of trees these two traits 

were positively and non-significantly associated. Endocarp length was significantly 

and negatively associated with endocarp length: endocarp breadth in one tree while 

these traits were positively and significantly associated in four trees. In the six trees 

these two traits were negatively and non-significantly associated. In the rest of trees 

these two traits were positively and non-significantly associated. 

Endocarp breadth was significantly and positively associated with endocarp weight 

in 20 trees while it was negatively and non-significantly associated with endocarp 

weight in two trees. In the rest of trees these two traits were positively and non­

significantly associated. Endocarp breadth was significantly and positively assoc"iated 

122 
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with seed weight in 13 trees while it was negatively and non-significantly associated 

with seed weight in five trees. In the rest of trees these two traits were positively and 

non-significantly associated. 

Endocarp breadth was significantly a,nd positively associated with endocarp coat 

weight in 20 trees while it was negatively and non-significantly associated with seed 

weight in one tree. In the rest of trees these two traits were positively and non­

significantly associated. Endocarp breadth was significantly and positively associated 

with and number of .seeds endocarp-I in eight trees while it was negatively and non­

significantly associated with and number of seeds endocarp-I in two trees. These two 

traits were positively ~nd non-significantly associated in one tree. In the rest of trees 

there was no association between the two traits. Endocarp breadth was significantly 

and positively associated with seed weight : endocarp weight in three trees; 

significantly and negatively associated in one tree while it was n,~gatively and non­

significantly associated in 22 trees. In the rest of trees these two traits were positively 

and non-significantly associated. 

Endocarp breadth was significantly and negatively associated with endocarp length 

: endocarp breadth in one tree while it was positively and significantly associated with 

seed weight : endocarp weight in three trees. In the six trees the:se two traits were 

negatively and non-significantly associated. In the rest of trees these two traits were 

positively and non-significantly associated. Endocarp weight was significantly and 

positively associated with seed weight in 23 trees while it was positively and non­

significantly associated with seed weight in rest of the trees. 

Endocarp weight was significantly and positively associated with endocarp coat 

weight in 26 trees while it was negatively and non-significantly associated with seed 

weight in two tree. In the rest of trees these two traits were positively and non­

significantly associated. Endocarp weight was significantly and positively associated 

with and number of seeds endocarp-I in five trees while it was positively and non-

significantly associated with number of seeds endocarp-I in five trees. 

Endocarp weight was significantly and positively associated with seed weight : 

endocarp weight in five trees; significantly and negatively associated in one tree while 

it was negatively and non-significantly associated in 14 trees. In the rest of trees these 

two traits were positively and non-significantly associated. Endocarp weight was 

significantly and negatively associated with endocarp length : endocarp breadth in 

three trees In 30 trees these two traits were negalively and non-significantly 

associated. In the rest of trees these two traits were positively and non-significantly 

associated. Seed weight was significantly and positively associated with endocarp coat 

weight in 11 trees while it was negatively and non-significantly associated with seed 
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weight in eight trees. In the rest of trees these two traits were positively and nOl1-

significantly associated. 

Seed weight was significantly and positively associated with number of seeds 

endocarp-I in six tree$ while it was positively and non-significantly associated with 

and number of seeds endocarp-I in five trees. In rest of the trees there was no 

association between these two traits. Seed weight was significantly and positively 

associated with seed weight: endocarp weight in 16 trees; significantly and negatively 

associated in one tree while it was negatively and non-significantly associated in five 

trees. In the rest of trees these two traits were positively and non-significantly 

associated. 

Seed weight was significantly and negatively associated with endocarp length : 

endocarp breadth in two trees In 30 trees these two traits were negatively and non­

significantly associated. In the rest of trees these two traits were positively and non­

significantly associated. Endocarp coat weight was significantly and positively 

associated with and number of seeds endocarp-' in five trees while it was positively 

and non-significantly associated with and number of seeds endocarp-I in four trees. In 

rest of the trees there was no association between these two traits. 

Endocarp coat weight was significantly and positively associated with seed weight: 

endocarp weight in 16 trees; significantly and negatively associated in one tree while 
i'l 

it was negatively and non-significantly associated/five trees. In the rest of trees these 

two traits were positively and non-significantly associated. 

Endocarp coat weight was significantly and negatively associated with endocarp 

length : endocarp breadth in two trees. In 27 trees 

these two traits were negatively and non-significantly associated. In the rest of trees 

these two traits were positively and non-significantly associated. 

Number of seeds endocarp-I showed positive and significant association with seed 

weight: endocarp weight in two trees, positive and non-significant association in 

seven trees; negative and non-significant association in two trees. In the rest of trees 

these two traits were not associated at all. 

Number of seeds endocarp-I showed negative and significant association with seed 

iength : endocarp length in one tree, positive and non-significant association in seven 

trees; negative and non-significant association in nine trees. In the rest of trees these 

two traits were not associated at all. Seed weight: endocarp weight was significantly 

and negatively associated with endocarp length : endocarp breadth in one tree In 14 

trees these two traits were positively and non-significantly associated. In the rest of 

trees these two traits were negatively and non-significantly associated. 
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4.3.3. Genetic parameters with respect to endocarp morphological characteristics 

Genetic parameters for the endocarp length were studied in 11 provenances (Table 4.3.3.1.). 

Looking to the range of the character under study, it is grouped under low, medium and high 

category as follows: 

Range pev (%) GeV (%) Heritability(%') Genetic Advance 
(as % of mean) 

Low 0-15 0-15 0-30 0-20 

Medium 16-40 16-40 3 I -50 21-40 

High 41-80 41-80 51-100 41-100 

It was observed that pev was higher than GeV for all the provenances. pev ranged from 

6.14 to 19.9n.Lowest value of pev was observed in provenance 2 (Bikaner) and highest was 

observed for Provenance 8 (Alwar). pev for all the provenances combined was 16.67%. 

Gev ranged from zero to 14.49% .. Lowest value of GeV was observed in provenance 4 

(Bhatinda) and highest was observed for Provenance 8 (Alwar). GeV for all the provenances. 

combined was 15.10%.Heritability values for this character exhibited a wide range (low to high) 

of 14.40 to 82.76'l,.Lowest value of heritability was observed in provenance 4 (Bhat:nda) and 

highest was observed for Provenance 1 (Hisar-I). Heritability for all the provenances. combined 

was 82.0n. Genetic advance (as per cent of mean) values for this character exhibited a wide 

range (low to medium) of 2.44 to 25.53. Lowest value was observed in provenance 4 

(Bhatinda) and highest was observed for Provenance 6 (Kalka). Genetic advance for all the 

provenances combined was 28.18. 

Genetic parameters for the endocarp breadth were studied in 11 provenances. (Table 

4.3.3.2.). It was observed that rev was higher than Gev for all the provenances. pev ranged 

from 5.66 to 19.23't.Lowest value ofPeV was observed in provenance 4 (Bhatinda) and highest 

was observed for Provenance 8 (Alwar). pev for all the provenances combined was 14.99/',. 

GeV ranged from 2.93 to 12.26%. Lowest value of Gev was observed in provenance 4 

(Bhatinda) and highest was observed for Provenance 7 (Delhi). GeV for all the provenances 

combined was 12.52~'. 

Heritability values for this character exhibited a wide range (low to high) of 5.09 to 86.72io. 

Lowest value of heritability was observed in provenance 8 (Alwar) and highest was observed 

for Provenance 1 (Hisar-I). Heritability for all the provenances combined was 69.81 'l,.Genetic 

advance (as per cent of mean) values for this character exhibited a wide range (low to medium) 

of 2.01 to 23.49. Lowest value was observed in provenance 8 (AI war) and highest was 

observed for Provenance 1 (Hisar-I). Genetic advance for all the provenances combined was 

21.55. 
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Table -t.3.3.1. Gcnetic panllnc!ers for endocarp Icngth in differcnt provcnancc collcctions/Awllirllchlll illdicll 

Provcnancc I'CV CCV Ilcritability CA G A as 
%nj!c of MClin 

(Ii} 16.6693 15.1008 82.0667 3.3981 28.1806 
1 11.7903 10.7262 82.7648 2.5449 20.1019 
2 6.1389 3.5355 33.1677 0.5005 4.1944 
3 10.1939 8.1765 64.3355 1.9692 13.5101 
4 8.2402 0.0000 14.3953 0.3090 2.4436 
5 11.3798 10.2010 80.3550 1.7790 18.8372 
6 15.0998 13.6904 82.2040 3.0960 25.5299 
7 11.3411 4.9532 19.0750 0.5054 4.4564 
8 19.9711 14.4907 52.6469 2.2309 21.6592 
9 12.9436 10.1452 61.4343 1.8860 16.3807 
10 13.4239 11.5006 73.3987 2.8233 20.2971 
11 13.7018 12.3049 80.6489 2.6785 22.7637 

@ = all provenances combined 

of 
Tab1c 4.3.3.2. Gcnctic paramctcrs for endocarp brcadth 'in diffcrcnt provcnancc collcclions/Az(/(Iirachla iJl(/ica 

Provcnance I'CV GCV Heritability GA GAas 
%age of Meal! 

(liJ 14.9877 12.5225 , 69.8092 1.3275 21.5533 
1 13.1466 12.2430 86.7247 1.4832 23.4869 
2 6.7732 4.0796 36.2792 0.3282 5.0619 
3 10.7508 6.5772 37.4241 0.5613 8.2891 
4 5.6583 2.9321 26.8529 0.2147 3.1300 
5 13.8164 10.4493 57.1986 0.9169 16.2797 
6 10.4156 6.7376 41.8445 0.6664 8.9782 
7 15.3760 12.2563 63.5375 1.2317 20.1252 
8 19.2315 4.3399 5.0925 0.1086 2.0175 
9 9.0281 5.5370 37.6145 0.3768 6.9955 
10 7.9002 5.3122 45.2144 0.4432 7.3584 
11 10.1633 3.8667 14.4744 0.1675 3.0304 

@ = all provenances combined 

af 
Tab1c 4.3.3.3. Gcnctic parametcrs for cndocarp weight in different provenance collcctions/Azadimchta illdica 

Provenance PCV GCV Heritability GA G A as 
%ag_e of Mean 

(liJ 36.0913 29.865:1 68.4744 0.8951 50.9095 
1 38.9532 36.8593 89.5382 1.4988 71.8487 
2 14.4231 7.8806 29.8536 0.1706 8.8700 
3 25.9785 16.9635 42.6386 0.5718 22.8184 
4 15.1681 0.0000 0.0000 0.0000 0.0000 
5 26.4888 21.7431 67.3804 0.4225 36.7668 
6 32.2513 20.7277 41.3054 0.5788 27.4424 
7 40.2674 19.6330 23.7722 0.3348 19.7192 
8 50.4464 20.1609 15.9720 0.1849 16.5980 
9 28.4561 17.7538 38.9255 0.3024 22.8179 
10 9.8889 3.9159 15.6808 0.0601 3.1943 
11 24.9869 17.7556 50.4947 0.3932 25.9911 

@ = all provenances combined 



Genetic parameters for the endocarp weight were studied in 11 provenances. (Table 

4.3.3.3.). It was observed that pev was higher than GeV for all the provenances. pev was 

low to high, ranging from 9.89 to 5 0.45'1 .. Lowest value of pev was observed in provenance 10 

(Pune) and highest was observed for Provenance 8 (Alwar). pev for all the provenances. 

combined was 36.09%.GeV ranged from zero to 36.861.Lowest value of Gev was observed in 

provenance 4 (Bhatinda) and highest was observed for Provenance 1 (Hisar-I). GeV for all the 

provenances combined was 29.87/.. 

Heritability values for this character exhibited a wide range (low to high) of zero to 89.54X· 

Lowest value of heritability was observed in provenance 4 (Bhatinda) and highest was 

observed for Provenance 1 (Hisar-I). Heritability for all the provenances combined was 68.47l. 

Genetic advance (as per cent of mean) values for this character exhibited a wide range (low to 

medium) of zero to 71.85%.Lowest value was observed in provenance 4 (Bhatinda) and highest 

was observed for Provenance 1 (Hisar-I). Genetic advance for all the provenances combined 

was 50.91. 

Genetic parameters for the endocarp seed were studied in 11 provenances. (Table 4.3.3.4.). 

It was observed that pev was higher than Gev for all the provenances. pev had low to high 

values ranging from 12.39 to 78.09~. Lowest value of pev was observed in provenance 10 

(Pune) and highest was observed for Provenance 8 (Alwar). GeV was found to have low to 

high range,(zero to 43.00). Lowest value of GeV was observed in provenance 7 (Delhi) and 

highest was observed for Provenance 8 (Alwar). 

Heritability values for this character exhibited a wide range (low to high) of zero to 95.46,t. 

Lowest value of heritability was observed in provenance 4 (Bhatinda) and 7 (Delhi) and highest 

was observed for Provenance I (Hisar-I). Genetic advance (as per cent of mean) values for this 

character exhibited a wide range (low to medium) of zero to 103.76. Lowest value was 

observed in pi'ovenance 4 (Bhatinda) and 7 (Delhi) and highest was observed for Provenance 1 

(Hisar-I). 

Genetic parameters for the endocarp coat weight were studied in 11 provenances. (Table 

4.3.3.5.). It was observed that pev was higher than GeV for all the provenances. pev sowed a 

value of low to medium (13.97 to 37.33). Lowest value ofPeV was observed in provenance 10 

(Pune) and highest was observed for Provenance 5 (Jodhpur). pev for all the provenances. 

combined was 32.39%.GeV ranged from zero to 33.22%,Lowest value of GeV was observed in 

provenance 2 (Bikaner). 4 (Bhatinda) and 8 (Alwar) and highest was observed for Provenance 

5 (Jodhpur). Gev for all the provenances combined was 25.70l 

Heritability values for this character exhibited a wide range of low to high (zero to 79.20(0). 

Lowest value of heritability was observed in provenance 2 (Bikaner) 'and 4 (Bhatinda) and 8 

(Alwar) and highest was observed for Provenance 5 (Jodhpur). Heritability for all the 

provenances combined was 62.99t. 
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Table 4.3.3.4. 

I'rovcnance 

(til 

I 
2 
3 
4 
5 
6 
7 
R 
9 
10 
II 

Gcnctic paramctcr's for seed weight in different provenance collections of 
Azadirachla indica 

I'ey Gey Ilcritability GA 

NA NA NA NA 
52.7611 51.5510 95.4655 1.1559 
25.3700 21.5775 72.3368 0.3987 
28.0012 13.0544 21.7350 0.1693 
32.2251 0.0000 0.0000 0.0000 
39.2446 32.5947 68.9817 0.2933 
42.8419 22.1635 26.7633 0.2281 
49.1942 0.0000 0.0000 0.0000 
7R.0947 43.0039 30.3229 0.2198 
41.9407 15.5607 13.7654 0.0692 
12.3859 1.8103 2.1362 0.0054 

NA NA NA NA 

G A as 
%age of Mean 

NA 
103.7594 
37.8049 
12.5373 
0.0000 

55.7676 
23.6197 
0.0000 

48.7821 
11.8930 
0.5451 

NA 
@ - all provenances comblilcd 

Table 4.3.3.5. 

I'r"ovenance 

(til 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 

Genetic par'amctcrs for cndocarp coat weight in different provenance collections cf 
Azadifllchlll indica 

I' ev Gey Heritability GA G A as 
%age of Mean 

32.3888 25.7049 62.9855 0.3744 42.0246 
25.8761 19.1355 54.68870 0.2833 29.15088 
30.4010 0.0000 0.0000 0.0000 0.0000 
26.5651 20.9310 62.0809 0.3927 33.9733 
19.4557 0.0000 0.0000 0.0000 0.0000 
37.3267 33.2184 79.1987 0.3795 60.8983 
27.7315 20.2747 53.4516 0.3492 30.5352 
36.0449 27.8957 59.8947 0.3896 44.4733 
34.0383 0.0000 0.0000 0.0000 0.0000 
27.8519 20.3830 53.5582 0.2290 30.7289 
13.9710 9.5804 47.0227 0.1205 13.5333 
19.9290 12.3044 38.1200 0.1258 15.6497 

@ = all provenances combined 

Table 4.3.3.6. 

Provenance 

(til 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 

Genetic parameters for numbcr of sccds cndocarp"1 in different provenance collections ci 
AlildifliC/tt1l indica 

I'ev GeV Heritability GA G A as 
%age ofMe3n 

24.3881 3.2912 1.8212 0.0970 0.9150 
0.0000 0.0000 0.0000 0.0000 0.0000 

32.2190 16.1095 25.0000 1.8805 16.5928 
32.2557 0.0000 0.0000 0.0000 0.0000 
24.2061 0.0000 0.0000 0.0000 0.0000 
26.1891 0.0000 0.0000 0.0000 0.0000 
19.2308 0.0000 0.0000 0.0000 0.0000 
28.7480 0.0000 0.0000 0.0000 0.0000 
45.5645 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 

@ - all provenances combined 



Genetic advance (as per cent of mean) values for this character exhibited a wide range (low 

to high) of zero to 60.90. Lowest value was observed in provenance 2 (Bikaner), 4 (Bhatinda) 

and 8 (AI war) and highest was observed for Provenance 5 (Jodhpur). Genetic advance for all 

the provenances combined was 42.02. 

Genetic parameters for the number of seeds endocarp-I were studied in 11 provenances. 

(Table 4.3.3.6.). It was observed that pev was higher than GeV for all the provenances. pev 

ranged from low to high (zero to 45.56). Lowest value of pev was observed in provenance 1 

(Hisar-I), 9 (Hisar-II), 10 (Pune) and 11 (Kaithal) and highest was observed for Provenance 8 

(Alwar). pev for all the provenances. combined was 24.39%.All the provenance collections 

showed a value of GeV equal to zero except Provenance 2 (Bikaner) which showed a value of 

16.11. GeV for all the provenances combined was 3.29%-

.... :'.-... 

.; ,> All the provenance collections shoVlTed a value 

equal to zero except Provenance 2 (Bikaner) which showed a value of 25.00%.Heritability for all 

the provenances combined was 1.82%_Genetic advance (as per cent of mean) values for this 

character exhibited a range low to medium. All the provenance collections showed a value of 

equal to zero except Provenance 2 (Bikaner) which showed a value of 16.59. Genetic advance 

for all the provenances. combined was 0.92. 

Genetic parameters for the seed weight : endocarp weight were studied in 11 provenances. 

(Table 4.3.3.7.). It was observed that pev was higher than GCV for all the provenances. pev 

showed a range of low to medium (6.99 to 30.80). Lowest value of pev was observed in 

provenance 3 (Raipur) and highest was observed for Provenance 9 (Hisar-II). pev for all the 

provenances combined was 23.45%. GeV showed a range of low to medium (zero to 25.96). 

Lowest value of GeV was observed in provenance 4 (Bhatinda) and 9 (Hisar-II) and highest 

was observed for Provenance 5 (Jodhpur). (:iCV for all the provenances. combined was 13.26.%. 

Heritability values for this character exhibited a wide range (low to high) of zero to 79.67. 

Lowest value of heritability was observed in provenance 4 (Bhatinda) and 9 (Hisar-II) and 

highest was observed for Provenance 1 (Hisar-I). Heritability for all the provenances combined 

was 31.99/.-Genetic advance (as per cent of mean) values for this character exhibited a wide 

range (low to high) of zero to 45.56. Lowest value was observed in provenance 4 (Bhatinda) 

and 9 (Hisar-II) and highest was observed for Provenance 5 (Jodhpur). Genetic advance for all 

the provenances. combined was 15.45. 

Genetic parameters for the endocarp length : endocarp breadth were studied in 11 

provenances. (Table 4.3.3.8.). It was observed that PCV was higher than GCV for all the 

provenances. PCV showed a range of low to medium (4.36 to 20.93). Lowest value of pev 

was observed in provenance 1 (Hisar-I) and highest was observed for Provenance 6 (Kalka). 

PCV for all the provenances. combined was 16.84'1 •. GCV showed a range of low to medium 
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Ta hll' .t.3.3.7. Gcnctic Ilaramctrrs for sccd wci~ht : cndocarll wci~ht in diffcrcnt provenance 
II . of I' I • I' co l'cllons,Az{lIllr11CIIIIIIIIIIICII 

Provcnanl'l' I'ev (; C'V lIeritahility GA 

(ill 23.4512 13.2632 JI.9X65 0.7339 

I 17.1NX7 15.9759 79.6684 1.5269 

2 20.6869 11.5898 31.3878 0.7345 

3 6.9937 1.9059 7.4265 0.0576 
4 28.6333 00000 0.0000 0.0000 

5 30.4 748 25.9612 72.5716 2.0850 

6 27.5633 5.7474 4.3480 0.1080 

7 15.5213 4.9688 10.2483 0.1563 

8 26.2282 18.6655 50.6456 1.0320 
9 30.8031 0.0000 00000 0.0000 
10 9.0346 4.3290 22.9595 0.2220 
II 10.9428 4.6463 18.0284 0.1886 

@ = all provenances combillcd 

Table 4.3.3.8. Genctic par'allleters f()~ clHJocarp length: cnducarp brcadth (8) in different 
pmvcnancc collcctions,AZ/II/irachlll illdiclI 

Provcna nce PCV GCV Heritability GA 

(iii. 16.8384 15.1614 81.0732 5.5652 
I 4.3550 0.0000 0.0000 0.0000 
2' 6.1250 2.7542 20.2201 0.4714 
J 12.2106 9.9495 663943 3.6182 
4 7.9291 0.0000 0.0000 0.0000 
5 13.8542 11.4518 68.3262 3.3014 
6 20.9287 19.4191 86.0944 6.1302 
7 9.0208 4.9972 30.6872 1.0648 
8 13.8847 11.6483 703807 3.8695 
9 123047 9.0532 54.1326 2.9422 
10 19.4564 17.8675 843344 7.8847 
II 15.0978 12.6596 70.3084 4.6760 

@ - all provenances combliled 

GA as 
%llgC of Mcan 

15.4526 
29.3749 
13.3759 
1.0699 
0.0000 

45.5591 
2.4688 
3.2768 

27.3638 
0.0000 
4.2730 
4.0640 

G A as 
%agc of Mean 

28.1219 
0.0000 
2.5513 
16.7007 
0.0000 
19.5001 
37.1179 
5.7026 

20.1306 
13.7214 
33.8014 
21.8670 



(zero to 19.42). Lowest value of GCV was observed In provenam:es 1 (Hisar-I) and 4 

(Bhatinda) and highest was observed for Provenance 6 (Kalka). GCV for all the provenances 

combined was 15.16%. 

Heritability values for this character exhibited a wide range (low to high) of zero to 86.0~, 

Lowest value of heritability was observed in provenance 1 (Hisar-I), and 4 (Bhatinda) and 

highest was observed for Provenance 6 (Kalka). Heritability for all the provenances combined 

was 81.07%. Genetic advance (as per cent of mean) values for this character exhibited a wide 

range (low to medium) of zero to 37.12. Lowest value was observed in provenance 1 (Hisar-I), 

and 4 (Bhatinda) and highest was observed for Provenance 6 (Kalka). Genetic advance for all 

the provenances combined was 28.12. 

4.3.4. Genotypic and phenotypic correlations for ,endocarp morphological 

characteristics 

Genotypic and phenotypic correlations for endocarp length are presented in Table 4.3.4.1. 

for 11 provenances. When all the provenances. were pooled, the genotypic association of 

endocarp breadth, endocarp weight, endocarp coat weight, number of seeds endocarp'!, seed 

weight : endocarp weight and endocarp length : endocarp breath with endocarp length was 

found to be positive and significant. The values of genotypic correlations were higher than 

phenotypic correlations for endocarp weight, endocarp coat weight, seed weight : endocarp 

weight and endocarp length: endocarp breadth. Genotypic correlation of endocarp breadth with 

endocarp length was positive and significant in provenance 2 (Bikaner), 5 (Jodhpur), 7 (Delhi), 

--8--EAl-wal:}, and 9 (Hisar-II) while it was negative and significant in provenance 6 (Kalka) and 

10 (Pune), 

Genotypic correlation of endocarp weight with endocarp length was positive and significant 

in provenance 1 (Hisar I), 2 (Bikaner); 3 (Raipur), 5 (Jodhpur), 6 (Kalka), ':/ (Delhi), g (Ahvar), 

9 (Hisar-II), 10 (Pune), and 11 (Kaithal). Genotypic correlation of seed weight with endocarp 

length was positive and significant in provenance 1 (Hisar I), 2 (Bikaner), 3 (Raipur),-4-

EBhatinda), 6 (Kalka), g (Alwar); 9 (Hisar-II), and 10 (Pune), Genotypic correlation of 

endocarp coat weight with endocarp length was positive and significant in provenance 1 (Hisar 

1),3 (Raipur), :5 (Jodhpur), 6 (Kalka), 7 (Delhi), 9 (Hisar-II), 10 (Pune), and 11 (Kaithal), while 

it was negative. and £ignificant in provenance 4 (Bhatinda). 

Genotypic correlation of number of seeds endocarp'! with endocarp l€mgth ... vas positive an~ 

significant in Provenance 2 (Bikaner). Genotypic correlation of seed weight: endocarp weight 

with endocarp length was positive and significant in provenance 1 (Hisar I), 2 (Bikaner), g 

(Alwar) and ·11 (Kaithal), while it was negative and significant in provenance 3 (Raipur), 5 

(Jodhpur), 7 EDelhi), and 10 (Pune). Genotypic correlation of endocarp length: endocarp 

breadth with endocarp length was positive and significant in provenance 3 (Raipur), 5 
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(Jodhpur), 6 (Kalka), g (Alwar), 9 (Hisar-II), 10 (Pune), and 11 (Kaithal), 'Nhile it was negative 

and ~ignificant in provenance 4 (Bhatinda) and 7 (Delhi). 

Genotypic and phenotypic correlations for endocarp breadth are presented in Table 4.3.4.2. 

for 11 provenances. When all the provenances. were pooled, the gene typic association of 

endocarp length, endocarp weight, endocarp coat weight, number of seeds endocarp"I , and seed 

weight: endocarp weight with endocarp breadth was found to be positive and significant while 

endocarp length: endocarp breadth was found to be negatively and significantly associated 

with endocarp breadth. The values of genotypic correlations were higher than phenotypic 

correlations for endocarp weight, endocarp coat weight, seed weight : endocarp weight and 

endocarp length: endocarp breadth. 

Genotypic correhltion of endocarp length with endocarp breadth was positive and significant 

in provenance 1 (Hisar 1),2 (Bikaner), 5 (Jodhpur), 7 (Delhi), g (Alwar), and 9 (Hisar-II) while 

it was negative and significant in provenance 6 (Kalka) and 10 (Pune). Genotypic correlation of 

endocarp weight with endocarp breadth was positive and significant in provenance 1 (Hisar-I), 

3 (Raipur), 5 (Jodhpur), 7 (Delhi), 8 (Alwar), 9 (Hisar-II), and 11 (Kaithal), while it was 

negative and significant in provenance 10 (Pune). 

Genotypic correlation of seed weight with endocarp breadth was positive and significant in 

provenance 1 (Hisar I), 3 (Raipur), g (l\hvar), 9 (Hisar-II) and 10 (Pune). Genotypic correlation 

of endocarp coat weight with endocarp breadth was positive and significant in provenance + 
(Hisa)" I), 3 (Raipur), 5 (Jodhpur), 7 (Delhi), 9 (Hisar-II), and 11 (Kaithal), while it was 

negative and significant in provenance 10 (Pune). 

Genotypic correlation of number of seeds endocarp"I with endocarp breadth Vias positive 

and significant in Provenance 2 (Bikaner). Genotypic correlation of seed weight : endocarp 

weight with endocarp breadth was positive and significant in provenance 1 (Hisar I), 6 (Kalka), 

8 (Alwar}, 10 (Pune), and 11 (Kaithal), while it was negative and significant in provenance 3 

(Raipur), 5 (Jodhpur), and 7 (Delhi)., Genotypic correlation of seed weight: endocarp weight 

with endocarp breadth was positive and significant in provenance g (Alwar) while it was 

negative and significant in provenance 3 (Raipur), 5 (Jodhpur), 6 (Kalka), 7 (Delhi), and 10 

(Pune). 

Genotypic and phenotypic correlations for endocarp weight are presented in Table 4.3.4.3. 

for 11 provenances. When all the Provenances. were pooled, the genotypic association of 

endocarp length, endocarp breadth, endocarp coat weight, number of seeds endocarp"l, seed 

weight : endocarp weight and endocarp length : endocarp breadth with endocarp weight was 

found to be positive and significant. The values of genotypic correlations were generally higher 

than phenotypic correlations. Genotypic correlation of endocarp length with endocarp weight 

was positive and significant in provenance 1 (llisar I), 2 (Bikaner), 3 (Raipur), 5 (Jodhpur), 6 

(Kalka), 7 (Delhi), 8 (Ahvar), 9 (Hisar-II), 10 (Pune), and 11 (Kaithal). 
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Genotypic correlation of endocarp breadth with endocarp weight was posItlVe and 

significant in provenance 1 (Hisar I), 3 (Raipur), 5 (Jodhpur), 7 (Delhi), 8 (Alv/ar), 9 (Hisar-II), 

ad 11 (Kaithal), while it was negative and significant in provenance 10 (Pune). Genotypic 

correlation of seed weight with endocarp weight was positive and significant in provenance +­
(Hi~ar-I), 2 (Bikaner), 3 (Raipur), 5 (Jodhpur), 6 (Kalka), 8 (Ahvar), and 9 (Hisar-II) while it 

was negative and significant in provenance 10 (Pune). 

Genotypic correlation of endocarp coat weight with endccarp weight was positive and 

significant in provenance 1 (Hisar I), 3 (Raipur), 5 (Jodhpur), 6 (Kalka), 7 (Delhi), 10 (Pune), 

and 11 (Kaithal), while it was negative and significant in pro'lenance 4 (l3hatinda). Genotypic 

correlation of number of ~eeds endocarp-' with endocarp \veight was positive and significant in 

Provenance 2 (Bikaner). Genotypic correlation of seed weight: endocarp weight with endocarp 

weight was positive and significant in provenance 1 (Hisar I), 2 (Bikaner) and 6 (Kalka),-8-

(Ahvar)., and 11 (Kaithal), while it was negative and significant in provenance 3 (Raipur)-aM-+ 

(Delhi). 

Genotypic correlation of endocarp length : endocarp breadth with endocarp weight was 

positive and significant in provenance 2 (Bik&ner), 6 (Kalka), 8 (Ahvar), 9 (Hisar-II) and 10 

(Pune), ,,,,hile it was negative and significant in provenance 4 (Bhatinda) and 7 (Delhi). 

Genotypic and phenotypic co-efficients of variation for seed weight are presented in Table 

4.3.4.4. for 11 Provenance. Genotypic correlation of endocarp length with seed weight was 

positive and significant in provenance 1 (Hisar I), 2 (Bikaner), 3 (Raipur), 4 (Bhatinda), 6 

(Kalka), 8 (A1'.var), and 9 (Hisar-II) while it was negative and significant in provenance 10 

(Pune). Genotypic correlation of endocarp breadth with seed weight was positive and 

significant in provenance 1 (llisar I), 3 (Raipur), 8 (Ahv8r), 9 (Hisar-II) and 10 (Pune). 

Genotypic correlation of endocarp weight with seed weight was positive and significant in 

provenance 1 (Hisar I), 2 (Bikaner), 3 (Raipur), 5 (Jodhpur), 6 (Kalka), .g (Ahvar), and 9 

(Hisar-II) while it was negative and significant in provenance 10 (Pune). Genotypic correlation 

of endocarp coat weight with seed weight was positive and significant in provenance 1 (Hisar 

-It, 3 (Raipur), 4 (Bhatinda), 6 (Kalka), and 9 (Hisar-II) while it was negative and significant in 

provenance 10 (Pune). GelJotypic correlation of number of seeds €mdocarp-' \Nith seed 'Neight 

was positive and significant in Provenance 2 (Bikaner). 

Genotypic correlation of seed weight: endocarp weight with seed weight was positive and 

significant in provenance 1- (Hism' I), 2 (Bikaner), 5 (Jodhpur), 6 (Kalka), 8 (i\lvlar) and 10 

(Pune), while it was negative and significant in provenance 3 (Bikaner) and 4 (Bhatinda). 

Genotypic correlation of endocarp length: endocarp breadth with seed weight was negative and 

significant in provenance 10 (Pune). 
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Genotypic and phenotypic correlation for endocarp coat weight for 11 provenances are 

presented in Table 4.3.4.5. When all the provenances were pooled, the genotypic association of 

endocarp length, endocarp breadth, endocarp weight seed weight : endocarp weight and 

endocarp length : endocarp breadth with endocarp coat weight was found to be positive and 

significant, while number of seeds endocarp-I was negatively and significantly associated with 

the endocarp coat weight. The values of genotypic correlations were generally higher than 

phenotypic correlations. 

Genotypic correlation of endocarp length with endocarp coat weight was posItIve and 

significant in provenance 1 q-lisar I), 3 (Raipur), 5 (Jodhpur), 6 (Kalka), 7 (Delhi), 9 (Hisar-II), 

10 (Pune), and 11 (Kaithal), while it "vas n~gative and significant in prov~n<ince 4 (Bhatinda). 

Genotypic correlation of endocarp breadth with endocarp coat weight was positive and 

significant in provenance 1 (Hisar I), 3 (Raipur), 5 (Jodhpur), 7 (D@lhi), 9 (Hisar-II) and 11 

(Kaithal), while it was negative and significant in provenance 10 (Pune). 

Genotypic correlation of endocarp weight with endocarp coat weight was positive and 

significant in provenance 1 (Hisar I), 3 (Raipur), 5 (Jodhpur), 6 (Kalka), 7 (Delhi), 9 (l-Iisar-II), 

and 1 0 (Pune), while it ';,ras negative and significant in provenance 4 (Bhatinda). Genotypic 

correlation of seed weight with endocarp coat weight was positive and significant in 

provenance + (Hisar I}, 3 (Raipur), 4 (Bhatinda), 6 (Kalka) and 9 (Hisar-II) while it was 

negative and significant in provenance 10 (Pune), . 

Genotypic correlation of seed weight: endocarp weight with endocarp coat weight was 

positive and significant in provenance 1 (Hisar I), 4 (Bhatinda), 6 (Kalka), and 11 (Kaithal), 

while it was negative and significant in provenance 3 (Raipur), 5 (Jodhpur), 7 (Delhi), and 10 

(Pune). Genotypic correlation of endocarp length: endocarp breadth with endocarp .coat weight 

was positive and significant in provenance 6 (Kalka), 9 (Hisar-II), 10 (Pune), and 11 (Kaithal), 

while it "vas negative and significant in provenance 4 (Bhatinda) and 7 (Delhi). 

Genotypic and phenotypic correlations for number of seeds endocarp-' are presented in 

Table 4.3.4.6. for 11 sites. When all the sites were pooled, the genotypic association of 

endocarp length, endocarp breadth, endocarp weight and seed weight : endocarp weight with 

number of seeds endocarp·l was found to be positive and significant, while endocarp coat 

weight was negatively and significantly associated with the number of seeds endocarp-l. The 

values of genotypic correla~ions were generally less than phenotypic correlations. 

~a()typic GOlTelation of endocarp length '.'<'ith number of seeds endocarp-l was positive and 

.g~g-ffifiGant in site 2 (Bikaner). Genotypic correlation of endocarp breadth with number of seeds· 

~positive and significant in site 8 (Ahvar) '.vhile it was negative and significant in 

-s-ite 2 (Bilcaner). Genotypic correlation of endocarp weight with number of seeds endoearp-' 

-'"vas positive and significant in site 2 (Bikaner). Genotypic correlation cif seed \Neight with 

1, I 



... 
,:: 

'Ct>1l .. .-.. .. 
00:1: 

'" .. ,:: '" ... ... ~~ 
<:> = 'C ... 
1:-

fool 

* .. 

O'I("f')--OOO 
"'''to\0\0", __ -.e:t\/"\o\O 

OOM-ON 

cj°<=icf°c! 

.. .. 
vv 
\J:) V'> 
v r­_ '" 
-:cf 

0000000000 
0000000000 
0000000000 
oooo~~~~oo ----------

M'¢O-O-Oo\OOOO 
O\O\O-CO\O\OOOOO 
o\_OQOOtnO ...... OOC>O 
-('10-000"'0000 
""';00000000000 

« z 

.. 

.. 
* 00 _ 

<:j <r\ 
r- r­
on ('1 

-;~ 

.. 

\0'0 
\0'0 

"'-00 r-

99 

* v~O\O\ 
('1'<ton\o 
'<t'<t'<t0\ 
-('1")\0\0 

NOoo 
I 

.. 

.. 
* 
'" <r\ or-
'<t"t 
0('1 
""':0 

.. 
* 00 
'0'0 

"'­('100 
""';0 

.. 

0«> 
000 
Ov 
0-
00 

I 

.. .. 
0('1 "to 
0"'('1-
oO'>v'" o t"'- _ \0 

oONo 

.. .. 

4-< 
o 

«> 00 
('1 <r\ 
00 00 
«> -

.. 
-,.-, 
v'O 
-0-
('10 

.. 
r--O\\J:)OO'> 
v,.....t"")fi")O('t") 
-r"'I oc:tN 000 
"'I:!t("f"'j('NOM 

- \J:) -IJ 
~:;: II> 

00 

.. .. 
'" ('1 
'" v ('1 00 
'<t-
OO 

-:~ 

.. 
* 0'0 
r- <'1 
O\v 
('1-

-;cf 

c?9-: cioo 

oo-,O\\J:) 00-, 
OO~-\OO\O 
VlC>::lO"or---OV 
'<t«>('1000 

9~o9°9 

('1V> 

"";0 ~ 

.. 
* 
00 '" 00 '<t 
'<to\ 
-'<t 
-:0 

~ 
u 

'" 4-< 

'" ~ 
0> 

'" U1 
I I i< 

rl 
<J) 
:> 
(l) 

rl 

o'{> 

rl 

-IJ 
~------+---~--~--~--~---+--~ ~ 

.. ... 
I: 

'" I: .. ... 
<:> .. 

p.. i< 

L-____ --~----~--~--~----~--~--~i< 

'" .. .. .. ... 
= 
:: 
'C 
01 .. .. 

,.Q 

Co .. 
01 .. 
o 
'C 
I: 

fool 

000000000000 
000000000000 
000000000000 
oooooo~~~~~o ------------
_lOlOO\O\('f') ....... _ 
'<1"0 '0'<1" M'<I" 0\0\ 
OOOt'----_-.::t'l/") 
OO-OOO('f')-

o9<?oc:;i oo 9 

.. .. 
v'<t 
'O<r\ 
'<1"1"­
-<r\ 
~o 

I I 

"'\00('1000'<1"0000 
0'0000000.,.,0000 
_OONOMOMOOOO 
0_000('10('10000 

cfcf°cf°ocicf°ooo 

-0 
00('1 
<r\ r­
-0 

\0 on 
Ov> 
'<t­
o-

.. .. .. .. 
ooM --00\ 
r-v 

MM 
O'>r-
00 
0'>'0 

00 0 9 00 00 <J) 

<C 
Z 

r-OO\ON 
-t"'--C"l0'\ 
t-O\£-O 
000-
dcjc;c; 

V)O\NM 
tfioo<:)\­
ooMO\o 
<'1000 
0000 

I I 

.. .. 
<'1 0-
'<1"0 
.... r-
0('1 
NO 

I I 

u 
a 
~ 
u 
.-l 

4-< 
.-l 
a 
0> 
.-l 

~-------r---~--~--~--l----~~~ 

'" .. .. .. .. 4-< 
o 

01... \0('1 ooM ('1\0 \0('1 00'0 1"-0 

~~ ~~~~~~~S~~~~~ ~_ -oo ___ V>('1V('1V>('1~ 

~~ 000999oooooo<J) 
~ ______ +-__ 4-__ 4-__ ~ __ -,. __ -+ __ ~rl 

****** ****** oo\O~oo""l:tv) 
l"'""--O\~oo-o 
O\N'OOCl-..::tt'f'j 
M"d"tAV)V'J\O 

cf9c;c?9cf 

.. .. .. .. 
-VlOt"-­
V1 ('f') r- V') 

'<1"1"-'<1"00 
00\00('1 
0000 

• , I 4 

.. .. 
0\0 

If) 

00 0- -IJ 
~;g ((j 
000 
""';0 -IJ 

I I a 
~----lf----lf----lf----lf---'i---I----l ~ 

i '" .. 
****** N{'f')~-OV') 
f""'),Nt-OOOO 
0\<'10oo0v 
\O\Or-~lI')"I:f' 

000000 

* * '* ... * 44 
~~~~~oo H 
",VV>OO\OO ~ 
l""'-O'>V')V)-N tn 
O'>oooor-oo-, '" 
0000""';0 U1 

-IJ 
~-----I---+---+--~--~--4-~~ 

.. .. 
I: 

'" I: .. .. 
c:> .. 

p.. i< 
L-______ ~ __ J_ __ ~ __ -L __ ~ __ ~ __ _Ji< 



o{.lldmber of ~eed~ endocarp-I was posItIve and significant in site :2 (Bikaner). Genotypie 

correlation of seed weight: endoGarp ',~'eight with number of seeds endocarp-l was positive and 

06ignificant in site :2 (Bikaner). Genotypic correlation of endoc~rp length : endocarp breadth 

with number of seeds endocarp-' Vias positive and significant in site 2 (Bikener). 

Genotypic and phenotypic correlations for seed weight : endocarp wei ght are presented in 

Table 4.3.4.7. for ,11 provenances. When all the provenances were pooled, the genotypic 

association of endocarp length, endocarp breadth, endocarp weight, endocarp coat weight and 

number of seeds endocarp-I with seed weight: endocarp weight was found to be positive and 

significant. 

Genotypic correlation of endocarp length with seed weight : endocarp weight was positive 

and significant in provenance 2 (Bikaner), 4 (Bhatinda), g (Alwar), and· 11 (Kaithal), while it 

was negative and significant in provenance 3 (Raipur), 5 (Jodhpur), 7 (Delhi) and 10 (Pune). 

Genotypic correlation of endocarp breadth with seed weight: endocarp weight was positive and 

significant in provenance 1 (Hisar I), 6 (Kalka), g (Ahvar), 10 (Pune), and 11 (Kaithal), while it 

was negative and significant in provenance 3 (Raipur), 5 (Jodhpur), and 7 (Delhi). 

Genotypic correlation of endocarp weight with seed weight: endocarp weight was positive 

and significant in provenance 1 (Hisar I), 2 (Bilmner), 6 (Kalka), g (i\lwar), and 11 (Kaithal), 

while it was negative and significant in provenance 3 (Raipur), 7 (Delhi), and 10 (Pune). 

Genotypic correlation of seed weight with seed weight : endocarp weight was positive and 

significant in provenance 1 (Hisar I), 2 (Bikaner), 5 (Jodhpur), 6 (Kalka) and g (AI war) while it 

was negative and significant in provenance 3 (Raipur) and 4 (Bhatinda). Genotypic correlation 

of endocarp coal weight with seed weight : endocarp weight was positive and significant in 

provenance 1 (Hisar I), 4 (Bhatinda}, 6 (Kalka) and 1 i (Kaithal), while it was negative and 

significant in provenance 3 (Raipur), 5 (Jodhpur), 7 (Delhi) and 10 (Pune). Genotypic 

-correlation of number of seeds endocarp-I .vith seed weight: endocarp weight was positive and 

significant in provenance 2 (Bikaner). 

Genotypic correlation of endocarp length : endocarp breadth with seed weight : endocarp 

weight was positive and significant in provenance 2 (Bikaner) and 7 (Delhi) while it was 

negative and significant in provenance 10 (Pune). 

Genotypic and phenotypic correlations for endocarp length: endocarp breadth are presented 

in Table 4.3.4.8. for 11 provenances. When all the provenances were pooled, the genotypic 

association of endocarp length, endocarp weight and endocarp coat weight with endocarp 

length : endocarp breadth was found to be positive and significant, while endocarp breath was 

negatively and significantly associated with the endocarp length: endocarp breadth. Genotypic 

correlation of endocarp length with endocarp length : endocarp breadth was positive and 

significant in provenance 3 (Raipur), 5 (Jodhpur), 6 (Kalka), 8 (Ahvar), 9 (Hisar-II), 10 (Pune), 

and 11 (Kaithal), while it was negative and significant in provenance 4 (Bbatinda) 
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Genotypic correlation of endocarp breadth with endocarp length : endocarp breadth was 

po£itille and £ignific.ant in provenance 8 (AI'.!iar) while it was negative and significant in 

provenance 3 (Raipur), 5 (Jodhpur), 6 (Kalka), '+ (Delhi), and 10 (Pune). Genotypic correlation 

of endocarp weight with endocarp length: endocarp breadth was positive and significant in 

provenance 2 (Bikaner), 6 (Kalka), 8 (Ahvar), 9 (Hisar-II), and 10 (Pune), vlhile it V,ras negative 

and significant in provenance 4 (Bhatinda), and 7 (Delhi). 

Genotypic correlation of seed weight with endocarp length: endocarp breadth was positive 

and significant il1 provenance 2 (Bikaner), while it was negative and significant in provenance 

4 (Bhatinda) and 10 (Pune). Genotypic correlation of endocarp coat weight with endocarp 

length: endocarp breadth was positive and significant in provenance 6 (Kalka), 9 (Hisar-II), 1,0 

(Pune), and 11 (Kaithal), \Nhile it was negative and significant in provenance 4 (Bhatinda-)--anG 

;; (Delhi). Genotypic correlation of number of seeds endocarp-J with endocarp length : 

endocarp breadth was positive .and significant in provenance 2 (Bikaner). Gel1otypi~ conel.ati0n 

of seed weight : endocarp weight with endocarp length : endocarp breadth was -pe&iti-V@.-aHG 

significant in provenance 2 (Bikal1oer) and 7 (Delhi) while it was negative and significant in 

provenance 10 (Pune). 

4.3.5. Path analysis with respect to endocarp morphological characteristics 

Path analysis was performed in different provenance collections on the basis of genotypic 

correlations. 

Path analysis (Table 4.3.5.1.), in provenance 3 (Raipur), showed that endocarp length had a 

positive indirect effect (I.8515) on seed weight via endocarp weight and negative indirec 

effect (-1.0355) via endocarp coat weight. But the positive indirect was more than the negatIvlf 

indirect effect resulting into positive (0.8160) correlation with seed weight. Endocarp breadt]! 

had a positive indirect effect (1.8515) on seed weight via endocarp weight and negative indired 

effect (-1.1309) via endocarp coat weight. But the positive indirect effect was more than th 

negative indirect effect resulting into positive (0.8744) correlation with seed weight. 

Endocarp weight had a positive direct effect (2.4122) on seed weight and negative indire<t 

effect (-1.3895) via endocarp coat weight. But the positive direct was more than the negativ 

indirect effect resulting into positive (0.1.0226) correlation with seed weight. Endocarp coj 

weight had a negative direct effect (-1.3730) on seed weight and positive indirect effer 

(2.4413) via endocarp weight. But the positive indirect was more than the negative indire~ 

effect resulting into positive (1.0683) correlation with seed weight. 

Seed weight : endocarp weight had a positive indirect effect (2.1622) on seed weight v 

endocarp weight and negative indirect effect (-4.3046) via endocarp coat weigh~. But tl 

negative indirect was more than the positive indirect effect resulting into negative (-2.142 

correlation with seed weight. Endocarp length: endocarp breadth had a positive indirect effe 



Genotypic correlation of endocarp breadth with endocarp length : endocarp breadth was 

positive and significant in provenance g (Ahvar) while it \1,'as negative and significant in 

provenance 3 (Raipur), 5 (Jodhpur), 6 (Kalka), ;; (Delhi), and 10 (Pune). Genotypic correlation 

of endocarp weight with endocarp length : endocarp breadth was positive and significant in 

provenance 2 (Bikaner), 6 (Kalka), 8 (Alwar), 9 (Hisar-II), and 10 (Pune), while it was negative 

and significant in provenance 4 (Bhatinda), and 7 (Delhi). 

Genotypic correlation of seed weight with endocarp length: endocarp breadth was positive 

and significant in provenance 2 (Bikaner), while it was negative and significant in provenance 

4 (Bhatinda) and 10 (Pune). Genotypic correlation of endocarp coat weight with endocarp 

length: endocarp breadth was positive and significant in provenance 6 (Kalka), 9 (Hisar-II), 10 

(Pune), and 11 (Kaithal), \vhile it 'Nas negative and significant in provenance 4 (Bhatinda)--anG 

::; (Delhi). Genotypic correlation of number of seeds endocarp-I with endocarp length : 

endocarp breadth was positive and significant in provenance 2 (Bikaner). Genotypi~ GClwlation· 

of seed weight: endocarp weight with endocarp length: endocarp breadth was~-d­

significant in provenance :2 (Bikaner) and 7 (Delhi) while it Vias negative and significant in 

provenance 10 (Pune). 

4.3.5. Path analysis with respect to endocarp morphological characteristics 

Path analysis was performed in different provenance collections on the basis of genotypic 

correlations. 

Path analysis (Table 4.3.5.1.), in provenance 3 (Raipur), showed that endocarp length had a 

positive indirect effect (1.8515) on seed weight via endocarp weight and negative indirect 

effect (-1.0355) via endocarp coat weight. But the positive indirect was more than the negative 

indirect effect resulting into positive (0.8160) correlation with seed weight. Endocarp breadth 

had a positive indirect effect (1.8515) on seed weight via endocarp weight and negative indirect 

effect (-1.1309) via endocarp coat weight. But the positive indirect effect was more than the 

negative indirect effect resulting into positive (0.8744) correlation with seed weight. 

Endocarp weight had a positive direct effect (2.4122) on seed weight and negative indirect 

effect (-1.3895) via endocarp coat weight. But the positive direct was more than the negative 

indirect effect resulting into positive (0.1.0226) correlation with seed weight. Endocarp coat 

weight had a negative direct effect (-1.3730) on seed weight and positive indirect effect 

(2.4413) via endocarp weight. But the positive indirect was more than the negative indirect 

effect resulting into positive (1.0683) correlation with seed weight. 

Seed weight : endocarp weight had a positive indirect effect (2.1622) on seed weight via 

endocarp weight and negative indirect effect (-4.3046) via endocarp coat weigh'-. But the 

negative indirect was more than the positive indirect effect resulting into negative (-2.1424) 

correlation with seed weight. Endocarp length: endocarp breadth had a positive indirect effect 

1'"''"' .).) 
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(0.1275) on seed weight via endocarp weight and negative indirect effect (-0.056) via endocarp 

coat weight. But the positive indirect was more than the negative indirect effect resulting into 

positive (0.0717) correlation with seed weight. 

Path analysis (Table 4.3.5.2.), in provenance 5 (Jodhpur), showed that endocarp iength had 

a positive indirect effect (1.1214) on seed weight via endocarp weight and negative indirect 

effect via endocarp coat weight (-0.8912). This resulted into positive (0.2301) correlation with 

seed weight. Endocarp breadth had a positive indirect effect (1.2658) on seed weight via 

endocarp weight and negative indirect effect via endocarp coat weight (-0.9425). This resulted 

into positive (0.3233) correlation with seed weight. Endocarp weight had a positive direct 

effect (1.4574) on seed weight and negative indirect effect via endocarp coat weight (-0.8858). 

This resulted into positive (0.5716) correlation with seed weight. 

Endocarp coat weight had a negative direct effect (-1.2075) on seed weight via endocarp 

coat weight and positive indirect effect via endocarp weight (1.0692). This resulted into 

negative( -0.1383) correlation with seed weight. Seed weight: endocarp weight had a positive 

indirect effect (1.0343) on seed weight via endocarp coat weight and negative indirect effect 

via endocarp weight (-0.3884). This resulted into positive (0.6459) correlation with seed 

weight. Endocarp length : endocarp breath had a positive indirect effect (0.0763) on seed 

weight via endocarp coat weight and negative indirect effect via endocarp weight (-0.1489). 

This resulted into negative (-0.0726) correlation with seed weight. 

Path analysis (Table 4.3.5.3.), when the data from provenance 6 (Kalka) was pooled, 

showed that endocarp length had a positive indirect effect (1.5567) on seed weight via 

endocarp weight and negative indirect effect (-0.9234) via endocarp coat weight. This resulted 

into positive (0.6333) correlation with seed weight. Endocarp breadth had a negative indirect 

effect (-0.Cl183) on seed weight via endocarp weight and positive indirect effect (0.2930) via 

endocarp coat weight. This resulted into positive (0.2747) correlation with seed weight. 

Endocarp weight had a positive direct effect (2.0428) on seed weight and negative indirect 

effect via endocarp coat weight (-1.0640). This resulted into positive (0.9789) correlation with 

seed weight. Endocarp coat weight had a negative direct effect (-1.0834) on seed weight via 

endocarp coat weight and positive indirect effect via endocarp weight (2.0061). This resulted 

into positive (0.9227) correlation with seed weight. Seed weight : endocarp weight had a 

positive indirect effect (2.3830) on seed weight via endocarp weight and negative indirect 

effect via endocarp weight (-1.] 270). This resulted into positive (1.25609) correlation with seed 

weight. Endocarp length: endocarp breath had a negative indirect effect (-0.7862) on seed 

weight via endocarp coat weight and positive indirect effect via endocarp weight (1.1697). This 

resulted into positive (0.3835) correlation with seed weight. 

Path analysis, (Table 4.3.5.4) when the data from provenance 9 (Hisar) was pooled, showed 

that endocarp length had a negative direct effect (-7.3] 52) on seed weight. However, this 
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negative effect was neutralized by positive' indirect effect VIa endocarp breadth (0.4676),' 

endocarp weight (2.6723), endocarp coat weight (1.5187), and endocarp length : endocarp 

breadth (3.2403). But the positive indirect effect was more than the negative direct effect 

resulting into positive (0.5836) correlation with seed weight. 

Endocarp breadt;1 had a positive direct effect (0.9821) on seed weight alongwith indirect 

positive effect via endocarp weight (2.7949), and endocarp coat weight (1.0603). This character 

also had negative indirect effect via endocarp length (-3.4832) and endocarp length: endocarp 

breadth (-0.1780). But the positive direct and indirect effect was more than the negative 

indirect effect resulting into positive (1.1761) correlation with seed weight. Endocarp v/eight 

had a positive direct effect (3.0972) on seed weight alongwith direct positive effect via and 

endocarp breadth (0.8862) endocarp coat weight (1.5245) and endocal:"p length: endocarp . 

breadth (1.7259). This character also had negative indirect effect via endo'::arp length (-6.3116). 

But the positive direct and indirect effect was more than the negative indirect effect resulting 

into positive (0.9221) correlation with seed weight. 

Endocarp coat weight had a positive direct effect (1.5659) on seed weight alongwith indirect 

positive effect of endocarp breadth (0.6649), endocarp weight (3.0152) and endocarp length: . 

endocarp breadth (2.6572). This character also had negative indirect effect via endocarp length; 

(-7.0945). But the positive direct and indirect effect was more than the negative indirect effect i 
resulting into positive (0.9221) correlation with seed weight. Seed weight: endocarp weight I 
had no direct or indirect effect on seed weight. Consequently there was no association of this 

character with seed weight. 

Endocarp length: endocarp breadth had a positive direct effect (3.7864) on seed weight 

alongwith direct positive effect of endocarp weight (1.4117), endocarp coat weight (1.0989), 

This character also had negative indirect effect via endocarp length (-6.2601), and endocarp 

breadth (-0.0462). But the negative indirect effect was less than the positive direct and indirect 

effect resulting into positive correlatior (-0.0092) with seed weight. 

Path analysis (Table 4.3.5.5.), when the data from provenance 10 (Pune) was pooled, 

showed that endocarp length had no direct effect on seed weight. However, there was a positive 

effect (2.3268) via endocarp weight and negative indirect effect via endocarp coat weight (-

4.2511). But the negative indirect effect was more than the positive indirect effect and resulting 

into negative (-1.9243) correlation with seed weight. 

Endocarp breadth had no direct effect on seed weight. However, there was a positive effect 

(4.5867) via endocarp coat weight and negative indirect effect via endocarp weight (-1.9041). 

But the positive indirect effect was more than the negative indirect effect resulting into positive 

(2.5546) correlation with seed weight. Endocarp weight had a positive direct effect (4.1049) on 

seed weight alongwith indirect negative effect via endocarp coat weight (-4.6796). But the 
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positi:ve direct effect was less than the negative indirect effect resulting into negative (-0.5747) 

correlation with seed weight. 

Endocarp coat weight had a negative direct effect (-4.7506) on seed weight alongwith 

indirect positive effect via endocarp weight (4.0435). But the positive indirect effect was less 

than the negative direct effect resulting into negative (-0.7071) correlation with seed weight. 

Seed weight: endocarp weight had a positive indirect effect (3.5749) on seed weight via 

endocarp coat weight alongwith indirect negative effect via endocarp weight (-1.4325) But the 

positive indirect effect was more than the negative indirect effect resulting into positive 

(2.1424) correlation with seed weight. Endocarp length : endocarp breadth had a positive 

indirect effect (2.3055) on seed weight via endocarp weight alongwith indirect negative effect 

via endocarp coat weight (-4.3198). But the positive indirect effect was less than the negative 

indirect effect resulting into negative (-2.0143) correlation with seed weight. 

Path analysis (Table 4.3.5.6.), when the data from provenance 1 (Hisar) was pooled, showed 

that endocarp length had a negative direct effect (-0.6038) on seed weight: endocarp weight 

alongwith negative indirect effect via endocarp breadth (-0.0352), seed weight (-7.2712) and 

endocarp coat weight (-3.3500). However, this negative effect was neutralized by positive 

indirect effect via endocarp weight (12.3252). But the positive indirect eff(~ct was more than the 

negative direct and indirect effect and resulting into positive (1.0816) I;~orrelation with seed 

weight: endocarp weight. 

Endocarp breadth had negative direct effect (-0.0347) on seed weight: endocarp weight 

alongwith negative indirect effect via endocarp length (-0.6128), seed weight (-7.1869) and 

endocarp coat weight (-3.3978). However, this negative effect was n{:utralized by positive 

indirect effect via endocarp weight (I 2.2607). Positive indirect effec', was more than the 

negative direct and indirect effect and resulting into positive (1.0450) correlation with seed 

weight: endocarp weight. Endocarp weight had a positive direct effect (12.2188) on seed 

weight: endocarp weight This character also had negative indirect effect via endocarp length (_ 

0.6091), endocarp breadth (-0.0348), seed weight (-7.1671), endocarp eoat weight (-3.3794). 

But the positive direct effect was more than the negative indirect effect resulting into positive 

(1.0448) correlation with seed weight: endocarp weight. 

Seed weight had a negative direct effect (-7.1406) on seed weight : endocarp weight. This 

character also had negative indirect effect via endocarp length (-0.6149), endocarp breadth (_ 

0.050), and endocarp coat weight (-3.4669). However, this negative effect was neutralized by 

the positive indirect effect via endocarp weight (12.2641). Positive indirect effect was more 

than the negative direct and indirect effect resulting into positive (1.0233) correlation with seed 

weight: endocarp weight. 
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Endocarp coat weight had a negative direct effect (-3.2656) on seed weight : endocarp 

weight alongwith indirect positive effect of endocarp weight (12.6444). This character also had 

negative indirect effect via endocarp length (-0.6194), endocarp breadth (-0.0361), seed weight 

(-7.5807) and endocarp coat (-3.2656). But the positive indirect effect was more than the 

negative direct and indirect effect resulting into positive (0.1597) correlation with seed weight: 

endocarp weight. Endocarp length : endocarp breadth had no direct or indirect effect on seed 

weight: endocarp weight. 

Path analysis (Table 4.3.5.7.), when the data from provenance 3 (Raipur) was pooled, 

showed that endocarp length had a positive direct effect (7.1915) on seed weight: endocarp 

weight alongwith indirect positive effect via endocarp weight (7.1831). This character also had 

indirect negative effect via endocarp breadth (-1.4221), seed weight (-1.3746), endocarp coat 

weight (-6.2922), and endocarp length: endocarp breadth (-6.5782). But the positive direct and 

indirect effect was less than the negative indirect effect and resulting into negative (-1.2970) 

correlation with seed weight: endocarp weight. 

Endocarp breadth had a negative direct effect (-7.2164) on seed weight : endocarp weight 

alongwith indirect positive effect via endocarp length (1.4172), endocarp weight (7.7799) and 

endocarp length: endocarp breadth (-0.5024). , This character also had negative indirect effect 

via seed weight (-1.4730) and endocarp coat weight (-6.8719). But the positive indirect effect 

was less than the negative direct indirect effect resulting into negative (-1.2141) correlation 

with seed weight: endocarp weight. 

Endocarp weight had a positive direct effect (9.3584) on seed weight: endocarp weight 

alongwith direct positive effect of endocarp length (5.5199). This character also had negative 

indirect effect via endocarp breadth (-5.9991), seed weight (-1.7227), endocarp coat weight (-

8.4437), and endocarp If"ngth : endocarp breadth (0.2028). But the positive direct and indirect 

effect was less than the negative indirect effect resulting into negative (-1.7845) correlation 

with seed weight: end0carp weight. Seed weight had a negative direct effect (-1.6846) on seed 

weight : endocarp weight alongwith indirect negative effect of endocarp breadth (-6.3102), 

seed weight (-1.6846), endocarp coat weight (-8.9129), and endocarp length: endocarp breadth 

(-0.6670). This character also had positive indirect effect via endocarp length (5.8683). But the 

positive indirect effect was less than the negative direct and indirect effect resulting into 

negative (-2.1424) correlation with seed weight: endocarp weight. 

Endocarp coat weight had a positive direct effect (-8.3430) on seed weight: endocarp 

weight alongwith indirect negative effect of endocarp breadth (-5.9439), seed weight (-1.7997) 

and endocarp length: endocarp breadth (-0.3776). This character also had positive indirect 

effect via endocarp length (5.4238) and endocarp weight (9.4713). Bul: the positive indirect 

effect was more than the negative direct and indirect effect resulting into negative (-1.5748) 

correlation with seed weight: endocarp weight. 
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Endocarp length: endocarp breadth had a negative direct effect (-9.2990) on seed weight: 

endocarp weight alongwith indirect negative effect of seed weight (-0.1208), endocarp coat 

weight (-0.3388). This character also had positive indirect effect via endocarp length (5.0874), 

and endocarp breadth (4.0004), endocarp weight (0.4946). Positive indirect effect was less than 

the negative direct and indirect effect resulting into negative (-0.1765 correlation with seeel 

weight: endocarp weight. 

Path analysis (Table 4.3.5.8.), when the data from all the provenance 5 (Jodhpur)was 

pooled, showed that endocarp length had a positive direct effect (13.0015) on seed weight: 

endocarp weight alongwith indirect positive effect via seed weight (33.4791), and endocarp 

coat \veight (126.1055). This character also had negative effect via endocarp breadth (-1.7862), 

endocarp weight (166.4418) and endocarp length: endocarp breadth (-4.8255). But the positive 

direct and indirect effect was less than the negative indirect effect and resulting into negative (-

0.4580) correlation with seed weight: endocarp weight. 

Endocarp breadth had a positive direct effect (-3.9552) on seed weight: endocarp weight 

alongwith indirect negative effect via endocarp weight (187.8798), endocarp coat weight 

(0.0689). This character al80 had positive indirect effect via seed weight (47.0403), endocarp 

coat weight (133.3533) and endocarp length: endocarp breadth (5.1434). But the positive 

indirect effect was less than the negative direct indirect effect resulting into negative (-0.4147) 

correlation with seed weight: endocarp weight. 

Endocarp weight had a negative direct effect (-216.3222) on seed weight: endocarp weight 

alongwith indirect negative effect of endocarp breadth (-3.4352). seed weight : endocarp 

weight (0.1655) and endocarp length : endocarp breadth (0.2028). This character also had 

positive indirect effect via endocarp length (10.0035), seed weight (83.1620), endocarp coat 

weight (125.3376) and endocarp length: endocarp breadth (0.9705). But the positive indirect 

effect was less than the negative direct and indirect effect resulting into negative (-0.2665) 

correlation w-ith seed weight: endocarp weight. 

Seed weight had a positive direct effect (145.4907) Oil seed weight: endocarp weight 

alongwith indirect positive effect of endocarp length (2.9918), and endocarp length: endocarp 

breadth (0.6900). This character also had negative indirect effect via endocarp breadth (-

1.2788), enclocarp weight (-123.6490) and endocarp coat weight (-23.62:15). But the positive 

direct and indirect effect was more than the negative indirect effect r:~sulting into positive 

(0.6459) correlation with seed weight: endocarp weight. 

Endocarp coat weight had a positive direct effect (170.8470) on sel~d weight: endocarp 

weight alongwith indirect positive effect of endocarp length (9.5966), '~ndocarp coat weight 

(170.8470),and endocarp length: enciocarp breadth (0.5999). This character also had negative 

indirect effect via endocarp breadth (-3.0872), endocarp weight (-158.6994) and seed weight (_ 
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20.1157). But the positive direct and indirect effect was Jess than the negative indirect effect 

resulting into negative (-0.8566) correlation with seed weight: endocarp weight. 

Endocarp length: endocarp breadth had a negative direct effect (-9.4998) on seed weight: 

·endocarp weight alongwith indirect negative effect of seed weight (-10.7891), and endocarp 

coat weight (-10.7891). This character also had positive indirect effect via endocarp length 

'(6.6042), endocarp breadth (2.1415) and endocarp w~ight (22.0986). But the positive indirect 

effect was less than the negative direct indirect effect resulting into negative (-0.0139) 

correlation with seed weight: endocarp weight. 

Path analysis (Table 4.3.5.9.), when the data from provenance 6 (Kalka) was pooled, 

shovied that endocarp length had a positive direct effect (7.2417) on seed weight: endocarp 

weight alongwith positive indirect effect via endocarp breadth (3.8115), seed weight (4.0413) 

and endocarp coat weight (0.0592). This character also had a negative indirect effect via 

endocarp weight (-2.7506) and endocarp length: endocarp breadth (-12.1134). But the positive 

direct and indirect effect was more than the negative indirect effect and resulting into positive 

(0.2919) correlation with seed weight: endocarp weight. 

Endocarp breadth had a negative direct effect (-5.4011) on seed weight : endocarp weight 

alongwith negative indirect effect of endocarp length (-5.1104), and endocarp coat weight (-

0.0188). This negative effect was neutralized by positive inrlirect effect of endocarp weight 

(0.0324), seed weight (1.7527) and endocarp length: endocarp breadth (10.4908). Positive 

indirect effect was more than the negative indirect effect resulting into positive (1.7439) 

correlation with seed weight: endocarp weight. 

Endocarp weight had a negative direct effect (-3.6096) on seed weight : endocarp weight 

alongwith negative indirect effect of endocarp length : endocarp breadth (-7.1075). This 

negative effect was neutralized by indirect positive effect via endocarp length (5.5183), 

endocarp breadth (0.0484), seed weight (6.2466) and endocarp coat weight (0.0842). Positive 

indirect effect was more than the negative indirect effect resulting into positive (1.1665) 

correlation with seed weight: endocarp weight. 

Seed weight had a positive direct effect (6.3813) on seed weight : endocarp weight 

alongwith indirect positive effect of endocarp length (4.5861), and endocarp coat weight 

(0.0641). This character also had negative indirect effect via endocarp breadth (-1.4835), 

endocarp weight (-3.5334) and endocarp length: endocarp breadth (-4.7604). But the positive 

direct and indirect effect was more than the negative indirect effect resulting into positive 

(1.2560) correlation with seed weight: endocarp weight. 

Endocarp coat weight had a positive direct effect (0.0694) on seed weight: endocarp weight 

alongwith indirect positive effect of endocarp length (6.1721), endocarp breadth (1.4605), seed 

weight (5.8883). This character also had negative indirect effect via endocarp weight (-3.5448) 
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and endocarp length: endocarp breadth (-9.0076). Positive direct and indirect effect was more 

than the negative indirect effect resulting into positive (1.0403) correlation with seed weight: 

endocarp weight. 

Endocarp length: endocarp breadth had a positive direct effect (-12.4134) on seed weight: 

endocarp weight alongwith indirect negative effect of endocarp weight (-2.0667). This 

character also had positive indirect effect via endocarp length (7.0666), and endocarp breadth 

(4.5646), seed weight (2.4472) and endocarp coat weight (0.0504). Positive indirect effect was 

less than the negative direct effect resulting into negative (-0.03491) correlation with seed 

weight: endocarp weight. Path analysis, when the data from provenance 9 (Hisar) was pooled, 

showed that no endocarp character considered had direct or indirect effect on seed weight : 

endocarp weight. 

Path analysis (Table 4.3.5.1 0.), when the data from provenance 10 (Pune) was pooled, 

showed that endocarp length had a negative direct effect (-99.3632) on seed weight: endocarp 

weight alongwith the negative j direct effect via endocarp breadth (-89.5110), and endocarp 

coat weight (178.5961). However, this negative effect was neutralized in part by positive 

indirect effect via endocarp weight (41.4910), seed weight (36.5286), and endocarp length: 

endocarp breadth (178.5961). But the negative direct and indirect effect was more than the 

negative indirect effect resulting into negative (-1.1488) correlation with seed weight : 

endocarp weight. Endocarp breadth had a positive direct effect (60.3032) on seed weight : 

endocarp weight alongwith direct positive effect via endocarp length (113.5134), and endocarp 

coat weight (93.8806). This character also had negative indirect effect via endocarp weight (-

33.9529), seed weight (-48.4926) and endocarp length: endocarp breadth (-184.0391). But the 

positive direct and indirect effect was more than the negative indirect effect resulting into 

positive (1.2121) correlation with seed weight: endocarp weight. 

Endocarp weight had a positive direct effect (73.1970) on seed weight: endocarp weight 

alongwith direct positive effect via seed weight (10.9097), and endocarp length: endocarp 

breadth (98.3711). This character also had negative indirect effect via endocarp length 

(56.3228), endocarp breadth (-27.9719) and endocarp coat weight (-98.5328). But the negative 

indirect effect was more than the positive direct and indirect effect resulting into negative (-

0.3489) correlation with seed weight: endocarp weight. 

Seed Vv·eight had a negative direc~ effect (-18.9825) on seed weight : endocarp weight 

alongwith negative indirect effect of endocarp weight (-42.0682), and endocarp length : 

endocarp breadth (-352.7945). This character also had positive indirect effect via endocarp 

length (191.2078), endocarp breadth (154.050), and endocarp coat weight (70.7300). But the 

positive direct and indirect effect was more than the negative indirect effect re~ulting into 

positive (2.1424) correlation with seed weight: endocarp weight. 



Endocarp coat weight had a positive direct effect (-100.0281) on seed weight: endocarp 

weight alongwith indirect positive effect via endocarp weight (72.1032), seed weight 

(13.422S), and endocarp length: endocarp breadth (159.262S). This character also had negative 

indirect effect via endocarp length (-88.9159), and endocarp breadth (-S6.5971). But the 

negative direct and indirect effect was more than the negative indirect effect resulting into 

negative (-0. 7S2S) correlation with seed weight: endocarp weight. 

Endocarp length: endocarp breadth had a positive direct effect (17S.1469) on seed weight: 

'enclocarp weight alongwith direct positive effect via endocarp weight (41.1112), seed weight 
to: 

(38.2360) and endocarp length: endocarp breadth (17S.1469). This character also had negative 

indirect effect via endocarp length (-101.3200), and endocarp breadth (-63.3647). But the 

positive direct and indirect effect was less than the negative indirect effect resulting into 

negative (-1.1464) correlation with seed weight: endocarp weight. 

4.4. Leaf morphology 
~ 

4.4.1. Variation with respect to leaf morphological characteristics 

Leat' morphological characteristics of some trees of Hisar provenance were studied (Table 

4.4. l. 1.). Leaf length showed a range of 10.0 to 39.0 cm. Highest value for Leaf length (39.0 

cm) was observed in BAC-3 and the same tree exhibited the highest value for mean Leaf length 

(30.S em). Lowest mean Leaf length (16.4 em) was found in BSB-O. Highest coefficient of 

variation (32.10) for this character was observed in HSR -06, while HSR-03 exhibited a lowest 

value of 6.98. Number of Leaflets showed a range of six to 22. Highest value for and number of 

Leaflets (22) was observed in HSR-OS. Highest mean number of Leaflets (18.30) was found in 

HSR-OS. Lowest mean number of Leaflets (9.9) was found in~BSB-O. Highest coefficient of 

variation (37.40) for this character was observed in BOS-O, while HSR-03 exhibited a lowest 

value of 8.40. 

Leaflet length showed a range of 2.3 to 8.5 cm. Highest value for Leaf length (8.S cm) was 

observed in HSR-04 and the same tree exhibited the highest value for mean Leaflet length 

(S.79 cm). Lowest value for this character (2.2 cm) was observed in HSR-OS. Lowest mean 

Leaflet length (3.7S) was found in SHS-O. Highest coefficient of variation for this character 

was observed in HSR-06, while FTR-1 exhibited a lowest value of9.73. 

Number of serrations towards rachis showed a range of 0 to 12. Highest value for· 

number of serrations towards rachis (12) was observed in BAC-3. Lowest value for and number 

of serrations towards rachis (0) was observed in two genotypes namely, HSR-02 and BOS-O. 

BOS-O exhibited the highest value for mean number of serrations towards rachis (6.S0). Lowest 

mean number of serrations towards rachis (0.70) was found in HSR-02. Highest coefficient of 

variation (74.21) for this character was observed in OPN-O, while HSR-03 exhibited a lowest 

value of 16.98. Number of serrations away from rachis showed a range of five to 19~ Highest. 

141 



~ 

5 
o 
'" .s 
'" CJ .--'" .;: 
~ -CJ 
~ 

'"' ~ -= CJ 

o --CJ 
~ 
c.. 
'" ~ 
'"' -= -.-:::: 
..... -.-.-

," 

,-., 

5 
CJ 
'-' 

-= -~ 
= ~ -~ 
'= 
~ 
~ 

~ 

'" -~ 
'= 
~ 
~ -..... 
0 

'"' ~ 
,.Q 

5 
:= 
Z 

,-., 
5 
CJ 
'-' 

-= -~ 
= ~ -..... 
~ 
~ 

~ 

'"' ~ ,.Q 

5 ..; 
CJ := 
<z 

0\ ;> r-: 
U V) 

.-< 

,-., 
0 
0\ 

0 
+1 

= '-' ~O\ 
~ l:-

~ V) 

~ 
.-< 

r---: 
= I 

~ N 

~ 
""" 
.... 

;> V) 

U .... -
,-., 
t-
M .... 

+1 
'-' 

=0 
~O\ 
~ 

~ 
.... .... 

~ """ = .... ~ 
I 

0 
~ .... 

>: 00 
0\ 

U I..Q 

,.-._ 
M 

'<I: .... 
+1 

'-' 
=0\ 
~""" ~ 0 ~ N 

'<I: 
N 

~ N 
0 I 

= V) 

~ 00 
~ .... 

M 
0 

I 

tx: 
en 
::r: 

0>- I:- 0 I..Q 
V) ~ 00 0-: 
0 "" """ 

l:-
N N N .-< 

,-., ,-., ,-., ,-., 

""" 
.-< N V) 

0 0\ V) 0\ 
.-< 0 .-< 0 

+1 +1 +1 +1 
'-' '-' '-' '-' 
V) V) M 0\ 
e I:- .... N 
V) M -0 V) 

I..Q 0 V) ..q-

I..Q or) 00 I..Q 
I I I I 

r-: M M ~ 
M N N M 

I:- I..Q N 
0 .-< M '<I: '<I: ..,f N 00 
00 - - .-< 

,-., ,-., ,.-._ ,.-._ 
o t- t- .... .... 00 .... N .... .... N N 
+1 +1 +1 +1 

'-' '-' '-' '-' 
0 0 V) 0 .... N V) 0 
M M t- N .... .... .... .... 

""" 
I..Q 0 .... .... N V) 

I I I .... 
N N I..Q I .... .... .... 00 

V) 0 
""" 

.... 
0\ I..Q .... 

""" M N .... 00 .... .... .... N 

,-., ,-., ,.-._ 
I..Q 0\ 0 ,-., 
~ V) ~ 00 

00 
M N M or) +1 +1 +1 
'-' '-' '-' +1 
M I..Q M '-' 

0-: V) r-: t-- 0 00 0 
N N N N 

~ 0 ~ 00 

I..Q -0 V) 0\ 
N N M N 

I I I I 

~ 0 V) V) 

t- OO 
""" """ .... .... .... .... 

N ..q- .... 
0 0 0 0 

I I I I 

tx: en tx: tx: 
en ::r: en en 
::r: en ::r: ::r: 

0 <'"\ 00 I:- 0 I:- 0 
~ <'"\ '<I: ~ "! "! ~ M 

I:-N I..Q N M M V) """ ~ .-< N N .-< .-< N N 

,-., ,.-._ ,.-._ ,-., ,-., ,.-._ ,-., 
,-.. """ 

I..Q 0 .-< ..q- I..Q M 
..q- .-< .... I..Q I:- ~ 0\ """ I..Q .-< .... 0 0 .... 0 0 
0 +1 +1 +1 +1 +1 +1 +1 00 
'-' '-' '-' '-' '-' '-' '-' '-' 

""" 00 M I..Q 0\ I..Q V) 0 N 00 

~ M .-< V) N 00 ~ ..q- 00 

V) ..q- or) 
""" 

or) ..q- '<t ..,f 0 

00 0 00 N 0 .... I..Q 0 
or) I..Q I..Q v) -0 r---: or) or) 

I I I I I I I I 

~ 0\ ~ V) 0 t"'! N ~ 
M N M M 

""" 
M N M 

M I:- 0\ 0 0 I..Q 00 I:-
~ M M .... '<I: .... ~ N 
M N or) 00 t- OO I..Q M 
N N -- <'"\ ..... - ..-

,.-._ ,.-._ ,-., ,.-._ ,-., ,-., .... ,-., 0 0\ I..Q 00 V) .... t- 0\ 00 V) 0-: 0\ 
<"'l ,-., M .... M N N .... 

00 +1 N +1 +1 +1 +1 +1 N '-' +1 '-' '-' '-' '-' '-' 
M 
<'"\ 

N 0 '-' 0 0 0 0 0 00 
'-' 0\ '<I: V) 

""" 
..... M t- oo 

0-: M 0 ..,f 00 .... 
V) 0 

""" N 0\ .... .... .... .... ..... .... .... 

0\ 0\ N t-

""" 
.... .... N 00 t- N .... ..... I I .... .... ..... I I 

I 0 M I I I M N 
t- .... .... t- I..Q 0\ .... .... 

00 0 .... 0\ M N .... .... 
M .... M .... N 0\ 00 t-
N N .... N 0 N M r---: 
N M N .... M N N .... 

,-., ,.-._ ,-., ,-., ,-., ,-., 
t- ,.-._ V) M N 

""" """ ,-., N 0 II! M I..Q 0\ .... 
t- V) ..,f 
~ 

V) .... I..Q 

""" """ +1 I..Q +1 +1 +1 +1 +1 
M '-' +1 '-' '-' '-' '-' '-' 0\ 
'-' N '-' N 

""" 
I..Q V) 00 V) 

'<I: """ 
VI t- 0\ - t- <"'l 0\ 

N 0 0 0\ I..Q I..Q 0 0 M 
M ..... .... M .... N N N N 

V) ~ 0 V) V) ~ """ r-: 
""" 

V) ~ V) N I:- ~ 00 
N N M .... M N N N 

I I I I I I I I .... 0 V) 0 0 00 0 V) 

M 0 N 0 M N or) t-.... .... N .... .... ..... .... .... 
,-., 

I..Q V) 
'$. 

0 V) 
0 M N 0 0 0 .... '-' I I I I I I I I 

I=Q tx: U en en Z tx: tx: 0 en en < < 0 p.. en E--< 
I=Q ::r: I=Q I=Q I=Q C!? ::r: ~ u 



I 1 T T 

~ 0 
f-< ..... 0 

;;> 0\ r-.... 01 l() 

c::I U -.0 
f:r; 

l() 

M N 
c::I 

'"' tV 
.Q tV 

E ~ 
:1 ~ 

r- M 

Z 
. I 

(i') 0 

, 
! 

0 0 0 0 0 0 0 

00 .... t- \() l() ..... 0 0 .... \0 

('It- .... 00 \()'<t 0 l() 00 0 0\ 

c;o::t: c: 0; l"'\l() l"'\ <:t r- l() l() 

NO 00 ci 
\O\() l"'\ \() 0\ 0\ r-

.... 01 01 01 ..... ('1 ..... ..... 01 N 01 

r­...... 

_\()t-l"'\r-(i')_r- ...... 
('l'<t'<t~C"'!NN'<t-
0 00 ................... ..,,;..,,;-

1'<t'<tl"'\tI"l'<t'<tr-'<tl() 

...... 
M 0 

.... r- oo if) tI"l .- 0\ .... 00 r- (i') 

I • 
, I I I I I I I I 

N 01 .... ,..... ,.... (i') N 0 N 01 -



Tablc )14.2.1. 

Lca f Icngth 
No. of Icaflcts 
Lea flct Icngth 
No. of serrations 

Association of diffcrcnt morphological charactcristics of Icaf in 
diffcrcnt trecs of Hisar provcnancc (Accession No. of trce HSR-OI) 

No. of leaflets Lcaflct Icngth No. of No. of 
scrrations scrrations 
away frolll towards rachis 
rachis 

"'.89** 0.45 0.30 0.37 
- 0.36 0.19 0.32 
- - 0.31 0.65' 

- - - 0.78** 
away frolll rachis 

slgnlflcant at 1% level of slgnlflcance 
significance 

* slgnlflcant at 5% level of 

Tablc 4.4.2.2. Association of diffcrent morphological characteristics of leaf in 
differcnt trccs of Hisar provcnancc (Acccssion No. of trce BSB-O) 

No. of Icaflcts Lcaflct Icngth No. of No. of 
scrration£ scrra tions 

" away frolll towards rachis 
rachis 

Lcaf Icngth 0.89*' 0.39 -0.14 -0.12 
No. of Icaflets - 0.05 -0.13 -0.05 
Lcaflct Icngth - - -0.48 0.50 
No. of scrrations - - - 0.17 

-,away frolll rachis 
slgnlflcant at 1% level of slgnlflcance * slgnlflcant at 5% level of 

significance 

Tablc 4. 4.2.3. Association of diffcrcnt morphological charactcristics of leaf in 
diffcrcnt trees of Hisar provenance (Accession No. of tree HSR-06) 

No. of Icaflets Lcaflct Icngth No. of No. of 
scrrations serra tions 
away from towards rachis 
rachis 

Lcaf Icngth 0.71- 0.83'- o.n- 0.69* 
No. of Icaflcts - 0.33 0.35 0.39 
Lcaflct Icngth - - 0.67- 0.71-
No. of scrrations - - - 0.41 
away frolll rachis 

0 slgnlflcant at 1. level of slgnlflcance 
sigrllficance 

* slgnlflcant at 5% level of 

Table 4--'.2.4. Associalion of differcnt lIlorphological characteristics of Icaf in 
differcnt trccs of Hisar provenancc (Acccssion No. of trcc BAC-3) 

No. of leaflcts Lea flet length No. of 
serrations 

No. of 
serrations 

away from towards rachis 

Lca f length 0.82'- 0.40 
No. of leaflcts - 0.06 
Lca flct Icngth - -
No. of sCl'I"ation'" - -
away fro'lIl rachis 

slgnlflcant at 1% level of slgnlflcance 
significance 

rachis 
-0.25 0.60 
-0.32 0.67* 
0.16 0.15 

- -0.60 

* slgnlflcant at 5% level of 



value 1:2)]: ayid number of. serrations away from rachis (19) was observed in HSR-Ol. Highest 

mean number of serrations away from rachis (14.60) was found in BOS-O. Lowest mean 

number of serration~ away from rachis (7.90) was found in HSR-02 and HSR-05. Highest 

-c(i)efficient of variation (28.78) for this character was observed in OPN-O, while HSR-03 

exhibited a lowest value of7.35. 

Number of leaves showing terminal leaflet showed a range of 0 to 70 per cent. Highest 

value for this character (70 per cent) was observed in BSB-O. Lowest and number of leaves 

showing terminal leaflet (0) was found in five genotypes. 

4.4.2. Association of leaf morphological characteristics 

Association of different morphological characteristics of leaf in tree HSR-O I of Hisar 

provenance was studied (Table 4.4.2.1.). There was positive association amongst all the leaf 

characteristics though only some of the associations were significant. The association between 

Leaf length and number of leaflets was significant (0.89) at one per cent level of significance. 

Leaflet length and number of serrations were found to be significantly associated with and 

number of serrations towards rachis at one per cent (0.65) and five per cent (0.78) level of 

significance. In addition to this, association between Leaf length and Leaflet length was found 

to be high but non-sign:ficant away from rachis was found to be very high (0.64) but non-

c; gnificant. 

Association of different morphological characteristics of leaf in tree with accession number 

BSB-O of Hisar pro'.renance was studied (Table 4.4.2.2.). There was negative association of 

number of serration away from rachis with all the characters except number of serrations 

towards rachis, with which it was positively correlated. Only the association between Leaf 

length and number of leaflets was found to be significant (0.89) at one per cent level of 

significance. Association of different morphological characteristics of leaf in tree with 

accession number HSR-06 of Hisar provenance was studied (Table 4.4.2.3.). There was 

positive association amongst all the leaf characteristics and many of the associations were 

significant. Leaf length was positively and significantly associated with all other characters of 

leaf. Association of Leaflet length with and number of serration away from rachis and number 

of serrations towards rachis was found to be significant, i.e. 0.67 and 0.7] respectively, at five 

per cent level of significance. In addition to this, association between mmber of leaflets and 

number of serrations away from rachis was found to be very high (0.64) but non-significant. 

Association of different morphological characteristics of leaf in tree w_th accession number 

BAC-3 of Hisar provenance was studied (Table 4.4.2.4.). There was positive association 

amongst most of the leaf characteristics though most...ot)f the associations were non-significant. 

Only the association between Leaf length and number of leaflets was found to be significant 

(0.82) at one per cent level of significance and association between number of leaflets and 

number of serrations towards rachis was found to be significant (0.67) at five per cent lev~l of 
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Tllhll' .jA.2.S. 
~ 

la 

Lca I' Icnj!th 
No. of leaflcts 
Leaflet length 
No. of serrations 

Assol'illtion of differcnt nlUrpholoJ,:irlll chllrllctcristics of lellf in 
diffcrent trccs of lIisar provcnancc (Accession No. of trcc BAS-2) 

No. of leaflets Leaflet length No. of 
serrationS 

No. of 
serrations , 

IIway frolll lowards rachis 
rachis 

0.10 0.21 0.51 -0.20 

- -0.12 -0.17 0.07 

- - 0.67* 0.72* 

- - - 0.27 
away frolll rachis 

**Slgnlflcant at 1% level of slgnlflcance; * slgnlflcant at 5% level of slgnlflcance 

Tablc 4.4.2.6. 

Leaf length 
No. of Icaflcts 
Lea flet length 
No. of serrations 

Association of different morphological characteristics of leaf in 
different trees of Hisar provenant!e (Accession No. of tree BGS-O) 

No. of leaflets Leaflet length No. of 
serrations 

No. of 
serrations 

away from towards rachis 
rachis 

0.97" -0.07 0.27 0.30 
- -0.15 0.19 0.19 
- - 0.34 0.51 
- - - 0.83" 

awav frolll rachis 
slgnlflcant at 1% level of slgnIfIcancei * 

significance 
slgnlflcant at 5% level of 

Tablc .jA.2.7. Association of diffcrent 1II0rphoiogicai characteristics of leaf in 
diffcrent trecs of Hisar provenancc (Acccssion No. of tree GI'N-O) 

No. of leaflets Leaflet length No. of No. of 
serrations serrations 

away from towards rachis 
rachis 

Lcaf Icngth 0.74* 0.84** 0.26 
No. of leaflets - 0.38 0.14 
Lea flct Icnj!th - - 0.14 
No. of scrrations - -
all' a" from rachis 

slgnlflcant at 1% level of slgnlflcance; * slgnlflcant at 5% level of 
significance 

Tablc 4.4.2.8 Association of diffcrent morphological characteristics of leaf in 
different trees of Hisar provenance (Accession No. of tree HSR-OS) 

No. of Icaflcts Leaflet Icngth No. of No. of 

0.16 
-0.38 
0.24 
0.48 

serratiolH serrations 
away frolll towards rachis 
rachis 

Lcaf length 0.55 0.69* -0.17 ... -0.14 
No. of leaflets -0.05 -0.41 -0.58 
Leaflet lenj!th 0.46 0.48 
No. of serrations 0.77" 
away frolll rachis 

slgnlflcant at 1% level of slgnlflcance; * slgnlflcant at 5% level of 
significance 



si anificance. In adciition to this, association of number of serrations towards rachis with Leaf 
b I'i 

length'imd number of serrations away from rachis was found to be very high (i.e., 0.60 and -

0.60 respectively) but the values were non-significant. 
" 

, / Association of different morphological characteristics of leaf in tree with accession number 

BAS-2 of Hisar provenance was studied (Table 4.4.2.5.). There was positive association 

amongst most the leaf characteristics though most of the associations were non-significant. 

Only the association of Leaflet length with number of serration away from rachis and number 

of serrations towards rachis was found to be significant (i.e., 0.67 and 0.72) at five per cent 

level of significance. In addition to this, association between Leaflet length and number of 

serrations away from rachis was found to be very high (0.51) but non-significant. 

Association of different morphological characteristics of leaf in tree with accession number 

of tree B-4, old campus of Hisar provenance was studied (Table 4.4.2.6.). There was positive 

association amongst all the leaf characteristics though most of the associations were non-. . 
significant. Only the association between number of leaflets and number of serrations towards 

rachis was found to be significant (0.64) at five per cent level of significance. In addition to 

this, association between number of leaflets and number of serrations away from rachis was 

found to be very high (0.64) but non-significant. 

Association of different morphological characteristics of leaf in tree with accession number 

of tree B-4, old campus of Hisar provenance was studied (Table 4.4.2.7.). There was positive 
4t. 

association amongst all the leaf cluil~acteristics though most of the ass(lciations were non-

significaJ~' fJnly the association between number of leaflets and number of serrations towards 

rachis was found to be significant (0.64) at five per cent level of significance. In addition to 

this, association between number of leaflets and number of serrations away from rachis was 

found to be very high (0.64) but non-significant. 

Association of different morphological characteristics of leaf in tree with accession number 

of tree B-4, old campus of Hisar provenance was studied (Table 4.4.2.8.). There was positive 

association amongst all the leaf characteristics though most 'of the associations were non­

significant. Only the association between number of leaflets and number of serrations towards 

rachis was found to be significant (0.64) at five per cent level of significance. In addition to 

this, association between number of leaflets and number of serrations away from rachis was 

found to be very high (0.64) but non-significant 

Association of different morphological characteristics of leaf in tree with accession number 

of tree B-4, old campus of Hisar provenance wls studied (Table 4.4.2.9.). There was positive 

association amongst all the leaf characteristics though most of the associations were non­

significant. Only the association between number of leaflets and number of serrations towards 

rachis was found to be significant (0.64) at five per cent level of significance. In addition to 
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Tnhit' -''''.2.9. 

p ~ 

Leaf length 
No. of leaflets 
Leafle't Icngth 

Associntion of different morpholo!.:icn'j characteristics of leaf in 
diffl'!'l'nt trees of lIisnr provenance (AcCl'ssion No. of tree IiTI{-I) 

No. of leaflets Leaflet length No. of No. of 
serrations away from serrations 
rachis towards rachis 

0.9 i-- 0.32 -0.50 -0.72-
0.22 -0.53 -0.68-

~ 0.04 0.23 
No. of serrationg' 0.57 
away frolll rachis 

slgnlflcant at 1% level of slgnlflcance, * slgnlflcant at 5% level of 
significance 

Tablc 4.4.2.10. 

Le,II' length 
No. of leaflets 
Lea flet length 
No. of serrations 

Association of different morphological charactcristics of leaf in 
different trees of Hisar provenance (Accession No. of tree HSR03) 

No. of Icaflets Leaflet Icngth No. of No. of 
serrations serra tions 
away from towards rachis 
rachis 

0.07 -0.4 7 -0.23 0.38 
0.36 0.57 0.51 

0.60 -0.02 
0.43 

away from rachis 
0 ** slgnlflcant at 1. level of Significance; * Significant at 5% level of signlficance 

Ta ble -'.4.2.11. 

Lear Icngth 
No. of leaflets 
Lca flet length 

Association of differcnt morphological characteristics of le'af in 
different trees of Hisar provenance (Accession No. of tree HSR02) 

No. of Icaflets Leaflet length No. of No. of 
scrrations serrations 
away from towards rachis 
rachis 

0.61 . 0.69* 0.20 0.46 
0.05 -0.21 0.15 

0.20 0.13 
No. or serrations away 0.78--
from rachis 

slgnlflcant at 1% level~f slgnlflcance; * slgnlflcant at 5% level of 
S.i.C]Ilificance 

Tabk -'..1.2.12. 

Leaf length 
No. or leaflets 
Leaflet length 
No. of serration!: 

"\ 

Association of difrerent morphological characteristics of leaf in 
difrerent trees of lIisar provenance (Accession No. of tree Sp. Hos.) 

No. of leaflcts Leaflet length No. of No. of 
serrations serrations 
away from towards rachis 
rachis 

0.70- .L_ 0.30 0.62 -0.32 
0.35 0.51 -0.50 

0.69- 0.05 
-0.42 

away from rachis 
slgnlflcant at 1% level of signlflcance; * signiflcant at 5% level of 

significance 

Table 4.4.2.13. 

Lea I' length 
No. of leaflets 
Lea flet length 
No. of serration~ 

Association of different morphological characteristics of leaf in different 
trees of lIisar provenance (Accession No. of tree HSR04-B-4, old campus) 

No. of leaflets Leaflet length No. of No. of 
serration:; serrations 

away frolll towards rachis 
rachis 

0.18 0.15 0.36 0.28 
0.30 0.25 0.64-, 

0.60 0.02 
0.43 

awav from rachis 
slgnIflcant at 1% level of slgnlflcance; * slgnlflcant at 5% level of 

significance 



this, association between number of leaflets and number of serrations away from rachis was 

found to be very high (0.64) but non-significant. 

Association of different morphological characteristics of leaf in tree with accession number 

of tree B-4, old campus of Hisar provenance was studied (Table 4.4.2.1 0.). There was positive 

~ssociation amongst all the leaf characteristics though most of the associations were non­

significant. Only the association between number of leaflets and number of serrations towards 

rachis was found to be significant (0.64) at five per cent level of significance. In addition to 

this, association between number of leaflets and number of serrations away from rachis was 

found to be very high (0.64) but non-significant. 

Association of different morphological characteristics of leaf in tree with accession number 

of tree B-4, old campus of Hisar provenance was studied (Table 4.4.2.1l.). There was positive 

association amongst all the leaf characteristics though 1110st of the associations were non­

significant. Only the association between number of leaflets and number of serrations to\yards 

rachis \'vas found to b~ significant (0.64) at five per cent level of significance. In addition to 

this, association between number of leaflets and number of serrations away from rachis was 

found to be very high (0.64) but non-significant. 
.. 

A"ssociation of different morphological characteristics of leaf in tree with accession number 

of t;e't"B-4, old campus of Hisar provenance was studied (Table 4.4.2.12.). There was positive 

association amongst all the leaf characteristics though most of the associations were non­

significant. Only the association between number of leaflets and number of serrations towards .-

rachis was founj to be significant (0.64) at five per cent level of significance. In addition to 

this, association between number of leaflets and number of serrations away from rachis was 

found to be very high (0.64) but non-significant. 

Association of dif:tkrent morphological characteristics of leaf in tree with accession number 

of tree B-4, old campus of Hisar provenance was studied (Table 4.4.2.13.). There was positive 

association amongst all the leaf characteristics though 1110st of the associations were non­

significant. Only the association between number of leaflets and number of serrations towards 

rachis was found to be significant (0.64) at five per cent level of significance. In addition to 

this, association between number of leaflets and number of serrations away from rachis was 

found to be very high (0.64) but non-significant. .. 
When all the trees were comparel.then it was found that leaflength was positively associated 

with and number of leaflets in all the trees. Highest incidence of negative association (46.15 per 

cent) was seen in the case of correlation coefficients between number of leaflets and number of 

serration away from rachis. No negative association was found to be significant while 31.37 per 

cent (13.24 per cent significant at one per cent level of significance and 18.13 per cent 

significant at five per cent level of significance) positive associations were significant (Table 

4.4.2.14.). 
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4.5. Provenance evaluation for seed viability/growth performance 

4.5.1. III vitro evaluation for endocarp viability 

Within and between provenance variation with respect to seed viability in different 

·provenance collections of neem was studied (Table 4.5.1.1.). The endocarps were stored for a 

period of 6 months at a temperature of 25(±2° C). Overall mean germination was 37.16 per 

celit. Eleven genotypes exhibited above average (>37.16) seed viability. While one genotype 

frOl'll Hisar provenance (HSR03) was found to have lost viability. Six genotypes SHS-O, 

HSR02 (Hisar), H099 (Kalka), T20, T21 (Jodhpur), H083 (Kaithal) were found to have low 

average viability «15 per cent). T31 (Alwar), T22, T23 (Jodhpur), HIOl, 

HI02, HI07 (Kalka), HSR04 and SHS-O (Hisar) showed high level (>40 per cent) of viability. 

Highest mean germination percentage was observed in SHS-O (Hisar) followed by T24 

(Jodhpur). 

Amongst the provenances, Jodhpur showed highest mean germination percentage of 44.15, 

closely followed by Kalka (43.5 per cent). Kaithal showed lowest mean germination percentage 

of 20.43. Highest coefficient of variation for mean germination was recorded for T7D (Delhi) 

and lowest for T31 (Alwar). Highest value of mean radicle length was observed in T23 

(Jodhpur). Eleven genotypes exhibited above average (>8.72) seed viability. Association (Karl ... 
Pearson Correlation Coefficient) between mean germination and radicle length was found to be 

,.6 positive and non-significant (0.452) at five p~r cent level of significance but it was significant at 

10 per cent level of significance. When the extreme value of germination (96.43 per cent of 

SHS-O from Hisar provenance) vas excluded from the data the association between mean 

germination and radicle length was found to be positive and significant (0.621) at 2 per cent 

level of significance. 

Association (Karl Pearson Correi~tion' Coefficiend between mean germination and oil 

content was found to be negative and non-significant (-0.503) at five per cent level, when 

the extreme value of germination (96.43 per cent of SHS-O from Hisar provenance) was 

excluded from the data. The association between mean germination and oil content was found 

to be negative and significant (-0.885) at one per centfevel of significance, when the extreme 

value of germination (0 per Cl ,.,. HSR-3~nd 3.13 per cent of KTL5) were excluded from the 

data. Regression equation (Fig. ' J.l.l.) for linear regression of seed germination on seed oil 

content gives an equation for linear regression y = -0.0953x + 28.704, with a very high value of 

coefficiei1t of determination (R2 = 0.784) pointing to very high level of goodness of fitness of 

the regression line. 

4.5.2. Nursery evaluation for growth performance 

Provenance evaluation of different provenan:ce collections was done in nursery. Three 

months old seedlings were studied. Data on seedling height (Table 4.5.2.1.) showed a wide 
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variation ( 2.5 to 23.0 cm). Highest value of mean seedling height was observed in Adu. 

(Aduthurai) with a value of 17.58 followed by HI0l (Kalka)(16.83 cm). Lowest value of mean 

seedling height was observed in tree 20 (Jodhpur) with a value of 6.83 cm followed by tree 

H049 (Rohtak) (6.83 cm,). Highest coefficient of variation (54.37) was observed in tree 20 

(Jodhpur) f?llowed by UAS Dharwad-3 (Dharwad) (35.78). Least coefficient of variation was 

observed in tree HOll (Fatehabad) (4.88). 

Data on seedling collar diameter (Table 4.5.2.2.) showed a wide variation (0.1 to 0.43 cm). 

Highest value of mean seedling collar diameter was observed in HI0l (Kalka) with a value of 

0.353 followed by Uthupatty (0.315 cm). Lowest value of mean seedling collar diameter was 

observed in tree taken froril Campus School, Hisar with a value of 0.162 cm followed by tree 

22 (0.172 cm). Highest coefficient of variation (22.135) was observed in tree taken from 

Campus School, Hisar followed by HSR04 (20.964). Significant positive correlation (0.52 at 

one per centsignificance) was found between seedling height and collar diameter when Karl 
I 

Pearson correlation coefficient was calculated with the help of pooled mean values for both the 

characters for 26 genotypes. Seven ger0types were further analysed for possible association of 

seedling growth parameters with endocarp morphological characteristics. 

Seedling length was found to be positively associated with all the endocarp morphological 

characteristics except a 'Slight negative ass<1Ciation with and the association with number of 

seeds endocarp-I. OnLy the association with seed weight was significant. Similarly 

collar diameter was found to be positively associated with all the endocarp morphological 

characteristics except a non-significant negative association with number of seeds endocarp-I 

and seed weight : endocarp weight. Only the association with seed weight was 

significant. Except for a non-significant association with endocarp length : endocarp 

breadth all the associations were significant (Table 4.5.2.3.). 

4.6. Biochemical parameters 

4.6.1. Seed oil content 

-
Seed oil content and endocarp morphology of neem trees in five provenances of northern 

and western India were investigated to identify ecotypes with high oil yield which could be 

selected for mass multiplication and/or incorporated into tree improvement programs. Whether 

oil yield was related to endocarp and seed morphology was also-determined. 

In the present study, trees with GBH ranging from 55.6 to 280cm from different 

provenances were represented (Table 4.6.1.1.). It was observed that young trees with a GBH 

between 55.6 and 65cm in some provenances start producing seeds rich in oil (over 20 per 

cent). Maximum average oil production potential was observed in seeds from the Hisar 

provenance from which a value of 27 .. 59 pen:ent oil was noted. Seeds from the same 

provenance exhibited maximum variability in oil content. The highest oil yield (32.6 I pei- cent) 
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was observed from a tree of the same provenance. Least potential of average oil production was 

exhibited in the trees grown in the Kaithal provenance with a value of 21.51 percent. 

GBH and morphological parameters of seeds were not consistently correlated with oil yield. 

In sqme provenances, one. or more characteristics were positively correlated, whilf' in others 

these were negatively correlated though most of the correlations were non-significant. Only in 

the case of samples from Pune provenance was endocarp length significantly and negatively 

I correlated to oil content. The endocarps from trees in this provenance had the maximum 
c-

average endocarp length and unique morphology wIth an elongated body and pointed tip. 

Furthermore, only in samples from the Kaithal provenance, wele endocarp length and GBH 

positively correlated with oil content while in others these were negatively correlated. On the 

other hand, only in case of endocarp samples from the HisaJ;. provenance was endocarp weight 

negatively correlated with oil content while in others it was positively correlated (Table 

4.6.1.2.). 

4.6.2. Fatty acid profile of seeds 
~z. 

Investigations revealed the presence of two saturated fatty acids namely, palmitic acid (16:0) 

and stearic acid (18:0) and two unsaturated fatty acids namely, oleic acid (18: 1) and linoleic 

acid (18:2). Though already reported, . myristic acid, arachidic acid and behenic acid could 
R" 

not be detected in the present study. This may be due to differences in instrument resolution or 

source of seeds. The mean and range of variation fOl'different fatty acids is presented in Table 

4.6.2.1., which indicates that there is a considerable potential in the genotypes from different 

provenances to offer various combinations of fatty acid composition which can exploited as 

such or this information may be used for further genetic improvement work of neem. 

Neem oil is found to completely devoid of erucic acid and linolenic acid in the samples 

studied so far, but rich in linoleic acid (3.35-19.64 per cent) and oleic acid (44.84-67.81 per 

cent). Ratio of unsaturated fatty acids to saturated fatty acids exhibited considerable variation 

ranging from 1.62 (Kalka) to 2.96 (Bikaner). Thus it oKers great scope to further manipulate 

the content of unsaturated fatty acids by studying samples from diverse agro-ecological regions 

and lor genetic manipulations involving tissue culture techniques(Table 4.6.2.2.). 

Another interesting trend observed was the content of essential unsaturated fatty acid, 

linoleic acid, which was lowest (mean=5.77 per cent) in arid regions (Bikaner), followed by 

semiarid region (Hisar) with a mean of 8.40 per cent and mesic and sub-temperate regions 

(Kaithal ,"'Pune and Kalka) with a mean ranging from 14.19 to 18.88 per cent. This could be 

explained by the lower activity of desaturases in regions with relatively higher atmospheric 

temperature during the fruit setting season. 

Correlation studies, amongst different fatty acids showed significant as well as non­

significant associations. Palmitic acid was associated with stearic acid positively, in two 
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provenances (with arid and semi-arid climate) and negatively in three provenances (with mesic 

climate). However, a reverse trend was observed in case of association of palmitic acid with 

linoleic acid, wherein, positive correlation was obtained in mesic agro-climate and negative in 

case of arid and semi-arid agro-climate. The two \ unsaturated fatty acids were invariably 

negatively (though not significantly in every case) associated with each other. 

Association of seed and endocarp morphological and biochemical characteristics of trees of 

Azadirachta indica A. Juss.in six proVenanc~s was studied (Table 4.6.2.3.). 

Palmitic acid and stearic acids were positive_ly and non-significantly associated with 20 

endocarp weight; oil content and endocarp length. Oleic acid was negatively and non­

significantly associated with 20 endocarp weight and endocarp length; and positively and non­

significantly associated with oil content. Linoleic acid was positively and non-significantly 

associated with 20 endocarp weight and endocarp length; and negatively and significantly 

associated with oil content. 

Proportion of unsaturated fatty acids was negatively and non-significantly associated with 

20 endocarp weight, oil content and endocarp length. Proportion of saturated fatty acids was 

positively and non-significantly associated with 20 endocarp weight, oil content and endocarp 

length. Ratier of unsaturated and saturated fatty acids was negatively and non-significantly 

associated with 20 endocarp weight, oil content and endocarp length. 

Twenty endocarp weight was positively and non-significantly associaled with oil content; 
\ 

and positively and significantly associated with endocarp length. Endocarp length was 

negatively and non-significantly associated with oil content. Association of endocarp 

morphological and biochemical characteristics of trees of Azadirachta i/1dica A. Juss. in five 

provenances (excluding Allahabad) provenance was studied (Table 4.6.2.4.). 

Palmitic acid and stearic acid was positively and non-significantly associated with 20 

endocarp weight, oil content and endocarp length. Oleic acid was positively and non­, 
significantly associated with oil content; negatively and non-significantly associated with; and 

positively and non-significantly associated with endocarp length and 20 endocarp weight. 

Linoleic acid was negatively and non-significantly associated with oil content; positively 

and non-significantly associated with endocarp length and 20 endocarp weight. Proportion of 

unsaturated fatty acids was negatively and non-significantly associated with 20 endocarp 

weight, oil content aDd endocarp length. Proportion of saturated fatty acids was positively and 

non-significantly associated with 20 endocarp weight, oil content and endocarp length. Ratio of 

unsaturated and saturated fatty acids was negatively and non-significantly associated with 20 

endocarp weight, oil content and endocarp length. Twenty endocarp weight was positively and 

non-significantly associated with oil content; and positively and significantly associated with 



endocarp length. Endocarp length was negatively and non-significantly associated with oil 

content. 

Association of seed and endocarp morphological and biochemical characteristics of trees of 

Azadirachta indica A. Juss. in Bikaner provenance was stlldied (Table 4.6.2.5.). Palmitic acid 

and stearic acid were negatively and non-significantly associated oil content; positively and 

non-significantly associated with 20 endocarp weight and endocarp length. Oleic acid was 

positively and non-significantly associated with oil content; negatively and significantly 

associated with 20 endocarp weight and endocarp length. Linoleic acid was positively 

significantly associated with 20 endocarp weight'loil content and endocarp length. Proportion 

of un sat mated fatty acids was positively and non-significantly associated with oil content; 

negatively and non-significantly associaterl with 20 endocarp weight and endocarp length. 

Proportion of saturated fatty acids was negatively and non-significantly associated with oil 

content; positively and non-significantly associated with 20 endocarp weight and endocarp 

lengC --. -:otio of unsaturated and saturated fatty acids was positively and non-sigaificantly 

aSSO,"lultu with oil content; negatively and non-significantly associated with 20 endocarp 

weight and endocarp length. Twenty endocarp weight was positively and non-significantly 

associated with oil content; and positively and significantly associated with endocarp length. 

Endocarp length was negatively and non-significantly associated with oil content. 

Association of endocarp morphological and biochemical characteristics of trees of 

Azadirachta indica A. JllSS. in Kaithal provenance was studied (Table 4.6.2.6.). Palmitic acid, 

linoleic acid, Proportim1 of unsaturated fatty acids and Ratio of unsaturated and saturated fatty 

acids were negatively and non-significantly associated with 20 endocarp weight, oil content 

and non significantly asso(~iated with endocarp length. Stearic acid and Proportion of saturated 

fatty acids were positively and non-significantly associated with 20 endocarp weight, oil 

content and endocarp length. Oleic acid \\ as positively and non-significantly associated with 20 

endocarp weight and endocarp length; and negatively and non-significantly associated with oil 

content. Twenty endocarp weight positively and non-significantly associated with endocarp 

length and oil content. Endocarp length was positively and significantly associated with oil 

content. 
"-

Association of endocarp morphological and biochemical characteristics of trees of 

Azadirachta indica A. Juss. in Kalka provenance was studied (Table 4.6.2.7.). Palmitic acid 

was positively and non-significantly associated with 20 endocarp weight and endocarp length; 

negatively and non-significantly associated with oil content. Stearic acid was negatively and 

significantly associated with 20 endocarp weight; positively and non-significantly associated 

with oil content; and negatively and non-significantly associated with endocarp length. Oleic 

acid and Linoleic acid were positively and non-significantly associated with 20 endocarp 

weight, oil content and endocarp length. Proportion of unsaturated fatty acids was positively 
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and significantly associate~ with 20 endocarp weight; positively and non-significantly 

associated with oil content and endocarp length. Proportion of saturated fatty acids was 

negatively and significantly associated with 20 endocarp weight; negatively and non­

significantly associated with oil content and endocarp length. Ratio of unsaturated and 

saturated fatty acids was positively and significantly associated with 20 endocarp weight; 

positively and non-significantly associated with oil content and endocarp leng\h. Twenty 

endocarp weight was positively and non-significantly associated with endocarp length and oil 

content;. Endocarp length was negatively and non-significantly associated with oil content. 

Association of endocarp morphological and biochemical characteristics of trees of 

Azadirachta indica A. Juss. in Hisar provenance was studied (Table 4.6.2.8.). Palmitic acid was 

negatively and non-significantly associated with 20 endocarp weight, oil content and endocarp 

length. Stearic acid was positively and significantly associated with 20 endocarp weight and oil 

content; negatively and non-significantly associated with endocarp length. Oleic acid was 

negatively and non-significantly associated with 20 endocarp weight and endocarp length; and 

positively and non-significantly associated with oil content. Linoleic acid was positively and 
"" significantly associated with endocarp length; positively and non-significantly associated with 

20 endocarp weight; and negatively and non-significantly associated with oil content. 

Proportion of unsaturated fatty acids was negatively and non-significantly associated with oil 

content; and positively Wld non-significantly associated with endocarp length and 20 endocarp 

weight. Proportion of saturated fatty acids was negatively and non-significantly associated with 

20 endocarp weight and endocarp length; and positively and non-significantly associated with 

oil content. Ratio of unsaturated and saturated fatty acids was positively and non-significantly 

associated with endocarp length; negatively and non-significantly associated with oil content 

and 20 endocarp wei~t. Twenty endocarp weight was negatively and non-significantly 

associated with oil content; and positive~y and significantly associated with endocarp length. 

Endocarp length was negatively and significantly associated with oil content. 

Association of endocarp morphological and biochemical characteristics of trees of 

Azadirachta indica A. Juss. in Pune provenance was studied (Table 4.6.2.9.). Palmitic acid was 

negatively and significantly associated with 20 endocarp weight; positively and non­

significantly associated WIth oil content; and negatively and non significantly associated with 

endocarp length. Stearic acid was positively and significantly associated with 20 endocarp 

weight; negatively and non-significantly associated with oil content; and positively and non 

significantly associated with endocarp length. Oleic acid was positively and non-significantly 

associated with 20 endocarp weight and endocarp length; and negatively and non-significantly 

associated with oil content. Linoleic acid was negatively and non-significantly associated with 

20 endocarp weight; positively and significantly associated with oil content; and negatively and 

significantly associated with endocarp length. Proportion of unsaturated fatty acids was 
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positively and non-significantly associated with 20 endocarp weight; negatively and nOI1-

significantly associated with oil content; and positively and non-significantly associated with 

endocarp length. Proportion of saturated fatty acids was negatively and non-significantly 

associated with 20 endocarp weight; positively and non-significantly associated with oil 

content; and negatively and non-significantly associated with endocarp length. Ratio of 

unsaturated and saturated fatty acids was positively and non-significantly associated with 20 

endocarp weight; negatively and non-significantly associated with oil content; and positively 

and non-significantly associated with endocarp length. Twenty endocarp weight was negatively 

and non-significantly associated with oil content; and positively and non-significantly 

associated with endocarp length. Endocarp length was negatively and significantly associated 

with oil content. 

Association of latitude and longitude with data related to faUy acids was studied in 22 trees 

from four provenance collections namely, Bikaner, Hisar, Kaithal and Kalka. Pooled mean 

values for each provenance were used for correlation analysis(TabIe 4.6.2.10.). Palmitic acid, 

stearic acid, linoleic acid and saturated fatty acids were futmd to positively associated with both 

latitude and longitude. Oleic acid, unsaturated fatty acids and ratio of unsaturated and saturated 

fatty acids were negatively associated with both latitude and longitude. 

4.6.3. Seed protein content ,.. 
Average protein value for the seed samples of 10 provenances is 12.91 per cent with a 

range of 10.06 to 16.63 per cent. Highest protein content (16.63 per cent) was observed in the 

seeds of a tree from Kaithal provenance (H084) followed by a tree from Delhi provenance 

(T7D) which showed a value of 1551.per cent. Lowest protein content (10.06 per cent) was 

observed in the seeds of a tree from Hisar provenance (HSR04) followed by two trees from 

Delhi provenance (T5D) and Jodhpur provenance (24) which showed a value of 11.38 per cent. 

Correlation coefficient of protein with oil content showed a significant value (P = 0.5) of 0.686 

(Table 4.6.3 .l.). 

Protein content of H084 (Kaithal) Jas significantly different from all other samples except 

that of T7D (Delhi). On the on the other extreme, samples from Alwar was significantly 

different from only two samples, namely, H084 (Kaithal) and HSR04 (Hisar). Similarly sample 

from Kalka (I-II 07) contained protein content which significantly differed from only two 

samples, namely, Kaithal (H084) and Delhi (T7D). 

4.6.4. Azad.rachtin content of seeds 

Average azadirachtin value feF-.-Ule seed samples of 7 seed samples from 5 provenance 

collections from Haryana is 0.3987 per cent with a range of 0.281 per cent to 0.583 per cent 

and a coefficient of variation of 31.85. Highest azadirachtin content (0.583 per cent) was 

observed in the seeds of a tree from Pinjore provenance (H 1 05G) followed by a tree from 

I'll 



Table 4.6.3. I. Protein content of whole endocarps of different provenances of 
Azadirach(a indica 

Acccssion No. Provcnancc Protcin contcnt C.V. 
(%) 

HIOI Kalka 12.03 (iO.3 I) 2.58 

H 107 Kalka 12.91 (iO.93) 7.20 

H084 Kaithal 16.63 (iO.62) 3.73 

H083 Kaithal 12.91 (iO.32) 2.48 

T7 Delhi 15.53 (iO.3 I) 2.00 

T5 Delhi 11.38 (iO.62) 5.45 

HSR04 Hisar 10.06 (±O.OO) -
HSR03 Hisar 13.13 (iO.OO) -
3 I Alwar 13. 13 (iO.62) 4.72 

24 Jodhpur 11.38 (±O.OO) -
cd (5%) 1.299 

Table 4.6.4.1. Azadirachtin content of seed samples of A Ztuliracflta indica 
from provenance collections of Haryana 

/ 

Sample PJ'ICC of Date of seed Azadirachtin 
Number collection collection content (%) 

H 105G Pinj.ore 12 Aug., 1999 0.583 
HI06G Pinjore 13 Aug., 1999 0.572 
HSR03 Hisar 08 Sep., 1999 0.322 
HSROI Hisar 08 Sep., 1999 0.313 
H048 Rohtak 25 July, 1999 0.281 
H080 Kurukshetra 01 Aug, 1999 0.397 
H072 Narnaulld 3 I Sep., 1999 0.323 
Pooled mean 0.3987 (±0.127) 
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same provenance (H 1 06G) which showed a value of 0.572 per cent. Lowest azadirachtin 

content (0.281 per cent) was observed 'in the seeds of a tree from Rohtak provenance (0.281) 

followed by a tree from Hisar provenance (HSR01) which showed a value of 0.313 per cent 

(Table 4.6.4.1.). 

4.6.5. Regression analysis with respect to seed biochemical characteristics 

Multiple regression analysis of linoleic acid on all other seed characteristics (namely, 

palmitic acid, stearic acid, oleic acid, unsaturated fatty acids, saturated fatty acids, ratio of 

unsaturated and saturated fatty acids, 20 endocarp weight, and endocarp length) in Azadirachta 

indica was done (Table 4.6.5.1.). Coefficient of determination (R2) was very high (0.99), 

pointing to very high level of goodness of fitness of the regression line. 

Multiple regression analysis of character 10 Oil percent on all other endocarp and seed 

characteristics (namely, palmitic acid, stearic acid, oleic acid, Linoleic acid, unsaturated fatty 

acids, Saturated fatty acids, ratio of unsaturated and saturated fatty acids, 20 endocarp wt., 

endocarp length,) in Azadirachta indica was done (Table 4.6.5.2.). Coefficient of 

determin~tion (R2) was very low (0.33), pointing to very low level of goodness of fitness of the 

regression line. 

Protein content of seeds was found to be positively associated with longitude (0.8935) which 

was significant at 0.1 per cent level of significance, while association of latitude with the 

azadirachtin content (0.37]) was found to be non-significant. Regression equation (Fig. 

4.6.5.3.) for linear regression of seed protein content on longitude gives an equation for linear 

regression y = 0.6326x - 35.388, with (l very high value of coefficient of determination (R2 = 
0.7984) pointing to very high level of goodness of fitness of the regression line. 

, Azadirachtin content of seeds was found to be positively associated with latitude (0.0958) 

which was significant at 0.1 per cent level of significance, while association of longitude with 

the azadirachtin content (0.587) was found to be non-significant. Regression equation (Fig. 

4.6.5.4.) for linear regression of seed azadirachtin content on latitude gives an equation for 

linear regression y = 5.4724x - 27.337, with a very high value of coefficient of determination 

(R2 = 0.9182) pointing to very high level of goodness of fitness of the regression line. 

Regression equation (Fig. 4.6.5.5.) for linear regression of seed azadirachtin content on 

longitude gives an equation for linear regression y = 2.319x + 75.23, with a low level of 

coefficient of determination (R2 = 0.3446) pointing to very low level of goodness of fitness of 

the regression line. 

4.7. Divergence studies 

The uni-variate analysis although exhibited significant variation for all the characters yet 

such variation cannot be used for measuring the extent of genetic diversity. In order to ... 
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overcome this problem and to quantify genetic divergence between any two groups of 

genotypes, D2 analysis and Hierarchical cluster analysis were done. 

4.7.1. D2 anaiysis 

D2 values for all possible (903) combinations among 43 genotypes were calculated and these 

genotypes were grouped into ten clusters (C) by Tocher's method (Rao, 1952). The 

membership profile of different clusters is presented in Table 4.7.1.1. Cluster CI consisted of 

maximum number of genotypes i.e., 12. Clusters namely, cn, CIll, and CIV consisted of 10, 7, 

and 5 genotypes respectively. CV, CVI, and CVII had two genotypes each, whereas CVIII and 

CIX and CX were represented by one genotype each. The genotypes of CIX and CX were 

extraordinary for one or the other character that made them so divergent from others. 

Provenance wise break of clusters is given in Table 4.7.1.2. Clusters CI consisted of 

maximum number of provenance collections and ClI and cm and CIV consisted of 10, 7 and 5 

provenance collections respectively. Clusters CV, CVI and CVII represented 2 provenance 

collections each; and CVIII, CIX and CX had only one provenance collections each. Genotypes 

of Hisar and Kaithal were clustered into maximum numbers of clusters i.e. four, out of which 

two were same. Genotypes of Jodhpur, Kalka and Raipur were clustered into equal number of 

maximum numbers of clusters i.e. three. Only Kalka and Raipur shared Cluster IV. Genotypes 

belonging to Alwar and Dflhi shared same clusters i.e., CII and CIII. Similarly genotypes 

belonging to Bikaner and Bbatinda provenance collections were clustered in single cluster i.e., 

CI. 

Intra and inter-cluster distances were calculated and are presented in Table 4.7.1.3. The 

intra-cluster distances were relatively smaller than inter-cluster distances indicating 

homogeneous nature of the groups and presence of narrow genetic variation within a cluster. 

The minimum intra-cluster distance was observed in cluster CVI, whereas maximum intra­

cluster distance was observed in CVIl follo'vved by CV. 

The minimum inter-cluster distance was observed between cluster cm and CVI followed by 

between CI and CIIl, whereas maximum inter-cluster distance was observed between CIX and 

CX followed by between CVII and CX and between CVIll and CX . In general CX was found 

to be situated maximum apart from all the other clusters followed by CIX and CVI. In general 

CIIl was found to be situated minimum apart from all the other clusters followed by CI. 

Cluster means (Table 4.7.1.4.) indicated differences for all the characters among all the 

clusters. The differences were more pronounced for endocarp length, endocarp weight, seed 

weight and endocarp length: endocarp breadth. Highest mean endocarp length was observed in 

single genotype in CX while it was found to be least in single genotype in CIX. Maximum 

mean endocarp breadth was found in CVI and minimum in single genotype in CVIII. Highest 
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mean endocarp weight was observed in ClV while it was found to be least in single gel10type in 

CIX. Maximum mean seed weight was found in ClV and minimum in single genotype in CIX. 

Highest mean seed weight : endocarp weight was observed in Cl and ClX while it was 

found to be least in single genotype in CVIl. Maximum endocarp length : endocarp breadth 

was found in single genotype in CX and minimum in single genotype in CVI. Maximum mean 

number of seeds endocarp-I were shown by CV, least were shown by CVIl and two other 

clusters CCVIII and CX). It is worth mentioning that genotypes of Cl, ClV, ev and CVI were 

having 1110St of the favourable ~haracters viz. high seed weight and high seed weight: endocarp 

weight. 

4.7.2. Hierarchical cluster analysis 

The D2 analysis agglomerated more than 50 per cent of the genotypes in two clusters, as the 

clustering process is totally arbitrary. Moreover, it utilizes variance-covariance matrix for 

analysis where standardisation of scales of different variable is required. Therefore, it becomes 
7 

imperative to utilize some other method of clustering which overcomes the drawback of D-

analysis. 

The average linkage group method, often called UPGMA (Unweighted pair-group method 

using arithmetic averages), was used for further analysis. Squared euclidean measure was used 

to find out the relative distances between and within the different clusters. Optimum number of 

clusters were determined using slim of squares index, Djk (Romesburg, 1988). In the 

agglomerative hierarchical clustering process, average linkage was kept the criterion for 

clustering. It defines the distance between two clusters as the average of the distances between 

all pairs of cases in which one member of the pair is from each of the clusters. 

Hierarchical cluster analysis of endocarp morphological data: 

Endocarp morphological data of 43 genotypes of neem (all 8 endocarp morphological 

characteristics used) was subjected to hierarchiqll cluster analysis with the help of 

squared euclidean distance and UPGMA approach. The cluster analysis identified 8 clusters 

(Fig. 4.7.2.l.) containing between one and 11 genotypes. Cluster CVI and eVIII were having 

maximum genotypes i.e., 11 genotypes. Sub-Clusters C land elV had least number of 

genotypes Cone each). Clusters ClI, em, CV, CVII comprised 9, 3, 3, and four genotypes 

respectively. 

The association among the different genotypes is presented in the form of dendrogram 

prepared using rescaled distances. The genotypes which are lying nearer to each other in the 

dendrogram are more similar to one another than those lying apati. The resemblance coefficient 

between the two genotypes is the value at which their branches join. The dendrogram also 

showed the relative magnitude of resemblance among the different clusters. T\vo major 

clusters were visible namely, A and B. 
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Major cluster A was containing only one genotype namely, NGNI (Pune). 

Major cluster B contained 42 genotypes and was further divided into two sub-major 

clusters. Sub-major cluster BI contained 13 genotypes namely, T3, T4S, T30, H099, HIOO, 

T4I, T63, TI8, T42, HI07, HIO!, T44. Sub-major cluster BlI was containing 29 genotypes 

namely, HSROS, H082, T7, HSROl, TI7, T24, HSR03, I22, T31, T33, T2I, H083, H08S, 

HSR02, HSR04, T43, NMN4, ,S, TGN3, TER2, TS2, H084, SHS-O, T62, T64, T4, TSD, T20, 

and HI02, and T23. 

Cluster CI comprised nine genotypes out of which 4 belonged to Kalka (Haryana) 

provenance, 3 were from Raipur (Madhya Pradesh), one belonged to Hisar and one to 

Bhatinda. cm comprised three genotypes out of which one each belonged to Raipur, Alwar 

and Bikaner. 

Endocarp morphological data of 43 genotypes of neem (7 endocarp morphological 
Olit 

characteristics used i.e. with/number of seeds endocarp-l) was subjected to hierarchical cluster 

analysis with the help of squared euclidean distance and UPGMA approach. The cluster 

analysis icle6tified two major clusters A (12 genotypes) and B (31 genotypes); and 11 sub­

clusters (Fig. 4.7.2.2.) containing between two and eight genotypes. 

Major cluster A contained 12 genotypes namely, T3, T4S, NGNl, H099, HIOO, T41, 

T63, T18, T42, HI07, HI0I, T44. Major cluster B was containing 31 genotypes namely, T30, 

HSROS, H082, T7, HSROl, T17, T24, HSR03, T22, T3I, T33, T21, H083, H08S, HSR02, 

HSR04, T43, NMN4, TS, TGN3, TER2, T52, H084, SHS-O, T62, T64, T4, TSD, T20, and 

HI02, and T23. 

Cluster CX was having maXm1Ul11 genotypes I.e., 8 followed by eVIl (containing 7 

genotypes). Cluster ClI, CIV, CV and CVI had least number of genotypes (two each). Clusters 

cr, cm, CVIII, CIX and CXI comprised four genotypes each. 

Hierarchical cluster analysis of seed biochemical and endocarp morphological data: 

Seed biochemical and endocarp morphological data of 28 genotypes of neem (all 10 

endocarp biochemical plus morphological characteristics used) was subjected to hierarchical 

cluster analysis using squared euclidean distance and UPGMA approach. Two major clusters 

namely, A and B were discernible from the dendrogram. Cluster A contains nine genotypes 

containing mainly genotypes from arid (Bikaner) and semi-arid regions (Hisar). One 

exceptional entry was the genotype from Allahabad which is not having arid type of climate. 

Cluster B contains 19 genotypes mainly genotypes from semi-arid (Hisar) and other non-semi­

arid regions of Haryana namely, Kaithal (Northern plain and central highlands, hot semi-arid 

eco-region with alluvium-derived soils.), and Kalka (western Himalayas warm sub-humid 

. (including humid) eco-region with brown forest and podzolic soils» and Pune (Deccan plateau, 

hot semi-arid eco-region with shallow and medium (including deep) black soils. 
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The cluster analysis identified 5 clusters (Fig. 4.7.2.3.) containing between one and nine 
" 

genotypes. Cluster cm was having maximum genotypes i.e., 9 followed by ClI (containing 8 

genotypes). Cluster C I hac! least number of genotypes (one). Clusters CIV, and CV comprised 

4 and 6 genotypes respectively. Major cluster A was further sub-divided into two clusters (CI 

and ClI) and major cluster B was further sub-divided into three clusters (CIII, CIV and CV). 

Cluster CI was containing only one genotype namely, HSR5 (Hisar). cn comprised 8 

genotypes out of which 5 belonged to Bikaner (Rajasthan) provenance, one was from Hisar, 

and one belonged to Allahabad. cm comprised nine genotypes out of which four 

belonged to Pune and five to Kalka. CIV comprised four genotypes out of which a 
belonged to Hisar and rest to Kaithal. CV comprised 6 genotypes out of which five belonged to 

Kaithal and one to Hisar. 

4.7.3. RAPD analysis 

Table 4.7.3.1. depicts the d1tail of random primers which amplified majority of provenance 

collections.Number of provenances studied ranged from 2-15 for each primer. This table also 

enlists about 22 random primers (used singly and I or in combinations of 2-4) which did not 

give satisfactory amplification and could not be used for further RAPD assays. 

Pooled samples of 5 different provenance collections were used for amplification with 

primer OPC-12. The assay gave 10 amplification products and 40.00 per cent of these markers 

were polymorphic (Table 4.7.3.2.). Fifteen genotypes each were used for amplification with 

primers OPC-l and OPC-12. While the former gave six amplification products the latter only 

gave three products and all these markers were polymorphic (Table 4.7.3.3., Table 4.7.3.4.). 

Twelve genotypes were used for amplification with primer OPC-II. The assay gave four 

amplification products and all these markers were polymorphic. (Table 4.7.3.5.) 

Six genotypes each were used for amplification with primers OPD-2 and OPD-3. While the 

former gave four amplification products the latter only gave seven products. Fifty percent of 

the markers obtained by OPD-2 were polymorphic and 71.43 per cent of those obtained by 
! 

OPD-3 were polymorphic. (Table 4.7.3.6. Table 4.7.3.7.) 

Two genotypes were llsed for amplification with primer OPC-12 + OPD-2. The assay gave 

seven amplification products and 57.14 per cent of these markers were polymorphic. 

Genotype Discriminating Efficiency for various RAPD assays is being depicted in Table 

4.7.3.8. Discriminating efficiency range from 26.67 per cent to 100.00 per cent. Highest 

Discriminating Efficiency (100.00 per cent) was achieved with the RAPD assay number 11 

wherein primer OPC-12 was used in 5 pooled DNA samples from different provenance 

collections. Out of 10 pairs of genotypes which were to be discriminated the assay was able to 

discriminate all of the pairs of pooled genotypes. Lowest Discriminating Efficiency (26.67 per 

cent) was achieved with the RAPD assay number 7 wherein primer OPD-2 was used in 6 DNA 
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samples from differe~1t provenance collections. Out of 15 pairs of genotypes which were to be 

discriminated,the assay was able to discriminate only 4 pairs of pooled genotypes . 

. ~ Table 4.7.3.9. contains the Similarity (F) and Dissimilarity (I-F) values among pooled 

_ Neem genotypes based on OPC-12 primed RAPD polymorphism. Highest similarity value 

(0.9412) was seen between pooled genotypes 4R (Rohtak) & 3R (Delhi) followed by between 

5R (Kaithal + Kurukshetra) & 3R (Delhi) and 5 R & 2R (0.8235). Highest dissimilarity 

(0.5625) value was observed between 3R (Delhi) & 1R (Kalka), followed by between 3R 

(Delhi) & 2R (Dharwad) and 2R (Dhmwad) & 1 R (Kalka) (05556). 

Similarity (F) and Dissimilarity (I-F) values among 15 neem genotypes based on OPC-l 

primed RAPD polymorphism were calculated. Similarity values range from 0-1. (Table 

4.7.3.10.). Similarity (F) and Dissimilarity (I-F) values among 15 neem genotypes based on 

OPC- I 2 primed RAPD polymorphism was calculated. Similarity value ranged from 0 to 1 

(Table 4.7.3.11.). Similarity (F) and Dissimilarity (I-F) values among 12 neem genotypes 

based on OPC-II pI imed RAPD polymorphism was calculated. Similarity value ranged from 

zero to one (Table 4.7.3.12.). 

Similarity (F) and DiiSimilarity (I-F) values among 6 neem genotypes based on OPD-2 

primed RAPD polymorphism was calculated. Highest similarity value (1.00) was seen between 

genotypes 8 (HSROI b Hisar) & 9 (Adu. Aduthurai), 8 (HSROI b Hisar) &10 (H048 Rohtak), 9 

(Adu. Aduthurai) & 10 (H048 Rohtak), and 11 (H 1 08a Kalka) & 12 (HOn Narnaul). Highest 

dissimilarity (0.4286) value was observed between 7 (HSROla Hisar) & 11 (HI08a Kalka) and 

7 (HSROla Hisar) & 12 (H028 Narnaul). (Table 4.7.3.13.). 

Table 4.7.3.14. contains the Similarity (F) and Dissimilarity (I-F) values among 6 neem 

genotypes based on OPD-3 primed RAPD pclymorphism. Highest similarity value (1.00) was 

seen between genotypes 9 (Adu. Aduthurai) & 10 (H048 Rohtak), 9 (Adu. Aduthurai) &11 

(HI08a Kalka), 9 (Adu. Aduthurai) & 12 (H028 Narnaul), 10 (H048 Rohtak) & 11 (HI08a 

Kalka), 10 (H048 Rohtak) & 12 (H028 Narnaul) and 11 (HI08a Kalka) & 12 (H028 Narnaul). 

Highest dissimilarity (0.3333) value was observed between 8 (HSROI b Hisar) & 9 (Adu. 

Aduthurai), 8 (HSROlb Hisar) & 10 (H048 Rohtak), 8 (HSROIb Hisar) & 11 (HI08a Kalka) 

and 8 (HSRO 1 b Hisar) & 12 (H028 Narnaul). 

A total of 15 genotypes were evaluated with the help of primer OPC-l. Total number of 
/ 

alleles detected were 6. All the alleles exhibited null alleles and nin~et.ypes--sflewOO-

-n-rultiple all~ Allele with highest frequency had a frequency of 66.67 per cent. Number of 

rare allele was one. A total of 15 genotypes were evaluated with the help of primer OPC-12. 

Total number of alleles detected were 3. Out of 15 g~motypes, 1~ exhibited null alleles and 

three genotypes showed multiple alleles. Allele with highest frequency had a frequency of 

80.00 per cent. A total of 12 genotypes were evaluated with the help of primer OPC-II. Total 

num ber of alleles detected were 4. Out of 12 g@notypes 11 exhibited null alleles and 10 
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\ 
Tablc 4.7.3.2. OPC-12 primcd RAPO banding pattern in pooled 

DNA samples from 5 provenanccs of Azat/irachta illdica 

Band Genotypes 
n U III ber 

5R 4R 3R 2R IR 
I - - - + -
2 - + - + + 
3 + + + + + 
4 + + + + + 
5 + + + + + 
6 + + + + + 
7 + + + + + 
8 - + + + + 
9 + + 1; + -
10 + + + + + 

Table 4.7.3.3. OPC-I primcd RAPD banding pattern in 15 genotypes of, 
Azadiracllta illdica 

Band Genotypes 
number 

7 8 9 10 II 12 13 14 15 16 17 18 23 24 25 
I - - + - + + + + + - - - + + -
2 - - - - - - - - - + - - - - -
3 - - - - - - - - - - - - + + -
4 - - - - - - - - - - - - + + -
5 - - - - - - - - - - - - - + -
6 - - + - + + + + + + + - + + -

T .. blc 4.7.3.4. OPC-12 primcd RAPD banding pattern in 15 genotypes 
of Azadirachta indica 

/ 

Band Genotypes 
llumber 

7 8 9 10 1 1 12 13 14 15 16 17 18 23 24 25 
1 - - - - - - - + + + - - - - -
2 - - - - - - - + + + - - - - -
3 + - - + + + + + + + + + + - + 

Table 4.7.3.5. OPC-II primed RAPO banding pattern in 12 genotypes of 
AZllc/iracflta indiCtl 

Band Genotype 
number 

7 9 10 II 12 14 15 16 17 18 23 24 
I - + - - - - - - - - - -
2 - + - - - - - - - - - -
3 + + + + + + + + + + - -
.t + + + + + + + + + + + -
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Table 4.7.3.6. OPD-2 primed RAPD banding pattern in 6 genotypes of 
Azadiracllla illdica 

Band Gcnotypc 
number 

7 8 9 10 12 13 
I - + + + + + 
2 + + + + + + 
3 + + + + + + 
4 + + + + - -

Table 4.7.3.7. OPD-3 primed RAPD banding pattern in 6 genotypes of 
Azadiracllla indica 

Genotypes 
Band 7 8 9 10 11 
Number 
I + .. + .. - - -
2 + - + + + 
3 + + + + + 
4 + + - - -
5 + + + + + 
6 + \ - + + + 
7 + + - - -

12 

-
+ 
+ 
-
+ 
+ 
-

Table 4.7.3.9. Similarity (F) and Dissimilarity (I-F) value among different pooled 
genotypes of Azadirach/(1 illdica based on OPC- I 2 primed RAPD 
polymorphism 

Genotypes Scored bands F I-F 
Bands of Bands of Common 
151 2n~ bands 
genotype genotype 

5R & 4R 7 9 7 0.875 0.125 
5R & 3R 7 8 7 0.8235 0.1765 
5R & 2R 7 10 7 0.8235 0.1765 
5R & IR 7 8 6 0.800 0.200 
4R & 3 R 9 8 8 0.9412 0.0588 
4R & 2 R 9 10 9 0.4737 0.5263 
4R & IR 9 8 8 0.4706 0.5294 
3R & 2R 8 10 8 0.4444 0.5556 
3R & IR 8 8 7 0.4375 0.5625 
2R &IR 10 8 8 0.4444 0.5556 



Table 4.7.3.10. Similarity (F) and Dissimilarity (I-F) value among 15 genotypes of 
Azadirachta illdica based on OPC-I primed RAPD polymorphism 

Gcnotvpcs Scored bands F I-F 
Bands of I" Bands of 2"" Comlllon 
gcnotypc I!cnotypc bands 

7 & 8 a a a 0.0000 1.0000 

7 & 9 0 2 0 0.0000 I. 0000 

7 & 10 0 0 0 0.0000 1.0000 

7 & II 0 ," 2 0 0.0000 1.0000 

7 & 12 0 2 0 0.0000 I. 0000 

7 & 13 0 2 0 0.0000 1.0000 
7 & 14 0 2 0 0.0000 1.0000 
7 & 15 0 :2 0 0.0000 1.0000 
7 & 16 0 2 0 0.0000 1.0000 
7 & 17 0 I 0 0.0000 1.0000 
7 & 18 0 0 0 0.0000 1.0000 
7 & 23 0 4 0 0.0000 1.0000 
7 & 24 0 5 0 0.0000 1.0000 
7 & 25 0 0 0 0.0000 1.0000 
8&9 0 2 0 0.0000 1.0000 
8 & 10 0 0 0 0.0000 1.0000 

8 & 11 0 2 0 0.0000 1.0000 
8 & 12 0 2 

_, 
0 0.0000 1.0000 

8 & 13 0 2 0 0.0000 1.0000 
8 & 14 0 2 0 0.0000 1.0000 
8 & 15 0 2 0 0.0000 1.0000 
8 & 16 0 2 0 0.0000 1.0000 
8 & 17 0 I 0 0.0000 1.0000 
8 & 18 0 a 0 0.0000 1.0000 
8 & 23 0 4 a 0.0000 1. 0000 
8 & 24 0 5 a 0.0000 1.0000 

II & 25 () 0 a 0.0000 1.0000 

9 & 10 2 0 0 0.0000 1. 0000 
9 & II 2 2 2 1.0000 0.0000 
9 & 12 2 2 2 1.0000 0.0000 

9 & 13 2 2 2 1.0000 0.0000 
9 & 14 2 2 2 1.0000 0.0000 
9 & 15 2 2 2 1.0000 0.0000 
9 & 16 2 2 I 0.5000 0.5000 
9 & 17 2 I I 0.6667 0.3333 
9 & 18 2 a a 0.0000 1.0000 
9 & 23 2 4 2 0.6667 0.3333 
9 & 24 2 5 2 0.5714 0.4286 
9 & 25 2 0 0 0.0000 1.0000 
10 & 11 0 2 0 0.0000 1.0000 
10 & 12 0 2 0 0.0000 1.0000 
10 & 13 0 2 0 0.0000 1.0000 
10 & 14 0 2 0 0.0000 1.0000 
10 & 15 0 2 0 0.0000 1.0000 
10 & 16 0 2 0 0.0000 I. 0000 
10 & 17 0 I 0 0.0000 1.0000 
10& 18 0 a a 0.0000 1.0000 
10 & 23 a 4 0 0.0000 1.0000 
10 & 24 0 5 0 0.0000 1.0000 
10 & 25 0 0 0 0.0000 1.0000 
II & 12 2 2 2 1.0000 0.0000 
II & 13 2 2 2 1.0000 0.0000 
II & 14 2 2 2 1.0000 0.0000 
II & 15 2 2 2 1.0000 0.0000 
II & 16 2 2 I 0.5000 0.5000 



TlIhlc 4.7.3.10. (continued) 

Gcnotypes Scored bands F I-F 

Blinds of I" IlHnds or 2'" COllllllon 
~cnotypc gcnotype bands 

II & 17 2 I I 0.6667 0.3333 
11&18 2 0 0". 0.0000 1.0000 
II & 23 2 4 2 0.6667 0.3333 
II & 24 2 5 2 0.5714 0.4286 
II & 25 2 0 0 0.0000 1.0000 
12 & 13 2 2 2 1.0000 0.0000 
12 & 14 2 2 2 1.0000 0.0000 
12 & 15 2 2 2 1.0000 0.0000 
12 & 16 2 2 I 0.5000 0.5000 
12 & 17 2 I I 0.6667 0.3333 
12 & 18 2 0 0 0.0000 1.0000 
12 & 23 2 4 2 0.6667 0.3333 
12 & 24 2 5 2 0.5714 0.4286 
12 & 25 2 0 0 0.0000 1.0000 
13 & 14 2 2 2 1.0000 0.0000 
13 & 15 2 2 2 1.0000 0.0000 
13 & 16 2 2 0' I 0.5000 0.5000 
13 & 17 2 I I 0.6667 0.3333 
13 & 18 2 0 0 0.0000 1.0000 
13 & 23 2 4 2 0.6667 0.3333 
13 & 24 2 5 2 0.5714 0.4286 
13 & 25 2 0 0 0.0000 1.0000 
14 & 15 2 2 2 1.0000 0.0000 
14 & 16 2 2 I 0.5000 0.5000 
14 & 17 2 I I 0.6667 0.3333 
14 & 18 2 0 0 0.0000 1.0000 
14 & 23 2 4 2 0.6667 0.3333 
14 & 24 2 5 2 0.0000 1.0000 
14 & 25 2 0 0 0.0000 1.0000 
15 & 16 2 2 I 0.5000 0.5000 
15 & 17 2 I I 0.6667 0.3333 
15 & 18 2 0 0 0.0000 1.0000 
15 & 23 2 4 2 0.6667 0.3333 
15 & 24 2 5 2 0.5714 0.4286 
15 & 25 2 0 0 0.0000 1.0000 
16 & 17 2 I I 0.6667 0.3333 
16 & 18 2 0 0 0.0000 1.0000 
16 & 23 2 4 I 0.3333 0.6667 
16 & 25 2 0 0 0.0000 1.0000 
16 & 24 2 5 I 0.2857 0.7143 
17& 18 I 0 0 0.0000 1.0000 
17 & 23 I 4 I 0.4000 0.6000 
17 & 24 I 5 I 0.3333 0.6667 
17 & 25 I 0 0 0.0000 1.0000 
18 & 23 0 4 0 0.0000 1.0000 
18 & 24 0 5 0 0.0000 1.0000 
18 & 25 0 0 0 0.0000 1.0000 
23 & 24 4 5 4 0.8889 0.1111 
23 & 25 4 0 0 0.0000 I. 0000 
24 & 25 5 0 0 0.0000 1.0000 



Table 4.7.3.11. Similarity (F) and Dissimilarity (I-F) value among 15 genotypes of 
Azadirachtll illdica based on OPC-12 primed RAPD polymorphism 

~ 

Gl'llIIlVIlCS Scurctl bantls F 1-1' 
Bantls of I"' Hantls of 2"" Common 
gcnotypc l!cnolypc bantls 

7 & & I 0 0 0.0000 1.0000 

7&9 I 0 0 0.0000 1.0000 
7 & 10 I I I 1.0000 0.0000 

7 & II I I I 1.0000 0.0000 
7 & 12 I I I 1.0000 0.0000 
7 & 13 I I I 1.0000 0.0000 
7 & 14 I 3 .' I 0.5000 0.5000 
7 & 15 1 3 1 0.5000 0.5000 
7 & 16 I 3 I 0.5000 0.5000 
7 & 17 I I I 1.0000 0.0000 
7 & 18 I I I 1.0000 0.0000 
7 & 23 I I I 1.0000 0.0000 
7 & 24 I 0 0 0.0000 1.0000 
7 & 25 I I 1 1.0000 0.0000 
8 & 9 0 0 0 0.0000 1.0000 
8 & 10 0 I a 0.0000 1.0000 
8 & II 0 I a 0.0000 1.0000 
8 & 12 0 I a 0.0000 1.0000 
8 & 13 0 I 0 0.0000 1.0000 
8 & 14 0 3 0 0.0000 1.0000 
8 & 15 0 3 a 0.0000 1.0000 
8 & 16 0 3 0 0.0000 1.0000 
8 & 17 0 I 0 0.0000 1.0000 
8 & 18 0 I 0 0.0000 1.0000 
8 & 23 0 I 0 0.0000 1.0000 
8 & 24 0 0 0 0.0000 1.0000 
8 & 25 0 I 0 0.0000 1.0000 
9 & 10 0 I 0 0.0000 1.0000 
9 & II 0 I 0 0.0000 1.0000 
9 & 12 0 I 0 0.0000 I. 0000 
9 & 13 0 I 0 0.0000 1.0000 
9 & 14 0 3 0 0.0000 1.0000 
98: 15 0 3 a 0.0000 1.0000 
98: 16 0 3 0 0.0000 1.0000 
9 & 17 0 I 0 0.0000 1.0000 
98:18 0 I a 0.0000 1.0000 
98:23 0 I 0 0.0000 1.0000 
98:24 0 0 a 0.0000 1.0000 
98:25 0 I 0 0.0000 I. 0000 
108:11 I I I 1.0000 0.0000 
10 & 12 I I I 1.0000 0.0000 
10 & 13 I I 1 1.0000 0.0000 
10 & 14 I 3 I 0.5000 0.5000 
10 & 15 I 3 I 0.5000 0.5000 
10 & 16 I 3 I 0.5000 0.5000 
10 & 17 I I I I. 0000 0.0000 
10 & 18 I I I 1.0000 0.0000 
10 & 23 I I I 1.0000 0.0000 
10 & 24 I 0 0 0.0000 1.000 
108:25 I I I I. 0000 0.0000 
II & 12 I I I 1.0000 0.0000 
II & 13 I I I 1.0000 0.0000 
II & 14 I 3 I 0.5000 0.5000 
II & 15 I 3 I 0.5000 0.5000 



Table 4.7.3.11. (continued) 

Genotypes Scor,cd bands F I-F 
IInnlls of I" IInnlls of 2nd 

COlli ilion 
genotvpc !!ClwtVf)C '\ bands 

II & 16 I 3 I 0.5000 0.5000 

II & 17 I I I 1.0000 0.0000 

II & III I I I 1.0000 0.0000 

II & 23 I I I 1.0000 0.0000 

II & 24 I 0 0 0.0000 I. 0000 

II & 25 I I I 1.0000 0.0000 

12 & 13 I I I \ 1.0000 0.0000 

12 & 14 I 3 I 0.5000 0.5000 

12 & 15 I 3 I 0.5000 0.5000 

12 & Iii I 3 I 0.5000 0.5000 

12 & 17 I I I 1.0000 0.0000 
12 & 18 I I I 1.0000 0.0000 

12 & 23 I I I 1.0000 0.0000 

12 & 24 I 0 0 0.0000 1.0000 

12 & 25 I I I 1.0000 0.0000 

13 & 14 1 3 1 0.5000 0.5000 
13 & 15 I 3 1 0.5000 0.5000 

13 & 16 1 3 1 0.5000 0.5000 

13 & 17 I I I 1.0000 0.0000 
13 & 18 I I I 1.0000 0.0000 

13 & 23 I I I 1.0000 0.0000 
13 & 24 I 0 0 0.0000 1.0000 

13 & 25 I I I 1.0000 0.0000 

14 & 15 3 3 3 1.0000 0.0000 
14 & 16 3 3 3 1.0000 0.0000 

14 & 17 3 I I 0.5000 0.5000 
14 & 18 3 I I 0.5000 0.5000 
14 & 23 3 I I 0.5000 0.5000 

14 & 24 3 0 0 0.0000 1.0000 
14 & 25 3 I 1 0.5000 0.5000 
15 & 16 3 3 3 I. 0000 0.0000 
15 & 17 3 I I 0.5000 0.5000 
15 & 18 3 I I 0.5000 0.5000 
15 & 23 3 I 1 0.5000 0.5000 
15 & 24 3 0 0 0.0000 1.0000 
15 & 25 3 1 1 0.5000 0.5000 
16 & 17 3 I 1 0.5000 0.5000 
16 & 18 3 I I 0.5000 0.5000 
16 & 23 3 I I 0.5000 0.5000 
16 & 24 3 0 0 0.0000 1.0000 
16 & 25 3 I I 0.5000 0.5000 
17 & 18 I I 1 1.0000 0.0000 
17 & 23 I I 1 1.0000 0.0000 
17 & 24 I 0 0 0.0000 1.0000 
17 & 25 I I I 1.0000 0.0000 
18 & 23 I I I 1.0000 0.0000 
18 & 24 I 0 0 0.0000 1.0000 
18 & 25 I I I 1.0000 0.0000 
23 & 24 I 0 0 0.0000 1.0000 
23 & 25 I I I 1.0000 0.0000 
24 & 25 0 I 0 0.0000 1.0000 



Table 4.7.3.12. Similarity (F) and Dissimilarity (I-F) value among 12 genotypes of 
AZllliiracllta iudica based on OPC-II primed RAPD polymorphism 

Gcnotvpcs Scoretl bantls F I-F 
Bantls of I" Bantls of 2 nd Common 
genotype genotype bantls 

7 & 9 2 4 2 0.6667 0.3333 

7 & to 2 2 2 1.0000 0.0000 

7 & II 2 2 2 1.0000 0.0000 

7 & 12 2 \2 2 1.0000 0.0000 

7 & 14 2 2 2 1.0000 0.0000 

7 & 15 2 2 2 1.0000 0.0000 

7 & 16 2 2 2 1.0000 0.0000 

7 & 17 2 2 2 1.0000 0.0000 

7 & 18 2 2 2 1.0000 0.0000 

7 & 23 2 I I 0.6667 0.3333 

7 & 24 2 0 0 0.0000 1.0000 

9 & 10 4 2 2 0.6667 0.3333 

9 & II 4 2 2 0.6667 0.3333 

9 & 12 4 2 2 0.6667 0.3333 

9 & 14 4 2 2 0.6667 0.3333 

9 & 15 4 2 2 0.6667 0.3333 
9 & 16 4 2 2 0.6667 0.3333 
9 & 17 4 2 2 0.6667 0.3333 
9 & 18 4 2 2 0.6667 0.3333 

9 & 23 4 I I 0.5000 0.5000 
9 & 24 4 0 0 0.0000 1.0000 
10 & II 2 2 2 1.0000 0.0000 
10 & 12 2 2 2 1.0000 0.0000 
10 & 14 2 2 2 1.0000 0.0000 
10 & 15 2 2 2 I. 0000 0.0000 
10 & 16 2 2 2 1.0000 0.0000 
10 & 17 2 2 2 1.0000 0.0000 
10 & 18 2 2 2 1.0000 0.0000 
10 & 23 2 I I 0.6667 0.3333 
10 & 24 2 0 0 0.0000 I. 0000 
II & 12 2 2 2 I. 0000 0.0000 

II & 14 2 2 2 1.0000 0.0000 
II & 15 2 2 2 1.0000 0.0000 
II & 16 2 2 2 I. 0000 0.0000 
II & 17 2 2 2 1.0000 0.0000 
II & 18 2 2 2 1.0000 0.0000 
II & 23 2 I 1 0.6667 0.3333 
II & 24 2 0 0 0.000 1.0000 
12 & 14 2 2 2 1.0000 0.0000 
12 & 15 2 2 2 1.0000 0.0000 
12 & 16 2 2 2 1.0000 0.0000 
12 & 17 2 2 2 1.0000 0.0000 
12 & 18 2 2 2 1.0000 0.0000 
12 & 23 2 I I 0.6667 0.3333 
12 & 24 2 0 0 0.0000 1.0000 
14 & 15 2 2 2 1.0000 0.0000 
14 & 16 2 2 2 1.0000 0.0000 
14 & 17 2 2 2 1.0000 0.0000 
14 & 18 2 2 2 1.0000 0.0000 
14 & 23 2 I I 0.6667 0.3333 
14 & 24 2 0 0 0.0000 1.0000 
15 & 16 2 2 2 1.0000 0.0000 
15 & 17 2 2 2 1.0000 0.0000 
15 & 18 2 2 2 1.0000 0.0000 
15 & 23 2 I I 0.6667 0.3333 
15 & 24 2 0 0 0.0000 I. 0000 



Table 4.7.3.12. (continued) 

Genotypes Scored bands F I-F 
Bands of 1" Bands of 2nd Common 
genotype genotype bands 

16 & 17 2 2 2 1.0000 0.0000 
16 & IS 2 2 2 1. 0000 00000 
16 & 23 2 I I 0.6667 0.3333 
16 & 24 2 0 0 0.0000 1. 0000 
17& IS 2 2 2 1.0000 0.0000 
17 & 23 2 I I 0.6667 0.3333 
17 & 24 2 0 0 0.0000 1.0000 
IS & 23 I I I 1. 0000 0.0000 
IS & 24 I 0 0 0.0000 1.0000 
23 & 24 I 0 0 0.0000 1. 0000 

Table 4.7.3.13. Similarity (F) and Dissimilarity (I-F) value among 6 Neem genotypes 
based on OPD-2 primed RAPD polymorphism 

Genotypes Scored bands F I-F 
Bands of 1" Bands of 2nd COlllmon 
genotYll_e genotype bands 

7 & 8 3 4 3 0.8571 0.1429 
7 & 9 3 4 3 0.8571 0.1429 
7 & 10 3 4 3 0.8571 0.1429 
7 & II 3 3 2 0.5714 0.4286 
7 & 12 3 3 2 0.5714 0.4286 
8 & 9 4 4 4 1. 0000 0.0000 
8 & 10 4 4 4 1. 0000 0.0000 
8 & II 4 3 3 0.8571 0.1429 
8 & 12 4 3 3 0.S571 0.1429 
9 & 10 4 4 4 1. 0000 0.0000 
9 & II 4 3 3 0.8571 0.1429 
9 & 12 4 3 3 0.8571 0.1429 
10 & II 4 3 3 0.8571 0.1429 
10 & 12 4 3 3 0.8571 0.1429 
II & 12 3 3 3 1.0000 0.0000 

Table 4.7.3.14. Similarity (F) and Dissimilarity (I-F) value among 6 genotypes of 
Azadirachta indica based on OPD-3 primed RAPD polymorphism 

Gellotyp~s Scored bands F I-F 

Bands of 1" Bands of 2nd COlllmon 

genotype genotype bands 

7 & 8 7 5 5 0.8333 0.1667 
7&9 7 4 4 0.7273 0.2727 
7 S" 10 7 4 4 0.7273 0.2727 
7 & 11 7 4 4 0.7273 0.2727 
7 & 12 7 4 4 0.7273 0.2727 
8 & 9 5 4 3 0.6667 0.3333 
8 & 10 5 4 3 0.6667 0.3333 
8 & 11 5 4 3 0.6667 0.3333 
8 & 12 5 4 3 0.6667 0.3333 
9 & 10 4 4 4 1.0000 0.0000 
9 & 11 4 4 4 1.0000 0.0000 
9 & 12 4 4 4 1.0000 0.0000 
10 & 11 4 4 4 1.0000 0.0000 
10 & 12 4 4 4 1.0000 0.0000 
11&12 4 4 4 1.0000 0.0000 
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genotypes showed multiple alleles. Allele with highest frequency had a frequency of 91.67 per 

cent. A total of 6 genotypes were evaluated with the help of primer OPD-2. Total number of 

alleles detected were 4. Out of 6 genotypes, 3 exhibited null alleles and all the genotypes 

ghowed multiple al1ele~ Allele with highest frequency had a frequency of 100.00 per cent. A 

total of 6 genotypes were evaluated with the help of primer OPD-3. Total number of alleles 

detected were 7. Out of 6 genotypes,5 exhibited null alleles and Ell} th,'-' genotypes shOUTed­

-multiple alleles. Allele with highest fi'equency had a frequency of 10000 per cent (Table 

4.7.3.15.). 

Average similarity (F) and dissimilarity (I-F) values among rlifferent neem genotypes based 

on RAPD polymorphism is shown in Table 4.7.3.16. These values were calculated on the basis 

of all the primers used. The number of primers used varied from two to six. 

Genotype 7 (HSROla Hisar) was found to have a highest similarity value (0.8571) with 

genotype 17 (H080 Kurukshetra) followed by genotype 10 (H048 Rohtak) (0.8333) and 

genotype 9 (Adu. Aduthurai) (0.6486), while this genotype had highest value of dissimilarity 

(1.00) with genotypes 24 (GPN-O Hisar) and 25 (HSR-02 Hisar) . 

Genotype 8 (HSRO 1 b Hisar) was found to have a highest similarity value (0.7778) with 

genotype 10 (H048 Rohtak) followed by genotype 9 (Adu. Aduthurai) (0.7368), while this 

genotype had highest value of dissimilarity (0.3684) with genotypes 11 (HI08a Kalka) and 12 

(H028 Narnaul). Genotype 9 (Adu. Aduthurai) was found to have a highest similarity value 

(1.00) with genotype 23 (HI08b Kalka) followed by genotypes 11 (HI08a Kalka) and 12 

(H028 Narnaul) (0.8462), while this genotype had highest value of dissimilarity (l.00) with 

genotype 25 (HSR-02 Hisar) followed by 18 (H093 Sirmour) (0.7778). 

G~notype 10 (H048 Rohtak) was found to have a highest similarity value (1.00) with 

genotypes 18 (H093 Sirmour) and 25 (HSR-02 Hisar) followed by genotype 11 (HI08a Kalka) 

and 12 (H028 Narnaul) (0.8696) and genotype 9 (Adu. Aduthurai) (0.6486), while this 

genotype had highest value of dissimilarity (I.OO) with genotypes 24 (GPN-O Hisar) followed 

by 16 (H079 Nilokheri) (0.6000). 

Genotype 11 (H108a Kalka) was found to have a highest similarity value (1.00) with 

genotype 12 (H028 Narnaul) and 13 (HSRO I t Hisar) followed by genotype 10 (H048 Rohtak) 

(0.8696), while this genotype had highest value of dissimilarity (0.8000) with genotypes 24 

(GPN-O !-lisar) followed by 25 (HSR-02 Hisar) (0.5000). Genotype 12 (H028 Narnaul) was 

'found to have a highest similarity value (1.00) with genotype 11 (H108a Kalka) followed by 

genotype 17 (H080 Kurukshetra) (0.8889), while this genotype had highest value of 

dissimilarity (0.6000) with genotypes 24 (GPN-O Hisar) followed by 25 (HSR-02 Hisar) 

(0.5000). " 
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Genotype 13 (HSROlt Hisar) was found to have a highest similarity value (1.00) with 

genotype 11 (H108a Kalka) followed by genotypes 9 (Adu. Aduthurai) and 17 (H080 

Kurukshetra) (0.8000), while this genotype has highest value of dissimilarity (0.5000) with 

genotypes 7 (HSROla Hisar), 16 (H079 Nilokheri), 18 (H093 Sirmour), 24 (GPN-O Hisar) and 

25 (HSR-02 Hisar) followed by 10 (H048 Rohtak) (0.3333). Genotype 14 (HSR03 Hisar) was 

found to have a highest similarity value (1.00) with genotype 15 (HSR04 Hisar) followed by 

genotype 16 (H079 Nilokheri) (0.8571), while this genotype has highest value of dissimilarity 

(0.6667) '\lith genotypes 24 (GPN-O Hisar) and 25 (HSR-02 Hisar). 

Genotype 15 (HSR04 Hisar) was found to have a highest similarity value (1.00) with 

genotype 14 (HSR03 Hisar) followed by genotype 16 (H079 Nilokheri) (0.8571), while this 

genotype has highest value of dissimilarity (0.6667) with genotypes 24 (GPN-O Hisar) and 25 

(HSR-02 Hisar). Genotype 16 (H079 Nilokheri) was found to have a highest similarity value 

(0.8571) with genotypes 14 (HSR03 Hisar) and 15 (HSR04 Hisar) followed by genotype 17 

(H080 Kurukshetra) (0.7273) and genotype 9 (Adu. Aduthurai) (0.6486), while this genotype 

has highest value of dissimilarity (0.S333) with genotypes 24 (GPN-O Hisar) followed by 25 

(HSR-02 Hisar)(0.6667). Genotype 17 (H080 Kurukshetra) was found to have a highest 

similarity value (0.8889) with genotypes 11 (HI08a Kalka) and 12 (H028 NarnauI) followed by 

genotypes 7 (HSROla Hisar), 10 (H048 Rohtak) and 18 (H093 Sirmour) (0.8571), while this 

genotype has highest value of dissimilarity (0.7778) with genotype 24 (GPN-O Hisar) followed 

by genotypes 9 (Adu. Aduthurai) and 23 (H108b Kalka)(0.4000). 

Genotype IS (H093 Sirmour) was found to have a highest similarity value (1.00) with 

genotypes 7 (I-ISRO 1 a Hisar), 10 (H048 Rohtak) and 25 (HSR-02 Hisar) followed by genotype 

17 (H080' Kurukshetra) (0.8571), while this genotype has highest value of dissimilarity (1.00) 

with genotype 24 (GPN-O Hisar). 

Genotype 23 (H 1 OSb Kalka) was found to have a highest similarity value (1.00) with 

genotype 9 (Adu. Aduthurai) followed by genotype 10 (H048 Rohtak) (0.8333) and genotype 

13. (HSRO 1 t Hisar) (0.7500), while this genotype has highest value of dissimilarity (0.8889) 

with genotype 23 (H108b Kalka). Genotype 24 (GPN-O Hisar) was found to have a highest 

similarity value (0.7272) with genotype 23 (HI08b Kalka) followed by genotype 13 (HSRO 1 t 

Hisar) (0.5000), while this genotype has highest value of dissimilarity (l.00) with genotypes 25 

(HSR-02 Hisar). 

Genotype 25 (HSR-02 Hisar) was found to have a highest similarity value (1.00) with 

genotypes 7 (HSRO 1 a I-lisar),1 0 (H048 Rohtak), and 18 (H093 Sinnour) followed by genotype 

17 (I-1080 Kurulqhetra) (0.6667) and genotype 9 (Adu. Aduthurai) (0.6486), while this 

genotype has highest value of dissimilarity (1.00) with genotype 24 (GPN-O Hisar). 

Dendrogram of 12 genotypes based on RAPD profile of OPC-l, OPC-II and OPC~ 12 

primers was constructed using Jaccard similarity coefficient by DPGMA approach of clustering 
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(Fig. 4.7.3.1.). Genotypes G14 and GIS both from Hisar clustered together due to their very 

high similarity value. G24 from Hisar was positioned at the periphery of the dendrogram due to 

its high dissimilarity value with other genotypes. Genotypes G 18, G7 and G 1 0 were placed at 

very distant position compared to G24, G23 ad G9 due to their very high dissimilarity values. 

Dendrogram of 6 genotypes based on RAPD profile of OPD-2, and OPD-3 primers was 

constructed using Jaccard similarity coefficient by UPGMA approach of clustering (Fig. 

4.7.3.2. ). Genotypes G7 and G8 (progeny of a single tree) from Hisar clustered together due to 

their very high similarity value. G 12 and G 1 0 were positioned at the periphery of the 

dendrogram due to their high dissimilarity value with other genotypes. 

4.7.4. P,;incipal component and Principal factor analyses 

Generall)~ observations are made on a large number of variables, as initially it is not known 

which variables are more important and useful. In fact one tries to include all possible 

variables, which are likely to have some connection with the problem. The resulting data 

matrices become so large that it becomes very difficult to analyze when degree of correlation is 

very high among the variables. 

Principal component analysis helps in identifying 1110st relevant characters and present them 

in more interpretable and more visualised dimensions through linear combinations of variables 

that accounts for 1110st of the variation present in original set of variables. 

In the present investigation principal components with eigen values greater than one were 

selected rClI' interpretation (Kaiser, 1958). 

Principal component and Principal factor analyses: 

Ten morphological and biochemical characteristics of endocarp were considered for 

principal component and principal factor analyses in 28 genotypes of neem . The first three 

principal components (PCs) gave eigen values more than one and altogether explained 84.864 

per cent ofaccllmulated variability (Table 4.7.4.1.). The first PC explained 54.162 per cent of 

the total variation. The second and third PCs explained 17.557 per cent and 13.146 per cent 

variation respectively. 

Further analysis was carried out using principal factor analysis, as principal component 

analysis does not assume a definite model, where each observed variable is expressed linearly 

in terms of a common factor and a unique factor. The common factors account for the 

correlation among the variables, while each unique factor accounts for the remaining variance 

(including error) of that variable. Further in PCA, the total variation contained in a set of 

variables is considered, whereas in factor analysis, interest centres on that part of variance 

which is shared by the common factors. Also in contrast to principal component analysis, here 

the variable axes are allowed to interact resulting in distortion of mutual orthogonality. 
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Table 4.7.4.1. Total variance explained by different principal components for data of ten seed 
biochemical and endocarp morphological characteristics of 
AZ{ulirllchtll indicil 

Principal Eigen value % of Variance Cumulative 
COUl_[JOncllt variance (% ) 

I 5.416 54.162 54.162 
2 1.756 17.557 71.718 
3 1.315 13.146 84.864 
4 0.763 7.634 92.498 
5 0.490 4.904 97.402 
Ii 0.250 2.501 99.903 
7 0.008 0.08 99.993 
8 0.0007 0.007 100.000 
9 -0 -0 100.000 
10 -0 -0 100.000 

Table 4.7.4.2. Factor loadings for ten seed biochemical and endocarp morphological 
characteristics with respect to principal factors in AZ{l{liracflta indica 

Variablc Principal COUlpollcnt Communalities 
1 2 3 

linsaturated fally acids -0.971 0.04 0.200 0.985 
Unsatnratcd fally acids: -O.9li8 0.02 0.188 0.973 
saturated fatty acids 
Saturated fatty acids O.9li7 -0043 -0.225 0.988 
Oleic acid -0.903 0.181 -0.303 0.939 
Stearic acid (1.1159 -0.195 -0.08 0.782 
Linoleic acid O.7IM -0.228 0.523 0.840 
Palmitic acid O.li04 0.234 -0.337 0.534 
io cndocarp_ weight 0.264 0.859 0.235 0.864 
Endocarplenj!th 0.312 0.700 0.528 0.867 
Oil coutcnt 0.014 0.588 -O.li07 0.714 

Bold underllne values represent hlgh factor loadlng for the glven character w.r.t. prlnclpal factor 



PC method was used to extract the principal factors. The advantage of this method is that no 

distributional assumption is required, whereas other methods like maximum likelihood, assume 

that the general form of population distribution is known and follow multivariate normal 

disti"ibution. First the principal factor analysis was carried out without any rotation to derive 

clear picture of interaction among the characters. Factor loading of different characters 

(unrotated) are presented in Table 4.7.4.2. The results of this table revealed that seven 

characters (related to fatty acid profile) had very high loading on the first factor. Endocarp 

length and 20 endocarp weight had high loading on second factor. Oil cortent of the endocarp 

had high loading on second factor. This provided a very clear picture rl~garding the idea of 

character association with respect to principal factor. 

Now among these principal factors, factor 1 and 3 can be regarded as factors for unsaturated 

fatty acids, ratio of unsaturated and saturated fatty acids and Saturated fatty acids CUl111.llatively. 

Factors 1, 2 and 3 can be designated as factors for Palmitic acid, Oleic acid, Linoleic acid, 20 

endocarp weight and endocarp length. Factors 1 and 2 can be designated as factors for stearic acid. 

Factors 3 and 2 can be designated as factors for oil content. 

Principal factor (PF) scores for all the genotypes were estimated in all the three factors. 

These scores are presented in Table 4.7.4.3. and can be used to propose precise selection 

indices whose intensity can be decided by variability explained by each of the principal factor. 

High principal score for a particular genotype in a particular factor denotes high value for 

the variable (which the principal factor is representing) in that particular genotype. Perusal of 

Table 4.7.4.3. revealed that genotypes BNR3, BNR2, BNR4, KLKI, KLK2, KLK3, KLK4, 

KLK5, HSR5, NMN4, and ALDI had high PF score in factor} indicating that they had high 

unsaturated fatty acids, saturated fatty acids, ratio of unsaturated and saturated fatty acids 

which this factor is representing. Similarly, PF scores of BNR2, KTLl, KTL4, KLK4, KLK5, 

HSRl, HSR3, HSR4, HSR5, HSR6, HSk7, NGN}, TER2 and NMN4 were high in factor 2 

which point out to the fact that these genotypes had high values for endocarp weight and 

endocarp length. Likewise, PF scores of BNRl, KTLl, KTL2, KTL3, KTL4, KTL4, KTL5, 

HSR3, HSR5, HSR6, HSR7, NGNl, and ALDI were high in factor 3 which point out to the 

fact that these genotypes had high oil content. 

Using the principal factor scores, all the genotypes were plotted for factor 1 and 2, factor 

and 3 and factor 2 and 3, which cumulatively explained 84.864 per cent variability and 

accounted for the most important characters (Fig. 4.7.4.1., Fig. 4.7.4.2., Fig. 4.7.4.3.). 

These three plots clearly indicated the separation of genotypes with high values of the 

characteristics· towards the axis of factors which represent them. Genotypes BNR3, BNR2, 

BNR4, and ALD 1 which were found to be with lower values of saturated fatty acids stand out 

towards the negative portion of [he factor} axis in all the plots. KLKl, KLK2, KLK3, KLK4, 

KLK5, HSR5, and NMN4, which were found to be with higher yields of ~aturated fatty acids 

161 



Table 4.7.4.3. Principal factor scores for ten seed biochemical and endocarp morphological 
characteristics with respect to principal factors in 28 genotypes of AZ(l(lirach1a indica 

(icnotypc Id. No. Provcnancc FI F2 

I I3NRI l3ikancr 0.07375 0.55823 

2 BNR2 Bikancr -1.19207 -1.27442 

3 BNR3 Bikancr -2.01462 -0.49527 

4 I3NR4 l3ikancr -2.43635 0.04561 

5 BNR5 Bikaner -0.44438 0.41512 

6 KTLI Kaithal -0.28027 -1.5249 

7 KTL2 Kaithal -0.18694 -0.62912 
8 KTL3 Kaithal -0.59031 -0.57453 
9 KTL4 Kaithal 0.00547 -1.36693 
10 KTL5 Kaithal -0.17057 -0.61136 
II KTL6 Kaithal 0.48676 -0.40074 
12 KLKI Kalka 0.88049 0.43518 
13 KLK2 Kalka 1.33622 -0.34153 
14 KLK3 Kalka 0.87066 0.5594 
15 KLK4 Kalka 1.3323 -0.7904 
16 KLK5 Kalka 1.84436 -1.39095 
17 HSRI Hisar 0.05375 0.8931 
18 IISR2 Hisar -0.58888 -0.18145 
19 IISR3 Ilisar -0.48145 -0.88345 
20 HSR4 Hisar -0.22062 1.3743 
21 HSR5 Hisar 1.3085 -1.49846 
22 IISR6 I-lisar -0.06336 0.75364 
23 IISR7 Hisar -0.02184 1.11064 
24 NGNI !'une 0.05884 2.05243 
25 TER2 !'une 0.66474 1.21617 
26 TGN3 !'lIne 0.32707 1.33872 
27 NMN4 !'lIne 0.97078 0.95797 
28 ALl) I Allahabad -1.52201 0.25304 

Ta ble 4.7.4.4. Total variance explained by different principal components for data 
of eight endocarp morphological characteristics in Azadiracllta illdica 

Principal Eigen % of Variance Cumulative 
Component value variance (%) 

1 4.391 54.886 54.886 
2 1.602 20.024 74.910 
3 1.223 15.289 90.199 
4 0.624 7.802 98.001 
5 0.093 1.166 99.167 
6 0.056 0.705 99.872 
7 0.007 0.081 99.953 
8 0.004 0.047 100.000 

F3 
1.34488 
0.62022 
-0.20212 
0.13362 
0.38376 
-1.54226 
-0.98676 
-1.00565 
-1.49767 
-0.88426 
-0.40761 
0.02309 
-0.65579 
-0.28604 
0.24496 
-0.30602 
0.65733 
-0.70723 

1.8889 
0.08883 
2.5819 

0.86789 
0.9293 

-1.56946 
-0.1623 

-0.39852 
-0.11583 
0.96282 



Fig. 4.7.4.1. 
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Fig. 4.7.4.2. Relationship between first and third principal components 

showing the distribution of pl"-{}v-enances-on-t-h-bas-is-of neem 
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Fig. 4.7.4.3. 
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stand out towards the positive portion of the factor 1 axis in all the plots. Genotypes (BNR2, 

KTLl, KTL4, KLK5, HSR3, HSR5) which were having less 20 endocarp weight and endocarp 

length, clustered towards the negative side of factor 2 axis (factor accounting for these 

characters). Whereas, the genotypes (HSRl, HSR4, HSR6, HSR7, NGNl, TER2, TGN3 and 

NMN4) which were having more endocarp weight and endocarp length clustered towards the 

positive side of factor 2 axis (factor accounting for these characters). Genotypes KTLl, KTL2, 

KTL3, KTL4, KTL5, KLK2, KLK5, HSR2, and NGNl separated more towards the negative 

side of factor 3 axis which was a factor for oil content indicating that this factor represents 

these characters efficiently. Genotypes BNRl, BNR2, HSRI, HSR3, HSR5, and HSR7 

separated more towards the positive side of factor 3 axis which was a factor for oil content 

indicating that this factor is an authentic representation for these characters. 

When genotypes were plotted on the basis of factor 1 (representing saturated fatty acids) and 

factor 2 (representing 20 endocarp weight and endocarp length), genotypes BNR3, BNR2, 

BNR4, and ALD 1 were found to be representing low saturated fatty acids and low to moderate 

levels of 20 endocarp weight and endocarp length. Genotypes KLK2, KLK4, KLK5, and HSR5 

were found to be high in saturated fatty acids and moderate levels of 20 endocarp weight and 

endocarp length. 

Similarly, when genotypes were plotted on the basis of factor 1 (representing saturated fatty 

acids) and factor 3 (representing oil content) genotypes HSR5, KLK4, and NMN4 \vere found 

to be high for saturated fatty acids and 0:1 content. 

When genotypes were plotted on the basis of factor 2 (representing 20 endocarp weight and 

endocarp length) and factor 3 (representing oil content) genotypes HSR3, HSR4, HSR7, TER2, 

TGN3, NMN4 were found to be high for 20 endocarp weight, endocarp length and oil content. 

The plot, which used first two factors, were in agreement to some extent with the results 

obtained by hierarchical cluster analysis. The first three principal factors, explaining about 

84.864 per cent of the total variability, were able to show clear differentiation of various 

clusters. For example, BNR3 and BNR4 clustered together in both hierarchical cluster analysis 

(I-lCA) and plots of PCI and PC3. ALDI and BNR2 clustered together in both HCA and plots 

of PCI and PC3. Three genotypes from Pune namely, TER2, TGN3 and NMN4 clustered 

together with two genotypes from Kalka KLK 1 and KLK3 in both HCA and plots of PC 1 and 

PC3. Four genotypes from Kaithal provenance namely, KTLI, KTL2 KTL3, and KTL4 

clustered together with one genotype from I-Iisar namely, HSR2 in both HCA and plots of PC 1 

and PC3. (Fig. 4.7.4.3.) 

Principal component and Principal factor analyses for morphological data of endocarps: 

Eight morphological characteristics of endocarps were considered for principal component 

and principal factor analyses in 43 genotypes of neem . 
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Table 4.7.4.5. Factor loadings for eight morphological characteristics with respect 
to principal factors in AzadiTllchta indica 

Charactcristic Components Communalities 

I 2 3 

Endocarp length 0.988 -0.04 -0.105 0.977 

Endocarp brcath 0.958 -0.03 0.124 0.960 

Endocarp wcight 0.880 0.02 -0.421 0.988 

Sced weight 0.833 0.530 -3.766E-02 0.934 

Endocarp coat wcight 0.762 -0.544 -0.287 0.952 

Number 01" seeds pCI' cudlll'lIrp 0.202 11.')(,1 0.167 0.685 
" 

Seed weight: eudocarp wcight 0.306 -0.280 0.716 0.728 

Eudocarp length: cndocarp brcadth 0.560 -0.138 0.629 0.993 

Bold 11nderllne values represent hIgh factor loadIng for the gIven character w.r.t. prIncIpal factor 



Ta ble 4.7.4.6. Principal factor scores for eight morphological characteristics with respect 
to principal factors in 43 genotypes of Auu/iT(lchta illdica 

Tree Id No. Provenance FI F2 F3 
2 T3 Bikaner -0.1195 -0.27972 3.06874 
3 T4 Bikaner 0.32658 -0.65163 -0.28817 
4 T5 Bikaner 0.11791 -0.22097 0.19282 
7 T41 Raipur 0.98239 -0.22125 1.24599 
8 T42 Raipur 1.8625 0.83856 -0.3577 
9 T43 Raipur 0.17619 0.37928 0.28721 
10 T44 Raipur 2. I 5834 0.62065 0.74153 
II T45 Raipur 0.15786 1.66 2.24657 
12 T62 Bhatinda 0.77495 -0.31898 -0.49059 
13 T63 Bhatinda 0.84838 -0.60569 1.29066 
14 T64 Bhatinda 0.97101 -0.24889 -0.324 I 
24 T5D Delhi 0.45438 -0.6859 0.36312 
25 T7D Delhi -0.75124 -0.0372 0.09806 
15 T23 Jodhpur -1.79538 -1.72888 1.51175 
16 T24 Jodhpur -1.73052 -0.1319 0.35918 
17 no Jodhpur -0.08204 -1.2 I 879 -2.20278 
18 T22 Jodhpur -1.50655 -0.35825 0.87624 
19 T21 Jodhpur -0.57911 -1.17925 -0.0189 

.29 HSROI Hisar -0.65875 -0.13901 -0.39425 
30 HSR02 Hisar -0.26935 0.6749 -0.96868 
I TI7 Hisar -0.34214 0.19886 -0.38868 
31 HSR03 Hisar -1.66319 0.17207 -0.2198 
32 HSR04 Hisar -0.5833 1.58247 -1.27738 
33 HSR05 Hisar - 1.02919 0.10371 -0.6339 
34 SHS-O Hisar -0.25874 0.6358 -0.15594 
5 TI8 Hisar 1.32182 0.18876 0.48355 
6 T52 Kaithal -0.13106 0.25169 0.21695 
36 H082 Kaithal -0.99759 -0.1351 -0.46045 
26 H083 Kaithal -0.07406 1.00704 -0.64866 
37 H084 Kaithal -0.05884 0.19625 -0.14979 
38 H085 Kaithal -0.44576 1.50282 -0.34458 
27 T30 Alwar -0.89172 0.07887 1.6302 
28 T31 Alwar -1.12174 -1.01136 -0.90508 
39 T33 Alwar - I .442 0.15696 -1.37972 
40 TGN3 Pune -0.07 I 07 0.66524 0.0783 
41 NMN4 Pune 0.31208 -0.00578 0.3057 
42 TER2 Pune 0.08077 1.06187 0.19503 
43 NGNI Pune 0.19932 2.98169 -0.39866 
35 1-1100 Kalka 1.73491 -2.05877 -0.73922 
20 HIOI Kalka 1.14392 0.25084 -1.31312 
21 HI02 Kalka 0.08051 -2.08224 -1.09854 
22 HI07 Kalka 1.78176 -0.05795 -0.83932 
7"' _.) H099 Kalka 1.11728 -1.83081 0.80641 



The first three principal components (PCs) gave eigen values more than one and altogether 

explained 90.199 per cent of accumulated variability (Table 4.7.4.4.). The first PC explained 

54.886 per cent of the total variation. The second and third PCs explainf;:d 20.024 per cent and 

15.289 per cent variation, respectively. Further analysis was carried out using principal factor 

analysis, as principal component analysis does not assume a definite model, where each 

observed variable is expressed linearly in terms of a common factor and a unique factor. The 

common factors account for the correlation among the variables, while each unique factor 

accounts for the remaining variance (including error) of that variable. Further in PCA, the total 

variation contained in a set of variables is considered, whereas in factor analysis interest centres 

on that part of variance which is shared by the common factors. Also in contrast to principal 

component analysis, here the variable axes are allowed to interact resulting in distortion of 

mutual orthogonality. 

Principal Component method was used to extract the principal factors. The advantage of this 

method is that no distributional assumption is required, whereas other methods like maximum 

likelihood assume that the general form of population distribution is known and follow 

multivariate normal distribution. 

First the principal factor analysis was carried out without any rotation to derive clear picture 

of interaction among the characters. Factor loading of different characters (unrotated) are 

presented in Table 4.7.4.5. The results of this table revealed that five morphological 

characteristics of endocarps (endocarp weight, seed weight, endocarp coat weight, endocarp 

length, and endocarp breadth) had very high loading on the first factor. Endocarp length : 

breadth had high loading on second factor. Seed weight: endocarp weight and number of seeds 

endocarp-I had high loading on second factor. This provided a very clear picture regarding the 

idea of character association with respect to pri;}cipal factor. 

Now among these principal factors, factor 1 and 3 can be regarded as factors for el1docarp 
lell~h, endocarp breadth and endocarp weight cumulatively. Factors 1, 2 and 3 can be 
deSIgnated as factors for s~led weight: endocarp weight, endocarp length : endocarp breadth, 
number of seeds endocarp and endocarp coat weight. Factors 1 and 2 can be designated as 
factors for -~<1.>i+-~ seed weight. 

Principal factor (PF) scores for all the genotypes were estimated in all the three factors. 

These scores ore presented in Table 4.7.4.6. and can be used to propose precise selection 

indices whose intensity can be decided by variability explained by each of the principal factor. 

High principal score for a particular genotype in a particular factor denotes high value for 

the variable (which the principal factor is representing) in that particular genotype. Perusal of 

Table 4.7.4.6. revealed that genotypes T18, T42, 1'44, f-I101, HI07, H099, and HIOO had high 

PF score in factor I indicating that they had high values for endocarp weight, seed weight, 

endocarp coat weight, endocarp length, and endocarp breadth which this factor is representing. 
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Fig. 4.7.4.4. 
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Fig. 4.7.4.5. 
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Fig. 4.7.4.6. Relationship between second and third prIncipal components 

showing the distribution of pr6venanees 6f neem trees on the 

basis of PCA analysis of endocarp morphological characteristics 
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Table 4.7.4.7. Total variance explained by different principal components for data often tree 
architecture characteristics in Az{/{/ifflchta illdica 

Comp- Initial Eigen value Rotation Sums of Squared 
onent 

Total %of Cumulative Total %of Cumulative 
Variance variance (% ) Variance variance 1°/«1 

1 4.560 45.602 45.602 3.034 30.337 30.337 

2 2.257 22.568 68.170 2.456 24.561 54.897 

3 1.211 12.108 80.278 2.367 23.673 78.571 

4 1.163 11.630 91.908 1.334 13.337 91.908 
5 .489 4.894 96.802 
6 .179 1.786 98.588 
7 0.076 .763 99.351 
8 0.035 .354 99.705 
9 0.019 .195 99.900 
10 0.01 .100 100.000 

Extractlon Method: PrlnClpal Component Analysls 

Table 4.7.4.8. Factor loadings for ten tree architectural characteristics with respect to 
principal factors in AZ(I{/imchta illdica without rotation 

Component 
1 2 3 4 

Clear bole: dbh .814 .439 .116 .237 
Clear bole .575 -.412 -.146 .550 
Clear bole: Height .693 -.327 .359 .453 
Clear bole: Unforked height -.581 .385 .221 .657 
Crown Spread: dbh .513 .590 .446 -.228 
Crown Spread: Height -.180 -.396 .831 -.237 
Height: dbh .580 .785 -.114 -5.678E-02 
Unforked height .766 -.480 -.285 -.169 
Unforked height: dbh .923 .270 -2.37 I E-02 -.120 
Unforked height: Height .824 -.462 .116 -.116 

Bold underllne values represent hlgh factor loadlng for the glven character 
w.r.t. principal factor 

Table 4.7.4.9. Factor loadings for ten tree architectural characteristics with respect to 
principal factors in A(.(uliruc/lta illdica with rotation 

Characteristic Com_Qonent 
1 2 3 4 

Clear bole: dbh .828 0.071 .454 -.170 
Clear bole -0.047 .200 .858 -.213 
Clear bole: Height .237 .151 .887 .236 
Clear bole: Unforked height -0.083 -.978 0.026 -0.032 
Crown Spread: dbh .894 0.038 -0.062 .239 
Crown Spread: Height -.146 0.003 0.005 .957 
Height: dbh .905 0.032 -0.057 -.381 
Unforked height 0.059 .833 .456 -.147 
Unforked height: dbh .771 .474 .307 -.162 
Unforked height: Height .212 .714 .573 .194 

Extractlon Method: Prlnclpal Component Analysls. 
Rotation Method: Varimax with Kaiser Normalization. 

Communalities 

.926 

.824 

.921 

.966 

.862 

.937 

.968 

.928 

.940 

.920 

Bold underline values represent high factor loading for the given character~ 
w.r.t. principal factor 



Similarly, PF scores of HOS3, HSR04, HOS5, T42 and T45 were high in factor 2 which point 

out to the fact that these genotypes had high values for endocarp length: breadth. Likewise, PF 

scores for T41, T45, T63, T23, T30, H099, T22, T44 were high in factor 3 which point out to 

the fact that these genotypes had high values for Seed weight: endocarp weight and number of 

seeds endocarp-l. 

Using the principal factor scores, all the genotypes were plotted for factor I and 2, . factor 

and 3 and factor 2 and 3, which cumulatively explained 90.199 per cent variability and 

accounted for the most imp0l1ant characters (Fig. 4.7.4.4., Fig. 4.7.4.5., Fig. 4.7.4.6. ). 

These three plots clearly indicated the separation of genotypes with high values of the 

characteristics which they represent. Genotypes TIS, T42, T44, HIOI, HI07, H099, and HIOO 

which were found to be with higher yields of endocarp weight, seed weight, endocarp coat 

weight, endocarp length, and endocarp breadth stand out towards the positive portion of the 

factor 1 axes in all the plots. Whereas, the genotypes (H083, HSR04, H085, T42 and T45) 

which were having more of Endocarp length : breadth clustered towards the positive side of 

factor 2 axis (factor accounting for these characters). Genotypes (T41, T45, T63, T23, T30, 

H099, T22, and T44) separated more towards the po.sitive side of factor 3 axis which was a 

factor for seed weight : endocarp weight and number of seeds endocarp·l indicating that this 

factor is an authentic representation for these characters. 

When genotypes were plotted on the basis of factor 1 (representing elldocarp weight, seed 

weight, endocarp coat weight, endocarp length, and endocarp breadth) and factor 

3(representing Endocarp length: breadth) genotypes T42 and T44 were found to be higher for 

all the character represented by factor 1 and factor 2. T23 and T31 were fonnd to be lower in all 

the characteristics represented by two factors. 

Similarly, when genotypes were plotted on the basis of factor f (representing (endocarp 

\veight, seed weight, endocarp coat weight, endocarp length, and endocarp breadth) and factor 

2 (representing seed weight: endocarp weight and number of seeds endoearp-I),genotypes T3, 

and T45 were fOUl1d to be high for characteristics represented by factor 1 and number of seeds endocarp·1 

and seed weight: endocarp weight. 

Similarly, when genotypes were plotted on the basis of factor 3 (representing Endocarp 

length: breadth and seed weight: elldocarp weight) and factor 2(representing number of seeds 

endocarp·'),genotypes NGN1, HSR04, were found high for Endocarp length: breadth. T33 was 

found to be higher for found high for Endocarp length : breadth and seed weight : endocarp 

weight. 

The plots, which lIsed first three factors, were in partial agreement with the results obtained 

by hierarchical cluster analysis. The first three principal factors, explaining about 90.199 per 

cent of the total variability were able to show clear differentiation of various clusters. FQr 
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example, T22 and T24 (from Jodhpurprovenance) and HSR03 (Hisar) clustered together in 

both hierarchical cluster analysis (HCA) and plots of PC 1 and PC2. H099 and H100 (from 

Kalka provenance) clustered together in both HCA and plots of PC 1 and PC2. Two genotypes 

from Pune namely, TGN3 and NMN4 clustered together with T5 from Bikaner and T43 from 

Raipur provenance in both HCA and plots of PCl and PC3 (Fig. 4.7.4.4. ; Fig. 4.7.6.; Table 

4.7.2.1.). 

The plots, which used first three factors, were in partial agreement with the results obtained 

by 0 2 analysis. Genotypes T4, T41, T62, T64, T63, and T3 clustered in CI (in 0 2 analysis) 

(Table 4.7.1.1) also clustered in same cluster in HCA when PCI and PC2 were plotted. 

Genotypes HSR03, T22 and T24 clustered in elI (in 0 2 analysis) also clustered in same cluster 

in PCA when PCI and PC2 were plotted. Genotypes Hl8 and HIOI, HIOI, T42, T44 clustered 

in CIV (in 0 2 analysis) also clustered in same cluster in PCA when PCI and PC2 were plotted. 

Genotypes T23 and NGNl clustered in CIX and CX respectively (in 0 2 analysis) were also 

seed to be plotted in isolation in PCA when PCI and PC2 were plotted (Fig. 4.7.4.4. and Fig. 

4.7.6.). 

Principal component and Principal factor analyses for tree architectural data: 

Ten tree architectural characteristics were considered for principal component and principal 

factor analyses in 126 trees of neem . 

The first 4 principal components (PCs) gave eigen values more one and altogether 

explained 91.908 % of accumulated variability (Table 4.7.4.7. ). The first PC explained 45.60% 

of the total variation. The second, third and fourth PCs explained 22.57%, 12.11 % and 11.63 

variation respectively. 

Further analysis was carried out using principal factor analysis. PC method was used to 

extract the principal factors. First the principal factor analysis was carrted out without any 

rotation to derive clear picture of interactiol' among the characters. Factor loading of different 

characters (unrotated) are presented in Table 4.7.4.8 .. The results of this table revealed that five 

factors (related to clear bole and unforked height) had very high loading on the first factor. 

Height : dbh had high loading on second factor. Crown spread : height had high leading on 

third factor. Clear bole: un forked height had high loading on third factor. While for clear bole, 

no high loading (0.6) was observed. Therefore, this did not provide a very clear picture 

regarding the idea of character association with respect to principal factor. Therefore, the next 

alternative offactor analysis, i.e., with rotation was followed. In this method factor axes are 

rotated to a simple structure such that each variable loads highly on a single factor and has 

small to moderate loading on the remaining factors. In the present investigation Varimax 

rotation method of Kaiser (1958) was used. Factor loading of different characteristics with 

Varimax rotation are presented in Table 4.7A.9 .. 
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Table 4.7.4.10. Principal factor scores for ten tree architectural characteristics with respect to 
principal factors in 116 genotypes of Azadirachtll illdica 

S. No. Genotype Id. Provenance FI F2 F3 F4 
No. 

I Ra.loBaOI .lodhpur .21787 -.55605 .33858 .85843 

2 Ra.loBa02 .lodhpur -.28356 .49335 1.21550 .30226 

3 RaJoUnOI Jodhpur 1.17089 -.71628 -1.09690 -.32411 

4 RaJoUn02 Jodhpur 1.25609 -.73866 .83153 .77312 

5 RaJoUn03 Jodhpur 1.51418 -.71507 -.36969 -1.86888 

6 RaAIPcOI Alwar .58~76 -.70687 1.84046 3.83463 

7 RaAIVcOI Alwar -.19275 -.53726 .34817 .28706 

8 RaAIAsO I Alwar -1.00478 -.41212 -.03240 -1.44813 
') IlailiNcOI Nancal Chhoti -.45907 -.48607 1.55544 -.23700 

10 RaChBh02 Bhorugram 4.79658 -1.23080 1.65362 -1.64286 
II HaHil3aOI 13horllgram -.62590 -.51435 -.09432 -2.15175 
12 HaHiGaOI Gaibipllr -.31278 1.24603 1.22465 -.57952 
13 HaHiGa02 Gaibipur .33504 1.93272 -.89164 -.21696 
14 HaHiSlIOI Surcwala .55312 -.63108 -.22832 -.17998 
15 HaFaDhOI Dhani Go(:ml .40725 -.60755 .41603 -.09243 
16 IlaFa.lhOI Fatehahad .38708 -.09303 .62497 -.57890 
17 IlaFaRdOI Fatchabad .13249 -.58285 -.74478 .08893 
18 IlaSiAfOl Sirsa 5.73890 1.85408 -.45767 -2.28109 
19 HailiPiOI Pceranwali 3.22474 -.87816 -1.70395 .96151 
20 IiailiUn03 Ilisar .64278 -.63531 .07855 .84439 
21 HaHiUn04 Ilisar 1.19342 -.69051 -.34981 -.35769 

22 IiailiUn05 Ilisar .48822 -.60977 .14132 .21956 

23 HailiUn06 llisar .01185 -.57509 -1.34797 -.36691 
24 HaHiUn07 Hisar .36749 .98917 .27455 .12616 
25 HaHiUn08 Ilisar .91579 4.32153 -.30884 .16310 

26 HaHiUn09 Ilisar .95981 .67433 .98630 3.87255 
27 Hal·IiUn I 0 Hisar .80399 -.27983 1.95022 .23105 
28 Hal·nUn I I Hisar -.54838 -.52953 -1.82497 -.34594 
29 HaHiUnl2 Hisar -.20290 1.42041 .28230 -.31072 
30 HaHiUnl4 Hisar -.93594 .66287 .40560 -.56480 
31 HaHiUnl5 Hisar -.83060 2.61251 -.41999 .67657 
32 HaHiUnl6 Ilisar .28309 -.54120 1.82024 -.32479 
33 HailiUnl7 Ilisar 1.65378 -.72832 -.49929 .53877 
34 HaHiNaOI Nalwa -.03001 -.54426 .59534 .48796 
35 HaHiNa02 Nalwa -1.'6219 -.43407 -.25837 -1.58400 
36 Ha13hDlIOI Dulehari -.31120 -.50524 .21817 .75796 
37 1-laMaMmOI Mahcndragarh -.89690 -.45816 -.39614 .39728 
38 l-laMa.loOI Jonawas -.66248 -.47271 -.05126 -.72957 
39 HaMaNsOI Nangal Sirohi -.64025 -.46875 -.68752 .87014 
40 1-laMaNs02 Nangal Sirohi .60629 -.64787 -2.37994 1.45619 
41 HaMaHlI02 Iludina .90306 -.74981 1.32945 .49691 
42 HaMallll03 IllIdina -.07546 -.53067 J0611 .47629 
43 HaMal 11104 Illldina 1.73594 -.05661 1.1650 I .25544 
44 HaMaAjOI Ajamnagar .76327 .94885 .73260 .52439 
45 HaMaAj02 Ajamnagar .33256 1.30684 .10222 .62659 
46 HaMaRdOI Narnaul -1.05269 -.40799 -.25810 -.44569 
47 1-laMaSb02 Saraibahadllr .28985 -.61634 -1.97035 .42052 
48 11aReKlIOI KlIllIbpllr -.49093 1.31206 1.40936 -.49353 
49 IlaReSllOI Suthani -.11517 -.54620 .14886 -.18255 
50 IlaReRdOI Hawal -.30849 -.49385 -.47819 .63011 
51 I IaGlIBaOI Bilasplll' -.38883 -.4S353 .47999 -.77866 
52 IIaGuMaOI Mancsar .16651 3.21795 -.42190 -.98631 
53 HaGllMa02 Mancsar -.25539 .76189 -.53730 -.30868 



Table 4.7.4.10. Principal factor scores for ten tree architectural characteristics with respect to 
principal factors in 116 genotypes of Az(/dirachl(/ illdic(/ (continued) 

S. No. (icnotypc Id. Provenance FI F2 F3 F4 
No. 

54 1-laGuSiOI Silani -.14213 -.49768 .28264 -.58032 
66 DcNaAnOI Najargarh .54713 .49372 .87030 .77444 
67 IlaCiuBhOI Bhondsi -.87834 -.41731 .40585 -.87133 
68 HaGuDhOI Dhunaella -.8&227 -.40161 .36247 -.47706 
69 HaGuShOI Salaheri -.25603 .15547 -.58567 .&8600 
70 HaGuSh02 Salaheri -.57471 .62144 .65738 -.08804 
71 l-laGuSaOI Salamba -.33997 .695&3 -.22269 -.54674 
72 HaFrPaOI Palwal -.66169 -.39173 2.68600 -.80897 
73 IlaFrBIOI I'alwal -.35193 -.49332 -.26285 -1.67921 
74 DcNrPbOI I'usa -.16197 -.45086 .31013 -.07786 
75 DeNrPb02 Pusa .06923 -.46525 .78340 -.34332 
76 DcNrPdOI Plisa -.26064 -.47379 -.09&05 -.29991 
77 DcNrPd02 Pusa -.53472 -.49396 -1.13703 .12729 
78 DcNrPd03 Pusa -.65256 -.48660 -1.14514 .34773 
79 HaSoKuOI Kundli -.4935& 2.53704 -.74639 -.74739 
RO HaHiShOI Shcikhpllra -.56405 2.29104 -1.52521 .40034 
81 HaHiGbOI Gujjar Bara .09202 1.84529 -.81938 1.33987 
R2 HaHiGb02 Gujjar Bara 1.13698 .25017 -1.10749 1.05770 
R3 HalliGb03 Gujiar Bara .54666 -.64943 .12351 .55372 
R4 Hal-liNa02 Narnaund -.50369 .62188 .84747 -1.24005 
R5 l-IaHiNa03 Narnaund .34123 -.60415 -.29327 -.56977 
R6 Ila.liGuOI Glilkani -.40370 -.48234 .92140 .04064 
87 Ila.liGu02 Gulkani -.49113 1.23355 -1.14411 .47271 
88 l-Ia.liKaOI Kandcla .02775 -.59758 1.66&48 .20256 
89 Ha.liKa02 Kandcla .63899 -.63438 -1.19597 -.31063 
90 Ha.liAIOI Alcwa -.66507 -.44861 -.29914 1.26664 
91 Ila.liAl02 Alcwa -.37638 -.53899 -.64638 .85971 
92 HaKuKsOI Kurukshctra -.22994 -.49013 .12361 2.60014 
93 HaKlIKs02 Kurukshetra -1.16031 1.13854 -1.50751 .46802 
94 IlaKaGbOI Kaithal -1.19882 .58771 .52379 .13291 
95 HaKaScOI Kaithal -.20512 -.52995 -.65978 1.15547 
96 HaKaTbOI Kaithal -.99&11 -.42996 .23946 .16175 
97 HaKaTcOI Kaithal -.09363 -.57970 .58361 -.62618 
98 HaKaKeOI Kcorke -.52191 2.12353 -.17718 -1.13471 
99 l-laAIllDhOI Dhin -.22359 -.5463 I -1.42150 -1.72287 
100 IlaYa.laOI .Iagadhari -.00831 -.55416 -1.20855 .14625 
101 IIaYa.la02 .Iagadhari .12510 -.10960 .71245 .18864 
102 HaYaTaOI Tajcwala -.64274 -.48026 .38866 .40663 
103 HnSrBaO I 13atamandi -.71559 -.46951 -.54123 -1.15466 
104 HpSrSaOI SatilVala -1.02715 -.48330 -.72460 -.93381 
105 HpSrMnOI Moginand .36509 .42661 -.42058 .2& 1'83 
106 IlpSrCIllOI Chhota Moginand .46282 -.60581 -1.06374 -2.28152 
107 HaAIllLaOI Laha -.78505 -.49223 -1.36632 -.26724 
108 HaAIllGkOI Garhi Kataha -.05327 -.57120 -.&3419 1.43889 
109 1-laAmNaOI Naggal -.39540 2.86356 1.9'6035 .93076 
110 IlaKICaOI Kalka -.23507 -.55953 .96350 -.67460 
III HaKINsOI Kalka -.57938 -.48892 1.08385 -.48001 
112 PbPtSaOI Salampllr -.36985 -.54897 -2.08788 1.42109 
113 HaKIPiOI Pinjore -.88037 -.44709 .14855 .38576 
114 HaKIPi02 Pinjore -.81868 -.44972 .61289 -.00837 
115 IinKIR00 I Kalka -.62938 -.48461 -.37198 -.88068 
116 11aKIKhOI i(nlka -.30421 -.52830 -.95606 .13988 



; 
I 

.( 

i 
t 
I , 
f 
I 
I 
1 
~ 

I , 

I 
I 
I 
I 
I 
I 

, 

r, 

The results of this Table 4.7.4.9. revealed PC method was used to extract the principal 

factors. Four characteristics (Clear bole: dbh, Crown Spread: dbh, Height: dbh, and Unforked 

height : dbh) had very high loading on the first factor. Three characteristics (Clear bole : 

Unforked height, Unforked height, Unforked height: Height) onsecOOld; two (Clear bole, Clear 

bole: Height) on third factor and one (Crown Spread: Height) on fourth factor. 

Now among these principal factors, factor 1, 2 and 3 can be regarded as factors for Unforked 

height : dbh cumulatively. Factor 1 and 3 can be regarded as factors for Clear bole : dbh .. 

Factor 1, 3 and 4 can be regarded as factors for Clear bole: Height cumulatively. Factors 2 and 

3 can be designated as factors for unforked height and unforked height: height. Factors 1 and 2 

can be designated as factors clear bole : unfor~ked height. Factors 2, 3 and 4 can be designated 

as factors for clear bole. Factors 1 and 4 can be designated as factors for height : dbh, crown 

spread : dbh and crown spread : height. . 

Principal factor (PF) scores for all the genotypes were estimated in all the three factors. 

These scores are presented in Table 4.7.4.10. and can be used to propose precise selection 

indices whose intensity can be decided by variability explained by each of the principai factor. 

High principal score for a particular genotype in a particular factor denotes high value for 

the variable (which the principal factor is representing) in that particular genotype. Perusal of 

Table 4.7.4.10. revealed that 12 trees (RaJoUnOl, RaJoUn02, RaJoUn03, RaAlAsOl, 

RaChBh02, HaHiUn04, HaHiNa02, HaHiUn17, HaMaRdOI, HaMaHu04, HaHiGb02, 

HpSrSaO 1) had high PF score in factor 1 indicating that they had high values for Clear bole : 

dbh, Crown Spread : dbh, Height : dbh, and Unforked height : dbh which this factor is 

representing. 

PF scores of 17 trees (RaChBh02, HaHiGaOI, HaHiGa02, HaSiAfDl, HaHiUn08, 

HaHiUn12, HaHiUn15, HaMaAj02, HaReKuOI, HaGuMaOl, HaSoKuOl, HaHiShOl, 

HaHiGbOl, HaJiGu02, HaKuKs02, HaKaKeOl, and HaAmNaOl) were high in factor 2 which 

point out to the fact that these genotypes had high values for Clear bole: Un forked height, 

Unforked height, .and Unforked height: Height. 

Similarly, PF scores of32 trees (RaJoBa02, RaJoUnOl, RaAIPcOl, HaHiNcOl, RaChBh02, 

HaHiGaOl, I-IaHiPiOl, HaHiUn06, HaHiUnIO, HaHiUnll, HaHiUn16, HaMaNs02, 

HaMaHu02, HaMaHu04, HaMaSb02, HaReKuOl, HaFr~aOl, DeNrPd02, DeNrPd03, 

HaHiShOl, HaHiGb02, HaJiGu02, HaJiKaOI, HaJiKa02, HaKuKs02, HaAmDhOl, , 

HaYaJaOL HpSrCmOl, HaAmLaOI, HaAmNaOl, HaKlNsOI, and PbPtSaOl) were high in 

factor 3 which point out to the fact that these genotypes had high values for Clear bole and 

Clear bole: Height. 

Likewise, PF scores of RaJoUn03, RaAIPcOI, RaAIAsOl, RaChBh02, HaHiBaOl, 

HaSiAfOl, HaHiUn09, HaHiNa02, HaMaNs02, HaFrBlOI, HaHiGbOl, HaHiGbOl, HaJiAlO), 
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HaKuKsO 1, HaKaScO 1, HaKaKeO 1, HaAmDhO 1, HpSrBaO 1, HpSrCmO 1, HaAmGkO 1, 

PbPtSaO 1, HaKIKhO 1 were high in factor 4 which point out to the fact that these genotypes had 

high scoring for Crown Spread: Height. 

Using the principal factor scores, all the genotypes were plotted for factor 1 and 2, 1 and 

factor 3, 1 and 4, 2 and 3, 2 and 4 and 3 and 4, which cumulatively explained 91.908FIo 

variability and accounted for the most important characters (Fig. 4.7.4.7., Fig. 4.7.4.8., Fig. 

4.7.4.9., Fig. 4.7.4.10., Fig. 4.7.4.11., Fig. 4.7.4.12 ). 

These plots clearly indicated the separation of genotypes with high values of the 

characteristics towards the axis of factors which represent them. Genotypes which were found 

to be with lower values of Clear bole: dbh, Crown Spread: dbh, Height: dbh, and Unforked 

height: dbh generally stand cut towards the negative portion of the factor 1 axis in all the plots, 

where factor 1 is used. 

The trees which were found to be With higher values of Clear bole : dbh, Crown Spread : 

dbh, Height: dbh, and Unforked height: dbh stand out towards the positive portion of the 

factor 1 axis in all the plots. Genotypes which were having less Clear bole: Unforked height, 

Unforked height, and Unforked height: Height of clustered towards the negative side of factor 

2 axis (factor accounting for these characters). Whereas, the genotypes which were having 

more Clear bole : Unforked height, Unforked height, .and Unforked height : Height clustered 

towards the positive side of factor 2 axis (factor accounting for these characters). Trees 

separated more towards the negative side of factor 3 axis which was a factor for Clear bole and 

Clear bole : Height, indicating that this factor represents these characters efficiently. Some 

Genotypes separated more towards the positive side of factor 3 axis whieh was a factor for 

Clear bole and Clear bole: HeighUndicating that this factor is an authentic: representation for 

these characters. 

Trees separated more towards the negative side of factor 4 axis which was a factor for 

Crown Spread: Height, indicating that this factor represents these characters efficiently. Some 

Genotypes separated more towards the positive side of factor 4 axis which was a factor for 

Crown Spread : Height indicating that this factor is an authentic repre.;entation for these 

characters. 

When genotypes were plotted on the basis of factor 1 (representing Clear bole: dbh, Crown 

Spread : dbh, Height: dbh, and Unforked height: dbh) and factor 2 (representing Clear bole: 

Unforked height, Unforked height, and Unforked height: Height) trees 25, 52 and 109 were 

found representing higher Clear bole: dbh, Crown Spread: dbh, Height: dbh, and Unforked 

height: dbh, while 93, 94, 30 and 31 among others were found representing lower values for 

these characteristics. Trees 32, 38, 11 and 43 were found representing higher Clear bole : 

Un forked height, Unforked height, and Unforked height: Height, while tree and 10, 19 were· 

found representing lower values for these characteristics (Fig. 4.7.4.7.). 
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Fig. 4.7.4.7. Relationship between first and second principal components 
showing the distribution otncem trecs on the basis-of 

. PCA analysis of tree architectural characteristics' 
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Fig. 4.7.4.8. Relationship between first and third principal components 

showing the distributio~leem trees on the basis of 

~CA analysis of tree architectural characteristics 
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Fig. 4.7.4.9. 
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Fig. 4.7 A.I O. Relatio'lship between second and third principal 
ti' 

components showing the distribution/neem trees on the 

basis of PCA analysis of tree architectural characteristics 
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Fig. 4.7.4. I I.Relationship between second and fourth principal components 
ef' 

showing the distl'ibution/neem trees on the basis of 

PCA analysis of tree architectural characteristics 

4T----------[]--------~(~1------------------------------__, 

3 
o 

2 

r.o 
0 

cP 0 
0 

D~ 
0 [] 0 

[] 
[] 

DODD 
0 1D~ OJ 

[] D D 
0 D 

"<t 

l 0 D D 

(l) D 0 d' 
..... D 
0 -1 [] 
(.) D [] D 

[] 

en 0 
..... 0 

0 [] n5' - 0 (.) -2 <1l 0 
'+- D 0 

0::: 
J 

-3 <{ 

-2 -1 0 2 3 4 5 

A-R factor score 2 



Fig. 4.7.4.12. Relationship between third and fourth principal components 

showing the distributionJ~eem trees on the basis of 

peA analysis of tree architectural characteristics 
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Similarly, when genotypes were plotted on the basis of factor 1 (representing Clear bole: 

dbh, Crown Spread: dbh, Height: dbh, and Unforked height: dbh) and factor 3 (representing 

Clear bole and Clear bole: Height), genotypes 10, 18, and 19 were found to be high for Clear 

bole: dbh, Crown Spread: dbh, Height: dbh, and Unforked height: dbh and genotypes 61, 93 

and 94 among others showed low values for these correlated characteristics. Genotypes 109, 27 

and 72 were found to be high for Clear bole and Clear bole: Height and genotypes 12, 55 and 

40 showed low values for these two characteristics(Fig. 4.7.4.8.). 

Similarly, when genotypes were plotted on the basis of factor 1 (representing Clear bole: 

dbh, Crown Spread: dbh, Height: dbh, and Un forked height: dbh) and factor 4 (representing 

Crown Spread: Height), genotypes 10, 18 and 19 were found to be high for Clear bole: dbh, 

Crown Spread: dbh, Height: dbh, and Un forked height: dbh and genotypes 35 an 93 among 

others showed low values for these correlated characteristics. Genotypes 6, 26 and 92 were 

found to be high for Crown Spread: Height and genotypes 11, 106, 5, 10 and 18 showed low 

values for these two characteristics (Fig. 4.7.4.9.). Similarly, with other plots trees were 

delineated on the basis of combinations of important correlated variables (Fig. 4.7.10. to Fig. 

4.7.4.12). 

4.8. Stability analysis 

Stability parameters were studied for 20 endocarp weight in some provenance collections of 

neem (Table 4.8.1.1. and 4.8.1.2.). Genotypes KTL6, KTLS, KTLl, and KLK4 showed nearly 

zero value of S 2<1 and value of regression coefficient (b) around unity. Therefore, these 

genotypes are stable for 20 endocarp weight. Rest of the genotypes did not show stability for 

this characteristic (due to the fact that the value ofs 2d is significantly higher than zero). KLK4 

showed highest mean amongst the stable varieties followed by KTL6. Genotype KLKI was 

having the highest mean but was unstable as indicated by the significant value ofs 2 d. Seven 

genotypes exhibited above average response (b> 1) out of which 4 were stable as indicated by 

non-significant value of s 2". Four genotypes exhibited below average response (b<l) out of 

which none was stable as indicated by significant value of s 2 d. Proportion of predictable 

genotypes was found to be highest in Kaithal, while lowest proportion of predictable genotypes 

were found in Hisar provenance. 

Stability parameters were studied for oil percent in some provenance collections of neem 
-2 (Table 4.8.2.1. and 4.8.2.2). Genotypes KLK4 and HSR6 showed nearly zero value of s d and 

value of regression coefficient (b) around unity. Therefore, these genotypes are stable for oil 

percent. Genotypes KLK 1, KLK2 and KTL 1 showed nearly zero value of s 2 d and value of 

regression coefficient (b) was not near to unity. Therefore, these genotypes are not responsive 

to environment. Rest of these genotypes did not show stability for this cha l'acteristic (due to the 

fact that the value ofs 2" is significantly higher than zero). Amongst the stable varieties,KLK4 

showed highest mean amongst followed by HSR6. Five genotypes exhibited above average. 

168 



Table 4.8.1.1. ANOV A for temporal stability for 20 endocarp weight in 11 provenance 
collections of AZlIdiraclltll il/dicll 

Source d.f. Mean 
sum of 
squares 

Variety 10 1.119* 

Environment 2 1.433* 

Variety x Environment 20 0.228* 

Total 32 
Pooled Error 60 0.030 
Environment x Variety x Environment 22 0.338 
Environment (Lin) I 2.866* 

V x E. Lin. 10 0.141 * 
Pooled Deviation II 0.286* 

Pooled Error MSS for testlng Pooled Devlatlon MSS 0.01001770 

Table 4.8.1.2. Estimates of temporal stability parameters for 20 endocarp weight in 11 
provenance collections ofAZ(I(/irac/ltll il/dica 

Genotypes Provenance x b S 2<1 

KLK4 Kalka 3.577 1.203 0.109 

KLKI Kalka 4.222 0.701 0.326* 

KLK2 Kalka 3.720 1.273 1.305* 

KLK5 Kalka 3.039 1.584 0.158* 

HSR6 Hisar 3.797 0.062 0.185* 

HSRI Hisar 3.469 -0.077 0.450* 

HSR3 Hisar 2.148 -0.134 0.135* 

HSR2 Hisar 2.874 1.503 0.343* 

KTLI Kaithal 2.459 1.902 0.095 

KTL5 Kaithal 2.952 1.435 0.031 

KTL6 Kaithal 3.271 1.547 0.010 

Pooled mean 3.2299 (±0.3782) 1.0000(+ 1.0479) 

Table 4.8.2.1. ANOV A for temporal sta' -ility for oil per cent in 11 provenance collections 
of AZlIdirac/ltll il/dica 

Source d.f. Mean sum 
of squares 

Variety 10 19.343* 
Environment 2 43.079* 
Variety x Environment 20 4.543* 

Total 32 
Pooled Error 60 0.992 
Enviroment x Variety x 22 8.047 
Envil'Onment (Lin) I 86.158* 
V x E. Lin. 10 4.364* 

Pooled Deviation II 4.294* 
Pooled Error MSS for testlng Pooled Devlatlon MSS 0.33060810 



Tahle .1.8.2.2. Estimates of temporal stability parameters for oil per cent in II 
provena nce collections of AZ{I(/iracht{l indic{l 

Genotypes Provenance x b s "\1 
KLK4 Kalka 30.555 1.0 II 0.785 
KLK1 Kalka 26.104 0.108 0.059 
KLK2 Kalka 24.372 -0.020 3.064 
KLK5 Kalka 27.969 1.617 6.020* 
HSR6 Hisar 27.693 1.155 0.114 
HSRI Hisar 26.445 0.720 3.938* 
HSR3 Hisar 30.018 0.223 9.953* 
J-1SR2 J-1isar 22.243 1.778 10.998* 
KTLI Kaithal 24.054 2.179 8.803* 
KTL5 Kaithal 24.688 1.674 11.416* 
KTL6 Kaithal 26.702 0.550 0.080 
Pooled mean 26.4403(0.1465) 1.000(0.7404) 

Table 4.8.3. ANOV A for temporal stability for endocarp length in 11 provenance 
collections of Azadirachta iiidic{l 

Source d.f. Mean 
sum of 
squares 

Variety 10 0.037* 
Environment 2 0.051 
Variety x Environment 20 0.008 
Total 32 
Pooled Error 120 0.007 

Pooled Error MSS for testlng Pooled Devlatlon MSS 0.00139772 

Table 4.8.4. 

Source 

Variety 
Environment 

ANOV A for temporal stability for endocarp breadth in 11 provenance 
collections of Azadiraclil{1 indic{l 

d.f. Mean 
sum of 
squares 

10 0.016* 
2 0.009 

Variety x Environment 20 0.002 
Total 32 
Pooled Error 120 0.003 

Pooled Error MSS for testlng Pooled Devlatlon MSS 0.00052907 

Table 4.8.5. 

Source 

Variety 
Environment 

ANOV A for temporal stability for endocarp weight in 11 provenance 
collections of Auulir{lclil{1 indica 

d.f. Mean sum 
of squares 

10 0.002 
2 0.004 

Variety x Environment 20 0.001 
Total 32 
P001ed Error 120 0.002 

Pooled Error MSS for testlng Pooled Devlatlon MSS 0.00032476 



Table 4.8.6. 

Source 

Variety 
Environment 

ANOV A for temporal stability for seed weight in 11 provenance 
collections of AZ{I{lirac"tll illdicll 

d.f. Mean sum 
of squares 

10 0.002 
2 0.003 

Variety x Environment 20 0.001 
Total 32 
Pooled Error 120 0.004 

Pooled Error MSS for testlng Pooled Devlatlon MSS 0.00078924 

Table 4.8.7. 

Source 

Variety 
Environment 

ANOV A for temporal stability for endocarp coat in 11 provenance 
collections of weight AZlldiraclltll illdicll 

Sum of Mean 
squares sum of 

squares 
0.008 0.001 * 
0.001 0.000 

Variety x Environment 0.004 0.000 
Total 0.013 
Pooled Error 0.036 0.000 

Pooled Error MSS for testlng Pooled Devlatlon MSS 0.00005971 

Table 4.8.8. 

Source 

Variety 
Environment 

ANOVA for temporal stability for no. of seeds endocarp·1 in 11.' provenance 
collections of AZlIdiraclltll illdiclI 

d.f. Mean 
SUIll of 
sguares 

10 0.006 
2 0.005 

Variety x Environment 20 0.005 
Total 32 
Pooled Error 120 0,031 

Pooled Error MSS for testlng Pooled Devlatlon MSS 0.00624242 

Table 4.8.9. 

Source 

Variety 
Environment 
Variety x 
Environment 
Total 
Pooled Error 

ANOV A for temporal stability for seed weight: endocarp weight in 11 
provenance collections of AZlldiraclltll illdica 

d.f. Mean SUIII 

of squares 
10 0.011 * 
2 0.051 
20 0.014 

32 
120 0.013 

Poo~ed Error MSS for testlng Pooled Devlation MSS 0.00258138 



Table 4.8.10. 

Source 

Variety 
Environment 

ANOV A for temporal stability for endocarp length: endocarp breadth in 
11 provenance collections of Azadirachta illdica 

d.f. Mean 
sum of 
squares 

10 0.270* 
2 0.005* 

Variety x Environment 20 0.018 
Total 32 
Pooled Error 120 0.020 

Pooled Error MSS for tcstlng Pooled Devlatlon MSS 0.00405219 



response (b> 1) out of which 2 were stable as indicated by non-significant value of s 2 d. Five 

genotypes exhibited below average response (b<l) out of which two were stable as indicated 

by non-significant value of s 2 d . Proportion of predictable geno~ypes was found to be highest in 

Kalka, while, lowest proportion of predictable genotypes were found in Hisar provenance. 
, 

Analysis of variance for stability was performed in n provenance collections of neem for 

endocarp length (Table 4.8.3.). endocarp breadth (Table 4.8.4.), endocarp weight (Table 

4.8.5.), seed weight (Table 4.8.6.), endocarp coat weight (Table 4.8.7.), number of seeds 

endocarp-I (Table 4.8.8.) seed weight : endocarp weight (Table 4.8.9.), endocarp length : 

endocarp breadth (Table 4.8.10.). Genotype and environment interactions for all these eight 

characteristics were found non-signific(mt which suggested that genotypes have no interaction 

with environment for the given characteristic. 

4.9. Tissue culture studies 

The present study \vas designed to see the efficiency of mature seeds and other vegetative 

explants (axillary buds, shoot tips and leaves) for shoot regeneration in different media and also 

establish callus to explore the possibility of in vitro production of azadirachtin. 

During incubation in dark, segmented seeds started developing callus growth within 18-40 

days in all the media but the callusing intensity varied widely from very low to very high. After 

initial incubation in dark for 30 days, white coloured minute mUltiple shoots (5-20 per callus) 

and shoot primordia were observed on some of the media. Highest number of shoots (10-15) 

was observed in N2 (2mg rl BA ) medium where the cultures were grown on N8 (0.5mg rl BA 

+ 90g r') medium during first subculture. On the other hand, when the cultures were grown 

only on N2 medium the number of shoots declined drastically (Table 4.9.1.). The shoot 

primordia and multiple shoots could be elongated upon transfer to fluorescent white light. 

NI, N4 and N12 were found to provide higher number of shoots per callus (Table 

4.9.2.). Regenerated shoots were kept on MS medium containing 2mg r' NAA; 2mg r' 

IBA+0.5mg r' Kin., and 2mg r' IAA for the purpose of rooting, however no shoot could be 

rooted. Vegetative explants (axillary buds, shoot tips and leaves) from a mature tree of Hisar 

provenance were evaluated for callusing in MS medium supplemented with 0.5 mgr' NAA and 

1.0 mgr' BAP. Callusing could be obtained in 80 per cent of axillary buds and shoot tip 

explants with in 15-20 days of culture. Leaf explants started callusing within 20-45 days of 

culture and only 20 per cent of explants showed callusing. Callus cultures could be maintained 

by frequent sub-culturing in the same medium at an interval of25-30 days. 

Callus cultures produced from axillary buds were analysed for production of azadirachtin 

after 40 days of incubation. In N6 medium the ,amount of azadirachtin produced was 0.00027 

per cent and in N15 medium a concentration 0.00028 per cent azadirachtin was recorded. 
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Fig. 1. 
Fig 2. 

Fig. 3. 

Fig. 4. 
Fig. 5. 

Fig. 6. 

Fig. 7. 
Fig. 8. 
Fig 9 
Fig. 10. 
Fig. 11. 
Fig. 12. 
Fig. 13. 

Fig. 14. 

Processing offmits (dmpes) ofneem collected from different provenances 
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5. Discussion 

Genetic diversity is a fundamental tenet of conservation ethic, and is an important 

consideration when managing forest stands,· ecosystem and landscapes (Libby et af., 

1997). Genetic diversity is the most important component of biodiversity and is the 

foundation of ecosystel11 stability and forest sustainability because it provides raw 

material for evolution, survival and adaptation of the species, especially under changed 

environmental conditions. Genetic diversity needs to be assessed in l~ng term genetic 

resource collections, in breeding populations, in seed orchards or planting materials 

producing populations and in production populations (Muona, 1990). For ecologically 

and socially sustainable forestry, monitoring of genetic diversity in forest trees is also 

important. Thus genetic diversity includes all levels of variation harboured by plants, 

from morphological, physiological and biochemical traits. The type and amount of 

diversity measured in some provenance collections of neem from India u:;ing 

morphological and biochemical classes of measurement is discussed. 

Even after attaining industrial importance neem tree has so far not received adequate 

attention from the point of view of genetic improvement as well as management. A little 

effort has been made in the past to improve this tree for the economical characteri~;tics 

like azadirachtin, oil, fatty acids, seed produccion, etc. Breeding methodology, also has 

gone practically no further than simple selection on individual plant basis from available 

germplasm. Further, it is grown across a broad agroclimatic range where there is marked 

fluctuations in weather conditions, which results in quite unstable and poor yields. It is in 

this context that there is an urgent need for multidisciplinary research program aiming at 

genetic improvement. The present study was, therefore, conducted to study the available 

variability in neem with respect to morphological and biochemical characteristics. 

In the present investigation,221 germplasm accessions of Azadirachta indica frol11 

nine states of India (Haryana, Rajasthan, Delhi, Himachal Pradesh, Uttar Pradesh, 

Panjab, Karnataka, Tamil Nadu and Maharashtra) were studied for all or some of the 

following aspects viz., tree architecture, endocarp morphology, seed viability, 

provenance evaluation through growth of seedlings in nursery conditions: oil content, 

fatty acid profile, protein content and azadirachtin content of seeds; temporal stability 

analysis and divergence analysis. Extensive survey of neem trees was made during July­

August, 1998. All the agrodimatic zones of Haryana state and adjoining areas(parts of 

neighbouring states)were covered under the survey. Considerable variation was lJ~corded 
I 

both within and between provenances in trees surveyed in Haryana and adjoining areas 

with respect to quantitative and qualitative tree architectural parameters and their linear 

associations. 



Phenotypic variation can be estimated by ocular comparison of trees or tree 

measurement for different morphological traits. A large number of morphological, 

physiological and chemical traits have been shown to be variable either by phenotypic 

surveys in natural stands or plantations or by progeny tests (Zobel et al., 1960; Dorman, 

1976; Khosla et al., 1980 and Bangarwa et al., 1990). Various methods are used for the 

selection of superior phenotypes (Rudolf, 1956; Ahsan, 1970, Ledig, 1974 and Kotwal, 

1983). In the trees under survey, stem form ranges from crooked or forked to nearly 

straight. Trees with mushroom to cylindrical crown shape are found. Trees 

are also found to have completely straight stem and low branch angle. Some trees are 

f01md to have unusual character of fruits turning brown on the tree itself. 

Besides, straightness, main stem: total height and clear bole: total height coupled with 

low value of crown spread: dbh are desirable for an ideal agroforestry tree (Khosla, 1985; 

Bangarwa et al., 1990; Singh and Bangarwa, 1996). Association of different , 
morphological characteristics of trees :n all the 14 sites combined was studied. Diameter 

at breast height (dbh) is positively and significantly associated with basal girth, height, 

crown spread and crown spread: height; and negatively and significantly associated with 

and height: dbh, clear bole height: height, unforked height: height, unforked height and 

crown spread : dbh. However, for individual provenances degree of association among 

various characteristics differed largely. Rank correlation of apical dominance index with 

branch angle index and fruiting intensity index is found to be negative and significant. 

The association of crown shape index with apical dominance index and fruiting index is 

found to be negative and significant. Therefore, observations on qualitative parameters 

can help in selection of trees for .~iifferent applications like seed production, agroforestry, 

etc. 

Devender Singh (1994) selected ten neem trees were keeping in view the straightness, 

higher proportion of main stem and clear bole height. In the present study, highly 

divergent trees were identified for combination of important tree architectural parameters 

with the help of principal component and factor analysis. Trees with desirable 

combinations of clear bole : height, and unforked height : height have been selected 

based on principal factor analysis. In the present study, of 136 trees studied, 58 candidate 

plus trees (CPTs) for agroforestry, 45 CPTs for seed production as well as agroforestry 

and 47 CPTs for seed production were marked. Multiple regression equations (with very 

high level of goodness of fit) based on the available tree architectural parameters were 

developed for predicting values of clear bole, unforked height and ratio of unforked 

height and height. Plus trees have been reported to be selected by various researchers 

(Kedharnath, 1967; 1982b;Rai, 1986; Emmanuel and Bagchi, 1988) for different species, 

such as Tectana gram/is, Bombax ceiba, Dalbergia sissoo, Gmelina arborea, Pinus 

roxburghii, Santalum album. 
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Bangarwa (1993) reported in Dalbergia sissao, that straightness varied with different 

provenances and with the trees within provenances. Stem straightness is a clear 

indication of high wood quality, easy handling in processing and subsequent use. Height: 

dbh ratio, crown: dbh ratio, main stem: total height ratio and clear bole: total height 

ratio also had sample variation in different provenances. Crown dbh ratio is 

comparatively higher in arid region popUlations. In the present investigation, Multiple 

regression analysis of clear bole height: height, clear bole, unforked height: height and 

uuforked height on all other tree architectural characteristics was performed in 4 

provenances individually and by taking all provenance together. In individual 

provenances and all the 14 sitfs combined, coefficients of determination (R2) are very 

high for all the analyses pointing to very high level of goodness of fit of the regression 

line. This clearly shows that the parameters taken to study the tree architecture are able to 

explain the variability for the important traits. 

While reviewing variation in Indian tree species, Dogra (1981) emphasized on survey 

of phenotypic variation for silvicultural characteristics of tree species in their naturally 

distributed ranges. Kackar et al. (l986a)reported variation for morphological characters 

of Prosopis cineraria in natural stands. Jindal et al. (1987a) in their studies of natural 

popUlation of Tecomella undlliata reported wide variation for various morphological 
< 

characters. The association between different tree architectural parameters is found to 

vary fr0111 site to site. Khosla et al. (I980<0observed strong positive correlation of height 

with diameter in Populus ciliata. Khan (1983) in his study of phenotypic variation in 

Pinlls wallichiana in selected areas of Jammu & Kashmir and Himachal Pradesh reported 

that height in both the states was positively and significantly correlated with diameter, 

clear bole. and crown width. In the present study also height is positively associated with 

diameter. crown spread and clear bole 

Statistically significant differences (both within and between popUlations) are 

observed for most of the endocarp morphological characteristics studied in 43 trees 

belonging to 12 provenances. Association of endocarp morphological characteristics is 

studied using simple correlation. Contrasting association behaviour is observed for most 

of the traits across individual trees. Computed as a ratio of standard deviation of each 

character to the corresponding entire data mean and expressed as percentage, 

Coefficients of variation (CV) is useful to compare different characters measured in 

different units. It is also lIseful to compare same character in different groups of 

populations with different sample size, mean and variance. 

In the present study, variations in coefficients of variation are 

observed between regions and within each region for a number of traits ranging from 

morphological to biochemical. The different levels of regional variability of a particular 
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character could be due to differences in forces of selection andlor differences in the 

intensity of:i particular selecting force. 

A primary goal of many genetic studies is the estimation of variance components 

associated with individual traits and of covariance terms between traits. Heritability, the 

proportion of variation in a tra.it that is contributed by average effects of genes, may be 

calculated from variance components. The heritability of a trait gives an indication of the 

ability of a population to respond to selection, and thus, the potential of that popUlation to 

evolve (Lande, 1982, Mousseau and Roff, 1987). Genetic parameters were studied for 

endocarp morphological characteristics. Considerable within and between popUlation 

variation is recorded with respect to all the genetic parameters. For most of the traits 

heritability varies from low to high. While for number of seeds endocarp-l, the 

heritability could not be ascertained in most of the provenances. Moderate to high 

estimates of genotypic coefficient of variation, broad sense heritability and genetic 

advance obtained for endocarp weight and seed weight, indicates high level of genetic 
/' 

variability and potential of improvement for these traits through selection. Major portion 

genetic variability is explained by within population genetic variability. High level of 

correspondence between GCV and PCV indicate that genetic factors explain the 

phenotypic variability to a very high level in all the provenances and environmental 

effects were having little or uniform pattern of effect on the phenotype. This is also 

evidenced by high level of temporal stability of the morphological traits of endocarp in 

different provenances monitored for three years with the help of model described by 

Eberhart and Russel (1966) . 

These results indicate that the material under study provide ample scope for 

improvement through selection in these characters. The above findings are in close 

agreement with those of Salazar (1986) in Gliricidia sepium, Shiv Kumar and Banerjee 

(1986) in Acacia niiotica, Kackar et al. (198~.~in Prosopis cineraria, Bisla and Daulta 
" (1988a) in Zizyphus mallritiana and Bagchi and Sharma (1989) in Sandal; Dhillon (1992) 

in D((lhergia sissoo. Broad sense heritability values ranges from 1.82 per cent (number of 

seeds endocarp -I ) to 82.07 (endocarp lengtb). High broad sense heritability estimates 

for seed length : seed breadth (81.07 per cent) are observed. While for endocarp coat 

weight, endocarp weight and seed breadth moderate broad sense heritability are observed 

i.e., 62.99, 68.47 and 69.81 per cent respectively, for seed weight: endocarp weight low 

estimates (31.99 per cent) are obtained. It indicated that endocarp characters with high 

estimates are not much infll!enced by the environment. In general, genotypic correlations 

are higher in magnitude than the phenotypic ones, which gives an idea that there is 

inherent association between various characters. 

Strong directional, and to some degree stabilizing, selection usually erodes only 

additive genetic variance while not affecting dominance variance. Consequently, traits 
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closely associated with fitness should exhibit hi'gh levels of dominance variance. Traits 

that were known to have been subject to intense directional selection (morphological 

traits for domestic species) had significantly higher dominance estimates than did traits 

that were assumed not to have been subject to strong selection (morphological traits for 

wild outbred species) (Crnokrak and Roff, 1995). Strong directional selection (and to a 

lesser degree, stabilizing selection; Lee and Parsons, 1968; Lacy, 1987) is predicted to 

erode additive genetic variance and, subsequently, decrease the heritability of a trait 

(Felsenstein, 1965). As a consequence, the response to selection will be reduced (but the 

reduction in response may result from other factors: see Falconer (1989) and Lande 

(1988). Traits for a population at equilibrium are predic~ted to have low additive genetic 

variance as it is assumed that selection has moulded them to an optimum (Hegmann and 

Dingle, 1982) for an alternative explanation). Because they are assumed to be subject to 

intense selection, traits 1110st closely associated with fitness are predic*ted to have low 

heritabilities and subsequently relatively high dominance components (Wright, 1929). A 

number of studies (Mousseau and Roff, 1987) have shown that life history traits, which 

are assumed to be closely connected to fitness, have low heritabilities while 

morphological traits, which are assumeCl to be more distantly related to fitness have high 

heritabilities(behavioural and physiological traits are usually intermediate to the above 

two types of traits). Because selection usually erodes only additive genetic variance 

(Lynch. 1994), although changes in gene frequency may also cause changes in non­

additive variance as well. one would predict that the opposite pattern should be found in 

terms of dominance variance: life history traits should have relatively high levels of 

dominance variance while morphological traits should have low levels of dominance 

variance. In addition to eroding additive variance, selection is also expected to act 

directly on genetic dominance, resulting in a further relative increase of dominance 

variance to total genetic variance (Lynch, 1994). 

Before deciding on garticular breeding design for estimating heritabilities, it is critical 

to take int.o consideration the type of traits being measured to obtain accurate estimates 

(Crnokrak and Roff, 1995). Fisher postulated that differences between heritabilities 

among traits categories are the result of differences in additive genetic variance, but 

recent theoretical considerations by Price and Schluter (1991) contest this idea. They 

proposed that the reason life history traits have low heritabilities is because such traits are 

composites of many morphological, physiological and behavioural traits. Because life 

history traits are composites of mUltiple under lying traits, they are subject to numerous 

sources of environmental variation which in turn inflates phenotypic variance, thus 

decreasing the heritability. Low heritability estimates for number of seeds endocarp-I in 

the current study may be considered as an indication of the fact that this trait is under 

intense control by morphological, physiological and behavi'oural characteristics and is 
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related to some fitness traits or is itself a fitness trait. Infact, inbreeding is a fundamental 

factor determining evolution of any species. Efforts have been made to estimate 

inbreeding from the empty seed percentages because of presence of embryonic lethals 

(Koski, 1971; Kundu, 1999). Empty seed formation in neem observed in the present 

study is certainly caused by additional factors, such as reduced pollen viability or an 

environmental stress (drought or cold). The presence of the empty endocarps, as well as 

fewer seeds per endocarp than expected, indicates that inbreds are selected against. In 

contrast other endocarp morphological traits like seed weight, endocarp weight, and 

endocarp length exhibit high heritability estimates possibly pointing to the fact that these 

characteristics are not related to fitness and survival of neem and are not under intense 

selection. Likewise, there are pronounced differences in heritability estimates among 

provenances for most of the pl:ovenances, probably suggesting either sampling error or 

variation in contribution of the respective traits to fitness due to local environmental 

factors and / or genotypic factors. 

The high heritability estimates generally enable the plant breeder to select the 

desirable plants based on the phenotypic expression for specific improvement. In fact, the 

information on the estimates of heritability along with those of expected genetic advance 

(in per cent of mean) are more helpful than that of heritability alone, in predicting the 

resultant effects of selecting !the best individuals (Johnson et al., 1955). The genetic 

advance. however gives an indication of the expected genetic progress for a particular 

trait under appropriate selection procedure. It is, therefore necessary that for effective 

improvement of different traits, all those genetic parameters are considered together. 

High magnitude of heritability coupled with high genetic advance (per cent of mean) are 

recorded for the characters under study. Therefore, an inference can be drawn that all 

traits are quite amenable to selection. Little differences between GCV and PCV values 

coupled with high heritability estilJ,1ates for seed weight and endocarp weight indicate 

that these two characters are highly heritable and that differences between accessions are 

real. 

Correlation among characters are of interest to plant breeders because it helps in the 

identification of easily measu::ed characters that could be used as indicators of more 

important (but more complex to score) characters. They are also useful in pointing out 

the possibility and limitation of simultaneous selection of desirable characters (Amurrio 

el 01., 1993). Endocarp morphology traits are quantitative traits and hence may be 

controlled by several loci. The more loci involved, the greater the chances of linkages. 

Such linkages could be broken through the crossing of segregating families. Since 

crosses are not available yet, other breeding strategies should rather be considered. 

Examination of other local germplasm as well as diverse germplasm from different 

provenances would throw more light on the influence of total lead area on seed sizes and 
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yield. Knowledge of the magnitude and the direction of correlation coefficients between 

quantitative characters would be beneficial for the interpretation of the patterns of 

variation. Within the limit of experimental error and environmental effects, high 

correlation coefficients between characters may show that the characters share some 

common element of genetic control (i.e., pleiotropy, linkage, etc.) between genes or else 

from independently controlled characters responding similarly to geographic variation in 

selection pressures. (Thorpe, 1976; Bekele, 1984). The between region correlation 

coefficient between the characters measures the concordance of their patterns of regional 

variation, while the within region correlation coefficient between the characters measures 

both the association arising from genetic factors but is not affected by regional variation 

(Thorpe, 1976). 

This study shows significant positive correlations intra-regionally for some character 

combinations, it appears that common genetic control is playing a role in bringing about 

correlations between the various. characters. However, it appears that similar response to 

regional variation is playing a greater role than common genetic control as shown by the 

many more significant and moderate to high correlation coefficients inter-regionally than 

intra-regionally. Genotypic correlations are important in selection when one aims at 

changing two or more characters simultaneously. Statistically significant genotypic and 

phenotypic correlations are observed between characteristics like endocarp length, 

endocarp weight, seed weight in some of the populations and all the populations 

combined suggesting the possibility of enhanced correlated response upon indirect 

selection for these morphological characteristics. 

The direction of correlation coefficients at the genotypic level were generally same as 

the phenotypic ones. However, the estimates in respect of the former were slightly higher 

than those of the latter in most of the ('ases, which is in agreement with the result of 

earlier works in trees (Dhillon, 1992; Bangarwa, 1993). This envisages a strong inherent 

association among the various characters but the phenotypic expression of the correlation 

is lessened under the influence of environment. 

The environmental correlations, as worked out from the error vanance and co­

variance components, include mainly the effect of soil heterogeneity, cultural 

irregularities and chance error occurring while conducting the experiment (Sikka and 

Maini, 1962). Such factors cause a change in plant behaviour and may be explained in 

terms of physiological adjustments. Environmental correlations are generally high in the 

present study for morphological traits of endocarp indicating less effect of environment 

in determining of the fate of variation for the given traits. 

Seed yield is a quantitative character, which is largely influenced by the environment 

and hence has a low heritability (Johnson, 1989). As a result, the response to direct 

selection for seed yield may be unpredictable, unless. there is good control of 



environmental variation. Plant breeders are sddom interested in one character and 

therefore, there is the need to examine the relationships among various characters, 

especially between seed yield and other characters. As the number of independent 

variables influencing a particular dependent variable is increased a certain amount of 

interdependence is expected. In such situations, correlations may be insufficient to 

explain the associations in a manner that will enable breeders to decide on either a direct 

or an indirect selection strategy (Singh and Singh, 1979). 

Path-coefficient analysis (Dewey and Lu, 1959) provides a method of separating 

direct and indirect effects and measuring the relative importance of the causal factors 

involved. Several researchers have used this method to assess the importance of the 

components of yield. Seed yield, being a complex character, is the cumulative and 

interactive effect of a number of component traits. Direct selection for seed yield per se 

generally result in low genetic gain because of its low heritability in general dictating 

plant breeders to realize the importance of component traits. However, because of their 

complex interactive nature with each other, information on the association of these 

component traits with yield and also among themselves is of utmost importance. The 

former can be modified through recombination but the latter may not be easy to 

overcome and improvenient in yield becomes impossible without bringing improvement 

in component characters. The inclusion of all the component traits in selection scheme is 
" impractical because of obvious reasons and here the knowledge of association of various 

characters comes to the rescue in formulating an effective and efficient selection scheme. 

Separation of the genotypic correlation coefficient into components of direct and 

indirect effects was done using path coefficient analysis for seed weight and ratio of seed 

weight and endocarp weight. Seed weight is both directly and indirectly affected by 

endocarp weight and endocarp coat weight in most of the provenance c·:)llections. The 

negative indirect effect of endocarp coat weight in most of the provenances is not enough 

to significantly reduce the direct positivl: relationship between endocarp weight and seed 

weight. Ratio of seed weight and kernel weight is directly and indirectly affected by all 

the morphological characteristics of endocarp in all the provenance collections under 

study. Therefore selection for seed weight is much easier as compared to seed weight: 

endocarp weight as the former is little influenced by characters like endocarp length and 

breadth. 

Pronounced negative effects of some of the traits are visible on dependent characters 

in some provenances. Such negative relationships are not universal and hence there is a 

need to collect and examine diverse germplasm variants with a with a more desirable 

relationship between seed weight and other seed traits. 

Six leaf morphological characteristics of thirteen trees of Hisar provenance were 

studied. Statistically significant differences are observed for most of the characteristics in 
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many trees. There is positive association among all the leaf characteristics though only 

some of the associations were significant. A study of the herbarium at New York 

Botanical Gardens and Panjab University revealed that the neem trees from arid areas at 

the foothills of the Himalayas in general have narrow leaflets with sharp dentation in 

their serrate margin, compared to the trees from a humid climate which have 

comparatively broader leaflets with a less sharp serrate margin (Puri, 1999). Srivastava et 01. 

(1993a) reported variation for leaf morphology (length and breadth) in 15 randomly 

selected T. arjuna. Chauhan (1987), while studying twenty eight clones of Populus 

ciliata collected from their geographical distribution in the western Himalayas, found 

high range of diversity with regard to leaf area among different provenances. Surendran 

and Chandrasekharan (1984) studies heritable variation and genetic gain estimates in half 

sib progenies of Eucalyptus tereticornis. Genotypic coefficient of variation (GCV), 

phenotypic coefficient of variation (PCV), heritability estimates and genetic advance as 

percentage of mean were worked out for eight characters studies in 35 plus trees. The 

heritability estimates for number of branches, leaf breadth and leaf length: breadth ratio 

were consistent at different stages of growth. 

The adaptation process may be characterized as physiological, genetic or a 

combination of these two. Whatever the process, there is ultimately a genetic mechanism 

that drives adaptation (Tigerstedt, 1984). Breeders recognize their need for greater 

understanding of the gene-controlled physiological processes that produce growth and 

commercial yield. Physiologically based approach for tree improvement could secure 

further genetic gains (Donald, 1991). Erickson (1991) suggested that basic research is 

required on physiological genetics for fac~ng new challenges especially changing 

environmental conditions. Allen and Meyer (1998) emphasized that results from common 

garden experiments, suggest that germination differences have a strong genetic basis both 

among populations and among plants in a population. Seed viability was tested in the 

seeds collected from 21 trees represent~ng 6 provenance collections (Haryana, Delhi and 

Rajasthan) after 6 months of storage at 25±2°C. Within and between provenance 

variation with respect to seed viability in different provenance are observed. Viability of 

seeds appears to be negatively affected by the oil content of seeds rather than fatty acid 

profile. Regression equation for linear regression of seed germination on seed oil content 

gives high coefficient of dete~:nination (R2 
= 0.784) pointing to very high level of 

goodness of fitness of the regression line. 

Large seeds in sorghum have been reported to be associated with increased 

germination percentage, improved stand establishment and increased grain yield (Kwolek 

e/ af., 1986; Kabede and Menkir, 1987). Available evidence also indicates that it is 

possible to improve seed size in sorghum by mass selection (Lothrop et aI., 1985). 
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For several wild species whose seedlings establish in spring, seed popUlations sLow 

relevant variation that can be correlated with habitat conditions. Populations from severe 

winter sites, where major risk is frost, tend to have a long chilling requirements or to 

germinate very slowly at low temperatures. Populations from warmer sites, where the 

major risk is drought, are non-dormant and germinate very rapidly under these same 

conditions. Seed populations from intermediate sites exhibit variation in dormancy 

levels, both among and within plants, which spreads germination across a considerable 

time period (Allen and Meyer, 1998). 

The ultimate fate of seeds under natural (wild) conditions depends on their ability to 

time germination so that survival of seedlings is maximized. Mechanisms that regulate 

germination timing through seed dormancy are an important aspect of species life history 

and ecology (Venable, 1989; Meyer et aI., 1995, 1997). Many plants have a wide 

distribution range encompassing a variety of ecological habitats. For such species, 

contrasting selection pressures associated with different sites can result in highly variable 

dormancy patterns (Allen and Meyer, 1998). In the present investigation, only 

germination behaviour is recorded and dormancy pattern could not be ascertained. The 

wide variation in the viability pattern may be due to physiological reasons (higher oil 

content. which is found to be associated with low germination) or some sort of dormancy 

pattern (particularly in long lived seeds). 

Necm seed is tropical recalcitrant in nature and the viability of the· seed falls off 

rapidly after two weeks (Dent, 1948). Tropical recalcitrant seeds can be stored for 

comparatively longer duration by maintaining high seed moisture content and a certain 

amount of bas exchange. But these seeds are sensitive to low temperatures. In 

considering seed storage as a mean of conserving germplasm, both the characteristics of 

tree seed and the technology of storage conditions needs to be understood. Seed moisture 

content and storage temperature are the major environmental factors affecting the 

preservation of stored seeds.. with seed moisture content usually more critical than 

temperature (Justice and Bass, 1988). Chaisurisri et al. (1986) obtained success in storing 

neem seeds in a cotton bag at 15°C. Seeds were dried down to a moisture content of 

46. I 8 per cent before storing. Sacande et al. (1998) conducted a multifactorial study of 

conditions influencing longevity of neem seeds. There was hardly any difference in 

storage behaviour between seed lots, regardless of provenance. Seeds originating from 

mature yellow fruits had greater longevity than seeds from green or brown fruits. 

Provenance evaluation of different provenance collections was done in nursery after a 

growth period of 3 months. Seeds from 27 trees representing 17 provenance collections 

were considered. Significant differences among genotypes are found. Morphometric 

traits such as leaflet ratio, shoot: root ratio, leaf number, and collar diameter have been 

/ show11 to exhibit elinal variation in neem indicating adaptation to the local environmental 
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conditions (Kundu, 1999). Seedling length is found to be positively and significantly 

associated with seed weight. Similar reports are available in number of },lants where the 

seed size influenced the germination percentage positively (Jindal et aI., 1999b; 

Swaminathan and Sivagnam, 1999; Borges et al., 199.8) and negatively (Gunasekaran, 

1999 ) both, and affects the seedling growth positively (Basave Gowda and Gowda, 1999; 

Nizam and Hossain, 1999; Castro, 1999). It is generally believed that larger seeds give 

rise to seedlings with better performance. On the other hand, the size that a seed reaches 

is genetically determined by at least two different traits - the genetic variability of the 

developing embryo, and the genetic variability of the maternal plant, thus the relative 

contribution of these two traits affect seedling performance by influencing seed size 

(Castro, 1999). In Pinus sylvestris it was observed that th~ initial growth of the shoot was 

positively correlated with seed mass. However, after one growing season, seed mass had 

no effect. Thus, first-year seedling performance seems to be a maternal trait indirectly 

associated with seed size. This warrants a careful selection of good quality seeds for mass 

propagation, as it will help in better survival and growth of seedlings in the first year. 

Lopez Mata (1987) reported that seed size strongly influenced initial seedling size and 

the relative size of seedling roots in Brosimum alicastrum, which increased in response to 

habitat dryness and geographic origin. The results suggested that this tree employs an 

adaptive strategy ;n response to water deficit during dry seasons in initial phase of 

seedling establishment. It is noted that collar diameter had positive association with 

seedling height. These findings confirmed the results of (Dhillon, 1992, Gupta and Patil 

(1988) in Leucaena leucocephala, Shiv Kumar and Banerjee (1986) in Acacia nilotica, 

Salazar (1986 and 1989) in Gliricidia septum and Sindhu et al. (1990) in Santalum 

album. Appreciable differences between provenances in respect of seedling height were 

recorded have been reported Khalil (1985) in Picea glauca, Huang (1989) in Acacia 

(luricul((ormis and Hussein (1989) in Cordia alloidora). From the above results, it is 

suggested that any variation iT1 the mixed popUlation which are provided within identical 

environment, ore governed by genetic factors. Hence, these variations can be exploited in 

future breeding programmes, thus, eliminating high cost and avoiding the time 

consuming process which are main drawbacks of direct selection in tree improvement. 

Plants can respond to environmental conditions not only by adjusting their own 

phenotypes but also by altering those of their offspring through changes in the quantity 

and quality of seed provisioning, and in the structure or biochemistry of the seed coat and 

fruit tissues. Studies of these cross-generational effects rigorously distinguish 

environmental fram genetic causes of offspring variation and focus on ecologically 

relevant propagule and seedling traits rather than on propagule mass alone (Mazer and 

Gorchov, 1996; Sultan, 1996; Lacey et al. 1997; Thiede, 1998). Although the 

mechanisms are not well understood (Lacey et al., 1997). Offspring structure, 
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development and morphology can be influenced in remarkably specific ways by parent 

environment. Certain species respond to contrasting growth conditions by changing the 

structure or thickness of the seed coats or pericarps while maintaining the quantity and 

quality of the embryo and endosperm tissues that determine initial seedling size (Sultan, 

1996; Lacey e{ al., 1997). The progeny of nutrient-deprive plants can increase root 

biomass allocation compared with seedling offspring of plants give ample nutrients 

(Wulf and Bazzaz, 1992). Similarly, the off..<;pring of light-deprived plants can reduce 

root extension relative to shoot growth compared with offspring of genetically identical 

plants grown at high light intensity (Sultan, 1996). Such specific plastic changes to 

seedling growth patterns might allow offspring to maintain critical aspects of function 

such as root uptake capacity even if the initial seedling biomass is reduced by parental 

resource deprivation. Seedling offspring or nutrient-deprive Polygonum plants produced 

thinner roots ~hat extended downward more rapidly into the soil, resulting in root systems 

that were as long as seedlings form l1Utrient-rich parents in spite of their lower mass 

(Elmendorf and Sultan, unpublished). Plasticity patterns for ecologically important traits 

often vary genetically within natural populations, which indicates that the genetic 

potential for the evolution of adaptive plasticity can exist in many taxa (Sultan, 2000 ). 

The genetic mechanisms that underlie plastic response are as yet poorly known 

(Schlichting and Pigliucci, 1998 ; Pigliucci and Schmitt, 1999; Via et af., 1995), 

although it has become clear that several different mechanisms might be involved in 

different aspects of plasticity (Scheiner, 1993 aj Wu, 1998). These mechanisms are 

believed to include environmentally dependent regulatory loci as well as non-epistatic 

loci at which allelic expression varies with the environment (Via et af., 1995). Because 

plastic responses involve both environmental perception and the production of the 

appropriate phenotype (which might entail a suit of anatomical, morphological, 

physiological and other traits), these re:::ponses are likely to be influenced. by multiple 

loci (Wu, 1998). 

Population differences in both endogenous production and senSItIvIty to growth 

hormones might cOl1tribute to different patterns of plastic response. (Emery et af., 1994). 

Species that consist of highly plastic genotype might be ecological generalists (Sultan, 

1995), whereas species whose constituent individuals express limited adaptive plasticity 

might be restricted to narrower, 'specialist' ecological ranges. 

In addition to ecological breadth plasticity, might also contribute to a species' 

invasiveness. Widespread colonizing species are often characterized by high phenotypic 

plasticity, which should in theory allow them to inhabit diverse new sites without 

undergoing local genetic adaptation through natural selection. Work on several 

colonizing species has confirmed that populations across broad geographic and 
i 

environmental ranges can show remarkably little genetic or morphological differentiation 
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but instead consist of genetically similar populations of highly plastic genotypes 
et a.t 

(Williams,; 1995; Hermanutz and Weaver, 1996). Thus plasticity might facilitate the 

rapid spread of introduced as well as native taxa into new ranges without the 

evolutionary lag time required to adapt to these unfamiliar habitats through natural 

selection. Plasticity might also contribute to the ability of species to with-stand sudden 

environmental changes, such as those caused by human disturbance (Sultan, 2000). 

Finally, plasticity can influence patterns of evolutionary diversification. If individual 

genotypes are sufficiently local plastic to produce phenotypes appropriate to different 

local environments, natural selection will not occur for genetically distinct, loeally 

specialized ecotypes (Sultan,1995; Sultan, 1987). As neem is able to colonize the difficult 

sites therefore various aspects of plasticity for various morphological and physiological 

traits should be studied in this species for benefiting the afforestation programmes and 

production of superior planting material. 

The 43 neem genotypes, evaluated in the present study, exhibit sufficient variability 

for all the traits. This indicates significance of estimation of other parameters for the 

material under study. Different workers have emphasized the availability of variability in 

germplasm since long. Finlay (1971) stressed the importance of continuous infusion of 

new genetic variability in active plant breeding programmes as it is a major asset for 

initiating a fl uitful crop improvement programme. Such a breeding programme should 

rested not only on the available gene pool, but also on continuous infusion of newer and 

sl~perior lines to permit fresh genetic variation (Gustafson, 1974). 

Morphological variation in tree, seed, leaf traits are easily recognised in neem 

populations under study. Seed length, seed breadth, seed weight, kernel weight, seed coat 

weight, number of kernels seed· l
, kernel weight: seed weight and seed length: seed 

breadth, seedling height, and collar diameter are important and easily measured traits for 

an early evaluation of seed sources. The considerable amount of variation observed in 

this study suggests that attractive gain could be obtained through early selection 

(Lambet!1 et af., 1983; Zobel and Talbert, 1984; Khasa et af., 1995). Assuming that a 

significant portion of the phenotypic variation is genetic. It would be possible to make 

selection for any of the characters within a particular region. It is apparent that between 

provenance variance is greater than between accessions. In some cases observed within 

provenance variance IS greater than the variance for pooled provenances. Since 

significant variatioJ1 is found between provenances and between accessions within 

provenances, it would be necessary to collect from as many provenances as possible and 

to adequately sal11})le the variable populations from different localities in a region in 

order to sample the variation. 

In neem, thorough studies on morphological variability of endocarp are yet to come 

out. No corisistent geographic / agroclimatic trend in association among seed 
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morphological traits indicate that other environmental factors (other than altitude / 

latitude) and/or non-environmental factors might account for the variation for these 

particular characters. However, some extent of the observed clinal variation provides a 

guideline for transfer of seed and plant material. Clinal variations are heritable and offer 

a good opportunity for plant breeding and selection, especially for designing breeding 

programs. Information on clinal variation could be useful to predict the performance of 

hybrids based on their parental populations. Information on clinal variation could be 

useful to predict the performance of hybrids based on their parental populations. In the 

present study, conspicuous geographical clines for stearic acid and oleic acid are 

discovered. The modification of the fatty acid profile might have occwTed because of 

differences in day length, light intensity, humidity and thermo-period, as these 

phenomena are directly related to the latitudinal gradient (Hill et al., 1998). In the arid 

regions populations have lower linoleic acid, but higher oleic acid content, while 

popUlations in humid regions have higher linoleic acid and lower oleic ".cid. This could 

be explained by the lower activity of desaturases in regions with relatively higher 

atmospheric temperature during the fruit setting season. However, ariel and semi-arid 

regions (Bikaner and Hisar) are found to have higher total unsaturated fatty acids 

resulting in higher values for ratio of unsaturated and saturated fatty acids compared to 

humid regions in Haryana. 

Kundu (1999) attempted to gam a understanding on how geoclimatic factors 

prevailing at different sites affect morphological differences between 10 popUlations 

collected from India, Bangladesh, Pakistan and Sudan during the seed and seedling 

stages. Morphological, physiological and allozyme data revealed that there is ample 

genetis diversity residing in neem at the species, population and individual level. Li 

Peng et 01. (19970) c6nducted study on genetic structure and patterns of genetic variations 

among populations in eastern white spruce (Picea glauca). Data were collected on 

seeding heights at various 'ages, l-yr. branch number, and 3 yr. bud burst and bud set. 

Significant differences were found for each trait among provenances and among families 

within provenances. Regression models showed that patterns provenance variation 

mainly followed a south-north cline and to a lesser extent a west- east cline. 

Positive correlation between collection site variables and plant characteristics would 

suggest that the variation between accessions is related to agro-ecological variations 

among the collection sites (Elings, 1991). The correlation between seed azadirachtin and 

latitude is positive and significant, indicating that environmental factors (related to 

latitude) might account for the variation for these particular character. Information on the 

relationshi ps between environmental factors of the collecting sites and morpho­

physiological variation of germ plasm could enhance the understanding of evolutionary 
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adaptive patterns, which could assist germplasm collectors and users (Annicchiarico et 

al., 1995). 

Importance of studying mating system parameters for understanding population 

genetic structure and evolution have been emphasized (Allard, 1975; Rossi et al., 1996). 

Regulation of the amount of inbreeding plays a major role in adjusting the manner in 

which genetic variability is organised in a population. Furthermore, mating systems are 

under genetic control and themselves subject to selection (Brown, 1990). Many tropical 

species possess mechanisms that ensure or encourage outcrossing. Kundu (1999) 

detected high level of outcrossing (tm = 0.90) in A. indica which indicated that this tree 

PGs~es a predominantly allogamous mating system. Insect pollination, presence of 

'protandry', 'andromonecy' and 'polycarpy' and absence of biparental inbreeding are the 

probable causes of such high degree of outcrossing (Kundu, 1999). 

Inbreeding is a fundamental factor of the popUlation biology of any species. efforts 

have been made to estimate inbreeding from the empty seed percentages because of 

presence of embryonic lethals (Koski, 1971; Kundu, 1999). Empty seed formation is 

certainly caused by additional factors, such as reduced pollen viability or an 

environmental stress (drought or cold). In the current study, on an average, an endocarp 

(trilocular) produced only 1-3 seed so that 3-5 ovules are eliminated during seed 

development. The presence of the empty endocarps, as well as fewer seeds per endocarp 

than expected, indicates that inbreds are selected against. The present results are 

presumably due to the presence of embryonic lethals. An analysis of seeds per endocarp 

showed significant differences indicating genetic differences in tolerance to inbreeding. 

The 'polycarpic' endocarp structure is also a mechanism to make natural barriers against 
./ 

widespread selfing. The present results support the studies of Singh et al. (1996 )and 

Kundu (1999). Singh et af. (1996 )confirmed neem to be an allogamous species through 

artificial selfing where fruif set varied from 0 - 0.15 per cent. Based on allozyme data, 

Kundu (1999) studied mating system of neem and reported that it is a predominantly 

allogamous species. In contrast .. Gupta et al. (1996) repOlted that in neem inbreeding 

depression was not apparent in neem. In the present study, off-season flowering and fruit 

setting has been observed in the months of September-October in few trees at Hisar and 

embryo development is found to be normal. The chances for outcrossing are not there in 

off season due to the hct that only few trees flower, therefore selfing is evident. 

Depending on the locality, flowering may range from January to May (Gupta et al., 

1995). Sporadic flowering in September-October has been observed quite often, in 

addition to that in February-March. Shanthi et al. (1996b)reported abnormal seedlings in 

neem in December. 

Seed biochemical characteristics (oil, fatty acid, protein content, and azadirachtin) 

were studied in some provenance collections of neem. Statistically significant differences' 
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(both within and between populations) are observed for seed oil content of five 

provenances of neem belonging to northern and western India. Maximum average oil 

content (32.6 per cent) is observed in trees from Hisar provenanc~. Seed oil content in 

most of the provenances is not consistently and significantly correlated with 

morphological parameters of seeds. Age of the tree appeared to have no significant effect 

on· the oi I yield. Kadir et al. (1998) studied the oil content of seeds of neem trees in 

ecninsular Malaysia. The sample from 1alan Sungai Batu Pahat, Perlis, northern 

Peninsular Malaysia contained the highest percentage of neem oil (63.8 per cent). These 

estimates are higher as based on seeds and not endocarp. In the present study the 

estimates have been based whole of the endocarp. 

Sridharan and Venugopal (1998) worked on the effect of environmental conditions on 

the yield of oil in neem. Seeds from different locations had significant variations in their 

oil ('.ontent. Climatic factors at the different locations were correlated with oil contents of 

seeds, with a significant positive 'correlation of sunshine hours during September-March 

with seed oil content. However .. in the present investigation no relationship is found 

':letween environmental conditions and oil yield. 4 . 
Fatty acid profile of seeds from six provenance collections of neem belonging to 

northern and western India were studied. Considerable variation is observed for 2 

saturated (palmitic acid and stearic acid) and 2 unsaturated ( oleic acid and linoleic acid) 

fatty acids. Oleic acid is the major fatty acid. Ratio of unsaturated to saturated fatty acids 

exhibited a wide range. Palmitate ranges from 13.8 to 19.9 per cent, stearate ranges from 

10.5 to l7.7 percent. The two unsaturated fatty acids namely oleate and linoleate acids 

ranged from 44.8 to 67.8 per cent and 3.35 to 19.64 percent respectively. 

Kaushik and Vir (2000) reported fatty acid analysis for neem seed samples from 

different provenances of the Rajasthan state in India. Significant variability in individual 

fatty acids was observed. The palmit;c acid ranged from 16 to 34 per cent, stearic acid 

from 6 to 24 per cent, oleic acid from 25 to 58 per cent and linoleic acid from 6 to 17 per 

cent. Authors ,suggested that this variability can be exploited for selection of trees and for 

st'.ldying the genetic variability in neem. These selections can also be utilized for genetic 

improvement of the tree. Ali et {If. (1996) conducted studies on the fatty acids and 
~ 

glyceride compositions of neem seed oil. The fatty acid and glyceride compositions of 

seed oil were studied. It was observed that neem seed grown under the soil and climatic 

conditions of Bangladesh contains 40 per cent of acrid bitter greenish yellow to brown oil 

with a strong disagreeable garlic-like odour. The content of triglycerides varied from 

89.0 to 89.9 per cent, diglycerides from 2.7 to 3.2 per cent and monoglycerides from 2.6 

to 3.0 per cent depending on the soil texture in the areas where the plants were grown. 

The fatty acid composition of oil was analysed by OLC. Oleic, palmitic, stearic, linoleic 

were 55.8, 16.5,2.5,20.5 per cent, respectively, of the total fatty acids. 
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No uniform/significant association is observed' among different fatty acids in most of 

the accessions except that between the two unsaturated fatty acids under study. Fatty 

acid profile (stearic Rcid and oleic acid) of seeds shows a strong association with 
" 

geographical position and agroclimate of the sampling sites. Correlation studies among 

different fatty acids show significant as well as non-significant associations. Palmitic 

acid is associated with stearic acid positively, in two provenances (with arid and semi­

arid climate) and negatively in three provenances (with mesic climate). However, a 

reverse trend is observed in case of association of palmitic acid with linoleic acid, 

wherein. po'si1ive correlation is obtained in mesic agro-climate and negative in case of 

arid arid semi-arid agro-climate. The two unsaturated fatty acids are invariably negatively 

(though not significantly in every case) associated with each other. 

No consistent correlation among fatty acids could be advantageous for manipulating 

fatty acid profile or selecting desirable ecotypes from the existing variability. The study 

demonstrates that neem genotypes available from different agro-ecological regions of 

India have considerable potential to offer high oil content aT'd various combinations of 

fatty acids (particularly higher content of unsaturated fatty acids) which can be exploited 

as sllch (by clonal multipl~cation to exploit genetic variation) or put to further genetic 

improvement through traditional/molecular breeding. 

Among different fatty acids, three fatty acids namely, oleic, linoleic and linolenic are 

c!'sential fatty acids and have to be provided through diet. It has been further suggested 

that linolenic acid and erucic acid are to considerably removed if not eliminated 

completely, in view of their nutritional quality in case of crucifers, and sunflower, etc. 

(Appleqvist, ! 972; Downey et aI., 1975). Neem oil is found to completely 

devoid of erucic acid and linolenic acid in the samples studied so far, but rich in linoleic 

acid (3.35-19.64 per cent) and oleic acid (44.84-67.81 per cent). 

Ratio of unsaturated fatty acids to saturated fatty acids exhibited considerable 

_variation ranging from 1.62 (Kalka) to 2.96 (Bikaner). Due to possibility of development 

of genotypes rich 111 unsaturated fatty acids, neem oil can be exploited to formulate low 

cholesterol causing cooking oils. Thus it offers great scope to further manipulate the 

content of unsaturated fatty acids by studying samples from diverse agro-ecological 

regions and /01' genetic manipulations involving tissue culture techniques. Efforts can be 

directed towards development/selection of genotypes with higher content of essential 

uns2.turated fatty acids and '-lower content of saturated fatty acids. . -, 

";' 
.~ 

A reduction in palmitate and stearate would enhance the nutritional quality by 

lowering total saturated fatty esters, and reduction of linolenate would improve the 

oxidative stability of the oil (Dutton et al., 1951). Although there are major genes for 

reduced palmitate and linolenate, the traits can be considered quantitatively inherited due 
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to environmentCl'1 effects and the influence of modifying genes (Graef et at., 1988; Fehr et 

al., 1992). Stearate content also is considered a quantitative trait because no major genes 

have been reported for reduction of the fatty ester. 

Multiple regression analysis of linoleic acid on all other seed characteristics (namely, 

palmitic acid, steari~ acid, oleic acid, unsaturated fatty acids, saturated fatty acids, ratio 

of unsaturated and saturated fatty acids, 20 endocarp weight, and endocarp length,) in 

neem was done. High value of coefficient of determination points to very high level of 

goodne:'ls of fitness of the regression line. On the contrary the multiple regression 

analysis for oil content yielded very poor goodness of fit of regression line, suggesting 

greater effect of environment than the genes. 

Statistically significant differences (both within and between populations) were 

observed for seed protein content in individual neem trees. Average protein value for the 

seed samples of 10 provenances is 12.91 per cent with a range of 10.06 to 16.63 per cent. 

Co:-relation coefficient of protein with oil content showed a significant value (P = 0.5) of 

0.686. This association may be exploited for selection of genotypes with both high oil 

and protein contents. 

Statistically significant differences between individual trees are ob~;erved for seed 

azadirachtin content. Average azadirachtin value for the seed samples of 7 seed samples 

fro'n 5 provenance collections from Haryana is 0.3987 per cent with a range of 0.281 per 

cent to 0.583 per cent and a coefficient of variation of 31.85. Seeni Rengasamy and 

Parmar (1995) studi~d azadirachtin A- content in neem seeds, in ecotypes from 11 

agroecoJogical I:egions of India. Higher content was reported in coastal, arid and semi­

arid regions. In Haryana, azadirachtin seems to be associated with latitude. However, 111 

order to ascertain it further and to exploit this information further it is necessary to survey 

more area in the state. 

In natural populations, variance components are of considerable interest for 

evoll'tionary studies (Lande, 1982) and, increasingly, for conservation purposes (Storfer, 

1996). In natural pO!Julations, however, information on relationships may be unreliable or 
, 

unavailable. Molecular marker information [restriction fragment length polymorphism 

(RFLPj, minisatellites, microsatellites, RAPDs etc.] from the population of interest 

provides a means of circumventing this problem, by allowing estimation of relationship 

011 a pair-wise basis (Thompson, 1975; Ritland, 1996a) without the need for pedigree 

reconstruction. These estimates of relationships may be combined with phenotypic 

. information gathered from the same individuals, allowing inferences to be made about 

variance components (Ritland, 1996b ). 

An understanding of the extent and distribution of genetic variation within neem 

populations is essential for devising sampling strategies which efficiently capture genetic 

diversity for selection trials and subsequent distribution of material to farmers that fulfils 

\ 

\ 
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the di.Ial aIms of high genetic variation (whicll may provide an adaptive capacity to 

varying conditions) and reasonable performance. 

Protocol for fingerprinting the neem genotypes using RAPD (Random Amplified 

polymorphic DNA) technique has been standardised and preliminary investigations with 

15 genotypes and pooled DNA samples of 5 populations indicate within and between 

population genetic variability. A total of 20 random sequence commercially available 

deca-nucleotide primers of 60 percent or more of G + C content were used for the 

amvlification of DNA for RAPD analysis. Of these 15 primers failed to amplify DNA of 

any cf the neem genotypes, while 5 primers could amplify most of th~ individual 15 

DNA samples and all of the 5 pooled DNA samples. Such non amplifying primers have 

also been reported by other workers. Zhenshen et al. (1996) used 150 primers for 

studying polymorphism in Chinese common wild and cultivated rice, 41 of which did not 

amplify any genotypes. 

Total number of DNA fragments amplified by a specific primer / primer pair in 

individual DNA samples varied from minimum of zero to maximum of seven. However, 

polymorphic bands produced by different primers / primer pair ranged from 3 to 6. Total 

numJcr of DNA fragments amplified by a OPC-12 in pooled DNA samples varied from 

minimum of six to maximum of ten. However, polymorphic bands produced were four 

only. Polymorphism was determined by calculating pairwise dissimilarity value (I-F) 

among different neem genotypes. The fonnula for genotype discriminating efficiency 

(GDE) of individual primers was formulated. GDE ranges from 26.67 to 88.89 percent 

for incividual genotypes. Dendrogram of 12 genotyp~s based on RAPD profile of OPC-

1, OPC-l1 and OPC-12 primers was constructed using Jaccard coefficient by UPGMA 

approach of clustering. Highly divergent genotypes could be delineated by this exercise. 

Rafalski e/ cr1. (1991) postulated that in RAPD reaction, the composition of amplified 

product~ is determined by a competitior. between potential priming site in the template 

rather than by the total number of priming site available. It is for this reason, variations in 

amplification and polymorphism is observed for different primers. The comparison of 

dissimilarity (I-F) values (Nei and Li, 1979) obtained with specific oligonucleotide 

primers differed in their usefulness in detecting DNA polymorphism within neem 

species. This suggested that it could be possible to identify a set of primers that bind at 

more, sites of neem genome. These hyper-variable RAPD primers would generally 

facilitate the application of RAPDs in breeding and may be particularly useful for DNA 

fingerprinting of new genotypes. 

The popu.lation of bands obtained when pooled leaf samples is subjected to RAPD 

analysis is not always a summation of all the bands present in all of the individuals, 

presumably because of competition effects for the primer within the reaction tube. 
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However, use of the sampling method must lead to a more representative population of 

bands for an accession than use of DNA from a single plant. 

With regard to the suitability of numerical techniques for the interpretation of RAPD 

data, Q~gjomerative clustering method of UPGMA was used. It is a popular method in 

wh;ch dendrograms reveal information based on similarity/dissimilarity between 

acce3sions and hence it is possible to identify readily closely-related accessions. 

However, homology of co-migrating RAPD products has been previously 

demonstrated for different species of Glycine and Allium (Wilkie et al., 1993 ) Indirect 

(but very significant) supporting evidence of allelism is derived from the conformity of 

taxono;l1ic classifications based on RAPD data to those which may be widely accepted 

and based on more conventional approaches involving morphology, cytology and 

enzyme electrophoresis. We, thereforeJeel that the assumption in our calculations that co­

migrating bal1ds are allelic, is not unrealistic. However, to confirm alleli~;m conclusively 

the inheritance of band/s in the progenies of appropriate cross/es must be studied. 

Fingerprinting reliability through RAPD has been questioned since comigrating bands 

from different individuals do not necessarily represent homologous amplification 

produsts, but the presence of comigrating bands only reduces the absolute similarities, 

not the relative similarities nor the relationships among clusters (Adams and Rieseberg, 

1998). Hence fragment size and frequency can be considered a reliable predictor of 

homology of closely related individuals (Nicese et aI., 1998), provided that they can 

ditTerentiate between at least two popUlations. 

Although neem tree is an ancient domesticated ,tree, very little information is known at 

the i11:1lecular level about the different provenances used. In an attempt to shed light on 

provena11ce identification and biodiversity, reproducible RAPD markers developed in 

this study are useful for genotypic identification. Presence of high molecular weight 

bands confirms tha! polysaccharides, if pres~nt, do not interfere with polymerisation 

(Pandey e/ (//., 1996). The absence of spurious bands suggests that the non-specific 

priming of RNA is effectively absent. 

Several reasons have led us to use bulk, in addition to individual DNA to characterise 

the eeem -tree provenances: (i) A genotype is considered as a group of individuals that 

has been selected for expression of specific traits in a background of otherwise randomly 

distributed genetic variation. Then a bulk sample of 10 individuals may be expected to 

represent the markers linked to traits (Yang and Quiros, 1993). Bulk DNA samples of 

sev~rai genotypes for a single provenance may reveal markers that distinguish between 

them in a significant number of cultivar members. It has been described that 20 bands 

and 10 individuals are needed to detect a difference between two popUlations with a type-

1 errpr of 5 per cent, a power of 90 per cent and distance less than 0.1 per cent (Gherardi 

e/ a/. , 1998). The high level of polymorphism probably reflects the outcrossing nature of. 
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neem ill accordance with results described by Kundu (1999) on the basis of isozyme and 

DNA polymorphism studies (Singh et al., 1999). Isozyme studies exhibited distinct 

genetic differentiation in different populations. On the basis of isozyme studies, Kundu 

(1999) suggested strong natural selection in the popUlations or genetic erosion due to 

restricted population size. 

Sometimes a polymorphism characterised one genotype by its presence and absence. 

The results obtained comprised a unique fingerprint for some of genotypes studied, 

allowing unequivocal identification of each genotype, even in case of progenies of same 

tree and closely growing trees in a provenance. This study indicates that the use of RAPD 

techniC!_ue to detect genetic variation at the level of DNA among neem genotypes is 

sensitive and powerful. This could be useful for determining the best choice of parents in 

ord~r to generate mapping population for tagging genes for useful traits. 

Menkir el al. (1997) concluded that genetic distance determined by RAPD markers 

may ht:;ip in selecting the most diverse cultivar or accession for introgres~;ion. In general, 

tropical woody plants maintain high level of within-population genetic variation 

(Loveless, 1992). Variation in genetic diversity within species is usually related with 

geographic range, mode of reproduction, mating systems, seed dispersal and fecundity 

(Brown and Moran, 1979; Loveless, 1992; Hamrick et al., 1992). High genetic diversity 

detected in this study is presumably due to all these prevalent background factors as all 

the populations and individual genotypes studied are widely distributed. The high gene 

diversity and the degree of genetic differentiation in this study are also manifested by the 

special pilenomenon of 'protandry' (pollen mature before stigma become receptive), and 

'polycarpy' (cndocarp having more than one carpel) in this species. The results of the 

present study on eenetic diversity concur other studies on neem (Kundu, 1999), with 

those of other tropical species such as Tectona grandis (Kertadikara and Prat, 1995) and 

Acacia albida (Joly el ol., 1992). 

Determinants of genetics structuring 111 plant population include mating system 

(Loveless and Hamrick, 1984) natural (and possibility artificial) selection, evolutionary 

history, life- history characteristics and mechanism of gene flow (Schaal, 1980; Ellstrand 

e( ol., 1989; Hamrick and Godt, 1989; Hamrick el 01., 1992). Together, these factors can 

lead to complex genetic structuring within populations which is often difficult to resolve. 

The use of biochemical and molecular markers can enhance understanding of such 

complexities. Random amplified polymorphic fragments are normally inherited in a 

biparental domimmt Mendelian manner (Carlson et al., 1991). Primers varied in ability to 

detect polymorphism and in reproducibility. Five primers which consistently revealed 

info;'mctive patterns over several independent PCR runs, on DNA extracted from fresh 

leaf anl..i over a range of DNA concentrations, were chosen for analysis of the entire set of 

genotypes. 
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The various statistics used to estimate and partition genetic variation at a detailed level 

withill plant population cannot be applied easily to RAPD data obtained from outcrossing 

species because of dominance. Codominant products are occasionally revealed (at one 

locus in tl1e present study), but these are rare (Williams et aI., 1990). Despite this, 

approximate estimators have been devised recently for various population-genetic 

parameters using RAPDs(Lynch and Milligan, 1994), although these rely on an 

assumption of Hardy Weinberg equilibrium. As individual half-sib families of neem do 

not approach this equilibrium, further approximations regarding the inter-relationship of 

RAPD product frequency and underlying genetic variation are required and a relatively 

hrge sample of RAPDs must be scored to provide an effective description of population 

structur~. 

In a group of randomly mating, outcrossing individuals the theoretical expectation for 

genetic partitioning within and among half- sib families is 75 percent and 25 percent, 

respectively (Hartl, 1987). Although the number of populations used in the present study 

is relativeiy low, which limits the ability to estimate, the populations partitioning among 

the populations was achieved. 

Cluster analysis shows that differentiation appears to be clinal and indicates a 

relationship between geographical distance and genetic similarity based on RAPDs. 

AltholitSh greater resolution must partly reflect the greater number of markers available 

via R/\PDs, additional factors ass06ated with RAPD dominance and relative phenotypic 

neutndity may also be involved. In particular, there is some evidence of non-neutrality at 

some isozyme loci (Karl and A vise, 1992). Whatever the source of greater RAPD 

discrimination, an increased understanding of detailed population structure is provided 

which js potentially relevant for the design of collection strategies to capture genetic 

vari<!t~Olj optimally. Within the population studies, RAPDs indicate a significant degree 

of geographically related differentiation among sub-populations, which suggests that 

stratified sampling may be necessary to capture effectively most genetic variation. The 

degree of sub-population discrimil~ation available with RAPDs is greater than the 

associated with isozymes, so the RAPDs may provide a more useful tool than isozymes 

in the design of collection strategies which retain more of the variation contained within 

populations (Dawson et al., 1995). 

Many methods are available for the clonal propagation of trees. Among the various in 

vitro methods, somatic embryogenesis is the method of choice over other routes like 

direct 01' indirect organogenesis and bud proliferation, because of certain advantages viz., 

probable single-cell origin of the regenerants, a very high multiplication rate, and 

possibility of adap~ation to artificial or synthetic seeds. Currently some published reports 

are available on somatic embryogenesis in neem i.e., Shrikhande (1993), Su et al. (1997) 

and Murthy and Saxena (1998). Other reports on in vitro regeneration in neem pertain to 
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shoot proliferation from nodal explants (Yaseen, 1994), and decapitated seedlings 

(Rangaswamy and Promila~ 1972), shoot and root formation from anther derived callus 

(Gautam et al., 1993) and transformation attempts (Naina et al., 1989). The present study was 

designed to see the efficiency of mature seeds for shoot regeneration / somatic 

embryogenesis in different media and also establish callus and suspension cultures to 

explo:'e the possibiiity of in vitro production of azadirachtin. During incubation in dark, 

segmel}t~d seeds stact developing callus growth within 18-40 days in all the media but 

the callusing intensity varies widely from very low to very high. After initial incubation 

in dark for 68 days, white coloured minute mUltiple shoots (5-20 per callus) and shoot 

primordia are observed on some of the media. Highest number of shoots (10-15) are 

observed in N2 (2mg r lI3A ) medium where the cultures are grown on N8 (4.0mg rl BA 

+ sucrose 90g rl) medium during first subculture. On the other hand, the cultures are 

grown 0!11y on N2 medium the number of shoots declined drastically. The shoot 

primordia dnd mUltiple shoots could be elongated upon transfer to fluorescent white light. 

Four media viz., NI, N4, NI2 and NI5 are found to provide higher number of shoots per 

callus. Murthy and Saxena (1998) used a dark incubation period of only one week while 
1 

we have extended dark incubation to 60 days. Due to this fact these authors first got 

deformed seedlings and then embryogenesis, on the other hand we obtained regeneration 

directly from seeds or seed callus. This might be the reason of comparatively higher 

number of multiple shoots (upto 50) in our study than those obtained by Murthy and 

Saxen~ (1998). Zypman et al. (1997) Tissue culture methods and cloning of the neem 

tree for bioinsecticide production. Light yellow friable callus and shoots were initiated 

from hypocotyl explants of IJeem on MS medium supplemented with 0.5 mg IAA and 

1 mg BA rl. Shoots were regenerated from nodal buds and calli. 

Regenerated shoots were kept on MS media containing 2mg rl NAA; 2mg rl 

IBA+0.5mg 1'1 Kin., and 2mg 1'1 IAA for the purpose of rooting, however no shoot could 

be rooted. Vegetative e>..plants (axillary buds, shoot tips and leaves) from a mature tree of 

Hisar provenance were ev::tluated {vr callusing in MS medium supplemented with 0.5 

mgr l NAA and 1.0 mgr l BAP. Callusing could be obtained in 80 per cent of axillary 

bucis and shoot tip cxplants within 15-20 days of culture. Leaf explants started callusing 

within 20-45 days of culture and only 20 per cent of explants showed callusing. Callus 

cultures could be maintained by frequent sub-culturing in the same medium at an interval 

of 25-30 clays .. Iaiswal and Narayan (1984) reported regeneration of plantlets from stem 

tissue ofneem. George and Kulkarni (1997) reported that explants' of leaflets, rachis, inflorescence 

axis and. cotyledons from locally growing trees in Maharashtra call1ised with high 

frequency in an in vitro culture medium of MS + 5 per cent (V/V) coconut water + 211M 

BAP in 2-3.5 weeks. 
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Joshi ana Thengane (1996) reported in vitro propagation of neem by shoot 

proliferation. Two to three shoots per explant were observed after 20 days. An increase in 

multiplication frequency of shoots per explant (45-50) and average shoot length (4.7 cm) 

was olserved after 14-16 weeks. Eeswara et al. (1997b)developed a standard procedure 

for the micropropagation of the neem. Micropropagated shoots were initiated from leaf 

explants, taken from potted plants (6- or 18-months old) grown from sel~d. However, in 

the present investigation no shoot could be regenerated from leaf tissues. Venkateswarlu 

et al. (1998) worked on micro-propagation of plus neem tree and eva] uation of field 

transferred plants. Successful shoot bud induction and multiplication could be achieved. 

Yas$een (1994) studied shoo-L proliferation and plant formation from neem. Tawfik 

(1997) r~port~d micro propagation and plant regeneration of neem tree Four types of 

explants (shoot-tips, stcm nodes, petiole and leaf segments) were used. Shoot tips and 

stem explants werc cultured on woody plant medium (WPM) supplemented with kinetin 

and bCJ1zyladcnine (BA) each at 0, 0.5, and 1 mg rl. 

Freshly explanted tissues of woody plants, particularly angiosperms, often secrete 

brown/!Jlack pigments, composed mainly of oxidized polyphenols and tannins, into the 

medium in response to wounding. Phenolics released into the medium inhibit shoot 

growtb· and can kill the plant material; also the explants taken from older specimens tend 

to produce more phenolics (Chalupa, 1987). Phenolic compounds that are largely located 

in vacuoles, upon injury are mixed with the contents of plastids (which contain 

polyphenoloxidases) and other organelles. Polyphenols are oxidized to form quinones, 

which are highly reactive compounds that polymerize rapidly and form covalent bonds 

with prc,teins (Loomis and Battaile, 1966). Oxidized polyphenolic compounds inhibit 

enzym::: activity (Hu and Wang, 1983) and may result in the decline or lethal browning of 

the expla!lts. Explant browning has been successfully controlled in a number of explants 

like shoot tip, leat: nodal segment, cotyledon, etc. by using a variety of pretreatments; 

presoaking in ascorbic acid, L-cystcine-HCI, citric acid, meracaptoethanol (Anderson, 

1975; Monaco et aI., 1977; Welander, 1988); presoaking in sterile distilled water 

(Cres3well and Nitsch, 1975; Vieitez, 1980b,-Durand-Creswell et al., 1982; Vieitez et ai., 

1983); growing the cultures in dark (Ziv and Hale'/)', 1983, Barghchi and Alderson, 

1985,); incorporating L-cysteine HCl, polyvinylpyrollidone, activated charcoal and 

ascorbic acid in the medium (Somers et aI., 1982; Srivastava and Steinhaner, 1982; 

Dabin and Bonharmont, 1983). In the present investigation, a solution containing 0.5 g rl 
of ascorbic acid, 0.5 g rl of citric acid and 0.1 g rl PVP was used to control the browning 

oftbe explants completely. 

Cal)ll~ cultures produced from axillary buds were analysed for production of 

azadir&chtin ::tftcr 40 days of incubation. In N6 medium (MS medium + 0.8 mg rl a­

napht!lalcne acetic acid + 2.0 mg rl 6-benzyl aminopurine) the amount of azadirachtin 

produced is 0.00027 per cent and in N15 medium (MS medium + 2.0 mg rl kinetin) a 

concentration (L00028 per cent azadirachtin is recorded. Veeresham et al. (1998) were 
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able to produce of azadirachtin from callus cul!.ures of neem. Callus cultures, initiated 

from leaves and flowers of neem (collectt:d frum India), were estnblished for the 

production of azadirachtin. Twelve-week-old flower callus produced 2.46 per cent 

a:?:adirachtin. Wewetzer (1999) studied eff~ct of different nutrient media and two 

carbohydrate sources on the azadirachtin content of callus cultures of lleem cerived from 

leaf, root, shoot and bark. Level of differentiation was higher on medium supplemented 

with maltose but overall, average azadirachtin contents were higher when 8ucrose was 

used as carbohydrate source. The yield of azadirachtin in the present investigation is 

quite low, however only two media and one explants were studied. The production could 

have been higher in case of trial with more variables. 

Classification studies have special significance in gerl1lplasm studies beca~se of two 

specific reasons. First, it is difficult to evaluate large number of lines thnugh breeding 

plans obviously due to practical limitations and second because many of the accessions 

may be genetically more or less similar due to their common ancestor. Various 

approaches like geographical diversity (Dhawan and Singh, 1961; Mali et at., 1962; 

Singh and Joshi, 1966), coefficient of radical likeness (Pearson, 1926), Hutchinson's 

polygraph (Hutchinson, 1936), discriminate function (Fisher, 1936), metrr)glyph and 

index score analysis (Anderson, 1957) had been suggested for classification ar.d selection 

considering many variables simultaneously. But these faikd to provide foolproof 

measure of genetic diversity and its quantitative assessmept. D2 statistic of rviahalanobis 

(1930, 1936), a measure of group distance based on multiple characters permits precise 

quantitative comparison among all pairs of population along with their dassification 

before affecting actual crosses. It is based on second degree ~tatistic3 and is self­

weighing on the basis of genetic variability of characters involved. Also D2 value 

between any pair of populations amount to a measure of genetic divergence (Rao, 1952). 

Therefore, D2 analysis was carried out in the present study to gain an insight in the 

genetic divergence in the material under 3tudy. 

D2 values for all possible (903) combinations among 43 genotypes (using all 8 

endocarp morphological characteristics used) were calculated and these ge!1otypes are 

grouped illto ten clusters. Cluster CI consisted of maximum number of genotypes i.e., 12. 

This envi:;aged that the genotypes grouped in this cluster are more or less genetically 

similar to each other and apparent wide diversity is mainly due to the remaining 31 

genotypes distributed over rested of the nine cluster. Clusters namely, cn, em, and ClV 

consisted of 10, 7, and 5 genotypes respectively. ev, eVI, ~.nd eVIl had 2 genotypes 

each, whereas and eVIII and eIX and ex are represented by one genotype each. The 

genotypes of eVIII, eIX and ex are extraordinary for one or the other character that 

made them so divergent from others. eVIII represented low seed weight : endocarp 
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weight. CIX represented low seed weight. CX repre'sented low high endocarp length and 

high endocarp length: endocarp breadth. 

The study further reveals from clustering pattern that genotypes from different 

geographic regions are grouped together in a cluster and vice-versa suggesting that 

geographical diversity does not necessarily represent genetic diversity. This is in line with 

the result::; obtained earlier using D2 analysis by Mehndiratta et al. (1971), Tiwari and 

Singhania (1989), Ezeaku e{ a!. (1999) who reported that geographic diversity although 

importai1t, was not the only factor responsible in determining the genetic diversity, 

The main objective of fOlming cluster and to find out the intra and inter-cluster 

distances is to provide relevant information for selection of diverse parents for 

hybridization programme without making actual crosses (Bhatt, 1970). The lesser 

magnitl!de of intra-cluster distances than those of inter-cluster distances indicated that the 

genotypes grouped in a common cluster diverged very little from one another as 

compared to the genotypes of different cluster. Large inter-cluster distances are 

recorded especially in single genotype clusters in relation to other clusters signifying 

them to be extra-ordinary for one or more characters and made them divergent form 

others. 

The cluster means ref1ect appreciable variation for all the characters among different 

clusters. These differences were more pronounced for seed weight, endocarp weight and 

seed If!nglh. The clusters VIII, IX and X, though represented by single genotypes each 

are to ha'ie accul11uhted a few unusual attributes like very high value for endocarp length 

in CX. Bagchi (l992) conducted genetic divergence studies with the help of 

Mahalanobis's generalized D2 statistic among 42 provenances of Acacia nilotica in 

search of bi.gger s~eds and to find contribution of individual characteristics towards 

diverger!(e. Cluster analysis resulted in two groups of which one was the bigger group 

having 34 provenanc~s and the othe" smaller with 8 provenances, Second group 

contained the provenances belonging to Rajasthan only, whereas the first group included 

s;)mpl.3s from a;] the other states. First group was best having higher group mean values 

for ali the three characte;'istics. The higher intra-cluster distance in first group indicates 

higher variability within the group al)d it is quite likely that extreme individuals from this 

group may help in selection. Hybridisation between widely divergent groups may alsc 

help procillcing greater genetic diversity which may be utilized for further selection, 

After clustering, widely divergent groups Inay be utilized for hybridisation, if possible 

to increase the genetic diversity for furtheral1ce in selection or, a sup(:rior group may 

directly 0e utilized for short-term plantation purposes for an improved seedling vigour 

and consequently increased growth. 

It may be noted that seed sources from different locations were clustered together to 

form the clu.)ters. This signifies that all seed sources from a single zone may not 
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necessarily fori11 a single cluster and the pattern of genetic nearness is not dependent on 

the geographical nearness. This generally happens when seed sources are of different 

genetic l112.keu~) and are distantly related. Similar results were obtained in agricultural 

crops W:1en selections from the same cross did not form a single cluster due to wider 

relations between the two parents (Murthy and Arunachalam, 1966; Murthy and Pavate 

1962; Singh and Gupta, 1969). 

For more objective interpretation of the results obtained from D2 analysis, the actual 

D2 vall!es among the genotypes rather than inter-cluster D2 statistic is totally arbitrary. 

Rana ar:d Murty (1971), Sid:llI and Singh (1975) and Singh and Gupta (1979) reported 

the c1assific.1tion according to D2 analysis as subjective, firstly because of the cluster 

formation met:lOd, secondly that sometimes genetically related genotypes may be 

grouped into diFferent clusters and vice-versa and thirdly that the number and 

composition of clusters varies greatly under the influence of environment. Therefore, 

they suggested that in the absence of more precise method, it becomes necessary to use 

more than one method to offset these limitations to a certain extent. 

Peeters and Martinelli (1989) discussed several advantages of multivariate algorithm 

hierarcl:ic8l cluster analysis. Firstly, it allows mixing of both quantitative and qualitative 

data wi1ich allows utilizing all the information available on the sample. Secondly, in this 

method (i1ch entry is trea~ed as an individual entity of equal weight contrary to other 

multivari[ltc techniques that are based on variation of group of entries. Thirdly, it defines 

the degree of relatedness qmong the samples and can predict the degree of segregation of 

given samples thus i11aking it a powerful tool to precisely classify the population. 

EndC'carp 'morphological data of 43 genotypes of neem (all 8 endocarp morphological 

character;stics used) Were subjected to hierarchical cluster analysis with the help of .'. 

squared ,:uclidean ciistance and UPGMA approach. Two major clusters were visible. First 

cluster cO;1tair;ed only one genotype (NGN1) from Pune while second cluster (containing 

rest of the genotypes) was further divided into 2 sub-clusters. 

The association among the different genotypes is presented in the form of dendrogram 

prepared using rescaled distances. The genotypes which are lying nearer to each other in 

the derdrogram are mol':! similar to one another than those lying apart. The resemblance 

coefficient bet'vveen the two genotypes is the value at which their branches join. The 

dendrcg:'w11 also showed the relative magnitude of resemblance among the different 

clusters. The grouping of genotypes originating from different eco-geographic regions 

into one cluster could be attributed to ancestral affinity and due to operation of similar 

force 'Jf natural and artificial selection resulting in perpetuation and stabilization of 

similar genotypes (Murt\:yand Arunachalam, 1966). 

Seed biochemical and endocarp morphological data of 28 genotypes of neem (all 10 

endocarp biochemical plus morphological characteristics used) was subjected to 
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hierarchical cluster analysis of using squared euclidean distance and UPGMA approach. 

Two majo( cluster namely, A and B were discernible from the dendrogram. Cluster A 

contains 9 genotypes containing mainly genotypes from arid (Bikaner) and semi-arid 

regions (Hism"). One exceptional entry is the genotype from Allahabad which is not 

having ariel type of climate. Cluster B contains 19 genotypes mainly genotypes from 

semi-arid (Hisar) and other non-semi-arid regions of Haryana namely, Kaithal (Northern 

plain a:1d cen1ral highlands, hot semi-arid eco-region with alluvium-derived soils.), and 

Kalka (westcm Himalayas warm sub-humid (including humid) eco-region with brown 

forest and podzolic soils) and Pune (Deccan plateau, hot semi-arid eco-region with 

shallow and medium (including deep) black soils. The hybridization among diverse 

parents is li!~ely to proc:uce heterotic hybrids. 

A phenetic relationship is referred to as groupiag of taxa by overall existing similarity. 

It measures the currently existing similarity among taxa and thus ignores the direction of 

characters state changes during evolution. Phylogenetic relationship on the other hand, 

groups phnt on the basis of shared derived characters, and therefore, the resulting 

clusters es~imate ancestor-descent relationships (Sneath and Sokal, 1973). In the current 

study, cluster analysis of biochemical and morphological traits classified distinct 

groups in some cases according to agroclimate associated with their respective regions. 

The provenance, Bikaner is found to have close affinity with Hisar provenance. 

No compiete c0 1Tesponclence is observed between the geographical and divergence 

pattern. Kang and Lee (1996), Lin et al. (1998) and Ayana and Bekele (I999) used 

cluster C!nalysis to classify different germ plasm collections of sorghums and partitioned 

them ~nt0 diffcre:1t clusters. In most of the studies no definite association between 

geograr.hical a!1d genelic diversity were reported, however, Ayana and Bekele (1999) 

found that a greater proportion of accessions of similar adaptation zones and accessions 

from regions of origin with similar agro;oclimatic conditions were grouped together. This 

implies that geographic diversity is not the only factor determining genetic divergence 

and is one among the severed factors determining the genetic divergence. Therefore, 

parental selection for hybridization should be based on the criteria of genetic diversity. 

Usually the number of variables included to classify the germplasm becomes 

perceiv[lb:y large when the above mentioned idea is considered and makes it difficult to 

estimate lhe coefficients of functions mathematically. Under such circumstances, 

principal component analysis comE'S handy to partition the variability into mutually 

orthogonal components retaining the same amount of variability contained in the original 

set of variables. 

Owing- to lack of knowledge regarding relative importance and usefulness of 

variabJe~. the investigator tries to include all the possible variables, making the data 

matrix DCi'ceivably large, complicated, unmanageable and beyond comprehension. 
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Therefore, the investigator reqUIres a technique here for systematic reduction and 

summarisation of data. 

Principal component analysis, basically a data reduction technique, was initially 

floated by Pearson (1901) and later developed by HoteHing (1933), offers solution to this 

complex problem by transforming the original set of variables into a smaller set of linear 

combinations that account for most of the variability of the original set. The objectives of 

principal component analysis is to identify the minimum number of components, which 

can explain maximum variation out of the total variance (Anderson, 1972; Morrison, 

197~ and Dillon and Goldstein, 1984). 

The first principle component absorbs and accounts for maximum proportion of total 

variability in the set of all variables and remaining components account for progressively 

lesser and lesser amount of variation. Same trend is observed in the present study. For 

seed biochemical and morphological traits combined, the first principal component 

accounted for maximum variability i.e. 54.16 per cent wllich reduced gradually to 0.007 

per cent in 8th and nearly zero in 9th principle component. Kang and Lee (1996); and 

Ezeaku el (II. (1999) conducted principles component analysis in sorghum and transferred 

many correlated variables into a few independent principal components explaining much 

of the variability of the original set. The first three principals components, having eigen 

values greater than one and altogether explaining more than 80 per cent the total 

variation. were retained for further studies (Kaiser, 1958 and leffel's, 1967). 

In the light of critical comments of Sneath and Sokal (1973), further analysis was 

carried out using principal factor analysis. In principal component analysis, the total 

variation contained in set of variables is considered whereas, in principal factor analysis 

interest centres on that part of variance only, which is shared by the common factors 

leaving aside1the unique factor (including error) of the variable. Moreover, in contract to 

principal compo~1ent analysis, here the component axes are allowed to interact resulting 

in distortion of mutual orthogonality. Thus the magnitude of change in values and results 

of principal factor analysis as compared to principal component analysis can be 

predominantly ascribed to influence of environment and interaction among the principal 

axes. 

Ten morphological and biochemical characteristics of endocarp were considered for 

principal component and principal factor analyses in 28 genotypes of neem. The first 

three principal components (pes) gave eigen values more than one and altogether 

explains 84.864 per cent of accumulated variability. Seven characters (related to fatty 

acid profile) have very high loading on the first factor. Endocarp length and 20 endocarp 

weight have high loading on second factor. Oil content of the endocarp hive high loading 

on second factor. This provides a very clear picture regarding the idea of character 

association with respect to principal factor. 
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The clear cut grouping of similar type of variables by getting loaded on common 

principal factor elaborates the successful transformation of eight interrelated variables 

into three independent principal factors explaining about 84.86 per cent of the variability 

of the original set. 

Principal factor (PF) scores for all the genotypes are estimated in all the three factors. 

These scores can be used to propose precise selection indices whose intensity can be 

decided by variability explained by each of the principal factor. Using the principal factor 

scores, all the genotypes are plotted for factor 1 and 2; _ factor 1 and 3; and factor 2 and 

3. These three plots clearly indicate the separation of genotypes with high values of the 

characteristics towards the axis of factors which represent them. Genotypes with 

contrasting fatty acid profiles and morphological traits and combinations thereof could be 

delineated with different plots. 

Eight morphological characteristics of endocarp were considered for principal 

component and principal factor analyses in 43 genotypes of neem. The first three 

principal components (pes) give eigen values more than one and altogether explained 

90.2 per cent of accumulated variability. Five morphological characteristics of endocarp. 

(endocarp weight, seed weight, endocarp coat weight, endocarp length, and endocarp 

breadth) have very high loadin~ on the first factor. Endocarp length: ,breadth 1. _ ,: 

and Seed :veight : endocarp weight had high loading on third factor and number of seeds endocarp-I 

have high loading on second factor. Principal factor (PF) scores for all the genotypes 

were estimated in all the three factors. Using the principal factor scores, all the genotypes 

are plotted for factor 1 and 2; factor 1 and 3; and factor 2 and 3. These three plots 

clearly indicated the separation of genotypes with high values of the characteristics 

which they represent. Genotypes with contrasting endocarp morphology and 

combinations of traits could be delineated with different plots. 

Principal component analysis has been used in neem to differentiate populations on 

the basis of variation in rainfall and leaf area. It also indicated that moisture availability 

plays an important role in differentiation of neem plantations (Kundu, 1999). Lopez Mata 

(1987) studied genecological differentiation in nine provenances of Brosimum 

alicastrul11. Principal component analysis and linear correlation indicated the existence of 

ecoclinal variation in seed size (weight and diameter). Li Peng et al. (19970) conducted 

study on genetic structure and patterns of genetic variations among populations in eastern 

white spruce (Picea g/auca). Data were collected on seeding heights at various ages, 1-

yr. branch number, and 3 yr. bud .burst and bud set. Two Principal components composed 

87 per cent of the total variation for all traits. Regression models explained between 19 

an~ 65 per cent (an average of 47 per cent) of provenance variation and showed that 
of 

patterns/provenance variation mainly followed a south-north cline and to a lesser extent a 

west- east cline. 
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Using multivariate analyses (D2 analysis; hierarchical cluster analysis; and principal 

component and principal factor analysis) it has been possible to delineate highly 

divergent samples with respect to endocarp morphological and seed biochemical 

characteristics. Clustering pattern is found to have partial dependence on geographical 

location of the germplasl11 accessions. Some similarity is observed in clustering pattern 

obtained by different multivariate techniques. 

The breeder's aim is to develop cultivars that are stable across a range of 

environments. This is particularly important for forest tree species especially for 

marginal environments. I-Igwever, if cultivars are being selected for a large group of 

environments then stability and yield across all environments are of major importance 

and yield in a specific environment is of marginal importance (Piepho, 1996). 

The interaction of a genotype with the environment is a universal phenomenon, 

irrespective of the plant material. Inference about genetic makeup are based on 

phenotypic data and phenotype is the result of both genetic and non-genetic 

(environmental) components. The effect of non-genetic components is not independent of 

genetic component as the genotypes respond differently to varied environments. This 

interplay of genetic and non-genetic forces is known a genotype-environment interaction 

(Comstock and Moll, 1963). 

In natural populations many random effects (e.g. maternal effects,) as well as fixed 

effects (e.g., sex, or year of birth) may have considerable influence on quantitative traits 

(Thomas, et al., 2000). Frankel (1958) proposed two possible ways in which a plant breeder can 

develop varieties exhibiting a low G X E interaction: (i) the sub-division of 

heterogeneous area for which the varieties are being bred, into smaller regions or in other 

words, stratification of enVIronments such that each of the strata is more homogeneous 

with its own characteristic varieties, (ii) the introduction of varieties which exhibit a high 

degree of stability in performance over a wide range of environments, i.e., varieties 

having wide and general adaptability. The first strategy may not be very efficient but the 

second strategy, which has been receiving increasing attention in recent years, interests 

the breeder a great deal. 

In the recent past, the methods have been developed which could be used to provide 

reliable estimates of these interactions. The analytical approaches are, statistical (Yates 

and Cochran, 1938; Finlay and Wilkinson, 1963, Eberhart and Russel, 1966) and other is 

genetical (Mather and Jones, 1958; Jinks and Stevens, 1959; Bucio Alanis, 1966; ~ucio 

Alanis and Hill, 1966; Perkins and links 1968a, b and Breese, 1969) are now available by 

which the results from experiments conducted in different environments can be 

interpreted. 

Environmental variations seemed to be of importance in determining performance and 

therefore evaluation based on several years and locations is a right strategy to be pursued 
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111 the breeding programme. Data from multiple years are more reliable for stability 

analysis (Yue et al.) 1997). Since each environment consists of a combination of various 

factors which influence performance, it is difficult to specify all the differences between 

environments in relation to these factors. As pointed out by Hill (1975), the use of 

independent physical environmental factors instead of the performance based 

environmental index is not devoid of problems since random sampling of the 

environment with respect to these factors would be difficult. 

Hildebrand (1990) suggested the selection of materials that maintain productivity in 

poor environments or that are superior in favourable environments rather than those with 

regression coefficients eqmil to 1. Genotypes with b equal to 1 are less productive in poor 

environments than those with low regressions and also yield less in favourable 

environments as compared to those with high regressions. Low regressions indicate 

adaptation to poor environments and could be utilized to cater for low input agriculture. 

Analysis of variance for stability was performed in 11 provenance collections of 

neem for eight endocarp morphological characteristics. Genotype and environment 

interactions for all these eight characteristics were found non-significant which suggested 

that genotypes have no interaction with environment for the given characteristic. Stability 

parameters were obtained using the statistical analysis described by Eberhart and Russel 

(1966). Twenty seed weight and seed oil content exhibit significant genotype­

environment interaction and differences are observed with respect to temporal stability. 

For these two characteristics stable genotypes could be identified. 

The mean squares due to genotypes and years are significant when treated against 

pooled error for both the traits, indicating the presence of variation among genotypes and 

years for both the charactei·s. The genotype x environment interaction is significant for 

both the characters (20 endocarp weight and oil content of seeds) when tested against 

pooled deviation. It indicates that the genotypes interacted considerably with the 

environment in the expression of both the characters. Highly significant mean squares 

due to environment (linear) indicated considerable differences among environments and 

their predominant effect on both the characters. 

The genotype x environment interaction (linear) is significant for 20 endocarp weight 

as well as oil content when tested against pooled error and pooled deviation indicating 
as 

that genotype x environment interactions are linear !well as non-linear. The genotypes 

differed significantly for their stability for both the characters as evident by different 

values for mean sum of squares for genotype x environment (linear) and pooled 
a 

deviations for two charcters. 
/ 

Based on the regression coefficient b, the genotypes tested could h;! categorized as 

those having more than average stability, average stability and below average stability for 

both traits in the range of enviro11ments they encountered. HSR2 and KLK5 appeared to 
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be sensitive to changes in environments due to their b values of> 1. Therefore, these 

materials can be considered as sensitive and having below average stability for 20 

endocarp weight. Among the 11 genotypes, KLK4 showed more than average mean 

performance, regression coefficient of slightly more than 1 and non-significant deviation 

from regression, indicating its stable performance for oil content. HSR2, KLK5, and 

KTL5 appeared to be sensitive to changes in environments due to their b values of> 1. 

Therefore, these genotypes can be considered as sensitive and having below average 

stability for oil content. Zhou Weijun et al. (1997) reported most of the cultivars cotton 

cultivars tested at 7 locations in China to be stable for oil content. 

Plant architecture can vary in response to the environment, as has been shown for the 

number and length of sylleptic versus proleptic branches in Populus trees (Wu and 

Stettler, 1998). In herbaceous plants, shading can alter the plant's architecture as a result 

of effects on meristem initiation and fate as well as organ size and structure (Huber et 

al., 1999). Developmental plasticity might be limited to early stages of the life cycle or 

might vary in timing among different genotypes, populations or species (Pigliucci and 

. Schlichting, 1995; Bell and Sultan, 1999; Gedroc el al., 1996). Young neem trees growing in vicinity 

of other trees with competition fOl light the crown spread is quite less and straightness is 

quite high. This indicate highly plastic architecture of neem in young stages. 

Temporal variation in the environment is generally thought to be less efficient in 

maintaining genetic polymorphism than spatial variation. However, if there is delayed 

germination or diapause, in some situations the conditions for genetic polymorphism are 

greatly broadened in a temporally variable environment (Hedrick, 1995). ._ 

- .'. Levene (1953) first gave the conditions for a 

polymorphism when there is spatial variation in the environment. Conditions for 

maintenance of polymorphism when there is temporal variation in selection appear to be 

much more restrictive than those for maintaining variation from spatial variation in 

fitness (Hedrick et al., 1976). 

Some organisms may be able to avoid an environment for which they are not adapted 

when there is temporal variation in the environment because they can exist in a life stage 

that does not encounter the effects of the environment. For example, some plants have 

extensive seed pools and the seeds that do not germinate do not experience many of the 

environmental effects encountered by the seeds that do germinate. Recently, EI ner and 

Hairston (1994) have extended these ecological models to show that the conditions for 

maintenance of genetic variation can be greater in fluctuating environments in which 

there is the opportunity for genotypes to escape unfavourable environments via the 

storage mechanism. Off season flowering observed in neem coupled with high longevity 

of seeds at ambient temperature observed in some genotypes in variolls provenances 
to . 

could be a mechanism/escape unfavourable environments or to produce the om;prings in 
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an entirely different environment leading to more probability of survival of diverse 

individuals and thus maintaining the diversity due to temporal variation. 

It is generally believed that most of the quantitative and physiological traits are liable 

to environmental modification and may respond to different types of stress. Thus, same 

population may respond differently in different environments. The clinal variation 

observed in the study of fatty acids (especially stearic and oleic) probably indicate 

genetic and / or physiological adaptation of these traits in response to temperature and 

other environmental factors during fruit setting period. Furthermore, the western 

populations in I-Iaryana and Rajasthan are distinct from eastern populations of Haryana in 

having lower amount of linoleic and stearic acid. Cluster analysis of 28 genotypes based 

on fatty acids, oil content and seed morphological characteristics reveals two distinct 

groups of populations according to rainfall associated with their respective origins, 

indicating possible adaptation to the local climatic conditions. Kundu (1999), on the basis 

of cluster analysis of physiological and growth traits, reported three distinct groups of 

populations in neem according to the rainfall, indicating adaptation to local climate in 

neem. 

Genetic polymorphisms are regulators of the breeding system of populations in many 

cases. For example, pre- and post-zygotic incompatibility, and different sexes are the 

foremost genetic meclw,nism tll~t mechanisms that prevent self-fertilization (Stern and 

Roche, 1974). The probable presence of an embryonic lethal may be an instance of post­

zygotic incompatibility in neem. A small possibility for seed formation from self­

fertilized zygote in neem has been reported by Singh et al. (1996). Protandry may be an 

example of pre-zygotic incompatibility (Gupta et aI., 1996b) in this species. Self­

compatibility in plant popUlations is generally known to be an adaptive strategy (Stern 

and Roche, 1974). The variation recorded in seed development in the 'trilocular 

endocarp' (having six ovules per endocarp) appears to be an additional adaptive feature; 

a phenomenon that explains increased probability to produce outbred seeds. The 

observed polycarpy in this study seems to be an effective mechanism for avoiding 

inbreeding that ultimately directs a predominantly outcrossing mating system in this 

species. the andromonoecious habit is an advanced reproductive feature in neem, which 

is probably an evolved form of the dioecious habit. Similar observations were made by 

Kundu (1999c). 

As plasticity studies have extended beyond simple effects on plant growth, it has been· 

found that key life-history traits such as sex expression and breeding system, 

reproductive allocation and phenology can vary in responses to the environment. For 

example, the proportions of staminate and hermapht<oditic flowers 111 an 

andromonoecious Solanum were shown to depend on plant resource status, confirming a 

long-standing ecological hypothesis (Diggle, 1994). Normally self-inc(Jmpatible plant 



can switch to self-fertilization in response to floral age and lack of prior fruit 

development (Vogler e/ al., 1998). This plasticity for self-compatibility results in a 

'delayed selfing' strategy that insures reproduction if out crossing fails. This case makes 

it clear that a plastic switch can occur in response to a plant's internal environment as 

well as to resource availability or other external cues (Sultan, 2000). 

Neem trees growing in areas with a warm winter bloom first, followed by areas where 

the winter is comparatively colder. Depending on the locality, flowering may range from 

January to May (Gupta e/ al., 1995). Sporadic flowering in September-October has been 

observed quite often, in addition to that in February-March. Shanthi et al. (1996b)reported 

abnormal seedlings in December from these trees and suggested that these trees may be 

used as germplasm. In the Murshidabad area of West Bengal (India), the tree flowered 

throughout the year (Guhabakshi, 1984). Neem normally flowers in April [in Tamil 

Nadu] and the fruits are ready for harvesting by July, although the fruiting season 

sometimes extends to August. The seeds of neem have a short period of viability (only a 

few months after harvest) so late flowering forms would be useful for solving seed 

procurement problems for later planting. Such a genotype was identified in Tirupur by 

Shanthi el al. (1996b) As well as flowering and fruiting at the normal times this tree 

flowered in September and produced fruits in December. Seed germination and seedling 

characteristics were compared from the 2 periods; germination was 83 per cent in the 

early flowering type and 67 per cent in the later flowering type. Seedling growth was 

similar, but there were more abnormal seedlings (12 vs. 2 per cent) in the later flowering 

type, probably due to selfing. Late flowering types would be useful for breeding studies. 

In the present study flowering and fruiting has been observed in Hisar provenance in 

October, 1998 .. As no other tree are flowering at that time, selfing is evident. Fruit 

development is normal with well developed embryos. The off season flowering may have 

genetic control or may be due to plastic response of the trees to the environment or 

combination of both. However this variation in phenology is very important in fixing 

traits by selfing and other application for producing variability. 

Plastic reproductive timing and allocation have been documented in several 

h8rbaceous species (Geber, 1990; Pigliucci, 1997). These changes are likely to directly 

affect plant fitness and therefore population persistence and response to natural selection 

for example (Galloway, 1995). A selection experiment confirmed that these contrasting 

reproductive patterns reflect different fitness priorities in the two types of environment: 

in poor sites, plants have shorter life spans and maximizing early flower production is 

advantageous; in favourable sites, where plants live longer, greater allocation to 

vegetative growth followed by later flowering maximizes fitness (Galloway, 1995). 

Season and duration of reproductive phenoperiods vary according to location and 

climate. In bi-modal climates there are sometimes two floweling and fiuiting seasons. 
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Variations with respect to phenology, flowering time encountered in the present study 

points to either highly plastic nature of neem or genetic variation. Nevertheless, as only 

few individual behave erratically for the phenology, some genetic regulation of plasticity 

is expected. 

Fundamental processes in speciation and evolution are adaptation, natural selection 

and competition. There are three close relatives of Indian neem, which were previously 

regarded as varieties of neem. These are A. siamensis (VAL.) (Thai neem); &. excelsa 

(Jack) Jacobs (Sentang or Marrango), and Melia azedarach L. (Persian lilac or 

Chinaberry). Boonsermsuk and Jitjamnong (1989) reported the differences in peroxidase 

isozyme patterns and pollen morphology of A. siamensis and A. indica. Natural hybrids 

between A. siamensis and A. indica have been recorded in Thailand (Lauridsen et aI., 

1991). These hybrids are intermediate in their characteristics. Kundu (1999), on the basis 

of isozyme studies, demonstrated that evolution within A. indica has taken place by 

allelic differentiation. Dendrograms based on morphological and biochemical and 

molecular data generated in the present study suggest a tendency of speciation in neem as 

evident by highly divergent genotypes. Further studies involving a number of populations 

covering a wide geographical range would provide clearer evidence for the degree of 

speciation in this species. The RAPD analysis of 15 genotypes and 5 populations in the 

present study shows clear allelic differentiation among the individuals. Limited 

genotypes are used in the present investigation. Nevertheless, the present data on RAPD 

for neem populations provides substantial evidence of the species in different ecological 

races or ecotypes. 

Breeders have successfully improved crops despite not knowing the genes affecting 

quantitative traits. The numbers of genes controlling quantitative traits in different crops 

are yet unknown, although rough estimates include 69 loci for oil and 173 loci for protein 

content in the maize kernel (Dudley and Lambert, 1992). Experiments in many plant 

species have indicated that few quantitative trait loci have large effects, whereas many 

loci have smaller effects (Kearsey and Farquhar, 1998). Most of important traits in crops 

are quantitative and are controlled jointly by many loci. In maize as a model species, it 

has, been found through computer simulation that gene information is most useful in 

selection when few loci (e.g., 10) control the trait. With many loci (~50), the least 

squares estimates of gene effects become imprecise. It is estimated gene information 

consequently improves selection efficiency among hybrids by only 10 per cent or less, . 

and actually becomes detrimental to selection, as more loci become known. Increasing 

the population size and trait heritability to improve the estimates of gene effects also 

improves phenotypic selection, leaving little room for improvement of selection 

efficiency via gene information (Bernardo, 2001). Little or no information on molecular 

aspects is available in neem on various traits, therefore a larger cross-secttonal collection 
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of neem germplasm and understanding the interaction of different traits at phenotypic 

level in varying environments may be sufficient in leading future improvement in this 

tree for the desirable traits. 

This study:an indication that variability for tree architecture, phenology, endocarp 

morphological traits, seed biochemical characteristics, seedling growth characteristics, 

and seed viability is present in nature. For effective exploitation of this variability, it is 

desirable to undertake an elaborate survey over a number of years, incorporating still 

greater cross-sections of agro-ecological regions and microclimates in the Indian sub­

continent to identify consistently high yielding ecotypes and/or potentially productive 

habitats within each agro-ecological region. This exercise would help in locations of 

suitable ecotypes and also help in proper planning and ascertaining the economic 
. ~ 

viability of commercial plantations of neem for the purpose,commercial production. 

Due to long life cycle, some reliable markers for high yielding genotypes may be 

useful in breeding programs of neem. Morphological markers, limited in number, often 

do not reliably portray genetic relationships because of environmental interactions and 

the largely unknown genetic control of the traits. Moreover, in the present study no 

consistent/significant correlation of oil yield and other important biochemical 

characteristics with seed morphology could be found. This warrants development of 

some reliable biochemical markers (viz., isozymes, polypeptide pattern, etc.) and 

molecular markers (based on DNA sequences) for predicting the production potential of 

future plantations with respect to oil, fatty acids, azadirachtin, etc. 

In summary, Qur results show that there is a wide range of variation residing in the 

studied materials at within and between provenance levels. Therefore, future germplasm 

collection should concern all levels of variation. Morphological, physiological and 

molecular marker data have revealed ample genetic diversity in neem at population and 

individual levels. The clinal variation observed in some morphological, physiological and 

biochemical characteristics in neem suggests that for future germplasm sampling and 

conservation, more attention should be paid to populations along gradients of growing 

period, rainfall and temperature. The enormous variation documented in the present 

investigation would serve future improvement and conservation tasks. 

Biological evolution is usually considered a series of processes involving descent of 

organisms with modification marked by successive adaptations to environmental 

conditions, governed by competition and natural selection acting on variation. The 

fundamental components of evolution are variation, speciation and phylogeny (Radford, 

1986). The genetic system and its components determine the capability of a popUlation to 

undergo evolutionary changes. The foregoing accounts indicate that there is large genetic 

diversity in neem at popUlation and individual levels. 
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6. Summary and Conclusions 

Two hundred and twenty one germplasm accessions of neem from nine states of India 

(Haryana, Rajasthan, Delhi, Himachal Pradesh, Uttar Pradesh, Panjab, Karnataka, Tamil 

Nadu and Maharashtra) were studied for all or some of the following aspects viz. tree 

architecture, endocarp morphology, seed viability, provenance evaluation through growth 

of seedlings in nursery conditions; oil content, fatty acid profile, protein content and 

azadirachtin content of seeds; temporal stability of endocarp morphological 

characteristics and seed oil content; and divergence analysis. In addition, thirteen local 

trees were taken up for studying leaf morphology and tissue culture experiments. 

The investigations on architecture of neem trees comprised survey of 14 sites of 

Haryana and adjoining states. The tree architectural parameters viz. diameter at breast 

height (dbh), basal girth, total height, clear bole height, unforked height, crown spread, 

total height : dbh, clear bole height : total height, unforked height : total height, crown 

spread: dbh, crown spread: total height; and qualitative parameters (stem straightness 

index, crown shape index, branch angle index, apical dominance index, fruiting intensity 

index, tree health, colour of leaves, and leafiness) were recorded for individual trees of 

each site selected at random The data were statistically analysed in order to find out the 

extent of phenotypic variation in natural populations and to estimate association among 

quantitative and qualitative characteristics. 

Considerable variation was recorded both within and between provenances in trees in 

Haryana and adjoining areas with respect to tree architectural parameters and their linear 

associations. Stem forn1 ranged from crooked or forked to nearly straight. Out of 136 

trees, six trees with conical crown shape were found scoring four with respect to crown 

shape index. Two trees were found to show cylindrical crown shape scoring five with 

respect to crown shape index. Twenty three trees were found to have completely straight 

stem scoring five with respect to stem straight.index, while 46 trees were found to have 

scored four with respect to stem straight. index. Sixteen trees were found to have unusual 

character of fruits turning brown on the tree itself. Sixteen trees were observed to have 

low branch angle. 

Association of different architectural characteristics of trees in all the 14 sites 

combined was studied. Diameter at breast height was positively and significantly 

associated with basal girth, height, crown spread and crown spread : height; and 

negatively and significantly associated with and height : dbh, clear bole height : height, 

unforked height: height, unforked height and crown spread : dbh, however within 

provenances degree of association amongst various characteristics differed largely. Based 

on data of 126 trees, the rank correlation of apical dominance index with branch angle 

index and fruiting intensity index was found to be negative and significant. The 
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association of crown shape index with apical dominance index and fruiting index was 

found to be negative and significant. 

Out of 136 trees covered under survey, 58 candidate plus trees (ePTs) for 

agroforestry, 45. CPTs for seed production as well as agroforestry and 47 CPTs for seed 

production were marked. Multiple regression equations (with very high level of goodness 

of fit of the regression line) based on the available tree architectural parameters could be 

developed for predicting values of clear bole, unforked height and ratio of unforked 

height and height both in individual sites and all the sites taken together. Highly 

divergent trees could be identified for combination of important tree architectural 

parameters with the help of principal component and factor analysis. 

Ten tree architectural characteristics were considered for principal component and 

principal factor analyses in 126 trees of Neem. Principal component method was used to 

extract the principal factors. Four characteristics (clear bole: dbh, crown Spread: dbh, 

height: dbh, and unforked height: dbh) had very high loading on the first factor. Three 

characteristics (clear bole : unforked height, unforked height, unforked height : height) 

on third; two (clear bole, clear bole: height) on third factor and one (crown Spread: 

Height) on fourth factor. 

Principal factor scores for all the genotypes were estimated in all the three principal 

factors. Using the principal factor scores, all the genotypes were plotted for by taking two 

principal. These plots clearly indicated the separation of genotypes with high values of 

the characteristics which they represent. Genotypes with contrasting tree architectural 

characteristics and their combinations could be delineated with different plots. 

Statistically significant differences (both within and between populations) were 

observed for most of the endocarp morphological characteristics studied in 43 trees 

belonging to 12 provenances. Association of endocarp morphological characteristics was 

studied using simple correlation. Contrasting association behaviour was 

observed for most of the traits across individual trees. Genetic parameters were 

studied for endocarp morphological characteristics and considerable within and between 

popUlation variation was recorded. For most of the traits heritability varied from low to 

high. \yhile for number of seeds endocarp-l the heritability could not be ascertained in 

most of the provenances. Moderate to high estimates of genotypic coefficient of 

variation, broad sense heritability and genetic advance were obtained for endocarp 

weight and seed weight, indicating high level of genetic variability and potential of 

improvement for these traits through selection. Major portion of genetic variability was 

explained by within popUlation genetic variability. 

Statistically significant genotypic and phenotypic correlations were observed between 

characteristics like endocarp length, endocarp weight, seed weight in some of the 

populations and for most of the characteristics when all the populations 'were combined 
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suggesting the possibility of enhanced correlated response upon indirect selection for 

these morphological characteristics. 

Separation of the genotypic correlation coefficient into components of direct and 

indirect effects was done using path coefficient analysis for seed weight and ratio of seed 

weight and endocarp weight. Seed weight was both directly and indirectly affected by 

endocarp weight and endocarp coat weight in most of the provenance collections. 

Ratio of seed weight and kernel weight was directly and indirectly affected by 

all the morphological characteristics of endocarp in all the provenance 

collections under study. 

Six leaf morphological characteristics of thirteen trees of Hisar provenance were 

studied. Statistically significant differences were observed for most of the characteristics 

in many trees. There was positive association amongst all the leaf characteristics though 

only some of the associations were significant. 

Seed viability was tested in the seeds collected from 21 trees representing SIX 

provenance collections from Haryana, Delhi and Rajasthan after six months of storage at 

25±2°C. Within and between provenance variation with respect to seed viability was 

observed. Viability of seeds appeared to be affected by the oil content of seeds rather 

than fatty acid profile. Regression equation for linear regression of seed germination on 

seed oil content gives high coefficient of determination (R2 = 0.784) pointing to very 

high level of goodness of fit of the regression line. 

Provenance evaluation of different provenance collections was done in nursery after a 

growth period of 3 mOli.ths. Seeds from 27 trees representing 17 provenance collections 

were considered. Significant correlation was found between seedling height and collar 

diameter. Seedling length was found to be positively and significantly associated with 

seed weight. 

Statistically significant differences (both within and between populations) were 

observed for seed oil content of 27 neem trees from five provenances of neem belonging 

to northern and western India. Maximum average oil content was observed in trees from 

Hisar provenance. Seed oil content in most of the provenances was not consistently and 

significantly correlated with morphological parameters of seeds. Age of the tree appeared 

to have no significant effect on the oil yield. 

Fatty acid profiles of seeds of 28 neen:. trees from SIX provenance collections 

belonging to northern and western India were studied. Considerable variation was 

observed for two saturated (palmitic acid and stearic acid) and two unsaturated ( oleic 

acid and linoleic acid) fatty acid. Oleic acid was found to be the major fatty acid. Ratio of 

unsaturated to saturated fatty acids exhibited a wide range. No uniform/significant 

association was observed amongst different fatty acids in most of the accessions except 

that between the two unsaturated fatty acids under study. Fatty acid profiles (stearic acid 
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and oleic acid) of seeds showed a strong association with geographical position and 

agroclimate of the sampling sites. The study demonstrates that neem genotypes available 

from different agro-ecological regions of India have considerable potential to offer high 

oil content and various combinations of fatty acids (particularly higher content of 

unsaturated fatty acids) which can be exploited as such (by clonal multiplication to 

exploit genetic variation) or put to further genetic improvement through 

traditional/molecular breeding. 

Multiple regression analysis of linoleic acid on all other seed characteristics (namely, 

palmitic acid, stearic acid, oleic acid, unsaturated fatty acids, saturated filtty acids, ratio 

of unsaturated and saturated fatty acids, 20 endocarp weight, and endocarp length,) in 

Azadirachta indica was done. Coefficient of determination (R2) was very high (0.99), 

pointing towards very high level of goodness of fit of the regression line. 

Statistically significant differences were observed with respect to seed protein content 

in 10 neem trees. Average protein content was 12.91 per cent with a range of 10.06 to 

16.63 per cent. Correlation coefficient of protein with oil content showed a significant 

value. Protein content of seeds was found to be positively associated with longitude. 

Statistically significant differences between individual trees were observed for seed 

azadirachtin content. Average azadirachtin content for the seed samples of seven seed 

samples from five provenance collections from Haryana is 0.3987 per cent with a range 

of 0.28 per cent to 0.58 per cent and a coefficient of variation of 31.85. 

D2 values for all possible (903) combinations among 43 genotypes (using all eight 

endocarp morphological characteristics) were calculated and these genotypes were 

grouped into ten clusters. Cluster CI consisted of maximum number of genotypes i.e., 12. 

Clusters namely, ClI, CIll, and CIV consisted of 10, 7, and 5 genotypes, respectively. 

The next clusters, viz. CV, CVI, CVIl and CVIII had 2 genotypes each, whereas CIX and 

CX were represented by one genotype cacho The genotypes of CIX and CX were 

extraordinary for one or the other character that made them so divergent from others. 

Endocarp morphological data of 43 genotypes of neem (all 8 endocarp morphological 

characteristics used) were subjected to hierarchical cluster analysis with the help of 

squared euclidean distance and UPGMA approach. Two major clusters were visible. First 

cluster contained only one genotype (NGN1) from Pune while second cluster was further 

divided into 2 sub-clusters. 

Seed biochemical and endocarp morphological data of 28 genotypes of neem were 

subjected to hierarchical cluster analysis of using squared euclidean distance and 

UPGMA approach. Two major clusters were discernible from the dendrogram. l:;'irst 

Cluster ·contained 9 genotypes containing mainly genotypes from arid (Bikaner) and 

semi-arid regions (Hism) One exceptional entry was the genotype from Allahabad which 

is not having arid type of climate. Second cluster contained 19 genotypes mainly 
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genotypes from semi-arid (Hisar) and other non-semi-arid regions of Haryana namely, 

Kaithal; and Kalka (Shivalik foothills) and Pune (Maharashtra). 

Ten morphological and biochemical characteristics of endocarp were .considered for 

principal component and principal factor analyses in 28 genotypes of neem. The first 

three principal components (PCs) gave eigen values more than one and altogether 

explained 84.864 per cent of accumulated variability. Seven characters (related to fatty 

acid profile) had very high loading on the first factor. Endocarp length and 20 endocarp 

weight had high loading on second factor. Oil content of the endocarp had high loading 

on third factor. This provided a very clear picture regarding the idea of character 

association with respect to different principal factors. 

Principal factor scores for all the genotypes were estimated in all the three factors. 

Using the principal factor scores, all the genotypes were plotted using all the pairs of 

factors. Three factor plots clearly indicated the separation of genotypes with high values 

of the characteristics towards the axis of factors which represent these characteristics. 

Genotypes with contrasting fatty acid profile could be delineated with different plots and 

some highly divergent genotypes could be identified. 

Eight morphological characteristics of endocarp were considered for principal 

component and principal factor analyses in 43 genotypes of neem. The first three 

principal components gave eigen values more than one and explained 90.2 per cent of 

accumulated variability. Five morphological characteristics of endocarp (endocarp 

weight, seed weight, endocarp coat weight, endocarp length, and endocarp breadth) had 

very high loading on the first factor. Endocarp length: breadth had high loading on 

second factor. Seed weight: endocarp weight and number of seeds endocarp-I had high 

loading on second factor. Principal factor scores for all the genotypes were estimated in 

all the three principal factors. Using the principal factor scores, all the genotypes were 

plotted for factor pairs and genotypes with contrasting endocarp morphology could be 

delineated with different plots. 

Using multivariate analyses (D2 analysis; hierarchical cluster analysis; and principal 

component and principal factor analysis) it was possible to delineate highly divergent 

samples with respect to endocarp morphological seed biochemical characteristics. 

Clustering pattern found to have partial dependence on geographical location of the 

germplasm accessions. Some similarity was observed in clustering pattern obtained by 

different multivariate techniques. 

Analysis of variance for assessing temporal stability was performed in 11 trees of 

neem for eight endocarp morphological characteristics. Genotype and environment (year) 

interactions for all these eight characteristics were found non-significant which suggested 

that genotypes have no interaction with environment for the given characteristic. 

Howevel~ twenty endocarp weight and seed oil content exhibited significant genotype-
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environment interaction and differences were observed with respect to temporal stability. 

For these two characteristics stable and unstable genotypes could be identified. 

Tissue culture studies were designed to see the efficiency of mature seeds and other 

vegetative explants (axillary buds, shoot tips and leaves) for in vitro shoot regeneration 

and also to explore the possibility of in vitro production of azadirachtin in callus cultures. 

During incubation in dark, segmented seeds developed callus growth and shoot 

primordia. The shoot primordia and mUltiple shoots could be elongated upon transfer to 

fluorescent white light. Regenerated shoots could not be rooted. Callus was induced in 

vegetative explants (axillary buds, shoot tips and leaves) from a matur,;! tree of Hisar 

provenance. Callus cultures could be maintained by frequent sub-culturing. Callus 

cultures produced from axillary buds were analysed for production of azadirachtin after 

40 days of incubation. In N6 (MS medium + 0.8 mg rl NAA + 2.0 mg rl BAP) medium 

the amount of azadirachtin produced was 0.00027 per cent and in NI5 (MS medium + 
2.0 mg rl kinetin) medium a concentration 0.00028 per cent azadirachtin was recorded. 

Protocol for fingerprinting the neem genotypes using RAPD (Random Amplified 

Polymorphic DNA) technique was standardised and preliminary investigations with 15 

genotypes and pooled DNA samples of 5 popUlations indicated genetic variability within 

and between populations. A total of 20 random sequence commercially available deca­

nucleotide primers of 60 percent or more of G + C content were used for the 

amplification of DNA for RAPD analysis. Of these, 15 primers did not amplify DNA of 

any of the neem genotypes, while five primers could amplify most of the individual 15 

DNA samples and all of the five pooled DNA samples. Total number of DNA fragments 

amplified by a specific primer / primer pair in individual DNA samples varied from 

minimum zero to maximum seven. However, polymorphic bands produced by different 

primers / primer pair ranged from three to six. Total number of DNA fragments amplified 

by OPC-12 in pooled DNA samples· varied from minimum of six to maximum of ten. 

However, polymorphic bands produced were four only. Polymorphism was determined 

by calculating pairwise dissimilarity value (I-F) among different neem genotypes. The 

formula for genotype discriminating efficiency of individual primers was formulated and 

genotype discriminating efficiency ranged from 26.67 to 88.89 per cent for individual 

genotypes. Dendrogram of 12 genotypes based on RAPD profile of OPC-I, OPC-II and 

OPC-I2 primers was constructed using UPGMA method and pair wise Jaccard similarity 

coefficient between genotypes. Highly divergent genotypes were found by this exercise. 

Morphological, physiological and molecular marker data revealed ample genetic 

diversity in neem at population and individual levels. Clinal variation observed in seed 

biochemical characteristics like stearic acid and oleic acid suggests that for germplasm 

conservation attention should be paid to populations according to latitudinal and 

longitudinal gradients. 

212 



Bibliography 

Aastvcit, A. H. and Aastvcit, K. (1993) Effects of genotype environment interactions on genetic correlations. 
TheO/· .. 'fliPI. Genet. X6: 1007-1013. 

Abdallah, '\.; Ahumada, M. II. alld Gradzicl, T. M. (1()<)X) Oil cOI1ll:nl and f~llty acid compositiol1 or almol1l.1 
kernels IC.lrm different genotypes and Cal i ["ornia production regions. J. Am. Soc. Horl. Sci. 123(6): 1029-1033. 

Aboul-Nasr, M. H.j Ramadan, B. R. and EI-Dcngawy, R. A. (1997) Chemical composition of pumpkin seeds . 
.. Issilll J .. Igril. 5,'ci 2X( I): I ()3-ln. 

Adam, W. T. and Jolly, R. J. (1977) Analysis or genetic variations [or height growth and survival in opcn 
pollinated progenies or eastern white pine. Proc. North-East Tree Improv. Can! 25: 171-181. 

Adams, R. P. and Riescbcli, L. H. (1998) The effects of non-homology in RAPD bands onsimilarity and 
multivariate statistical ordination in Bmssica al~ flelian/111Is. Theor. Appl. Genel. 97: 323-326. 

Ahmcd, S. (1988) Potential or using ncem tree (Azadirachta illdica) for pest control and rural devclopment. Neem 
Nellisiella 5 (4): 49-55. 

Ahmcd, S. alld Graingc, M. (I<)x()) Potential of the neem tree ( .. lzl/(liraclita illdica) for pest control and rural 
development. Economic Bolany 40(2): 201-209. 

Ahmcd, S. and Tang, C. S. (1991) Using renewable resources for sustainable agricultural and rural development: 
The case of the neem tree (Azadirachta indica). Symposium on Resources for Sustainable Agriculture: The use 
of Neem and other plant Matcrials for pest control and Rural Development. May 27-June 2, 1991 , East-West 
Center, Honolulu, Hawaii. Neel71 Newsletler. 8(3-4): 28. 

Ahmcd, S., Graingc, M., Hylin, J. W., Mitchell, W. C. and Litsingc,·, J. A. (1984) Proc. 2nd Int. Neem Conf. 
(Rauischholzhausen, May 25-28,1983, p. 565-580.H. Schmutterer and KRS Ascher (eds.), Deutsch. Gesellsch 
Teechn. Zussamenarbeit (GTZ) Eschborn, Germany. 

Aim, J. K., Hong, S., H., Sohn, S. I., Han, S.D., and ByuJl, K. O. (1987) Study on characteristics of natural 
populations of Pinus densiflora et Z. in Korea. Simple correlation study among characteristics of tree growth 
and form at I-Iapch'on and "uan populations. form Report of the Institute of Forest Genetics, Korea Republic 
No. 23 pp. 5-10. 

Ahsan, J. (1970) A guide for the selection of superior trees and superior stands of some important species of West 
Pakistan. For. Gen. Bulletin No l, Div. orI:or. Rcs. PFI, Peshwar. 

Ajmcr Singh, Yadava, T. P. and Gupta, V. P. (1975) lleritability and correlations lor oil content and yield 
confonents in Raya (Brassica juncea Coss).Sabrao J 7(1): 85-89. 

I ------ . 
Akande, J. A., Hayashi, Y. and Yamamoto, K. (1998) Extractive compOne!1ts of tropical chewing stick species. 

Tropical Sci. 1998,38(2): X7-90. 

Akhila, A. and Rani, K. (1999) Chcmistry or the Ncem tree (Azadirachta indica A . .Iuss.); In: Herz, W., Falk, 1-1 .• 
Kirby, G. W., Moore, R. E. & Tamm, C (eds.): Fortschritle del' Chemie organischer Naturstoffe - progess in the 
chcmistry or organic natural proclucts; pp. 47-149. Springer, Wien. 

Aldhous, P. (1992) Necm chemical: the pieces fall into place. Science 258: 893. 

Ali, M. H., Rahman, M. S., Ahmed, G. M., Hossain, M. A. and Uddin, M. M. (1996) Studies on the fatty acids 
and glyccride compositions ofNim (Melia Azadirachta indica) seed oil. Bangladesh J Sci. Industrial Res. 1996, 
3 1(2): 99-106. 

Ali, S. S., Jafri, S. J. H., Khan, M. G. and Butt, M. A. (1992) Relationship between seed weight and seedling 
vigor In rice. MARDI Res. 20: 191-194. 

Allard, R. W. (1960) Principles of plant breeding. John Wiley & Sons, Inc. New York, 485 p. 

Allard, R. \Y. (1975) The mating system and microevolution. Genctics 79: 115-1236. 

Allard, R. W. and Bradshaw, A. D. (1964) Implications of genotype environment interactions in plant breeding. 
Crop Sci. 4: 503-508. 

Allard, R. W., Kahler, A. L. and Clegg, M. L. (1975) Isozymes in plant population genetics. In: Markert CL (ed.) 
Isozymes IV. Genetics and Evolution. Academic Press, New York. 261-2n. 

Allcn, P. S. and Mcycr, S. E. (1998) Ecologic,d aspects of seed dormancy loss. Seed Sci. Res. 8: 183-191. 

AI-QascllI, II.; Kafawin, 0.; Duwayri, M. alld Hadidi, N. (1998) Sced size and water potential clTccts on 
germination and seedling growth ortm) wheat cultivars. Dims(ll. Agril. Sci. 25(3): 343-349. 

Amurrio, J. M., de, Ron" A. 1\1. and Escribano, 1\1. R. (1993) Evaluation of PislIlI1 salivlll7l landraces from the 
Northwest of Iberian Pcninsula and their breeding value. Euphytica 66: 1- I o. 

Ananthanarayanan, S. and Ganapathy, P. M. (1996) Post-harvest uscs of Wood. In: Randhawa N S and Parmar 
13 S (cds.), Neem, Neem. Society of Pesticide Science, India. pp. 59-62. 

Andalo, C. ct al. (1998) Direct and material effects of eleva~ted CO2 on early root growth of germinating 
/Jrabidopsis Ihaliana secdlings. Anl1. Bal. 81: 405-411. 



AndCJ"scn, P. c.; Hill, K.; Gorbet, D. W. and Brodbeck, B. V. (1997) Fatty acid and amino acid profiles of 
selected peanut eultivars and breeding lines. J Food Compo. and Alla/ysis 11 (2): 100-111. 

Anderson, E. (1957). A semigraphical method fiJI' the analysis of ~omplex problems. Proc. Nat. Acad Sci. Wash. 
43: 923-927. 

Anderson, J. A., Churchill, G. A., Autique, J. E., Tranksley, S. D. and Sorrells, M. E. (1993) Optimizing 
parental selection for genetic linkage maps. Genome 36: 181-186. 

Anderson, T. W. (1972) An Introduction to Multivariate Analysis. Wiley E~tern Pvt. Ltd., New Delhi. 
I 

AndCJ"son, W. C. (1975) Propagation of rhododendrons by tissue culture: Part I. Development of a culture mediulll 
fi.)l" multi pi ication of shoots. Comb Proc Illtl Plant Prop Soc 25: 129-133. 

Andc.·sson, E. W., Spanos, K. A., Mullin, T. J. and Lindgren, D. (1998) Phenotypic selection can be better than 
selection for breeding value. Scandinavian Journal of Forest Research 13( I): 7-11. 

Andrade, R. V. De; Andreoli, C. and Martins Netto, D. A. (1998) (Effect of seed size and shape on yield of 
maize). Heito do tamanho e da forma da semente na produtividade do milho. Boletim de Pesquisa -
EMNRAPA Centro Nacional de Pesquis de Milhoe Sorgo. 3: 19. 

Andrew, l. A. and Wright, H. L. (1976) Assessment and analysis. In: Burley, J. and Wood, P. J. (1976) (ed.) A 
Manual on species and provenance research with particular reference to tropics. Commonwealth Forestry 
Institute. Tropical Forestry Papers No. 10. pp. 108-130. 

Anella, L. B. and Whitlow, T. H. (1998) Germination of Accrrubrum seeds collected hom wet and dry habitats. 
Seed Science (lnd Technology. 26(3): 755-762. 

Annalllalai, R., Surcndran, c., ThiJ"Ulllurthi, S., GunascldJanlll, V., Nair, K. S. S. and Sharma, K. J. (1996) 
(cd.); V8rma R. V. Insect d8mage to neem in Tamil Nadu, India. Impact of diseases and insect pests in tropical 
forests. Proceedings of thc IUFRO Symposium, Peechi, India, 23-26 November (1993) 1996,349-355. Kcrala 
Forest Rcse8rch Institutc (K. F. R. I.); Pcechi; Indi8 

Annicchiarico, P. (1997). '\dditive main effects 8nd mUltiplicative interaction (AMMI) analysis of genotype 
location interaction in variety trails repeated over years. Theor Appl. Genet. 94: 1072-1077. 

Annicchiarico, P. L., Pecetti and A. B. Damallia (1995). Relationships between phenotypic variation and climatic 
factors in durum wheat landraccs. Hereditas 122: 163-167. 

Anon. (1964). The wealth of India. Vol. III, 8pp. CSIR Publication, New Delhi. 

Anon. (1980) Firc wood crops-shrub and tree species for encrgy plantation. National Academy of Sciences, USA, 
pp.114-117. 

Anoll. (1984) National Seminar on Nccm ill Agriculture. Neem Newslelfer I (I): 3-8. 

Anon. (1985) Wealth of India: Raw Matcrials. Vol. IA. New Delhi: Publication and Information Directorate. 
Council of Scicnti fic and Industrial Rescarch, pp504-51 I. 

Anon. (1986) Scnsal. Neelll NelPs/etter 3: 37. 

Anon. (1988). Azadirachta indica A de Jussieu. Rev. Bios For Trap. 2 I 7: 33-47. 
. t 

Anon. (1990) Recommendations. NatIOnal Symposium on 'Problems and Prospecs of Botanical Pesticides in 
Integrated Pest Management', January 21-22, 1990, Central Tobacco Research I~stitute, Rajahmundry (A.P.), 
India. Neelll Newsletter 7(2): pp 22-24. 

Anoll. (1990). Statistical abstract of I-Iaryana. Pub. No. 475: 313-320. 

Anoll. (199 I) Draft Recommendations. Symposium on Resources for Sustainable Agriculture: The use of Neem 
and other plant Materials for pest control and Rural Development. May 27-June 2, 1991, East-West Center, 
Honolulu, Hawaii. Neelll News/elfer 8(3-4): 29-36. 

Allon. (1996) The International neem conference (abstracts), Brisbane, Australia, 73 p. 

Anon. (1998) A report on the workshop of the international neem network. Yangon,. Myanmar, 28 July - August 
(1997) For Genet. Res. 25: 60-62. 

Alloll. (1999) Chat, Ghaav Hone Par. Soojh Aas Paas Ki 1(3) 8-9. 

Alloll. (2000) Managing Foot and Mouth Disease Through Innovative Traditions. Honey Bee 11(2): 5-6. 

Anon. (2000a) 'Neem Tree' symbol ically '"freed". Honey Bee II (2): 18 

Antollovics, J. (1968). Evolution in closely adjacent plant populations. V. Evolution of self fertility. Heredity 23: 
219-238. 

Antonovics, J. (197 I) The effects of a heterogenous environment on the genetics of natural popUlations. A 111. Sci. 
59(5): 593-595. 

Ariyo. O. J. (1987). Multivariate analysis and choice of parents for hybridization in okra (Abelmoschus esculentlls 
L. Moenoch). Theoretical and Applied Genetics, 74: 361-363. 

Arlllollgolll, R.; Grondin, I. and SllIadja, J. (1998) Fatty acid composition of lipid extracts of several tropical 
cucurbit seeds. Composition en acides gras des extraits lipidiques de quelques graines de cucurbitacees 
tropicaics. OCL - Oleagineux, Corps gras, Lipides 5(4): 323-328. 

Arora, R. K. (1993) Genetic Divcrsity and Ethnobotany. Neell1 Res. Del'. 3: 33-37. 

Appleqvist, L. A. (1972) Historical Background. In: Appleqvist. L. A. and Ohlson', R. (cds.) Rapeseed. pp. 1-8. 
Elsevier, Amsterdam. The Netherlands. 

ii 



Arora, R. K (1996) Genetic Diversity and Ethnobotany. In: Randh.:wa N S and Parmar B S (cds.), Neelll, Society 

or Pesticide Science, India. pro 33-37. 

Arrcgui, A., Espincl, S., Aragoncs, A. and Sicn'a, R. (1999) Estimate of genetic parameters in a progeny test of 
Pinlls me/iata D. Don in the Basquc Country. Estimacion de paramctros geneticos en un ensayo de progenie dc 
I'il/lls milia/a D. Don cn el Pals Vasco. I nvcstigacion Agnll'ia, Sistcmas y Rccursos Foreslales. 8( I): 119-128. 

Arull\ugasamy, K., Udaiyan, K., IVhlllian, S., Balasubramanian, C. and Mohan, P. S. (1996)Studies on thc 
resin canals and ducts ol'/lzadimch/a i"dica A . .fuss. (Mcliaccae). In: Singh, R 1'; Chari, M S; Rahcja, A K and 
I(raus, W (cds.) Ncel11 and Environment. Volume I. Oxf()I'l1 & IBH Publishing Co. Pvt. Ltd. New Delhi. pp. 

151-158. 

Arya, S., Kumar N., and Toky, O. P. (1()95'a)f~hcjri (/'ru.l'opi.l' cillera,.ia L. Druce) Its Valuc, Research amI 
Extension. C. C. S. Haryana t\gri. Univ. Hisar, India: Report of HDRA - ODA Project, India. 

Arya, S., Kumar N., Toky, O. P. and Harris, P. J. C. (1993) Provenance variation in pod length and seed weight 
of , 'Mar war" Teak (Tecoll7ella IIndll/ala)(Smith) Seemann.J T,.ee Sci 12(2): 115-117. 

Arya, S., Kumar S., Kumar N., Tol,y, O. P. and Harris, P .. J. C. (1992a) Provenance variation in seed 
germination and grolVth of six month old seedlings of Tecomella lIndll/ata (Smith) Seemann. 1. Tree Sci. 16(2): 
92-95. 

Arya, S., Tol,y, O. P., Bisht, R. P., Tomar, R. and Han'is, P. J. C. (\995b) Provenance variation in seed 
germination and seedling growth of Prosopis cineraria (L.) Druce in arid India. Silvae Genet. 44: 55. 

Arya, S., Tol,y, O. P., Harris, S. M. and Harris, P. J. C. (1992b) Tecomel/a IIndli/ata (Rohira): A valuable tree of 
the ''ThaI'" desert. In/ernational Tree Crops J. 7: 141-147. 

Ascher, K. R. S. (I993) Nonconventional insecticidal etlects of pesticides? available from the Neem tree, 
Awdirac/Jla indica. Arch. Insect. Biochelll. Physiol. 22: 433-449. 

Ascher, K. R. S., Kle;n, M. and Mcisncr, J. (1992) Azatin, a Neem !()\'ll1ulation, acts on nymphs of the western 
flower thrips. I'hytoparasilica 20: 305-306. 

Ashok Kumar and Gurumurthi, K. (1996) Path coefficient studies on morphological traits in Casuatiw 
eqllisetij'olia. Inc/. For. 122(8): 727-730. 

Assmann, E. (1970) The principles of forest yield study. Translated by Gardiner SH. Pergamon Press. Oxford. 293 

pp 
Association of Official Sced Analysts (1987) Rules tl)r testing seeds. J Seed Technol. 6(2): 1-126. 

Awatif, I. I. and Mohamcd, H. 1\1. A. (1997) Characteristics and fally acid content of oils of some seeds of 
Malvaceae. Egyptian J Agrif. Res. 75(3): 769-787. 

Ayana, A. and Bckelc, E. (I (99). Multivariate analysis of morphological variation in sorghum (Sorghum bic%r 
L. Moench) gcrmplasm hom Ethiopia and Eritrea. Genetic Resources and Crop Evo/ution, 46: 273-284. 

Azevcdo, C. F. (1982) Algarobeira l1a alimentacao animal de humana. In: Algaroba. I Simposio Brasileiro sobre 
Algaroba. 5-7 October \982, Natal Brazil. Natal: EmPARN, (EMPARN. Docummentos, 7). 300-306. 

Bagchi (1992) A preliminary study on the genetic divergence of Acacia nilotica through seed parameters. Inc/. FOf. 
118(6): 416-423. 

Bagchi, S. K. (1983) Guidelines for the selection of Bombax ceiba plus trees. Indo-Danish Project on Seed 
Procurcment and Tree Improvement Centre, Coimbatore. 

Bagchi, S. K. (1995) Selection Differential And Predicted Genetic Gain In Tectona grandis. Inc/. Fo,.. 121(6): 482-

490. 

Bagchi, S. K. (1999) Seed-source variation in Acacia nilotica: genetic divergence in 8-month old seedlings. Anna/s 
0/ ForestlY. 7( I): 45-55. 

Bagchi, S. K. and Dobriyal, N. D. (1990). Provenance variation in seed parameters of Acacia ni/olica. Ind For. 
116( 12): 958-961. 

Bagchi, S. K. and Emmanuel, C. J. S. K. (1984) Analysis of variability for pod length and seed coat in Albi=ia 
/ebbeck Bcnth. My/ores/. 20(2): 85-89. 

Bagchi, S. K. and Kulkarni, H. D. (1985) Germination of open pollinated seeds and survival of seedlings from the 
selected trees of Sanla/um a/buJ/l, M)10resl 21 (3): 221-224. 

Bagchi, S. K. and Kulkarni, H. D. (1987) A note on seedling abnormality frequency in the half sib progenies of 
Sa/1lallll71 albllm. ind For. 113: 650-65 I. 

Bagchi, S. K. and Sharma, V. P. (1989) Biometrical studies on seed characters of Santallim album L. Silvae 
Genet. 38(3-4): 152-153. . 

Bagchi, S. K, Choubey, A. K. and Kulkami, H. D. (1987) Variability analysis among half sib seedlings of 
Santa/um a/bUill L.lnd For. 113: 370-374. 

l 
Bagchi, S. K., Joshi, D. N. and Rawat, D. S. (1990) Variation in seed size of Acaca spp. Silvae Genet. 39 (3-4): 

107-110. I . 
Bahuguna, V. K. (1997) Silviculture and management practices for cultivation of Azadirachta indica (neem). Inc/. 

For. 1997, 123: 5,379-386. 

III 



Bal{cr, R. ,). (1969). Genotype-environment interaction in yield ofwhcat. Can. J. Plan/. Sci., 49: 743-751. 

BalaslIlJramalliall, A., Chandrasckaran, G. E. and Ahamcd, A.,J. (1998) Coppcr rcmoval by Azadirachta 
.indica . .Iournal-of-Ecotoxicology-and-Environmcntal-Monitoring., 8: I, 59-64. 

Bally ian, S. E., Ruddlc, L. and Simpson, B. (1999) Azadirachtin levels in the Neem (Azadirachta indica A. Juss. 
) seed grown in northern Australia. In: Singh, R. P. & R. C. Saxena (Eds.). Azadirachta indica A. Juss. Oxford 
& IBH Publishing Co Pvt. Ltd. Ncw Delhi & Calcutta, 35-44. 

Bamunuarachchi, A., Abeysell.era, A., De, Silva, T. and Labadie, R. P. (1984) Evaluation of ellects of Sri 
Lankan plants on human complement in vitro. Pharm.Weekbl.; (1984) 119(37): 901-02. 

Bangarwa, K. S, I-Iooda, M. S. and Pllri, S.(1990) An ideal plus tree in Dalbergia sissoo Roxb. For Agroforestry. 
In: Pathak. P.S., D(;b, I{oy, R.and Punjab Singh «(;ds.) MI'TS for Agroforestry Systems Range management 
Society of India, IGFRI .Jhansi, India: I I I - 114. 

Bangarwa, K. S. (1993) Studies on provenance variation, progeny testing and reproductive biology in Dalbergia 
sissoo Roxb. PhD thesis, CCS Haryana Agricultural University, Hisar-125 004, India. 

Barbcr, 1-1. N. (1955) Gene substitution in eucalypts. Evolution 9: 1-14. 

Bal'bcr, H. N. (1965) Selection in natural populations. Heredity 20: 55\-572. 

Blll'ghchi, M. and AldcJ"Son, P. G. (1985) In vitro propagation of Pis/a cia vera L. and the commercial cultivars 
Ohadi and Kalleghochi. J Hortie' Sci 60: 423-430. 

Bamby, M. A. and J. A. Klockc, (1987) Effects of azadirachtin on the nutrition and development of the Tobacco 
13udworlll. Nelia/his l'irescens (Pal)!") (Lepidoptera: Noctuidae). J. Insect Physiol. 33: 69-75. 

Barnes, R. D., Burley, J., Gibson, G. L. and Garcia, de, Leon, J. P. (1984) Genotype - environment interactions 
in tropical pines and their effects on the structure of breeding populations. Silvae Genet. 33: 186-198. 

Barnett, J. P. (1998) Relating pine seed coat characteristics to speed of germination, geographic variation, and 
seedling development. Tree Planters' Notes. 48( 1/2): 38-42. 

Basave Gowda and Gowda, S. J. (1999) Studies on physical and quality characters as influenced by seed size in 
sunflower. Crop Research (Hisar) 18(3): 365-367. 

Bawa, K. S. (1976) Breeding of tropical hardwoods on evaluation of underlying bases, current status and future 
prospectus. In: Burley J. and Styles, B.T. (cds) Tropical Trees, Variation, Breeding and Conservation London: 
Acad. Press Linn. Soc. Symp. Ser. 2: 43-59. 

Bawa, K. S. and Dayanandan, S. (1998) Global climate change and tropical forest genetic resources. In: Markham 
A. (ed.) Special issue, Potential impacts of climate change on tropical forest ecosystems. Papers from an 
international workshop held at San Juan, Puerto Rico, 24-28 April, (1995)[ Climatic Change. 39(2/3): 473-485. 

Bccker, H. C. (1981) Correlations among some statistical measures of phenotypic stability. Euphytica 30: 835-840. 

Bccker, H. C. and Leon, J. (1988). Stability analysis in plant breeding. Plan! Breed. 101: 1-23. 

Beel{cr, J. and Heun, M. (1995) Barley microsatellites: allele variation and mapping. Plant Mol. BioI. 27: 835-845. 

Bcelonann, J. S. and SolIcr, IVI. (1986) Rcstriction rragillent Length Polymorphisms in plant genetic 
improvement. Plant Molec1llar and Celll3iology 3: 197-250. 

Bekele, E., (1984) Analysis of region patterns of phenotypic diversity in the Ethiopian tetraploid and hexaploid 
wheats. Hereditas 100: 13 I - I 54. 

Bell, D. L. and Sultan, S. E. (1999) Dynamic phenotypic plasticity for root growth in Polygonum: a comparative 
study. A 171. J. Bot. 86: 807-8 I 9. 

Benge, M. D. (1989) Cultivation and propagation of the n~em tree. In: Jacobson M. (ed.) Focus on phytochemical 
pesticides. Vol., I, The neem trce. CRC Press, Boca Raton, FL. pp. 1-18. 

Bennet, E. (1970) Tactics of plant exploration. In: Frankel, O. H. and Bennet, E. (eds.) Genetic resources in plants­
their exploration and conservation, IBP Handbook No. 11, Blackwell, Oxford. Pp. 157-79. 

Berjal{, P., Campbell G. K., Farrant, J. M., Omondi 0100, W. and Pammenter, N. W. (1995) Responses of 
seeds of A:::adirach/a indica (neem) to short-term storage under ambient or chilled conditions. Seed Science and 
Technology. 23: 3,779-792. 

Bemanlo, R. (2001) What If We Knew All the Genes for a Quantitative Trait in Hybrid Crops? Crop Sci. 41(1): 
1-4. 

Beuselincl{, P. R. and Steincr, J. J. (1992) A proposed framework lor identifying, quantifying and utilizing plant 
gerillplasm resources. Field Crops Research, 29: 26 I -272. 

Bhagat, S., Singh, O. and Singh, V. (1990) Effect of seedling size on the growth of transplanted silver lir (Abies 
pindrow) seedlings in the nursery.lnd. For .. 116: 564-567. --

Bhal'dwaj, S. D. and Gurudev Chand (1995) Storage of Neelll seeds: potentials and limitations for germ plasm 
conservation. fnd. For. 121(11): 1009-1011 

Bhatia, V. S. (1997) Seed longevity as afTected by field weathering and its association with seed and pod 
characteristics in soybean. Seed Research. 24(2): 82-87. 

Bhatnagar, B. and Nama, H. S. (1990) Wormicidal effect of neem leaves extract. Neem Newsleller 7 (3): 30-3 I. 

iv 



Bhatt, C. M. (1970) Multivariate analysis approach to selection of parents for hybridization aiming at yield 
improvement in self·pollinated crops. A IIstralian Journal of Agricultural Research, 21: 1-7. 

Bhatt, C. M. (1973) Significance of path-coefficient analysis determining the nature of character association. 
Ellphytica 22: 338-343. 

Bhimaya, C. P., Kaul, R. N. and Cangllli, B. N. (1963) Species suitable for afforestration of different arid habits 
of Rajasthan. Ann. Arid Zone 2(1): 162-168. 

Bieniel{, M. E., Cantliffe, D. J. and Harrell, R. C. (1995) Enhancement of somatic embryogenesis of Ipomoea 
batatas filr application to a bioreactor production system. Acta Horlicllliurae. 393: 173-180. 

Billings, W. I). (1964) Plant and the ecosystcm. Macmillan and Co. pp. 18. 

Bisht, R. P. and Toky, O. P. (1991) Growth performance of some exotic fuelwood species tried in arid parts of 
India.My[ores/27: 167-170. 

Bisla, S. S. and Chitkara, S. D. (1980) Varietal variation in growth, yield and quality of fruit in sub tropical peach 
(Prunus persica Batsh) cultivars. HGlyana J. Horl. Sci. 9(1-2): 1-6. 

Bisla, S. S. and Daulta, B. S. (1987) Correlation and path analysis studies on fruit and seed characters in Ber 
(Zizyphlls lIlaurili~a Lamk). Agric. Sci. Digest 7(3): 170-172. . 

Bisla, S. S. and Diulta, B. S. (1988a)Studies on variability, heritability and genetic advance for fruit and seed 
characters in Ber. Indian J. !-Iort. Sci. 45 (1 and 2): 23-33. 

Bisla, S. S. and Daulta, B. S. (I 988b) Variability studies for some fruit and seed characters in Ber (Zizyphus 
l11allritiana Lamk.). Agric. Sci. Digest 8(2): 112-114. 

Blair, R. L. (1975) Exploiting natural variation through genetic selection. In: Thielges, B. (Ed.) Forest Tree 
Improvement - The Third Decade, 24th Annual Forestry Symposium, Louisiana State University, Division of 
Continuing Education. Baton Rouge, Louisiana, pp 35-45. 

Blake, J. and Hill, R. S. (1996) An examination of the drought and frost tolerance of Banksia marginata 
(Proteaceae) as an explanlation or its current widespread occurrence in Tasmania. Australian Journal of Botany 
44: 265-28 \. 

Blaney, W. M., Sk,monds, M. S. J., Ley, S. V., Anderson, J. C. and Toogood, P. L. (1990) Antifeedant effects 
orazadirachtin and structurally related compounds on lepidopterous larvae. Entomo!. Exp. Appl. 55: 149-160. 

Bobowicz, M. A. and Korczyk, A. F. (1994a) Interpopulational variability of Pinus sylvestris L. in eight Polish 
Localitics expressed in morphological and anatomical traits of needles. Acta Societatis Botanicorum Poloniae 
63( I): 60-594. 

Bobowicz, M. A. and Korczyl{, A. F. (1994b) Variability of eight Polish populations or Pinus 5ylvestris L. 
expresscd in traits or cones. Acta Societa/ies Bo/allicol'llm Poloniae 63 (2) 191-198. 

Bonfil, D. J.; Czosneh:, H. and Kafl{afi, U. (1997) Changes in wheat seed storage protein fingerprint due to soil 
mineral content. Ellphytica. 95(2): 209-2 J 9. 

Bonilla, J. A. and Rava, C. A. (1963) Selection of Pinus pinas/eI' seed on the basis of morphological characters of 
cones and seeds. Bol. Dep. For. uiguay No.6: 11-9. 

Boonmsennsllk, S. and Jitjamnong, P. (J 989) Pollen morphology and pattern of variation in isozyme system of 
Azadirach/a indica Juss. and A. India siamcnsis Valenton. Res. Doc. Tech. Work on biomass and biochemistry, 
Central forest research laboratory and training center, Royal forest department, Tha~iland. 

Borges, C. A. M.; Siqueira, D. L. De; Dias, D. C. F. Dos S. and Cardoso, A. A. (1998) Effect of seed weight and 
temperature on seedling germination and growth of n,ango varieties Espada and Uba. Influencia do peso das 
sementes e da temperatura sobre a germinacao e cresci men to de plantulas das mangueiras'Espada and Uba'. 
Revis/a Brasileira de Fru/icultura. 20(93): 272-282. 

Bouval'el, P. (1970) The conservation of gene resources of forest trees. In: Frankel, O. H. and Bennet, E.(eds.) 
Genetic resources in plants - their exrioration and conservation, IBP Handbook NO. 11, Blackwell, Oxford. Pp. 
523-529. ! 

Bowen, B., and R. Luedtke. (\ 997) Understanding maize through genomics. p. 29-43. In: Proc. Am. Seed Trade 
Assoc. Corn Sorghum Res. Conf., Chicago, IL. 10-11 Dec. 1997. Am Seed Trade Assoc., Washington, D.C. 

Brander, P. E. (\ 992) Selection and breeding for good seed sources of trees and shrubs for greenery. Acta 
Horticul/urae 320: 57-62. 

Brandis, D. (1906) Indian trees (Reprinted, (1971). Bishen Singh Mahendra Pal Singh, Dehradun, 767p. 

BI'ar D S. and Dhaliwal, HS (1997) Molecular markers and their applications in crop improvement. In:proceedings 
of Third Agricultural Science Congress, March 12-15, 1997, held at PAU, Ludhiana, Panjab, India. pp. 175-193. 

Breese, E. L. (\ 969) The measurement and significance of genotype-environment interaction in grasses. Heredity 
24: 27-44. 

Breese, E. L. and M. D. Hayward (1972) The genetic basis of present breeding methods in forage crops. Euphytica 
21: 324-336. I 

v 



Brown, A. H. D. (1990) Genetic characterization of plant mating systems. In: Brown, J\. H. D .. ekg.g. 1\;1. T.. K<lhkr, /\. 
L.. Weir. B. S. (cds.) Plant population genetics. breeding and genetic 'poun:s. Sillauer Press. '-;lll1lkrhllld. I\;IA. liSA. 
pp. 145-162. 

Briand, C. II., Posluszny, U. and Larson, D. W. (1992) Comparative, seed morphology of Thllja occi(ientalls 
(castern whitc ccdar) li'om upland and lowland sites. Canadian Journal of Botany 70 (2) 434-438. 

Britz, S. J. and Cavins, J. F. (1993) Spectral quality during pod devclopment modulates soybean seed fatty acid 
desaturation. 1'/({/lI, Cel/ ({/ld [1I\'im/l. I (): 71,)-25. 

Br()wn, A. II. D. and M()ran, G. F. (1lJ7()) Iso/.yme and genetic resourceS of I()rest trees. In: Conkle M.T. (cd.) 
i>roe. of the symposium on isozymes 01" North American I()rest trees and f()rest insects. Pacific Southwest f()rests 
and ranges experiment station. Cali fmnia. pp. 1-10. 

e 
BI'own, C. L. and Goddard R. E. (1961) Si Ivical consi~rations in the selection of plus phenotypcs. J. For. 59: 

42()-42(1. 

Brown, J. S. (1991) Prir,c:ipal component and clustcr analysis of cotton eultivars variability across U.S. cotton belt. 
Crop Science. 31: 915-922. 

Browne, M. W. (1968) A comparison of factor analysis techniquc. P~ychomelrika, 33: 267-335. 

Bucio Alanis, L. (1966) Environmental and genotypc-environment components of variability. I. Inbred Lines. 
HeredilY 21: 387-397. 

Bucio Alanis, L. and Hill, J. (1966) Environmcntal and genotype-environment components of variability. II. 
I-Ieterozygotes. Heredily 21: 399-405. 

Burley, J. (1965). Genetic variation in Picea silchensis (Bong) Carr. Abstr. of thesis, in Dissert. Abstr. 26(4): 1847 
ORS. 

Burley, J. (1976) The appl ication of biochcmical mcthods. In: Burley, 1. and Wood, P. J. (1976) (ed.) A Manual on 
species and provenance research with particular reference to tropics. Commonwealth Forestry Institute. Tropical 
Forestry Papers No. 10. pp. 15-25. 

Burley, J. (1980) Choice of tree species and possibility of genetic improvement for small holder and community 
forests. Common-wealth ForesllY Rev. 59(3): 311-325. 

Burley, J. (1987) Strategies for genctic improvement of agroforestry trees. In: Khosla, P.K. and Khurana, D.K. 
(eds.) Agroforestry for rural needs ISTS, Solan, India: 253-265. 

Burley, .1. and Lever, K. G. (1973) The application of biochcmical methods in tropical provenance research. In: 
Burley . .I. and Nikles, D. G. (Eds.) Tqpopical provenance and progeny rcscarch and intcrnational coopcration .. 
Commonw. For. lnst, Oxford, Pp. 336-343. 

Burley, J. and Wood, P. J. {1976) (ed.) A Manual on species and provenance research with particular reference to 
tropics. Commonwcalth Forcstry Institutc. Tropical Forestry Papers No. 10. 

Burley, J., Wood, P. J. and Lines, R. (1976) A guide to field practice. In: Burley, J. and Wood, P. 1. (1976) (ed.) 
A Manual on species and provenance rcsearch with particular reference to tropics. Commonwealth Forestry 
Institute. Tropical Forestry Papcrs No. 10. pp. 83-107. 

Burton, G. W. (1952) Quantitative inhcritancc in grasses. Proc 7th Int Grassland Congress 1: 277-283. 

Bush, R. M., Smollse, P. E. and Ledig, F. T. (1987) The titncss consequences of multiple-locus heterozygosity: 
the relationship betwcen heterozygosity and growth rate in pitch pine (Pinlls rigida Mill). Evollilion 41: 787-
798. 

Butcher, P. A., Matheson, A. C. and Slee, M. U. (1996) Potential for geneFic improvement of oil production in 
Melalllea alteJ'nijolia and Ivl. linariijolia. Nelli Forests 11 (1) 31-51. 

Butterworth, J. H. and Morgan, E. D. (1968): Isolation of a substance that suppresses feeding in locusts. J. Chem. 
Soc., Chelll. Coml11. 23-24. 

Buttcl'wol'th, J. M. and Morgan, E. D. (1971) Invcstigation or thc locust feeding inhibition of sceds from the 
nccm tree (Azadirachla indica), J. Insecl Physio/. 17: 969-977. 

Callaham, R. Z. (1964) Provcnance research: investigation of genetic diversity ass$ociated with geography. 
Unasylva 18: 40 -50. 

Campbell, R. K and Sorensen, F. C. (1973) Cold-acclimation in seedling douglas-fir related to phenology and 
provenance. Ecology 54: (5): 1148-1151. 

Canvin, D. T. (1965) The effect of temperature on the oil content and fatty acid composition of the oils from 
several oil seed crops. Can. J. Bal. 43: 63-69. 

Carlisle, A. and Teich, A. H. (1976) Thc economics of tree improvement. Proc. 15th Meet. Can. Tree Imrov. 
Assoc .. Part 2. 42-56. 

Carlothays (1910) Eljardin botanico do 13uchos - Ayers Jacobo Peuser, edit 1910 Nota: 173. 

Carlson, J. E., Tu1sieram, L. K Glaubitz, J. c., Luk, V. W. K, Kauffeldt, C. And Rutledge, R. (1991) 
Segregation of random amplified DNA markers in F I progeny of conifers. The or. App/. Genet., 83, 194-200. 

vi 



Can·oll,.1. B. (1953). An analytical solution for approximating simple str~ucture in factor analysis. 
Psychollletrika, 18: 23-28. 

Carson, S. D. and Hayes, J. D. (1998) Diameter and height distributions in genetically improved Pinus radiata. 
Canadian Journal of Forest Research 28(2): 248-258. 

Castro, J. (1999) Seed mass versus seedling perlarmance in Scots pine: a maternally dependent trait. New 
Phytolog(pist. 144(1): 153-161. , 

Chaisurisri, K., Ponoy, B. and Wasuwanisch, P. (1986) Storage of Azadrachla indica. A. Juss. Seeds, Embryon 
2: 19-27. / a 

Chalmers, K. J., Newton, A. c., Waugh, R., Wilson, J. and Powell, W. (1994) Evalution orthe extent of genetic 
. variation in mahoganies (Meliaceae) using RAPD markers. Theore. App/. Genet. 89

/
(4) 504-508. 

Chalmel's, K. J., Waugh, R., Sprent, J. I., Simons, A. J. and Powell, W. (1992) Detection of genetic variation 
betwcen and within populations of Gliricidia sepium and 2. maculata using RAPD markers. Heredity 69,465-
472. 

Chalupa, V. (1987) European hardwoods. In: Bonga, J. M., Durzan, D. J. (Eds) Cell and Tissue Culture in 
Forestry. Vol 3, Martinus Nijhoft~ Dordrecht, PP. 224-226. 

Champion, II. G. and Seth, S. K. (1968) A revised survey of thc forest type of India. New Delhi: Govt. of India 
Press. 

Chandra, S. (1977). Comparison of Mahalanobis's method and metroglyph technique in the study of divergence of 
Linum usitatissimum L. gcrmplasm collection. Euphytica, 26: 141-148. 

Chang Geng, M. (1989) Geographic variation in Pinus armandii Franeh. Silvae Genet. 38: 81-90. 

Chatul'vedi, A. N. (1996) Silviculture. In: Randhawa N S and Parmar B S (Eds.) Neem Society of Pesticide 
Science. India. pp. 38-48. 

Chaturvedi, O. P., Jha, A. N. and Das, D. K. (1999) Germination and storage of neem (Azadirachta indica A . 
.Iuss.). J TropicalForestlY. 15 (I): 1-7. 

Chaudhary, V. I<. and Singh, N. B. (1998) Studies on genetic divergence in nut characters of wild apricot (Prunus 
armeniaca Linn.). Agricultural Science Digest (Karla). 18(4): 284-286. 

Chauhan, B. R. S., Bist, J. P. S. (1987) Plywood from Indian Timbcrs: Azadirachta indica A. Juss. (Neem). J 
Timb Del'. Assoc. XXXIII (4): 47-55. 

Chauhan, P. S. (1987) Silvi-genctieal approachcs in productivity of Populus ciliata Wall. ex Royal. Ph.D. thesis 
submitted to Dr. Y.S.Parmar University of Hort. and Forestry, Solan (I-IP). 

Chauvin, J. P. and Ehrhart, Y. (1998) Germination of two provenances of Santalllll1 austrocaledonicull1 var. 
austroealedonicum. In:Sandal and its products. Proceedings of an intcrnational seminar held on 18-19 Dccembcr 
I 99'i'at the Institute of laod Scicncc and Technology, Bangalorc, India. ACIAR Proceeding Series 84: 113-116. 

Cheliak, W. M., Dancik, B. P., MOI'gan, 1<., Yeh, F. Ch. and Stl'obek, C. (1985) Temporal variation of the 
mating system in a natural population orjack pine. Gefics 109: 569-584. 

Chen Hua and Maun, M. A. (1999) Effect of sand burinal depth on secd germination and seedling emergence of 
Cirsium pitcheri. Plant Eco/. 140( I): 53-60. 

Cheng, I<. (1945) Studies on germination of forest seed and the development of their seedling relative to the seed 
size, weight and specific gravity of the seed. J Agric. Ass. China 80, 1945 (V-vi-65-75). 

China, Nanking Forest Products Industrial College (1977) Progeny test of plus trees of Cunninghamia 
lanceolata and heritability estimates. Acta Genetica Sinia 4(2): 152-158. 

Chiu Shin Foon, Zhang Ye Guang (1989). Successful introduction of neem tree (Azadirachta indica A. Juss.) in 
China. Neem Nell'sleller 6(2): 16-17. 

Chung, J., Lee, J. H., Arumuganathan, K., Graef, G. L. and Specht, J. E. (1998) Relationship between nuclear 
DNA content and seed and leaf size in soybean. TheOl·e. App/. Genet. 96(8): 1064-1068. 

Chylal'ecld, H. and Giertych, M. (1969). Variability of Picea abies (L.). Karst. Cones in Poland. Arboretum 
Kornickie XIV 39-71. 

Ciesla, W. M. and Donaubauel', E. (1994) Decline and dieback of trees and forests - a global review. FAO 
Forestry paper 120. pp. 27-48. 

Clair, B. S. and Kleinschmit (1986) Genotype-environment interaction and stability in ten-year height growth on 
Norway spruce clones (Picea abies Karst). Silvae. Genet. 35(5-6): 117-186. 

Clerk, S. P. (1992) Random amplified polymorphic DNA markers for tree improvement. In:tree Biotechnology 
Liaison Group Meeting. Cambridge. England, April 13-15, (1992) 

Coles, J. F. and Fowler, D. P. (1976) Inbrceding in neighboring trees in two white spruce populations. Silvae 
Genet. 25( I): 29-34. 

Comstock, R. E. and Moll, R. H. ('1963) Genotype-environment interaction. Symposium on Statistical Genetics 
and Plant Breeding. NAS-NRC. Publ. 982: 164-196. 

Conkle, M. T. (1992) Genetic diversity - seeing the forest through the trees. In:population genetics afforests trees. 
Proceedings of an International Symposium heldjointly by IUFRO Working Parties S2.04.05 and S2.04.01 at 

vii 

Changtragoon, S., Szmidt, A. E. and Boontawee, B. (1996) The study of genetic diversity of Azadirachta spp. by using 
isozymes analysis. In: Abstracts of the Third Asia-Pacific Conference on Agricultural Biotechnology: Issues and Choices, lO­
IS November, 1996, Prachuapkhirikhan, Thailand, National Center for GeneticcEngineering and Biotechnology (BIOTEC) 
and National Science and Technology Development Agency (NSTDA). pp. 51. 



Con'allis. Oregon, 31 July-2 /\ugusl 1990 [edited by /\d~illlS. W.T.:Slrauss, S.II.;Copcs, D.L.; GriflJn, A.R.I 
Nell' FOl'ests 6 (1-4): 5-22. 

Cooper, M. and DcLaey, I. II. ( 1(94) Rclationships among analytical I11cthods to study genotypic variation and 
gcnotype by cnvironl11cnt interaction in plant brceding multi-environlllcnt experiments. TheOl·e. Appld Gene/. 
X8: 561-572. 

Cordell, S., Goldstein, G., M uellel' Dombois, D., Webb, D. Vitousek, P. M. (1998) Physiological and 
morphological variation in MClrosicicros polymorpha, a dominant Hawaiian trcc species, along an altitudinal 

gradient: the role of' phcnotypic plasticity. Oecologia 113(2): I XX-I <)(1. 

Cornelius, ,J. (1994) Thc elTectiveness of' plus-tree selection f'or yicld. FOl'est Ecology and Management 67 (1-3): 
23-34. 

Coventry, E. and Allan, E. J. (1 (97) The ef'f'ect of neem-based products on bacterial and fungal growth .. 
DC[Jartmcnt of' Agriculture. Univcrsity of' Aberdeen, Aberdeen, AB24 5UA, UK. Pract. Oriented Results Usc 
Prod. Neem-Ingredicnts Pheromoncs, Proc. Workshop, 5th (1 (97), 237-242. Editor(s): Kleeberg, Hubertus; 
Zebitz, Claus P. W. Publisher: Druck & Graphic, Giessen, Germany. 

Cresswell, R. and Nitsch, C. (1 (75) Organ culturc of Eucalyptus gram/is L. Planta 125: 87-90. 

Crnol,rak, P. & Roff, A. R. (1995) Dominancc variance: associations with selection and fitness. Heredity 75: 530-
540 

Crossa, J.(1 (90)Statistical analysis of multi location trails. Adv. Agl'on. 44: 55-85. 

Crossa, J., Basfonl, K., Taba, S., Delacy, I. and Silva, E. (1995) Three mode analyses of maize using 
morphological and agronomic attributcs measured in multi location trials. Crop Sci. 35: 1483 - 1491. 

Crossa, J., Taba, S., Eberhal·t, S. A., Brctting, P. and Vencovsky, R. (1994) Practical considerations for 
maintaining gcrmplasm in maize. Theor. Appl. Gene/. 89: X9-95. 

Cum-tero, ,J. and Cubero, J. I. (1 (82) Phcnotypic, genotypic and environmental correlation in tomato 
(Lycopersicon esculentum). Ellphytica 31: 151 -159. 

Dabin, P. and Bouhannont, J. (1 (83) Application of in vitro cultures in azalea (Rhododendron simsii). Acta 
Hortie. 131: 89-93. 

'ii' ( '. ._ '_ 
, ~; 

Daehler, C. c., Yorl{ston, M., Sun WeiGuo, Dudley, N. (1999) Genetic variation in morphology and growth 
characters of Acacia koa in the Hawaiian Islands. International Journal of Plant Sciences 160(4): 767-773: 

Dahiya, O. (1992) Seed viability, vigour and genetics of speed of germination in chickpea (Cicer arie~tinum L.) 
Ph.D. The~!s, Ch.Charan Singh Haryana Agriculture University, Hisar. --

Dai Jainmingj Yaylayall, V. A.; Raghavan, G. S. V. and Pare, J. R. (1999) Extraction and colorimetric 
determination of azadirachtin-related I imonoids in neem seed kernel. J. Agril. Food Chem. 47(9): 3738-3742. 

Davidson, J. (1985) Species and sites. What to plant and where to plant. UNDP/FAO Proj. BGD/79/017. Field doc. 
5: 50, IIlus. 

Dawson, I. K. et al. 1995. Diversity and genetic differentiation among subpopulations of Gliricidia sepilll71 
revealcd by PCR-=-based assays, Heredity 74: 10-18. 

Dayanandan, P., Stephen, A. and Muruganadam, B. (1996) Location of neem triterpenoids and other sccretory 
structures. In: Singh, R P; ChartRaheia, Nl $ A K and Kraus, W) (eds.)(eds.) Neem and Environment. Volume 
I. Oxf'ord & mI-I Publishing Co. Pvt. Ltd. Ncw Delhi. pp. 141- 1 50. 

De, Cianzio, S. R. and Fehr, ,"V. R. (1987) Inheritance of agronomic and seed composition traits in Glycine max X 
Glycinesojacrosscs. J. Agric. Univ. P.R, 71: 53-63. 

Dean, C. A., Nildes, D. G. and Harding, K. J. (1988) Estimates of genetic parameters and gains expected from 
selection in hc.op pine in sO!h east queen~sland. Silvae Genet. 37: 243-247. 

DeJussieu, A. (1963) Azadiraehta indica and Melia azedarach, siliviculture characteristics and planting methods. 
Rev. Bios For Top. No. 88. 23p. --

Dent, T. V. (1948) Seed storage with particular reference to thc s1:o rage of seeds of Indian forest plants. Ind For. 
Rec. (/1 . .1'.) Silvi. 7 (I): 421. 

Deshwal, R. (1988) Juvenile performance of some exotic tree species. M.Sc. Thesis, H.P.K.V.V., Solan, India. 

Devalmm;u' C. and Sukh Dev (1993) Chemistry. In: Randhawa N S and Parmar B S (eds.) Neem Research and 
Development, Pub. No.3. Society of Pcsticide Science, India. pp. 63-96. 

Devakumar C. and Sukh Dev (1996) Chemistry. In: Randhawa N S and Parmar B S (eds.). Neem Society of 
Pesticide Science, India. pp. 77-110. 

Devender Singh (1994) Phenotypic variation in natural popUlations of Azadirachta indica A. Juss. MSc thesis, 
CCS I-Iaryana Agricultural University, l-lisar- 1 25 004, India 

Devey, M. E., Delfino Mix, A. A., Dinloch, B. B. and Neale, 0_ B. (1992) Identification of RAPD markers linked 
with a major gene for resistance to white pine blister rust in sugar pine. In: 6th Meeting of International Conifer 
Biotechnology Working Group, North Carolina State University, April 23-28, (1992) 

viii 



Devos, K. M. and Gale, M. D. (1992) The lise of random ampli lied p,liymorphie DNA markers in wheat. TheOl; 
((l1d Appl.Genet. 84.567-572. 

Dewey, D. E. and Lu. K. 1-1. (1959) A correlation and path analysis of components of crested wheat grass seed 
production. Agrol1. J. 51: SIS-51 S. 

DeWitt, T. J. et al. (1998) Costs and limits of phenotypic plasticity. 7i'ends Eco!. Evol. 13: I-S. 

Dhawan, N. L. and J. Singh (1961) Flint and dent maize hybrids give increased yields. Current Science, 30: 233-
234. 

Dhillon, R. S. (1992) Studies on phenotypic variation and provenance evaluation of Dalbergia sissoo (Roxb.) 
Haryanu. MSc Thcsis submittcd to CCS Haryana Agricultural University, 1-lisar-125 004, India. 

Dhuria, S. S. (1995) Super seedling (elite) selection in genetic improvement. Vaniki-Sandesh 19: 6-7. 

Diggle, P. K. (1994) The expression of androll1onecy in Solanllm hi:YiIlIl (Solanacea$e) : phenotypic plasticity and 
ontogenetic contingency. Am J. Bot. 81: 1354-1365. / 

Dillon, W. R. and M. Goldstein (1984) Multivariate Analysis: Methods and Applications. John Wiley and Sons, 
New York. 

Dillletry, N. Z., Allier, S. A. A. and Reda, A. S. (1993) Biological activity of two Neem seed kernel extracts 
against the two-spotted spider mite l'etr<lnvchus urtieae Koch. J. App/. Enlo/11ol. (Zeitschrift fur Angewandte 
Entoll1ologie). 113: 79-87. 

Dobzhansl.:y, T:' 1-1. and Levene, H. (1955) Genetics of natural populations. XXIV. Developmental homeostasis in 
natural populations of Drosophila pselldoobscllra. Genetics 40: 797-80S. 

Dobzhansl.:y, T. H. 0., Pavlovsky, Spaasky, B. and Spaasky, N.(1955) Genetics of natural populations. XXIII. 
l3iological role of deleterious recessives in populations of Drosophila pselldoobscllra. Genetics 40: 781-796. 

Dod, V. N.; Gabhane, V. V.; Patil, B. N. lind Pagar, P. C. (1997) Storability of neem (Azadirachla indica A . 
.Iuss.) seeds as influenced by storage containers. Crop Research (Hism). 14(2): 289-292. 

Dodd, R. S. and Rafii, Z. A. (1995) Ecogeographic variation in secd fatty acids of Austrocedrlls chilensis. 
Biochemical Systematics and Ecology 23(7/8) 825-833. 

Doede, D. L. and Adams, W. T. (1998) The genetics of stem volume, stem form, and branch characteristics in 
sapling noble tir. Silvae Genet. 47(4): 177-183. 

Dogra, D. K. (19S5) Selection of superior phenotypes in Pil//IS roxbllrghii Sargent. from Himachal Pradesh M.Sc. 
Thesis, II.P.K.V.V., C.O.A., S.N.S. Nagar, Solan. 

Dogra, P. O. (1987) Natural variability, genetic control, tree breeding and reproductive potential of wood 
producing species in India. In: Bir, S. S. (cd.) Aspecls of Planl Sciences. 9: 101-135. 

Dugra, P. D. (1992) Priorities in foresttrce genetics: unrealized tree improvement and breeding potential in Indian 
lorestry. In: Khosla, P :K.(ed.)Status of Indian Forestry, ISTS Solan: 243-259. 

Dogra. P.D. (1981) Forest genetics research and application in Indian forestry-I, II. ind. For. 107: 190-219,263-288. 

Dogra, P. O. and Dhiman, R. C. (199S) Reproductive biology ot' torest trees and its application in tree 
improvement. In: Puri, S. (cd.) Tree improvement: applied research and technology transfer. Oxford & IBH 
Publishing Co. New Delhi. pp 69-80. 

Dogra, P. D. and Thapliyal R. C. (1996) Gene Resources and Breeding Potential. In: Randhawa N S and Parmar 
13 S (eds.), Neclll, Society oCPcsticidc Science, India. pro 27-32. 

Donald, I. D. (1991) Role of physiology in forest tree improvement. Sill'. Fenn. 25: 248-256. 

Donoso, C. and Wendler, J. (1995) Morphological and g{necological studies in May tenus boaria. Antecedentes 
morlologicos y. genecologieos de Maytcnus boaria. Bosque 6 (2): 93-99. 

Dorman, K. W. (1976) The genetics ad breeding of Southern Pines. Agri.culture Handbook No. 471. USDA, US 
Forest Scrvice, Washington DC. 

Dornbos, D. L. and Mullen, R. E. (1992) Soybean seed protein and oil contents and fatty acid composition 
adjustments by drought and temperature. J. Alii. Oil Chelll. Soc. 69: 228-31. 

Doygaard, S., Sorensen, M., Estrella, Jr. E. and Hamman, O. J. (1996) Principal component analysis of 
morphological charaets~ in the genus Pachyrhizus. Proceedings of Second International Symposium on 
Tuberous legullles, Celaya, AIexico, pp. 33-42. (\\$ 

Drew, R. A. (1996) Clonal propagation of l1eem by tissue culture. In: Singh, R P; Chari, Raheja, * $ A K and 
Kraus, W) (eds.) Necm and Environment. Volume 2. Oxford & IBI-I Publishing Co. Pvt. Ltd. New Delhi. pp. 
999-1006 

DSIR (1999) Department of Scienti lic and Industrial Research source annual report of -1998-1999), New Delhi. 

Dube M. and Morisset, P. (1996) La plasticite phenotypique des caracteres anatomiques foliaires shez Ie Festuca 
rubra L.(Poaceae). Can J. Bot. 74: 170S-1718. 

Dudley, J. W. and Lambert, R. J. (1992) Ninety cycles of selection for oil and protein in maize. Maydica 37: 1-7. 

Downey, R K, Stringam, G. R, McGregor, D.l and Stefansson, B. R. (1975) Breeding rape~eed and 
mustard crops, In: J. T. Harapials (ed.). Oilseed and pulse crops in Western Canada. Western Co-op. Fert. 
Limited. Calgary, Alberta. pp. 157-183. 

ix 



Dudley, J. W., Lambert, R .. J. and Alexander, D. E. (1974) Seventy generations ofselee1ion for oil and protein 
concentration in the maize kernel. 1'. I X 1-212. In:.J.lV. Dudley (cd.) ~eventy generations 01' selection lor oil and 
protein in l11<lize. CSSA, Madison. WI. 

DUlllet, 0, Berjal" P., Ellis, R. H. (ed.), Black, M. (ed.) and Murdoch, A. J. (1997) Desiccation tolerance and 
eryopreservation of embryonic axes 01' recalcitrant species. Basic and applied aspects of seed biology. In: Hong 
'I'D (cd.) Proceedings of the Finh International Workshop on Seeds, held at Reading, UK, on 10-15 September 
1995. 1997, 771-776; Current Plant Science and Biotechnology in Agriculture No. 30. Kluwer Academic 
Publishers; Dordrecht; Netherlands 

Durand-Cresswell, R., Boulay, 1\1. and Trancelet, A. (1982) Vegetative propagation of eucalyptus. In: Bonga .1M. 
[)urzan [).1 (Eos) Tissue Culture in Forestry, Martinus Ni.ihort~ The I lague, Pi> 150-181. 

Dutton, H. J., Lancaster, C. R., Evans, C. D. and Cowan, r. c. (1951) The flavor problem of soybean oil: VIII. 
Linolenic acid. J. A 111. Oil Chel77. Soc. 28: 115-118. 

Dwivcdi, A. P. (1993) National level neem provenance trial at Jodhpur. In: Read, M.D. & .I.H. French (Eos.). 
Genetic Improvemcnt ofNeem: Strategies I"()l' thc Futurc. Proe. International Consultation, Ba~ko\<' ' .. Thailand 
pp.48-28. 

Eaglcs, II. A. and Ilanianc, A. K. (I ')79). (Ienclie vari~lti()n in maize for carly seedling growth in lo\\' 
temperature environl1lent. New Lealand.l. Agric. Res. 22: 553-559. 

Eberhart, S. A. and Russel, W. A. (1966) Stability parameters fOI' comparing varieties. Crop Sci. 6: 36-40. 

Ecswara, J. P., Allan, E. J. and Powcll, A. A. (1998) The intluenec of stage of seed maturity, moisture content 
and storage temperature on the survival of neem (Azadirachto indica) seed in storage. Seed Sci. Techno!. 1998. 
26: 2,299-308. 

Ecswal'a, J. P., Morduc, A. J., Stuchbury, T., Allan, E. J. and Klccberg, H. (1997a)Azadirachtin, salannin and 
nimbin contents of seeds and callus of ncem (Azadirachta indica A . .Iuss). (ed.); Zebitz CPW Practice oriented 
results on use and production of neem-ingredients and pheromones. Proceedings of the 5th Workshop, Wetzlar, 
Germany, 22-25 January (1996) 1997,251-261. Trifolio-M GmbH; Lahnau; Germany 

Ecswara, J. P., Stuchbury, T., Allan, E. J., Mordue (Luntz), A. J. (1997b) A standard procedure for the 
micropropagation of the neem tree (Azadirachta indica A. Juss). Plant Cell Reports. 17: 3,215-219. 

EI Kassaby, Y. A. and Edwards, D. C. W. Genetic control of germination and the effects of accelerated aging in 
mountain hemlock seeds and its relevance to gene conservation. Forest Ecology and Management (1998) 
112(3): 203-211. 

EI lakany, M. H., Omran, T. A. and Shchata, M. S. (1989) Varation in seed charajcteristics of Casuarina as 
arICcted by species, season of collection and position tree crown. Int. Tree Crops J. 5: 237-245. 

Eldddge, E. G. (1976) Brgding system, variation and genetic improvement of tropical eucalypts. In: Tropical trees, 
variation. breeding and. (conservation (.I, Burley and Style B.T. cds.) Acad. Press, London, pp 1 0 1-1 08 

Elcr, U., Kcsldn, S. and Ortcl, E. (1993) Determining quality classes of Ced/"lls libani seedlings. Teknik Bulten 
Serisi Orm<1ncilik Al'astirmCl Enstitusu Yayinlari. Bulletin No. 240: 81-105. 

EIings, A. ( 1991) Durum wheat landraces from Syria. I I. Patterns of variation. Euphytica 54: 231-243. 
~Hsfrand, N. c., Devlin, B. and Marshall, D. L. (1989) Gene flow by pollen into small populations: data ti'om 

experimental and natural stands of wild radish. Proc. Nat!. Acad. Sci. U.S.A., 86,9044-9047. 

Elncr, S. and Hairston, N. C. Jr. (1994) Role of overlapping generations in maintaining genetic variation in a 
11 uctuating cnvironment. A 111. Nat., 14, 403-417. 

Emcbiri, L. C. and Anyim, C. (1997) Intraspecilic variation in morphological traits of the oil bean tree. 
Pentaclcthnlm<1crophylla. 1)lant Genetic Resources Newsleller. 112: 77-80. 

Emcl'y, R. J. N. ct al. (1994) Phenotypic plasticity of stem elongation in two ecotypes of Stellaria longipes. Plant 
Cel! Em·iron. 17: 691-700. 

Emmanuel, C. J. S. K, Kapoor, 1\1. L. and Sharma, V. K. (1992) Three decades of forest genetics and trce 
improvement. Ind. For. 118: 489-500. 

Emmanucl,C. J. S. K. and Bagchi, SK (1988) Teak plus tree sclection in southern region of India. In: (Khosla, 
P.K. and Sehgal, RN (eds)., Trends in Tree Science ISTS, Solan, pp 268-271. . 

Emmanuel,C. J. S. K. and Dharmaswamy, S. S. (1990) Short note: seed source var~tion in storage of teak seeds. 
Silme Genet. 40: 249-250. I 

Encscll, V. and Contcscu, L. (1987) Variability and heritability of certain characters in half .. sib progenies of Pinus 
lIigm. (La variabilite ct I'herilabilite de certains caracters chez des descendances halj~sib de pin noir (Pinlls 
nigra I\rn.) Bulletin de I' Academic des Sciences Agricoles et Forestieres. 6, 81-99. 

Epplcr, A. ( 1995) EfICct of virus and organism: virus. In: Schmutterer, H. (ed.) The neem tree Azadirachta indica 
A, .Iuss. and other Meliacious plants: source of unique natural products for integrated pest management, 
medicine. industry and othcr purposes. Weinheim. pp. 93-117. 

x 



Erickson, G. (1991) Challengcs for forest gencticists. Silva Fenn. 25: 257-269. 

Eriksson, O. (1999) Seed size variation and its effect on germination and seedling performance in the clonal herb 
Convallaria m~ialis. Acta Oecologica. 20(9\): 61-66. 

Ermel, K (1995) Azadirachtin of nccm sccd kcrnels from different rcgions of the world. In: Schmutterer H (ed) 
The Neem Tree Azadirach/a indica A. Juss. and other Meliaceous Plants. VCH Verlagsgesellschaft and New 
York: VCH Publishers Inc., Weinheim. pp 89-92. 

Enncl, K, Pahlich, E. and Schmlltterer, H. (1984) Comparison of the azadirachtin content of neem seeds from 
ccqtypes of Asian and A li'iean origin. l'roe. 2"d Inl. Nccm Conr. (Rauischholzhausen, 1983), 377-390, GTZ 
Eschborn, Gcrmany. 

Ermel, K, Pahlich, E. and Schmuttcrer, H. (1987) Azadirachtin content of neem kernels from different 
geographical locations, and its depcndcnee on temperature, relative humidity, and light. Proc. 3rd Int. Neem 
Conf. (Nairobi, 1986), 171-184, GTZ Esehborn, Germany. 

Ermcl, K, Pahlich, E. and Schumuttcl'cr, H. (1998) Azadirachtin content of neem kernels from different 
geographical locations and its dependence on temperature, relative humidity, and light. In: Schumutterer H, 
Ascher KRS (cds) Natural pcsticidcs from necm tree (Azadirach/a indica A. Juss.) and other tropical plants. 
Proc of the third international neem conference, Nairobi. German Agency for Technical Cooperation, Eschborn, 
pp 171-184. 

Eyde, L. A. (1976) Case 3.4. Analysis of agronomic data from S/ylosan/hes introductions. In: W.T. Williams (ed.) 
Pattern Analysis in Agricultural Sciencc. Elsevicr Science Publications Co., Amsterdam, thc Netherlands. pp. 
170-180. 

Ezeagu, I. E.; Petzkc, K J., Langc, E., and Metges, C. C. (1998) Fat content and fatty acid composition of oils 
cxtracted Ii'om scleetcd wi Id-gathered tropical plant sceds from Nigeria. J. Am. Oil Chem Soc. 75(8):.1031-
1035. 

Ezeaku, I. E., Gupta, S. C. and Prabhakar, V. R. (1999). Classification of sorghum germplasm accessions using 
multivariate methods. African Crop Science JOllnal, 7: 97-108. 

Ezumah, B. S. (1986) Germina/ion and storage of neem seed. Seed Sci. & Techno!., 14: 593-600. 

F/FRED, (1993) Genetic improvement of Neem: Strategies for the fll/m·e. Proc. Int. Cons. On Neem Impr. M.D. 
Read and .I.H. French (ed) Kasetsart University, Bangkok, Thailand, 18-22 January (1993) 

Falconer, D. S. (1981) Introduction to quantitative genetics". 2nd Edn. Longman, London. 

Falconcr, D. S. (1989) Introduction to Quantitative Genetics. 3 r
t! cd. Longman Inc., Ncw York. 

Falconer, D. S. (1960) Introduction to quantitative genetics. The Ronald Press Company, N. Yark, 365 p. 

Fehr, W. R., Welke, G. A., Hammond, E. G., Duvick, D. N. and Cianzio, S. R. (1992) Inheritance of rcduced 
linolcnic acid contcnt in soybean gcnotypcs A 16 and A 17. Crop Sci. 32: 903-906. 

Fcldhege, M. and Schmuttcrer, H. (1993) Investigations on side cffccts of Margosan-O on Encarsia formaosa 
Gah. (I-Iym., Aphclinidae), parasitoid of the greenhousc whitefly, Trialellrodes vaporariorllm Westw. (Hom., 
!\Ieyrodidae). J. App. £n/ol11ol. 115: 37-42. 

Felscnstcin, J. (1965) The efICet of linkage on dircctional selection. Gene/ics 52: 349-363. 

FCl'llandez Martincz, J., Jimcncz, A. Domingucz, J., Garcia, J. M., Garcs, R. and Mancha, M. (1989) Genetic 
analysis of thc high olcic acid content in cultivatcd sunflower (Helian/hlls annllus L.) Euphytica 41: 39-51. 

Fcucrhakc, K. and Schmuttcrcr, H. (1985) Development of standardized and formulated insecticide from a crude 
neem kernel extract. Z PflKrankh. Pf/Schll/: 92, 643-649. 

Fick, G. N. (1984) Inheritancc of high oleic acid in the seed of sunflower. p. 9. In:Proc. 6th Sunflower Research 
Forum. National Suntlower Assoc. Bisniarek, NO. 

Finlay, K W. (1971). Brceding lor yicld in barley. Barley Genctics I I. Proceedings of Second In/erna/ional Barley 
Gene/ics Symposillm, Plillman, pp. 338-345. 

Finlay, K W. and Wilkinson, G. N. (1963) The analysis of adaptation in a plant breeding programme. Aus/. J 
Agric. Res. 14: 742-754. 

Fishcr, R,A. and Yates, Y. (1963) Statistical tables for biological, agricultural and medical research, Oliver and 
Boyd. Ltd. Edinburgh. 

Fishel', R. A. (1936). The use of multiple mcasurements in taxonomic problems. Annals of Eugenics, 7: 179-188. 

Fleig, F. D. and Rigo, S. M. (1998) Influence of palm Euterpe edulis Mart. Fruit size on seed germination and 
scedling growth. Inlluencia do tall1anho dos h'utos do palmitciro Euterpe edulis Mart. na genninacao das 
sementcs c crescimento das mudas. Ciencia Florestal.8(1): 35-41. 

Foresta, H. D. E. and Michon, G. (1996) Tree improvement research for agro forestry: a note of caution. In: 
special issue on tree improvement. Agrofores/IY Forum 7 (4) 8-10. 

Fornos Reycs, M. (1997) Intlucncia del secado sobre la viabilidad de las scmillas de nim (Azadirachta indica A . 
.luss,). (Inlluence of drying on the viability of seeds of neem (Azadirachta indica A. Juss).) Boletin 
Mejoramiento Genetico y Semi lias Forestales., No. 16,3-7. 

Faulkncr, R (1969) Some characteristics of secondary importance to stem straightness in the breeding of 
confers Pap. FAOIIUFRO W~rld Consult. For. Tree Breed., Washington, NO. FO-FTB-69-3/2, pp. ll. XI 



Fowclls, H. A. (1965). Silvics of forest trees of the United States. Agrie. Hand b. 271: 641-648. U.S. Dep. Agrie. 

Washington. D.C. 
Fowlel', D. P. (1965). Effects of inbreeding in red pine, Pinus resinosa Ail. Silvae Genet. 14( I): 12-23. 

Francis, T. R. and L. W. Kannenberg, (1978) Yield stability studies in short season maize. U.A. descriptive 
method for grouping genotypes. Can. J Plant Sci. 58: 1029-1034. 

Franco, J., Crossa, J., Villasenor, J., Taba, S. and Eberhart, S. E. (1997) Classi fying Mexican maize accessions 
lIsing hierarchical and density search methods. Crop Sci. 37: 972-980. 

FI'ankel, O. H. (1958) The dynamics of plant breeding. J. Aug, Il1s/, Agri. Sci. 24: 112-123. 

Freeman, G. H. lind Perldns, J. M. (1971). I :nvironmental and genotype-environmcntal componcnts of variabi lity. 
VIII. Relations between genotypes grown in different environments and measures of these environments. 
Heredity, 27: 15-23. 

Fujita, Y. (1988) Industrial production of shikonin and berberine. In: Application of Plant Cell and Tissue Culture. 
G. Bock and J. March (cds.) John Wiley and Sons, Chiehestel!! 228-235 . 

. 1' 
Fujita, Y., Hara, Y., Ogino, T. and Suga, C. (1981) Production of shikonin derivatives by cell suspension cultures 

of Lithospermul1 elythl"Orhizon P~lI"[ I. 1'1. Cell Rep. I: 59-60. 

Gallais, A. (1984) Use of indirect selection in plant breeding. In: W. Lange, A.C. Zeven and N.G. Hogenboom 
(Eds.), I~nieieney in Plant Breeding, pp. 45-60. Proe. 10th Euearpia Congress, Wageningen, 1983, Pudoe. 
Wageningen. 

Galloway, L. F. (1995) Response to natural environmental heterogeneity: maternal effects and selection on life­
history characters and plasticities in Mimulus guttatus. Evolution 49: 1095-1107. 

Gamble, J. S. (1902). A IIIat11lal of Illdian Timbers (Reprint, 1972) Bishen Singh Mohninderpal Singh, Dehradun, 
India, pp.143. 

Gamene, C. S., KI'aal(, H. L.; van Pijlen, J. G.; dc, Vos, C. H. R.; van Pijlen, J. G., De, Vos, C. H. R. (1996) 
Storage behaviour of neem (Azadirachta indica) seeds from Burkina Faso. Seed Science andTechnology 24: 3, 
441-448. 

o 
Garg, L. P. and Bhutani, R. D. (1991) Studies on correlation and path analysis in potato (Solanum tubeljsum L.). 

Hmyana J. Hort. Sci. 20(3-4): 255-260. I 

GaJ"Udamma, G. I(. (1956). Studies in Meliaceae. I Development of embryo in Azadirachta indica A. Juss. J. 
Indian Bo( Soc. 35: 222-225. 

Gautam, V. 1(., Nanda, K. and Gupta, S. C. (1991) Differentiation in long-term callus cultures of Azadirachta 
indica A. Juss.ln-Vitro; 27, 3, 1'1.2, I46A 

Gautam, V. 1(., Nanda, K. and Gupta, S. C. (1993): Development of shoots and roots in anther-derived callus of 
Azadirachta indica A. Juss. - a medicinal tree. Plant Cell Tissue Org. Cult. (1993) 34(1):13-18 

Gavinlertvatana, P., Matheson, A. C. and Si, M. E. P. (1987) Feasibility study on tissue culture for multipurpose 
forest tree species. Project No. I. Plantck International Ltd., Singapore, vi + 59 pp. 

Gebel', M. A. (1990) The cost of meristcm limitation in P. arenastl"lll71: negative genetic correlations between 
fecundity and growth. Evolutiol144: 799-819. 

Gednlc, J. J. et al. (1996) Plasticity in root/shoot partiotioning: optimal, ontogenetic, or both? Funct. Eco1.10: 44-
50. 

George, J. A. and Kuulkarni, A. R. (1997) Micropropagation of neem - Azadirachta indica A. Juss. Annals of 
Forestl)'. 5: 1,50-54. 

Gherardi, M., Mangin, 8., Goffinet, B., Bonnet, D. and Huguet, T. (1998) A method to measure genetic distance 
between allogamous populations of alfalfa (Medicago sativa) using RAPD molecular markers. The or. App/. 
Genel. 96: 406-412. 

Ghosh, N. and Sen, S. (1981). Influence of seed size on growth characters in jute (Corchorus olitorills L.). Sabrao 
JOllrnal 13 (I): 69-73. 

Ghosh, S., Kal'anjawala, Z. E. and Hauser, E. R. (1997) Methods of precise sizing, automated binnig alleles, and 
reduction of error rates in large -scale genotyping using fluorescently labeled dinucleotide markers. Genome 
Research 7: 165-178. 

Giannini, R., Mittempergher, L. and Reddi, P. (1976) Estimating heritability of height growth in young seedlings 
or Pinlls pinaster and P. pinea. Stima dell' ereditabilita dell'altezza in giovani semenzali di pino marttimo e 
pino demestico gtalia Forestale e MOlltana 31 (4): 142-157. 

Gibson, J. P. and Hamrick, J. L. (1991) Genetic diversity and structure in Pinlls pllngens (Table Mountain Pine) 
populations. Can. J. For. Res. 21: 635-642. 

Giertych, M. and Farrar, J. L. (1962) A provenance study of jack pine seedling. Silvae Gen. 11: 111-114. 

Gill A. S. and Deb Roy, R. (1996) Agroforcstry uses. In: Randhawa N S and Parmar B S (cds.), Neem, Society of 
Pesticide Science. India. pp. 49-58. 

Gill, B. S. Singhal, V. K. and Maninder Kaur (1993). Studics on the genetic system of N-W Indian neem. 
(abstr.). /'roc. World Neell1 Conlerence 24-28 February, 1993. Bangalore, India. 

xii 



Cillirs, A. C. N. d al. (19<)7) (lendie vmiation in Costa Rican populations or the tropieal timb(;r tre(; ('etlrel/{/ 
oe/ora/a L. (Sp~~li;:Jl Ceuar). assess(;u using RAP)). /lIo/. Leol. 6: I I 33-'j 145. 

Gizlice, Z., Carter, T. E. and Burton, T. W. (1993). Genetic uiversity in North American soybean: Multivariatc 
analysis oj' rounuing stock and relation to eocfficicnt of parentage. Crop Science. 33: 614-620. 

Goda, S. (I <)X7) Germination or Acacia /lilo/ica sccds. Sudan Sill'a 6(26): 25-32. 

Goddard R. E. and Strickland, R. K. (I <)6<) Manual or proeedurcs us(;d in the univcrsity of Florida Cooperative 
Forest C,enetics Research Program. 

Godshall<, E. B. and Timothy, D. II. (I 9XX). Factor and principal component analyscs as alternatives to index 
sdection. 'J'/leor. App/. Gene/. 76: 352-360. 

Goel, V. L., Dogra, P. D. and Bhel, H. M. (1997) Plus trees selection and their progeny evaluation in Prosopis 
}uliflora. !nd For. 123(3) 196-205. 

Gogate, M. G. and Gujar, D. R. (1996) Variability through phenological studies on neem (Azadirachta indica A. 
Juss. ) plantation. In: Singh, R P; Chari~~aheja, * $ A K and Kraus, W) (eds.) Neem and Environment. 
Volume I. Oxford & 181-1 Publishing Co.'!'vt. Ltd. New Delhi. pp. 123-128. 

Goldchild, N. A. and Boyd, W. J. R. (1975). Regional and temporal variation in wheat yeld in Western Australia 
and their implications in plant breeding. Aust. J. Agri/' Res., 26: 209. 

Goldman, I. L., Rocheford, T. R. and Dudley, J. W. (1994). Moleuelar markers associated with maize kernel oil 
concentration in an Illinois high protcin x Illinois low protein cross. Crop. Sci. 34: 908-915. 

Goodman, M. M. (1972) Distancc analysis in biology. Systematic Zoology 21: 174-186. 

Gorbet, D. W. and Knauft, D. A. (1997) Registration of SunOleic 95R Peanut. Crop Sci. 37: 1392. 

Gordon, E. (1999) Effect of size and numbcr of seeds on germination and seedling size in six helophyte species. 
Fragmen/a F/oris/ica e/ Geobotanica 44(2): 429-436. 

Goth, V. (1996) Bahupushpikaran: How to stimulate profuse !lowering. !!oney Bee, 7 (I) 

Govil, J. N. and Murty, B. R. (1973). Genetic divergence and nature of heterosis in grain sorghum. Indian Journal 
o/Gene/ics and Plan/ Breed. 33: 252-260. 

Govindaehari, T. R. (1992) Chemical and biological investigations on Azadirachta indica (the neem tree). Curl'. 
Sci. 63, 3(10): 117-122. 

Govindachari, T. R. (1998)ldentification of anti-fungal compounds from the seed oil of Azadirachta indica (the 
neem tree). Phytoparasitica 26: 109-116. 

Gowda, S. K., Sastry, V. R. B. and Katiyar, R. C. (1998) Study on the utilization of neem kernel meal as a 
protein supplement for growing rabbits. I/ldian Veterinaty Journal. 1998, 75: 3,281-282. 

Gower, J. C. (1971). A general coefficient of similarity and some of its properties. Biometrics 27: 857-874. 

Graef; G. L., Fehr, W. R., Miller, L. A., Hamlllond, E. G. and Cianzio, S. R. (1988) Inhertance of fatty acid 
composition in a soybean mutant with low linolenic acid. Crop Sci. 28: 55-58. 

Grahn, B. and Schmuttcrcr, H. (1994) The influence of an aqueous neem seed kernel extract (NSKE) on the 
population density of Thrips /abaci in Egypt. In: 1-1. Kleeberg (Ed.) Practice Oriented Results on Use and 
Production orNeem Ingredients and Pheromones, 3rd Worksh., Druck & Graphic, Giel3en, Germany. 

Graingc, M. and Ahmed, S. (1988) Handbook of Plant with Pest-Control-Properties. John Wiley and Sons, New 
York. 470-pp. 

G.·ant, I. F. and Schmuttcrcr, H. (1987) Effects of aqueous neem seed kernel extracts 'on ostracod (Class 
Crustacea) development and population density in lowland rice fields. Proc. 3rd Int. Neem Conf. (Nairobi, 1986), 
591-607. GTZ Eschborn, Germany. 

Grattapaglia, D., 0' Malley, I). M. and Scdcroff, R. R. (1992) Linkage mapping of Elicalyptus grandis and E. 
urophyllll using a F 1 cross betwcen heterozygous parents. In: 61h Meeting of International Conifer Biotechnology 
Working Group, North Carolina State University, April 23-28, (1992). 

Gravois, K. A., and McNew, R. W. (1993) Genetic relationships among and selection for rice yield and yield 
components. Crop Sci.33: 249-252. 

Gray, D. J., Compton, M. E. Harrell, R. C. and Cantliffe, D. J. (1995) Somatic embryogenesis and the 
technology of synthetic seed. In: Biotechnology in Agriculture and Foresty. Vol. 30. G.P.S. Bajaj, ed. Springer­
Verlag. pp. 126-151. 

Greaves, A. and Hughes, J. F. (1976) Site assessment in species and provenance research. In: Burley, J. and 
Wood, P. J. (1976) (ed.) A Manual on species and provenance research with particular reference to tropics. 
Commonwealth Forestry Institute. Tropical Forestry Papers No. 10. pp. 49-66. 

Green, A. G. (19X6) A mutant genotype or Ilax containing very low levels of linoleic acid in its seed oil. Can. J. 
Plan/. Sci.66: 499-533. 

G.·cgorius, H. R. and Namkoong, G. (1983) Conditions for protected polymorphisms in subdivided plant 
populations. I. Uniform pollen dispersal. Theor. Pop. BioI. 24: 252-267. 

Gregorius, II. R. and Namlwong, G. (19X6) Joint analysis of genotypic and environmental effccts. The or. Appl. 
Gene/.72: 413-422. 

xiii 



Creig Smit, P. (1957) Quantitative Plant Ecology. Academic Press, New York. 198 pp. 

Crestoff, M. (1913) Buitenzenzarg Med. Dep.landb. 17, Batavia. Koill. C.r. Neem Newsletter 1(1): 1-2, (1984) 

Groover, A. T., Devey, M. E., Fiddler, T. A., Lee, J. M., Mcgraw, R. A., Vujcic, S. S., Williams, C. G. and 
Neale, D. B. (1992) Mapping of genetic loci influencing wood specific gravity in loblolly pine (Pinlls taeda). In: 
6th Meeting of International Conifer Biotechnology Working Group, North Carolina State University, April 23-
28,(1992) 

C ruber, A. 1(. (1991) Wachstum, Fruchtertrag und Azadirachtingehalt dcr Samen von Azadirachta indica A. Juss. 
aufverschiedenen Standorten in Nicaragua. PhD Thesis, Technical University, Berlin. 

Grundy, S. M. (1986) Comparison of monounsaturated fatty acids and carbohydrates for lowering plasma 
cholestro!' N. Eng!..I. Med. 314: 745-748. 

CU;lth'lIll, Vi<, Nanda, l{ :lIId CUp!'l, S C (19()3) Developmcnt of shoot. and roots in anther-dcrived callus of 
;4-adi,.acb1a indica A 1m. a I1lGdicinal tree. Plant C@II Tiss Org CHI 3'1: 13 IlL 

Guhabal,shi, D. N. (1984). Flora o[lvlurshibdabad District, West Bengal, India. Scientific Publishers, Jodhpur. 

Gunasekaran, M.; Krishnasamy, V.; Lakshmi, S. and Nargis, S. (1999) Influence of seed size and orientation of 
placement on seed quality charactCl"istics of rubber (f-Iel'ea brasiliensis Muell-Arg.) Orissa Journal of 
//orticulllll"e. 27( I): 4-7. 

Gunasekama, M, and Krishnasamy, V. (1999) Influence of seed size and orientation of placement on seed 
quality characteristics of clove (Eugenia caryophyllata Thumb). indian J. Arecanllt, Spices and Medicinal 
Piants. 1 (3): 94-97. 

Gupta, A. I(. (1981) Phenotypic variation in Populus ciliata in western Himalaya. MSc thesis, Dr YS Parmar 
University of Horticulturc and Forestry, Solan, India. 

Gupta, A. K (1995)Patent on Neem! Will it deprive Indian farmers of right to use it? Honey Bee 6(3): 6-8 

Gupta, A. 1(. (1995a) Patents on Neem! Losers, Gainers and Onlookers. Part III. Honey Bee 7(1): 4-6. 

Gupta, A. K. (1995b) Patent on Neem! Will it deprive Indian farmers of right to use it? Part II. Honey Bee 6(4): 6-7 

Gupta, A. K. (1995e) Patents on Necm! Is generating demand for neem seed good or bad? Honey Bee 6(3): 1-2 

Gupta, A. K. and Patel, K. K. (1991) Experimenting farmers, pastoralists and artisans: Report of a survey of local 
innovations in dry regions of Gujrat. Preservation of the seeds 5.1 (i) Leaves of Basil, neem and ardushi.Honey 
Bee, 2(1): 17. 

Gupta, A. K. and Patel, I(. [(. (1991 a) Experimenting farmers, pastoralists and artisans: Report of a survey of 
local innovations in dry regions of Gujrat. (1991) 4.1. Cotton pest complex (ii) Spraying of botanical 
insecticides. Honey Bee 2(1): 15. 

Gupta, A. K. and Patel, K. K. (199Ib) Experimenting farmers, pastoralists and artisans: Report of a survey of 
local innovations in dry regions of Gujral. (1991) 13. Alternative feed and fodder during drought period. 13.3 
Di fferent parts of local trces. Honey Bee 2( I): 22. 

Gupta, A. [(. and Patel, K. I(. (1991 c) Experimenti ng farmers, pastoral ists and artisans: Report of a survey of 
local innovations in dry regions of Gujrat. 4.5 Aphid (MyzlIs persicae s.) (i) By using mixture of ash and 
chemical insecticide. Honey Bee 2(1): 16. 

Gupta, A. I(. and Patel, I(. K. (1992) Survey of fanners innovations in Gujrat Part II. 3106.2 Seed treatment for 
keeping stray animal away (a) Leaf extract of Azadirachta ;ndica. /laney Bee 3( I): 12 (1992). 

Gupta, A. K. and Patel, K. K. (1992a) Survey of farmers innovations in Gujrat Part IV. 3305a. Forecasting Rain 
(iii) Necm (A:.adirachta indica). Honey Bee 3(3&4): 16. 

Gupta, A. K. and Patel, K. K. (1992b) Survey of farmers innovations in Gujrat Part II. 3107. Disease Control 
3107.3 . Kokadava' of vegetables. Honey Bee 3( 1), 14. 

Gupta, A. K. and Patel, K. K. (1993) Survcy of fanners innovations in Gujrat Part V. 4108. Treatment of Foot and 
Mouth Disease. (a) Hot sand and Azadirachta indica. Honey Bee. 4( I): 13 

Gupta, A. K. and Patel, K. K. (1994) Survey of farmers innovations in Gujrat Part VII. 5104. Onion to Ripen 
Mangoes.Honey Bee 5( 1): 18. 

Gupta, A. 1(., Patel, K. K., Suthar J. S, Chauhau, V., Koradia, D., Raval, A., Pastalda, Astad, Srinivas, c., 
Muralikrishna, S., Patel, 1-1., Patel, R., Sinha, R., Valand, I., Bochiya, R. and Chothani, S. (1995) Survey of 
Innovations in Gujrat Part XIV(1995) Pest control: Herbal mixture of chilli, necm and 'sitafal'. Honey Bee 6 
(4) 13. 

Gupta, B. N. and Sharma, K. K. (1998) Neem: A Wonder Tree/edited by Dehradun, 168 p. 

Gupta, c., Dwivcdi, A. K. and Shiv Kumar, P. (1992) Forest tree improvement programmes in Uttar Pradesh. 
Illd. For. 118: 389-393. 

Gupta, M. P. (1980) Notes on Leucaena trial in North India. Lellcaena Newsletter (I): 10. 

X'IV 



Gupla, 1'. K., Pal, R. S. and ElIImanllri, C. .J.' S. K (11)1)5) Initial l10wering amI fruiting of neem: national 
provenance trial. Special issue: neem - gi It of the gods. IlIiI. For" 12 I: I I, 1063-1068. 

Gupta, R. K. and BaJara, G. S. (1972) Cllmparative studics on the germination growth and sccdling biomass of 
two promising exotics in Ra.iasthan Desert. Ille/. For. 98(4): 280-285. 

Gupta, S. 1'. (1976) COI)elatioll und path coeJ'licient analysis of I()dder yield and quality charucters in cowpea 
(Vigna Lln~uieulata Walp.) M.Se. Thesis, IIAU. Hisar. 

Guries, R. P. and Ledig, F. T. (1981) Genetic structure of populations and differentiation in forest trees. USDA. General 
Technical Report PSW-48. Berkely, CA. Pacific Southwest Forest and Range Experiment Station. 42-47. 

Gupta, V. K. and Patil, B. D. (1988) Gcnetic variability and path analysis in white popinac (Leucaena latisiliqua). 
I/1dia/1 J. Agril. Sci. 58(6): 483-484. 

Gupta, V. K., Solanki, K. R., Gupta, R. and Dwivedi, P. (I 996a) Provenance trial and reproductive biology of 
neem (Azadirachta) in ccntral India. In: Dieters M.l, Matheson AC, Nikles DG, Harwood CE, Walker SM (eds). 
Tree improvcmcnt for sLlstainable tropical forestry. Proc. QFRI-IUFRO Cone Queensland, Australia, pp. 81-82. 

Gupta, V. K., Solanld, K. R., Gupta, R., Kumar, R. V. and Datta (1996);)A Rcproductive biology of neem 
(Azadirachta indica 1\. Juss~. Range Management and Agr%resliy. 17: 2, 187-192. 

Gustafson, J. P. (1974) Production of triticale germpiasill. In: Triticale. Proceedill~s Ill' Third Illtcmatiollal 
Symposium. EI Batan. Mexico. pp. 227-233. ~ 

Gupta, V. P., Kaul, A. K. and Ramanlljam (1972) Correlation of somc quality characters and yield in chickpea. 
Sabrao Nell'sletter 4(2): 133-137. 

Gurudev Singh, B., Mahadevan, N. P., Shallthi, A. K. S. and Geetha, S.I. (1995). Multiple seedling in neem 
A2adirach/a indica. Ind. For. 121: 1049-1052. 

Gwaze, D. P., Woolliams, J. A. and Kanowski, P. J. (1997) Genetic parameters for height and stem straightness 
in Pinus taeda Linnaeus in Zimbabwc. For. Genet. 4(3): 159-169. 

Hadjichristodoulou, A. (1989) Environmental correlations among yicld and other important traits of wheat in 
drylands. ElIpIJy/ica44: 143-150. 

Hall, P., Correll, L. C. and Bawa, K. S. (1994) Genetic diversity mating system in a tropical tree Carapa 
guianensis (Meliaceae). Am. J. 80t. 81: 1104-1111. 

lIamann, A., EI Kassahy, Y. A., Koshy, 1\1. P. and Namkoong, C. Multivariate analysis of allozymic and 
quantitative trait variation in Alnus rubra: geographic patterns and evolutionary implications. Call . .J. I~II·. Res. 

(1998) n(IO): 1557-1565. 
Hamman, II. K. (1972). Util ization of multivariate statistics for discriminating among flue-cured tobacco varieties. 

Technical Bulle/in Number 212, North Carolina Agricultural Experimcntal Station (Raleigh, NC). 

Hamon, S. S., Dussert, Deu, 1\1., lIamon, P., Seguin, 1'1., Claszmann, J. C., Crivet, L., Chantereau, .1., 
Chevallier, M. II., Flori, A., Lashenncs, P., Genate, II. and Noirot, M. (1998). Effect of quantitative and 
qualitativc principal component score strategies on structurc of coffee, rubber tree, rice and sorghum core 
eollcctiolls. Gelletics. Selection, l~l'(J/lltioll, 30 (supplement): S237-S258. 

lIamricl.:,.1. K. and Godt, i\1. J. W. (1990) I\llozymc divcrsity in plant species. In: Brown AHD, Clegg M.T., 
Kahler. i\.L., Weir, B.S. (cds.) Plant population gcnetics, breeding, and genetic resources. Sinauer Press, 
Sunderland, M.A. USA. pp. 43-63. 

Hamrick,.1. L., Godt, M. J. W. and Shcnnan Broyles, S. L. (1902) Factors influcncing levels of genetic diversity 
in woody plant species. Nell' For 6: 95-124. 

lIamrick, J. L., Linhart, J. B. and Mitton, Y. B. (197%) Relationships bctwcen life history characteristics and 
elcctrophoretically detectablc gcnetic variation in plants. Ann. Rev. Ecol. Sys/. 10: 173-200. 

Hamrick, J. L., Mitton, .1. B., and Linhart, Y. B. (1979a) Levels of genetic variation in trees: Influence of life 
history characteristics. Proe.Symp.IsozYl1les ofN. Amer. For. Trees. California: Berkeley, pp. 35-41 

Han, S. U., Choi, S. K., KWOII, II. M. and Chang, D. K. (1987) Gcnetie parametcres estimated ii'om 16-ycar old­
open-pollinatcd progenies oC Pinus koraiensis S. et Z. in Korea. Research Report of the Institute of Forest 
Genetics. Korea Republic No. 23 pp. 52-56. 

Hanscn, C. P., Thomscn, A. and Souvallnavong, O. (1997) Recent activities of the international neem network. 
Forest Gene/ic Resources 24: 33-39. 

Hansman, D. and Y. dc, Novoa, C. O. (1986) Micropropagation of tempcrate nut trecs. Hortic. lIbs/r. 56: 403-
416. 

Hanson, W. D. (1970) Genotypic stability. 7'heor. ;Ippl. Genet. 40: 226-231. 

Hara, Y, Morimoto, T. and Fujita, Y. (1987) Production of shikonin derivatives by cell suspension cultures Part 
V. DilTerences in the production betwccn callus and suspcnsion cultures. PI. Cell Rep. 6: 8-11. 

lIa ringlon, .1. B. ( 1(89) CI i mat ic change: a review oC causes. ('(/1/. J For. Res. 17: 13 13-1339. 

Ilannan, II. II. (1968) Modern Factor i\11,ilysis. University of Chicago Press. 

xv 



Hartl, D. L. (1987). A primer of poplI!ation Genetics. Sinauer Associates, Sunderland, MA. 

Harvey, B. L. (1961) The inheritance of erucic acid content in mpes'eed. M.S. thesis, Univ. of Saskatchewan, 
Saskatoon. 

Harwood, J. L. (1980) Plant acyl lipids: Structure distribution. And analysis. P. 1-55 in P.K. Stumpf (ed.) The 
bioehemistr. of plants: A comprehensive treetise. Vol. 4 Aeadeie Press New York. 

Hawldns, S. E., W.r. Fehr and Hammond, E. C. (1983) Resourec allocation in breeding for fatty acid 
composition of soybcan oil. Crop Sci. 23: 900-4. 

Hc Zhihong; Xu Y onghua; Hou Fanglin; Lin Fcngying (1963) Thc ceo-geographical distribution of chemical 
composition of soybean sceds. Jo//rna! 0/ Nortflea.l'.I't Agric//!t///'{/! University (Engl ish Edition) 3(2): 94-102. 

Hehert, D., Faure, S. and Olivieri, I. (I ()94) Gcnctie, phenotypic and environmental correlations in black medic. 
i\Iedicago !//p//lina L., grown in three different environments. Theor App/. Genet. 88: 604-613. 

Hcdrick, P. W. (1975) Genetic similarity and distance: comments and comparisons. Evolution 29: 362-266. 

Hcdricl{, P. W. (1995) Genetic polymorphism in a temporally Varying environment: effects of delayed germination 
of diapause. Heredi/y 75 164-170 ' 

Hedrick, P. W., Cincvan, 1\1. E. and Ewing, E. P. (1976) Genetic polymorphism in heterogeneous environments. 
I1nn. Rev. Eco. Sys/ .. 7, 1-33. N 5 

Hegdc, N. C. (1996) Improvingthe productivity of necm trees. In: Singh, R P; Chari, Raheja, M SA K and Kraus, 
W) (eds.) Neem and Environment. Volume I. Oxford & IBII Publishing Co. Pvt.?'Ltd. New Delhi. pp. 69-79. 

Hegmann, J. And Dingle, II. (1982) Phenotypic and genotypic covariance structure in milkweed bug life bistory 
traits. In: Dingle, J-l. and Ilegmann, .I. (cds) Evolution and Genetics of Life Histories, pp. 177-186. Springer 
New York. 

Heinrich, C. M., FI'aneis, C. A. and Eastin, J. D. (1983) Stability of grain sorghum yield components across 
diverse environments. Crop Sci. 23: 209-212. 

HeIIel'er Ulrikc, and Jarayaman, K. S. (2000) Greens Persuade Europe To Revoke Patent On Neem Tree. Nature 
-405: 266 - 267 

Hellyer, S. A.; Chand lei', I. C. and Bosley, J. A. (1999) Can the fatty acid selectivity of plant lipases be predicted 
from the composition of the seed triglyceride? Biochimica e/ Biopflysica Ac/a, Mo!ec/ar and Ce!! Bio!ogy of 
Lipid\·. 1440(2/3): 215-224. 

Heppard, E. P., Kinney, A. J., Stecca, K. L. and Miao, C. H. (1996) Developmental and growth temperature 

regulation of tlYO di fTerent microsomal (1)-6 dcsaturase genes in soybeans. Plant Physiol. 1 10: 311-319. '. 

Hcnnanutz, L. A. and Weaver, S. E. (1996) Agroecotypes or phcnotypic plasticity? Comparison of agrestal and 
ruderal populations of the wced So!an//m po/ycan/h//m. Oeco!ogia 105: 271-280. 

Hewitt, N. (1998) Sced sizc and shadc-tolerancc: a comparative analysis of North American temperate trees. 
Oeco!ogia. 114(3): 432-440. 

Heybrock, H. M. (1978) Primary considcrations: multiplication and genctie diversity. Unasy!va 30: 27-33 

Heyde, H. von der, R. C. Saxena, and II. Schmuttcrcr (1984) Necm oil and neem extracts as potcntial 
insecticidcs fi)!' control of hemipterous rice pcsts. Proc. 2

nd 
Int. Neem Conf. (Rauischholzhausen, 1983), 377-

390, GTZ Eschborn, Gcrmany. 

Heyde, J. von der, R. C. Saxena, and H. Schlllutterer (1985) Effects of neem seed derivatives on growth and 
tCcundity of the rice pest Nep!/Olet/ix 1'irescells (HomopLra: Cieadcllidae). Z. PflKrankh. PflSchut:: 92: 346-354. 

Higginbotham, .1. W., Curtis, 1'1., ParI,s, C. R. (1989) Morphological variation in southern Appalachian Betula 
alieghanicnsis and.Q. lenta (Betulaeeae). Rhodora 91 (86) 172-187. --

Hildebrand, P. W. (1990) Modified stability analysis and onb-farm rcsearch to breed specific adaptability for 
ecological diversity. In: M.S. Kang (Ed.), Genotype-By-Environment Interaction and Plant Breeding, pp. 169-
180. Louisana Sta Univ. of Agric. Ctr. Baton Rouge, L.A. 

Hill, J. (1975) Gcnotype environment interactions - a challenge to plant breeding. J. Agric. Sci. 85: 477-493. 

Hill, J., Becker, H. C. and Tigerstedt, P. M. A. (1998) Quantitative and ecological aspects of plant breeding. 
Chapman & I lall. '275 p. 

Hills, M. J. and I). F. Murphy, (1991) Biotechnology of oilseeds. Bio/ech. Gen. Eng. Rev. 9: 1-45. 

Hinsberg, A. Van. (1998) Maternal anel ambient environmental effects of light on germination in Plantago 
lanceolata : correlated rcsponscs to selection on leaf length. Fllnc/ion(d Eco!ogy 12(50): 825-833. 

Hoellller, K. A., Osborne, L. S. and Y OkOllli, R. K. (1990) Effects of Neem extracts on beneficial insects in 
greenhousc culturc. In:Proc. USDA Necm Workshop, USDA-ARS 86 pp.100-I05. 

Holsinger, K. E. and Cottlieh, L. n. (19() I) Conservation of rare and endangered plants:principles and prospects, 
in Genetics and Conservation of Rare Plants (Falk, D.A, and Ilolsinger, K.E., cds.), pp. 195-223, Oxfi.lrd 
University Press, 

Hong, T. D. (1997) DUlllCt-!); BCI:iak-P; Ellis-RH (eel.); Black-M (cd.); Murdoch-A,! (ed.); Desiccation tolerance 
and cryopreservation of embryonic axcs of recalcitrant species. Basic and applied aspects of seed biology. 

xvi 



Proccedings of the Firth International Workshop on Seeds. held at Reading, UK, on 10-15 September 1995 .. 
771-776: Current Plant Seiencc and Biotechnology in Agriculture, No. 30. Kluwer Academic Publishers; 
Dordreeht: Netherlands 

lIong, T. D. and Ellis, R. II. (199X) Contrasting seed storage behaviour among different species of Meliaeeae. 
Sel'iI Scil'nce lind Technology. 2()( I): 77-95. 

Iiong, Y. P., Ponoy, B. and Carlson, J. E. (1992) DNA lingerprinting of conifer genomes using RAPD markers. 
In: 6'11 Meeting of International Conifer Biotechnology Working Group. North Carolina State University, April 
23-28. ( 1992) 

Iiongtralwl, V., Slabaugh, M. B. and Knapp, S. J. (199X) A seed speeilie /'1.-12 oleate desaturase gene is 
duplicated, rearranged and \\'eakly expressed in high oleic acid sunlloIVer line. Crop Sci. 38: 1245-1249. 

Horncr, T. W. and Frcy, K. J. (1957) lV1cthods of determining natural areas for oat varietal recommendations. 
Agron . .J. 49: 313-315. 

llosoya, 1-1., Mitsui, Y. and liotta, 1\1. (1999). [valuation of variability and classification in sorghum (Sorghum 
hicolorL. Mocnch) and sudan grass (.'iorghlllll suilanence Pipe Starr.) varieties in regard to feed composition. 
Grassland Science, 45: 67-77. 

Hotclling, II. ( 1933). Analysis or comrlex statistical variablcs into principal components. J. oj Educational 
P.lychulogy, 24: 417. 

Hou JunQiang and ROIllO, J. T. (199X) Seed weight and germination time effect growth of 2 shrubs. Journal of 
Range Managelllent 51 (6): 699-703. 

Hu, C. Y. and Wang, P. J. (1983) Mcristcm, shoot tip, and bud cultures. In: Handbook of Plant Cell Culture, Vol I 
([vans DA, Sharp WR, Ammirato PV. Yamada Y Eds) Macmillan, PI'. 177-227. 

Huang, S. N. (1989) A note on genctic variation in seeds and scedlings of five provenances of Acacia 
allriclilijormis. J Trop For Sci I: 401-404. 

Huber, H. ct al. (1999) Spatial structure of stoloniferous herbs : an interplay between structural blue-print, 
ontogeny and phenotypeie plasticity. Plant Ecol. 141: 107-115. 

Hughcs, J. F. and Willan, R. L. (1976) Policy, planning and objectives. In: Burley, J. and Wood, P. J. (1976) (ed.) 
A Manual on species and provenance research with particular reference to tropics. Commonwealth Forestry 
Institute. Tropical Forestry Papers No. 10. pp. 4-14. 

H untcr, R. B. and Kanncnbcrg, L. W. (1971). Isozyme characterization of corn (Zea mays) in~breds and its 
relationship to singlc cross hybrid perilll'll1anee. Can. .J. Genet. Cytol. 13: 649-655. 

Hunter, W. B. and Ullman, D. E. (1992) Effects of the Neem product, Rd-Repelin, on settling behavior and 
transmis~ion of Zucchini Yellow Mosaic Virus by the Pea Aphid, Acyrthosipi1on pisilllll (Harris) (!-Iomoptera: 
Aphididae). Ann. App/. BiD!. 120: 9-15. 

Husainni, S. H., SanHla, P. and Reddy, B. M. (1984). Effect of sced size on germinatin and vigor in maize. Seed 
Res. 12(2): 98-101. 

Hussein, S. E. C. (1989) Provenance trials of Cordia al/iodira (CAL 28) in the Sudan Common W. For. Rev. 
68(1): 73-74. 

Hutchinson, A. II. (1936). The polygonal representation of polyphase phenomena. Transactions oj Royal Society 
of Canada, Series Z, 30: 10-26. 

Huxlcy, J. S.(1938) Clines and auxiliary taxonomic principle. Nature 142: 15-21. 

Huxman, T. E. ct al. (1998) The efICets of parental CO2 environment on seed quality and subsequent seedling 
performance in BrOlllllS rllbells. Gecolgia 114: 202-208 . 

• 1. K eo DlIW~gll, <\. I Simon~, R WlIugh ,£. W Powell (1995) Diversity and genetic differentiation among 
Sl~1flllhlillilF of G'iri('i(ljp sepiu,,! re"clacd by peR based assd)'s./!eretiily 74 (1995) 10 18 

Ibrahim, A. 1\1.; Fagg, C. W. and lIarris, S. A. (1997) Seed and seedling variation amongst provenances in 
1'(lidherhia alhida. In:speeial issue: Regeneration success and early growth of forest stands. Selected and edited 
papers from the IUFRO eonkrenee on modelling regeneration success and early growth of forest stands held in 
Copenhagen. Denmark, 10-13 .June 1996 (edited by Skovsgaard . .1.1'.; Vanclay, J.K.). Forest Ecology and 
Mllllagelllelit. 97(2): 197-205. 

Immaraju, J. A. (1998) The commercial usc of azadirachtin and its integration into viable pest control programes. 
Pesticide Sci. 54: 258-289. 

Immcl', F. R., H aycs, II. K. and POWCI'S, L. (1934) Statistical determination of barely varietal adaptation. Agron. 
.I .. 26: 403-419. 

Islam, R., Joardcr, N., Joardcr, O. I., Hossain, M., Rahman, S. M. and Naderuzzaman, A. T. 1\1. (1996) 
Somatic Embryogenesis and organogenesis in Neem (Azadirachta indica A. Juss.) In: Singh, R P; Chari,MS; 

xvii 



Raht:ja, ~I $ A K and Kraus, W) (cds.) Ncem and Environment: Volume 2. Oxford & IBH Publishing Co. Pvt. 
Ltd. New Delhi. pp 955-960. 

Islcib, T. G. and J. C. Wynne, (1983) Heterosis in testcrosses of exotic peanut cultivars. Crop Sci. 23: 832-841. 

Isman, M. B., Arnason, J. T. and Towers, G. H. N. (1995) Chcmistry and biological activity of ingredients of 
other species of Meliaceae. In: Schmutterer H. (ed.) the neem tree Azadirachta indica A. Juss. and other 
Meliaciolls plant: somce of unique natural products for integrated pest management, medicine, industry and 
other purposes. Weinheim. pp. 652-666. 

Isman, M. B., Koul, 0., Luezynsld, A. mHI Kaminski, J. (1990) Insecticidal and antifeedant bioactivities of 
Neem oils and their relationship to azadirachtin content. J Argi. Food Chem. 38: 1406-1411. 

Jaccard, P. (1908) NOllveJJes researches sur la distrib.lllion nomic. BIIII. Soc. j)alld Sci. Na/. 44: ?13-270 
Jacobson, M. (1984) Neelll seed as a natural source of pesticidal compounds. J Alii. Oil Chem. Soc. 61 (4): 670. 

Jacobson, M. (ed.) (1989) Focus on phytochemical pesticides, Volume I: The Neelll Tree. CRC Press, Boca Raton, 
FL. 178 pp. 

Jacobson, M., Stoke, J. B., Warthern, Jr. J. D., Redfern, D. K, Webb, R. E. and Telek, L. (1983) In: Proe. 2nd 

lnt. Neem Conf. Ravischholzhausen, FRG, GTZ, Eschborn 31 pp. 

Jadoll, U. S., Nema, B. K, Sharma, H. L., Pandey, S. K. and Srivastava, S. R. (1999) Correlation and 
regression analysis injalllun (Syzygium cuminii (L.) Skeels). J Trop. For. 15(1): 71-75. 

Jain, P. K and Kaura, S. K (1995) Biodiversity Contests: A Novel Approach for Exploration and Conservation 
of Biodiversity at Grassroots Level lacceflted for presentation in National Symposium on Recent Advances in 
Bioseienccs, Nov 3-5, 1995, held at M.D.U., Rohtak.] 

Jain, P. K, Vikram, Kaura, S. K and Gupta, A. K (1998a)Biodiversity contests: a participatory approach for 
exploration and conservation of biodiversity at grassroot level (presented at Int. Conf. on Food Security and 
Crop Science, held at CCS !-laryana Agricultural University, Hisar, India on Nov. 3-6, 1998). 

Jain, R. c., Tripathi, S. 1'., Mahendra, Singh, Kumar, V. S. K and Singh, ivI. (1998) Volume tables for 
Ilwdiroch/a indica 1'01' Gujarat region. Indian For. 124(2): [23-133. 

Jaiswal, U. C. (2000a). Principal componcnts analysis and its interpretation. In: Course compendium of "Use of 
Statistical Methods in Agricultural and Allied Fields" Jan. 19-Feb. 15.2000, Academy of Agricultural Research 
and Mamigelllel1t, CCS Ilaryana Agricultural University, !-lisaI'. pr. 166-172. 

Jaiswal, U. C. (2000b). Factor analysis and its application in social sciences. In:Course compendium of "Usc of 
Statistical Methods in Agricultural and Allied Fields" Jan. 19-Feb. 15,2000, Academy of Agricultural Research 
and Management, CCS !-laryana Agricultural University, Hisar. pp. 173-181. 

Jaiswal, V. S. and Narayan, P. (1984) Regeneration of plantlets from stem tissues of Azadirachta indica A. Juss. 
Proe. Natl. Symp. On Biotechnology of Medicinal, Aromatic and Timber Yielding Plants, Calcutta, pp. 132-
135. 

Jaryulll, J. (1991) Economic value of neelll (Azadirachta indica A. Juss.) in agriculture with reference to Borno 
State or Nigeria. Neem Ne11'sleller 8( I): 1-2. 

Jatasra, D S. and Paroda, R. S. (1983) Evaluation of Prosopis cineraria. Germplasm from desert. Trans lsd! & 
Ucds 8: 138-142 

Jalasra, D. S. (1982) Germplasll1 collection of Prosopis cineraria. Forage Res 8: 1-9 
Jayaparkash, R. K., Paroda, R. S. and Singh, V. P. (1974) Genetic divergence in cowpeas. SA BRA 0 JOlll'l1al, 6.: 

213-217. 

Jeffers, J. N. R. (1967) Two case studies in the application of principal component analysis. //pp/ied Sialislics 16: 225-136. 

Jepsen, G., Simpson, G. G. and Mayr, E. (1949) Genetics. Paleontology and evolution. Princeton University 
Press. 

Jindal, S. K.,Satya Vir and Anjly Pancholy (1999a)Variability and associations for seed yield, oil content and 
tree morphological traits in neem (Awdimchla indica). In: Special lOth year anniversary issue. 1. Trap. For. Sci. 
11 (1): 320-322. 

Jindal, S. K., Bhansali, R. R. and Satyavir(1999b)Variabilily 1'01' seed oil, seedling characters, their relationship 
and breeding systems in Salvadora oleoides. In: Faroda, A.S. Joshi, N.L. Kathju, S. Amal Kar (cds.). Recent 
advances in management of arid ecosystem. Proceedings of a symposi um held in India. March (1997) Jodhpur, 
India; Arid Zone Research Association of India 405-408. 

Jindal, S. 1<., Kackar, N. L. and Solanld, K. R. (1987a) Germplasl11 collection and genetic variability in rohida 
(Tecoll1ella undulata(Sm.) Seem) in western Rajasthan.!ndianJ For. 10(l): 52-55. 

Jindal, S. K., Kacl,ar, N. L. and Solanki, K R. (1987b) Interrelationship between shoot dry weight and 
components in Acacia senegal (L.) wild progeny. Ni/rogen Fixing Tree Research Reports (1987) 5: 16-17. 

xviii 



.Jindal, S. K., Singh, M., Solanki, K. R. and Kackar, N. L. "(1991) Variability and changes in genetic 
parameters of height in juvenile progenies of Teco/llella ulldulata (Sm.) Seem. J Tree Sci. 10: 25-28. 

Jinks, J. L. and Pooni, H. S. (1988). The genetic basis of environmental stress. In: Weir, B. S., Eisen, 
E. J., Goodman, M. N. and Namkoong, G. (eds.). Proc. 2nd International Conf On Quantitative 
Genetics. Sinauer, Sunderland, Mass, USA . 

. Jinks, J. L. and Stevans, J. M. (1959) The components of variation among family means in diallel 
crosses. Gelletics 44: 297-308. 

Jitendra Kumar, Parmar, B, S. and Kumar, J. (1997) Neem oil content and its key chemical 
constituents in relation to the agro-eco10gical factors and regions of India. Pesticide Research Journal. 
1997,9: 2, 216-225. 

Joarder, O. I., Naderuzzama, A.T. M., Islam, R., Hossain, M., Joarder, N. ani Biswas, B. K. (1996) 
Micropropagation of Neem through Axillary Bud Culture. In: Singh, R P; Chart, SRaheja, ~ $ A K and 
Kraus, W) (eds.) Neem and Environment. Volume 2. Oxford & IBH Publishing Co. Pvt. Ltd. New 
Delhi. pp. 961-966 

Johnson, B. (1989) The probability of selecting genetically superior S2 lines from a maize population. 
Maydica 34: 5-14. 

Johnson, H. W., Robinson, H. F. and Comstock, R. E. (1995). Estimates of genetic and environment 
variability in soybeans. Agron. J 47: 314-318. 

Johnson, H. W., Robinson, H. P. and Comstock, R. E. (1955) Genotypic and phenotypic correlations in 
soybeans and their implication in selection. Agron. J 47: 477-483. 

Johnson, R. A. and Wichern, D. W. (1988) Applied multivariate statistical analysis. Prentice-Hall Inc., 
Englewood Cliffs, New Jersey. 

Joly, H. I., Zeh Nlo, M., Danthu, P. and Aygalent, C. (1992) Population genetics of an African Acacia, 
Acacia albida I. Genetic diversity of populations from West Africa. Aust. J. Bot. 49: 59-73. 

Jones, N. and Burley, J. (1973) Seed certification, provenance nomenclature and genetic history in 
forestry. Silvae Genet. 22: 53-58 

Joshi M. S. and Thengane, S. R. (1996) Potential application of in vitro methods for propagation ofNeem 
(Azadirachta indica A. Juss.). In: Singh, R P; Charit~aheja, ~ $ A K and Kraus, W) (eds.) Neem and 
Environment. Volume 2. Oxford & IBH Publishing Co. Pvt. Ltd. New Delhi. pp. 967-974. 

Joshi, J. W. (1926) Hybrid vigour in rice. J. Am. Soc. Agron. 18: 424-428. 

Joshi, M. S., and Thengane, S. R. (1996) In vitro propagation of Azadirachta indica A. Juss. (neem) by 
shoot proliferation. Indian JExp.Biol. 34(5): 480-82 

Joshi, S. P., Ranjekar P. K. and Gupta, V. S. (1999) Molecular markers in plant genome analysis. 
Current Science 77: 230-239. 

Jovanovic, M. (1960) The influence of Pinus nigra seed size on germination and seedling development 
during the first growing season. Rev. For. France. 12(5): 301-308. 

Justice, O. L. and L. N. Bass (1988). Principles and practices of seed storage. USDA Agri. Handbook 
506p. 

Kabede, Y. and Menkir, A. (1987) Sorghum improvement for the moisture-stress regions of Ethiopia. In: 
Menyonga,1. M., Taye Benzuneh and Youdeovei (Eds.), Food Grain Production in Semi-Arid Africa, 
pp. 131-139. OAU/STRC-SAFGRAD. 

Kackar N. L. (1988). Variability and path analysis for fodder yield and related characters in Prosopis 
cineraria (L) MacBRIDE. Ph D thesis University of Jodhpur, Jodhpur. 

Kackar, N. L., Solanki, K. R. and Jindal, S. K. (1986a) Variation for morphological characters in 
Prosopis cineraria in natural stands. Myforest 22: 129-134. 

Kackar, N. L., Solanki, K. R. and Jindal, S. K.(1986b) Variation in fruit in seed characters of Prosopis 
cineraria in Thar desert. Indian J. For. 9: 113-115. 

Kadidal, S. (1998): United States patent prior art rules and the neem controversy: a case of subject-matter 
imperialism? Biodiversity and Conservation. 1998, 7: 1,27-39. 

Kadir A. A., Ariffin, M., Shaari, K. and Heng, C. K. (1998) The distribution and azadirachtin content of 
Malaysian neem trees. J. Trop. For. Products. 4(1): 17-23. 

xix 



I~afawin, O. 1\1. (199l\) Sced sizc anu water pOlcntial effects OIq;,crmination and carly growth of two barlcy 
eultivars. /)irasat Agri/ Sci. 25(3): 335-342. 

Kaiser, H. F. (1958). Thc varimax criterion for analytic rotation in factor analysis. Psychometrika, 23: 187. 

Kalyani Datta, Mithilesh Chatul'vedi, Datta, K. and Chatllrevedi, M. (1997) Distribution of airborne pollen of 
!/z(fdimchta and Iloloptclea in India . .fIJ/lmal ()/Palynology. 33( 1-2): 1\3-94. 

Kalllla, Vniyal, LJniyal, D. P. and LJniyal, K. (1996) Mycollora ofnccm sceds.lnd For. 122(5): 423-427 . 

.. ~ :. -

Kane, M. V.; Steele, C. c,; Grabau, L. J.; Mackown, C. T. and Hildebrand, D. F. (1997) Early-maturing 
soybean cropping systcm : Ill. Protcin and oil contcnts and oil composition. Agron. J. 89(3): 464-469. 

Kanctani, S., Watanabc, A., Shiraishi, S., Gyokusen, K. and Saito, A. (1997) Study on genetic variation of 
Melia azedareh Linn. PopulatioJi in Kyushu area using RAPD markers. Bulletin of the Kyushu University 

Forests. 76: 1-9. 

Kang Jung Hoon and Lee Hojin (1996) Growth and morphological chmacteristics or introduced ';llI'ghlll11 germplasll1. 
Korean J01lrnal Crop Science 41: 207-214. 

Kang, H., Jaschcl(, G. and Bawa, K. S. (1992) Variation in seed and seedling traits in Pithecellobillill pedicel/are, 
a tropical rain forest tree. Oecologia 91 (2): 239-244. 

Kang, M. S. and Gauch, H. G. (1996) Genotype-by-Environment Interaction. CRC Press, Boca Raton, Florida 
USA. Pp. 416. 

Karivaratharaju (1999a) ErICet of secd moisture and drying mcthods on seed quality ofNeem (A::adirachta indica 
A . .luss.). In: Singh, R. P. & R. C. Saxcna (Eds.). Azadirachta indica A. Juss. Oxford & IBH Publishing Co Pvt. 
Ltd. Nell' Delhi & Calcutta, 277-284. 

Kal"ivanltharaju (1999b) Erl'cct of aecelcrated ageing on viabi I ity and vigour of seeds of Neem (A::adirachta 
indica A . .fuss.) In: Singh, R. P. & R. C. Saxcna (Eds.). Azadirachta indica A . .fuss. Oxford & IBH Publishing 
Co Pvt. Ltd. New Delhi & Calcutta, 2R5-190. 

Kad, S. A. And Avisc, J. C. (I991) l3alaneing sclection at allozymc loci in oysters: implications from nuclear 
RFLPs. Science, 256, 100- I 02. 

Kaura, S. K., Gupta, S. K. and Chowdhury, J. B. (199,8e) Morphological and oil content variation in seeds of 
.·/zac/iruciJ/a indica A . .luss. li'om northern and western proycnanccs or India. Plants Foodsfor HUlllan Nutrition 
52: 293-298. 

Kaura, S. K., Gupta, S. K. and Zaldr Ilussain (1998b) Morphological, oil contcnt and fatty acid variation in 
sceds or somc provenancc collections or .-/zadimchta indica A. Juss. li'om northern and western provcnances of 
India [presentcd at Int. Coni". on Food Sccurity and Crop Science, held at CCS Haryana Agricultural University, 
H isar. India on November 3-6, 1998]. 

Kaura, S. K., Jain, P. K. and Kamaljcct (I999a) Documentation of indigenous knowledge based on plant 
biodiversity [presented at 'Workshop on Indigenous Knowledge and Journalism' organised by Society for 
Research and Initiatives on Sustainable Technologies and Institutions (SRISTI), Ahemdabad, India; Soojh 
Boojh Net work, New Delhi and Ashoka, Nell' Delhi at Hotel PaUlik, DehradunJ. 

Kaura, S. K, ZaIdI' Hussain, Bisla, Dhillon, S. S., Gupta, R. S. and Vikram, S. K. (I 998a) Survey, germplasm 
collection and provcnancc trials or ilzadirachta indica A. Juss. [Presented at Int. Conf. on Food Security and 
Crop Scicnce, held at CCS I [aryana Agricultural University, Hisar, India on Nov. 3-6, 1998]. 

Kaura, S. K., ZaIdI' Hussain, Gupta, S. K. and Chowd~'lIry, J. B. (I999b) Evaluation of seeds for in vitro mass 
mliltiplication of plus trce of Azadirachta indica A. Juss. (Neem) and production of commercially important 
metabolites. [presented at National Symposium on Role of Plant Tissue Culture in Biodiversity Conservation 
and Economic Development at G. B. pant Institute of Himalayan Environment and Development, held at Kosi­
Katannal. Almora, Uttar Pradesh. India from .lune 7-9, 1999]. 

Kaushal, P. C. (1979) Gcnetic variation in Himalayan Poplar. ivlSc thesis, Dr YS Parmar University of 
Horticulturc and Forcstry, Solan, indi,l. 

Kaushil(, N. and Vir, S. (2000) Variations in Catty acid composition 01" neem seeds collected from the Rajasthan 
state of India. Biochem Soc Trans. 2l)(6):l\l\0-2. 

Kearney, M. L, Allan, E. J, Hooker, J. E. and Mordue, Luntz, A. J. Antifeedant effects of in-vitro culture 
extracts or the necmtree, A:adiracllta indica against the desert locust (Schistocerca gregaria (Forskal) Plant 
Cel/ Tisslle Organ Cllltllre; (1994) 37. I, 67-71 

Kearsey, 1\1. .J., and A. G. L. Farquhar, (199l\) QTL analysis; where arc we now? Heredity 80: 137-142. 

Kcdarnath, S. (1967) Present status of j(.)rcst trec breeding in India. Proe. World Consul For Genet and Tree Imp, 
Stockholm. Vol. 11,7/6: 1-7 

Kedarnath, S. (1982a) Gcnctie v.lriatinn and heritability of juvenile height growth in Eucalyptus grandis. J Tree 
Sci I: 46-49 

Kcdharnath, S. (I9X2b) PIllS trec sclcction-a tool in j()rcst trce improvcmcnt. In: Khosla, P.K. (cd.)Jmprovcmcnt of 
Forest Biomass, ISTS. Solan: 13-20. 

xx 



Kcdharnath, S., Chactty, R. and Rawat, M. S.(1960) Estimation of gcnctic paramctcrs in teak (Tee/ona grandis) 
without raising p)"l)g~ni~s. 11111. For. XI): 2:lX-245. 

I(wlings. H. (1966) Aims and prospects ofteak breeding ill Thailand. Nat. Ifisl. 81111. SWill. Soc. (R,lllg!;uk) ~ I: ~15-(l~. 

--I-#ll"Iey .. 1. &, HElme:;, Jeu.}. HI'ISnDlIne, /\W;lrtlIIU. VOL L. e>U.f; I. LUIHIllOI1'>'l'ei;lIIA n>n:SlFY IflSlllUle o"""u. 

Kertadikara, W. S. and Prat, D. (1995) Genetic structure and mating system in teak 
. (Tec/ona grandis L. t) provenances. Silvae Genet. 44: 104-110. 

''':CIllP, R. II. (1976) Secd procurement tt)r species and provenance reseal·ch. In: Burlcy, J. and Wood, P. J. (1976) 
(cd.) A Manual 011 specics and pro\'enan~c I'l:sl:arch with particulur referl:nec to tropics. Comlllonwl:ulth 
Forestry Institute. Tropical Forestry Papers No. 10. pp. 32-48. 

Kennedy, B. W., M. Quinton, and J. A. M. van Arcndonk. (1992) Estimation of effects of single genes on 
quantitative traits . .I. Anim. Sci. 70 : 2000-2012. 

Kctkar, A. Y. and Ketll.ar, C. M.(1995) Medicinal uses including pharmacology in Asia. In: The Neem Tree­
Source of Unique Natural Products for Integrated Pest Managemen, Medicine, Industry and Other Purposes. Ed. 
H. Schmutterer. Wemhcim, New York, pp. 518-525. 

Kctkar, C. M. (1976) Utilisation of Ncem (kadirach/a indica) and its bye-products. Directorate of Non-edible 
Oils and Soap Industrics, Khadi and Village Industries Commission, Pune. 

Khajuria, 1-1. N., Manoj Kumar and Bajwa, V. (1999). Variability studies in neem (Azadirachta indica A. Juss.). 
Fourth Agricultural Science Congress. organised by National Academy of Agricultural Sciences, New Delhi at 
R,\jasthan Agricultural University, Bikaner. 

Khalifa, A. 1-1.; EI-Dcngawy, R. A. and Ramadan, B. R. (1998) Composition and utilization of guava seeds. 
Assiuf J Agril. Sci. 29(3): 11-18. 

Khalil, M. A. K. (1985) Heritability of Juvenile characters of white spruce (Pieea glauea moench voss) in Central 
New Foundland Canada. TheOl·e. Appl. Genet. 69: 247-251. 

Khan, N. A. (1983 )Study of phcnotypic variation in Pinus lI'al/ichiana in selected areas of Jammu & Kashmir and 
llimaehal Pradesh. MSe thesis. Dr YS Parmar University of Horticulture and Forestry, Solan, India. 

Khanna, K. R. andMisra, C. H. (1977) Divergence and heterosis in tomato. SABRAOJ 9: 43-50. 

Khasa, P. D., Li, P., Vallee, G., Magnusscn, S. and Bousquet, J. (1995) Early evaluation of Racosperma 
Clllriculij'orme and R. mangillll1 provcnance trials on four sites in Zaire. Forest Ecology and Managemen/78: 99-
113. 

Khattak, G. M. (1961) Rooting of cuttings of Shisham. Pak J For II (4): 353-355. 

Khavani, R. 1-1., Shukla, P. T., and Madariya, (2000) Analysis of variability of sed yield and related characters in 
sartlower (Carthamus tinctorius L.). Madm Agric. J. 87(7-9): 449-452. 

Khosla, P. K, Kaushal, P. C. and Khurana, D. I(. (1980a) Studies in Populus cilitia Wall ex Royle. II . Phenotypic 
variation in natural stands. Silme Genel. 29; 31-37. 

Khosla, P. K. (1985) Genctic improvement of agroforestry trees. In: AgroforestlY systems-A new challenge (PK 
Khosla and S Puri. eds)15J-J60 

Khosla, P. K. Sehgal, R. N., DhaJ, S. P. and Chauhan, I(. (1985) Path coefficient analysis of correlation between 
shoot dry weight and other characters in Pinus roxiburghii progeny. J Tree Sci. 4(1): 15-19. 

Khosla, P. K., Khurana, O. K. and Sagwa', S. S. (1980b) Selection of plus trees for growth in Pinus roxburghii 
from Himachal Pradesh. Proc. 2nd National Forestry Conl' . .Ian. 16-17. 1980, Dehradun. 

Khosla, P. K., Sagwal, S. S~, KhuJ'lllla, O. K. and Sareen, T. S. (1980) Phenotypic variation in natural stands of 
Pinlls I'Oxblllghii. Si/l'icIIIIIII'{I 16: 36. 

Khunlna, D. K. and Khosla, P. K. (1982) Studies in Popu/u.\' cilia/a Wall ex Royl III. Phenotypic variation ill 
relation to ecological blocks. J Tree Sci I: 35-45. 

Khurana, S. R. and Sandhu, R. S. (1972) Intcrrelationships among certain quantitative traits in soybean (Glycine 
max (L.) PAU. J Res. 9: 520-527. 

King, K. F. S. (1979) Some principles of agrol()restry. In: Proc. of the Agrofol'estry Semianr, ICAR, New Delhi: 
17-25. 

Kiss, G. K. (1976) Plus-tree selection in British Columbia. Proe. 15th Meet. Can. Tree Improv. Assoc., Part 2.24-
31. 

Kleinschmit, J. R. G., Bacilicl'i, R., Kremcr, A. and Roloff, A. (1995) Comparison of morphological and genetic 
traits of pedunculate oak (Q. robur L.) and sessile oak (Q. petraea (Matt.) LiebL). Silvae Genet. 44 (5-6): 256-
269. - -- - -_ 

Klichc Spory, c., Klccbcrg, 1-1., Ruch, R, Schafer I., Schlicht, A., Tross, R. and Klecberg, H. (1997) Neem and 
GLP: Good Laboratory Practice. (cd.), Zebitz CPW Practice oriented results on use and production of neem­
ingredients and pheromones. Proccedings 5th Workshop Wetzlar, Germany, 22-25 January (1996) 1997, 7-8; 
Trifolio-M GmbH; Lahnau; Germany 

xxi 



Kni~ht, R (I'no) TilL: 11lL:aSun:l11L:nt ami interpretatiol1 or gen(,t)pe-environment interactions. I;;uphylica. 19: 225-

235. 
Knowlcs, P. and Grant, M. C. (19R I) Cienetic pattern associated with growth variability in pondcrosa pine. //111 . .J. 

/]01.61\: 942-946. 

Knowlcs, P. F. and 11iI1, A. B. 0 9(4) Inheritancc or I~ltty acid content in the seed oil of a safilower introduction 

I"om Iran. Crop. Sci. 4: 406-409. 

Knutzon, D. S., Thompson, C. A., Radkc, S. E., Johnson, W. B., Knauf, V. C. and Kridl, J. C. (1992) 
Modi Ii cation or Brassica seed oi I by antiscnsl: expression or a stearoly-aeyl carrier protcin dcsaturase gene. 
Proc. Nail. Aead Sci. US;I 1\9: 2624-2621\. 

KOI'adia, D., Rohit, P. H., Parmar, 1'1., Parmar, C. H, Kiradiya, I. S., Tavitad, R. F, Muralikrishna, S., Patel, 
H., Sinha, R., Goswami, S., Patcl, K. K. and Gupta, A. K. (1999) Survey of Grassroots Innovations Part 
XXVI. To hasten ripening of mangoes. Honey Bee 10(2):13. 

Koski, V. (1971). Embryonic lethals of Picea abies and Pinus sylveslris. ComJl1un Ins/. For. Fenn. 75(3): 1-30. 

Kotwal, P. C. (1983) Selection of superior phenotypes of teak in Madhya Pradesh. Indian J. For. 6(1): 1-4. 

Koul, O. and Isman, M. B. (1991) Effects of azadiraehtin on the dictary utilization and developmcnt or the 
Varieg<ltl:d Cutworm l'eridml1la sa/{cia . .J. Insecl Phys. 37: 591-598. 

Koul, 0., Isman, M. B. and Ketkar, C. M. (1990) Properties and uses of Neem, AJ.adirachta indica. Can. J. Bot. 
68: I-II. 

Kraus, W. (1984) Biologically active compounds from Meliaceae. Stud.Org.Chem. 17, 
('hem. Biolechl1ol. BioI.Acl.Nal. Prod. 331-45. 

Kraus, W. (1995) Biologically active ingredients: Azadirachtin and other triterpenoids. In: Schmutterer H. (ed) The 
neem trec A:::adirachta indica A . .Juss. and other Meliacious plants: source of unique natural products for 
integrated pest management. medicine, industry and other purposes. Weinheim. pp. 35-88. 

K.'cmcr, A. (1994) Genetic diversity and phenotypic variability of lorest trees. (Diversite genctique et variabilitc 
des caractcres phenotypiques chez les arbres forestiers). [n://I1;lIIal and plant Genetic Resources: melhodologies 
of investigation and lIIal1agement. Proceedings of a conference held 0/1 28-30 September 1993 al Mon/pellier, 
France. Genetics, Selection, Evolulion 26 (Supplement I) 105s-123s. 

Krikorian, D., Abraham, Matlhav Singh and Quinn, E. (1981) In: A. N. Rao (ed.), Proc. Int. Symp. On Tissue 
Culture of Economically Important Plants, Costed and ANBS Asian Bank Network for Biological Sciences. 167 
pp. 

Krishanaswami, S., VinaYlIl'ai, R. S. and Srinivasan, V, M. (1982) Genetic parameters and inter se correlation of 
morpho-physiological attributes in seVl:n species of EucalYPll/s. Si/vae Genet. 31 (2-3): 1-43. 

Kshirsag:lI', A. M. (1974). Multivariate Analysis. Marcel Dekker Inc., New York and Basel, USA. 

Kuckcl, d' Hcrculais (1888-94) "Lce Acridiens, Vulgo Sautere Ucs, ct Leurs invasions on Algeric 1884-94" 

Kulkarni, H. D. and Srimathi, R. A. (1986). Natural chlorophyll matant in Azadirachla indica A. Juss. Journal 0/ 
Tropical Forest/y, 2: 241-243. 

Kulkarni, H. D. and Sl'imathi, R. A. (1987). An albino type natural chlorophyll mutant in AJ.adirachla indica A . 
. 1LIss. Sill'ae Genet. 36: 44-45. 

Kumar A., Tandon, P. and Sharma, A. (1991) Morphogenetic responses of cultured cells of cambial origin of a 
mature tree /)albergia sisson Roxb. I'lanl Cell Rep. 9( 12): 703-706. 

Kumar i\;1., Gokuldas Bhat, Krishllamoorty, P., h.amaiah, P. K. (1990) Potential role of kerosene and neem 
derivatives in integrated management or mealy bugs on coffee. J Coffee Res. 19( I): 17-29. 

Kumar N. and Toky, O. P. (I 996)Variation in seed germination and juvenile growth of 12 provenances of Albi:::ia 
lebbek (L.) Benth. in arid India. Il1dian J For. 19(2): 123-128. 

Kumar P. (1986) Studies of phcnotypic variation in natural stands of Pil1l/s germ'diana in Kinnaur. MSc thesis, Dr 
YS Parmar University of Horticulture and Forestry, Solan, India. 

Kumar, J. and Parmar, B. S. (1996) Ncem oil content and its key chcmical constituents in relation to the agro­
ecological factors and regions of India. Pesticide Res. 9(2): 17-29. 

Kumar, V. S. K. and Tcwari, V. P. (1999) Aboveground biomass tables for Azadirachla indica A. Juss. 
International Forestry Review 1 (2): 109-111, 138-139, 

Kumaran, K, Surcntlran, C. anti Rai, R. S. V. (1996) Variation studies and heritable components of seed 
parameters in neem (A:::ac/imciJla indica A. Juss.). In: Singh, R P; Chari7'Raheja, ~ $ A K and Kraus, W) (eds.) 
Neelll and Environment. Volume I. Oxford & IBn Publishing Co. PVL/Ltd. New Delhi. pp. 167-172. 

KUlldu, S. K. (1999a) Comparativc analysis of seed morphometric and allozyme data among four populations of 
necm (A:::adimchta indica). Gel1elic Resollrces and Crop EVO/llliol1 46(6): 569-577. 

Kundu, S. K. (1999 ) Genetic Diversity, Mating System, Adaptation and Domestication in the Neem Tree 
(A:::adirachla indica). Doctoral Thesis, Department of Plant Biology, Forest Tree Breeding, P.O. Box 27, FIN-
00014 University of Helsinki, finland. 

xxii 



KUlldu, S. K. (1999c) The mating systcm and gcnctic signiiic<1nce of polyearpy in the neem tree (Azadirachta 
indica). J'heore. :Ipp!' Gelid 99(7/8): 1216-1220. '. 

Kundu, S. K. and Tigerstedt, P. M. A. (1997) Geographic variation in seed and seedling traits of neem 
(A::adimclita indica A .. hlss.) among tcn [lopulations studicd in growth chambcr. Silvae Genet .. , 46(2-3): 129-

137. 
I":undu, S. I":. and Tit:el'stedt, P. 1\1. A. (I l)()() Variation ill Il(;t photosynthesis, stomatal characteristics, kat' ar(;a 

and whole-plant phytomas:; [lroduction among t(;n provcnan(;(;s of ncclll (Azadirachta indica). /i'ee Physiology, 
19:47-52. 

Kundu, S. K., Islam, Q. N., Emmanuel, C. J. S. K., and P. M. A. Tigerstedt (l998b)Observation on genotype X 
environment interactions and stability in the international neem (Azadirachla indica A. Juss.) provenance trials 
in Bangladesh and India. For. Genet. 5(2): 85-96. 

Kundu, S. K., Niskanen, A. M. and Tigerstedt, P. M. A. (I 998a) In vilro propagation of the nccm trcc 
(Azadiarchta indica). In; Niskancn A-M (cd) Plant brccding and forest tree breeding today (abstracts). 
Dcpartment of Plant Biology, lIelsinki Univcrsity. 45 p. 

Kung, F. H. (1981) Delineating seed collection zones based on multi plantation provenance tests. Proc. 16'h South. 
For. Tree Impr. Conf. May 22-28. 1981. pp. 83-96. Virginia, USA. 

Kuruvilla, T., Komaraiah, P. and Ramakrishna, S. V. (1999a) Enhanced secretion of azadirachtin by 
permeablised margosa ccl Is. In: Plant tissue culture and biotechnology: emerging trends. Proceedings of a 
symposium held at Ilyderabad, India, 29-31 January (1997)(edited by Kishor P. B. K.). Hyderabad, india; 
Universities Press (0 Ltd. Rcgional Rescareh Laboratory (CSIR), Trivandrum-695 019, India. 

Kuruvilla, T., Komaraiah, P. and Ramakl"ishna, S. V. (1999b) Enhanced secretion of azadiraehtin by 
permeabi I ized margosa (Azadirachta indica) cells. Indian J. /:_,xp. BioI. (1999) 3 7( I): 89-91. 

Kwolek, T. F., Atkins, R. E. and Smith, O. S. (1986) Comparisons of agronomic characteristics in CO and C4 of 
IAP3BR(M) random mating grain sorghum population. Crop Sci. 26: 1127-1131. 

Kwon, H. M., Kim, K. S., Kim, J. H. and Choi, S. K. (1987) Estimates of broad sense heritability and genetic 
gain of Pinlls dens!/lora. Research report of the Institute of Forest Genetics, Korea Republic (1987) No. 23: 47-
51. 

Lacaze, J. F. (1978) Advances in species and provenance selection. Unasylva 30: 17-20. 

Lacey, E. P.; Smith, S. and Case, A. L. (1997) Parental effects on seed Inass: seed coat but not embryo/endosperm 
effects . .'1111. J. Bal. 84(11): 1617-1620. 

Lacy, R. C. (1987). Loss of genetic diversity from managed populations: interacting effects of drift, mutation, 
immigration, selection, and population subdivision. Conserv. Bio!., 1, 143-158. 

Ladd, S. L. and P. F. Knowles, (I 970)lnheritance of stearic aeid in the seed oil of safflower. Crop. Sci. 10: 525-
527. . 

Lagerstrom, T. and Eriksson, C. (1997) Improvement of trees and shrubs by phenotypic selection for landscaping 
in urban and rural arcas - Swedish example. Forest & landscape Research. 1(4): 349-366. 

Lambcth, C. c., Van Buijtcncn, J. P., Dukc, S. D. and McCullaugh, R. B. (1983) Early selection is effective in 
20-year-old genetics tests of loblolly pille. Silvae Genel. 32: 2 I 0-2 I 5. 

Lamprccht, H. (1993) Si Ivieultul"c in the tropical natural forests. In: PanceI L. (ed.) Tropical forestry handbook. 
Springer Verlag, Berlin, pp. 727-810. 

Lande, R. (1982) A quantitative genetic theory of Ii Ie history evolution. Ecology 63: 607-615. 

Langewald J. and Schmuttcrer, H. (1995) Colour change in the desert locust, Schistocerca gregaria (Forsk.) 
(Orth. Cyrtacanthaeridinae), induced by topical treatment with azadirachtinenriched neem oil in semi-field trials 
in Benin at different population densities. J. Appl. Enlo111ol. (119): 221-226 .. 

Lande, R. (1988) Quantitative genetics and evolutionary theory. In: Weir, B.; Eisen E.; Goodman, M. and 
1\Tamkoong, G. (eds.) Proc. Second International Coference on Quantitative Genetics. pp. 71-84 Sinauer 

Ass., Sunderland, M.A. 

Lagercantl, U. and Ryman, N. (1990) Genetic structure of Norway Spruce (Picea abies) concordance of morphological and 
, allozymic variation. Evolution 44: 38-53. 

Langlet, O. (1934) Om variationen hos tallen Pinlls sylvesfris och dess sam band med klimatet. Medd. st. 
SkogsforsAnst. 27: 87-89. 

Langlct, O. (1967) Regional Intraspeeitic variousness. IUFRO Congress Munchen, Germany, Vol. III: 435-458. 

Lantz, C. W. (1975) Natural Variation - raw material for genetic gain. 111: Forest Tree Improvement - The Third 
DecacIe. D. Thielges. (Ed.), 24'h Annual Forestry Symposium, Louisiana. Baton Rouge, Louisiana, pp 15-18. 

xxiii 



Larcw, H. C. (1990) Activily ofNcem seed oil against greenholl:Y~ pests. In:Proc. USDA Neem Workshop, USDA­
A RS 116 p. 1211-13 I . 

Lanen, C. S. (1954) Provenance testinl'. and forest tree brccdinl!.. I'I'llC. I Ilh Congo IUFRO, Rome: 467-473. 

Larkin, P. J. and Scow croft, W. R. (1981) Somaclonal variation- a novel source of vairabiity from cell cultures for plant 
improvement. 7'heor. App!. Genet. 60: 197-24. . 

Lald{c, II. A., Chow, K. c., Mickel, F. S., Moss, K. A., Kern, F. and Schcclc, C. A. (19117) SelectIon 01 /\ lJ\" 

initiation codons differs in plants and animal. Dl·1IJO J. 6: 43-411. 

Lauridsen, E. B., Kanchanaburagura, C. and BoolIscnnsuk, S. (1991) Neem (Azadirachta indica A. Juss.) in 
Thailand. For Gellel. Res. 19: 25-33. 

Lavi, U., Cregan, P., Schaap, T. and Hillel, J. (1994) Application of DNA markers for identification and breeding' 
of percnnial fi'uit crops. Planl Breedillg Reviews 12: 195-226. 

Lcbada, A. and Jcndrulck, T. (1987) Cluster analysis as a method for evaluation of genetic similarity in specific 
host-parasite interaction (~sativa I3remia Lactucae). TheOl·e. Jlpp/. Genet. 75: 159-164. 

Ledig, FT. (1974) An analysis of mcthods for the selection of trccs from wild stands. For Sci 20: 2-16. 

Lcdig, F. T. (1973) The application of mass selection in trees imj1i'ovcmcnt. Proe. 20th Northeast. For. 7i'ee 
/1IIf!/'() 1'. ('vnt: 69-83. 

Ledig, F. T. (1992) Ill'lI11an impacts on genctic diversity in forcst ccosystems. In:I'luman impact on gcnetic 
variation and diversity of natural popUlations. Papers fi'OI11 a symposium organized by the Royal Swedish 
Acadcmy of Sciences in October 1990. Oikos 63 (I) 87-108. 

Lcdig, F. T., Curics, R. P. and Bonercld, B. A. (1983) The relation of growth of heterozygosity in pitch pine. 
r;,'ollltion 37: 1227-1238. 

Lee, M. (1999) DNA markers and plant brccding programmes. II(h'(lIlCeS ill Agronomy 55: 265-344. 

Lee, S. M., Klocke, J. A. and Yamasaki, R. B. (1986) Isolation and purification of azadirachtin fi'om neem 
(i/zadirachta i,idica) seeds. Ahstr.J'ap.AII1.Chem.Soc.; (1986) 192 Meet., AGRO 49 

Lee, B. T. O. and Parsons, P. A. (196R) Selectioh. ]ll:ediclion and response. JJioi. Nt'l:·. 43: 13')-17--1. 

Lce, S. M., Klockc, J. A., Barnby, M. A., Yamasaki, R. B. and Balandrin, M. F. (1991) Insecticidal constituents 
01' ;12adirachla indica and fl-Ieli(l azedarach (Meliaeeae). ACS Symp. Series 449: 293-304. 

Ledig, F. T, and Kitzmiller, J. (1992) Genetic strategies for relorestation in the face of global climate change. For 
Eco!. Mallage. 50: 153-169. 

Lei, CuangFu, Zhu, XiRu, Zhang, YunKai, Zhang, HaiBao, Liu, Wei, Lei, C. F" Zhu, X. Ro, Zhang, y, K., 
Zhang, H. B. and Lill, W. (1998) Callus formation in explants of Azadirachta indica and the azadirachtin 
content. J. Trap. Sublropical 1301 .. 6(3): 267-270. 

Leiding, T. F. (1974) An analysis of mcthods lor the selection of trees li'om the wild stands. Forest Sci. 20: 2-16. 

Lcmmens, R. 1-1. M. J., Soeriancgara, I. and Wong, \V, C cds. (1995) ?falll Resources of SOlllh-East Asia No.5 
(2). Tim!Jer trees: millor commercial timbers. 655 ~'p. Prosca Foundation, Bogar, Indonesia. Leiden: Baekhuys 
Pub. 

Lcvcnc, 1-1. ( 1953) Genetic polymorphism when more than one ecological niche is available. Alii. Nat., 87,331-333. 

Lever, K. C. and Burley, J. (1974) The apliclion ol'biochemical mcthous in lorestry. Pap. 10lh Commonw. For. 
COI?l, Oxlord. Pp. 20. 

Li Pcng, Beaulieu, J. and Bousquet, J. (1997.1) Genetic structure and patterns of genetic variations among 
popUlations in eastern white spruce (Picea glallca). Cal1. J. For. Res. 27(2): 189-198. 

Li I'cng, Bcaulieu, J., Daoust, C. and I'lounlc, A. (1997b) Patterns 01' adaptive genetic variation in eastern white 
pine (Pinlls strobus). C(lil. J For. Res. 27(2): 199-206. 

Li, C. C and Rutgar, J. N. (1980). Inheritance of cold temperature seedling vigor in rice and its relationship with 
other agronomic characters. Crop Sci. 20: 295-297. 

Li, S. T. (1976) Seedling variation of Pillus (aill'ellsis I-Iayata as related to geographic seed origins. Taill'ania 21 (2): 
138-149. 

Libby, W. ,J. (J 973) Domestication strategies for forest trees. Can. J Ear. Res. 3: 265-276. 

Libby, W. J. (1990) Advantage of clonal lorestry revi~ted. In: Proe. or joint meeting of WFGA and IUFRO 
working parties. Olympia. Washington. pp. 20-24. I 

Libby, W. J. and Ahuja, M. R. (1993) Clonal lorcstry In: Libby, W..I., Ahuja, M.R. (cds.) Clonal forestry II, 
Conservation and application. Springer-Verlag, Berlin. PI'. 1-8. 

Libby, W. J. and Rauter, R. 1\1. (1984) Advantages of clonal forestry. For. Chrol1. 60: 145-149. 

xxiv 



Libby, W. J., Bridgwater, F., Lantz, C. and White, T. (1997) ,Genetic diversity in commercial forest tree 
plantations: introductory comments to the (1994) SRIEG meeting papers. Can J. For. Res. 27: 397-400. 

Libby, W. J., Stettler, R. F. and Setiz, F. W. (1969). Forest genetics and forest-free breeding. Ann .. Rev. Genet. 3: 
469-494. 

Lichtenthaler, H. K. (1999): The 1-deoxy-D-xylulose-5-phosphate pathway of isoprenoid biosynthesis in plants. 
Ann. Rev. Plant Physiol. Plant Mo!. BioI. 50: 47-65. 

Lima, P. C. F. (1998) Gcnctic improvcmcnt program of Prosopis in northcastern Brazil. In: Puri, S. (cd.) Trcc 
improvement: applied research and technology transfer. Oxford & I13H Publishing Co. New Delhi. pp 141-154. 

Lin, C. S., Bins, M. R. and Leikovitch, I. P. (1913<).) Stability analysis: Where do we stand? Crop Sci. 26: 894-
900. 

Lin, M. H., Gao, Q. X. and Lin, M. J. (1998 ) A study on the germplasm resources of sweet sorghum in the 
southen mountain regions of Shaanxi. Crop Genetic Resources, I: 17-19. 

Lindgren, D. (1984) Prediction and optimization of genetic gain with regard to genotype x environment 
interactions. Studia Forestalia SlIecica. 166: 15-23. 

Lindquist, R. K., Adams, A. J., Hall, F. R. and Adams, I. H. H. (1990) Laboratory and greenhous_e evaluations 
or Margosan-O against bi renthrin-resistant and -susceptible greenhouse whiteflies, Trialeurodes vaporarium 
(Homoptera: Aleyrodidae). In:Proc. USDA Neem Workshop, USDA-ARS 86 p. 91-99. 

Locke, J. C. and Lawson, R. H. eds. (1990) Neem's potential in pest management programs. Proceedings of the 
USDA Neem Workshop, Beltsville, MD, USA, Agriculture Research Service, ARS-86 pp. 136 

Loehl'lein, M. and Ray, D. T. (1999) Triploid and tetraploid watermelon (Citrlll/us lanatus (Thunb.) Matsum. and 
Nakai) seed size and weight. Report - Cllcllrbit Genetics Cooperative. 22: 34-37. 

Locke, J. C. (1995) Effects of viruscs and organisms: fungi. In: Schmutterer, H. (ed.) The neem tree Azadirachta 
indica 1\. Juss. and othcr Mcliacious plant: sourcc of uniquc natural products lor integratcd pcst managcment. 
medicinc, industry and othcr purposes. Weinheim, pp. 118-127. 

Long, A. J. and Carrier, B. D. (1993) [flects of doglas-fir 2+0 seedling morphology on field performance. New 
For. 7( I): 19-32. 

Loomis, W. D. and Battaile, J. (1966) Plant phenolic compounds and the isolation of plant cnzymes. 
Phytochemisliy 5: 423-438. 

Lopez Mata, L. (1987) Genecological di fferentiation in provenances of Brosillllllll alicastrum - a tree of moist 
tropical rorests. For. Eco!. /vlanage 21: 197-208. 

Lord, J.; Egan, J.; Clifford, T.; Jurado, E.; Leishman, M.; Williams, D. and Westoby, M. (1997) Larger seeds 
in tropical tloras : consistent pattcrns indepcndent of growth tonn and dispersal mode. Journal of Biogeography. 
24(2): 205-21 I. 

Lothrop, J. E., Atkin, R. E. and Smith, O. S. (1985) Variability for yield and yield components in IARIR grain 
sorghum random-mating population. II. Correlations, estimated gains tl'om selection, and correlated responses to 
selection. Crop Sci. 25: 240-244. 

Loveless, M. D. (1992) Isozyme variation in tropical trees: patterns of genetic organization. (1992) In Population 
genetics of forest trees. Proceedings of an International Symposium held jointly by IUFRO Working Parties 
S2.04.05 and S2.04.0I at Corvallis, Oregon, 31 July-2 August 1990 [edited by Adams, W.T.; Strauss, S.H.; 
Copes. D.L,; Griftin, A.R.]. Nell' Forests 6(1-4): 67-94. 

Loveless, M. D. And Hamrick, J. L. (1984) Ecological d ;terminants of genetic structure in plant populations. Ann. 
Rev. Cco!. Syst., 15,65-95. 

Lowery, D. T. and Isman, M. B. (1993) Antifcedant activity of extracts from Neem, Azadirachta indica, to 
Strawberry aphid, Chaetosiphon fi'agae/ol i i. J. Chem. Ecol. 19: 1761-1773. 

Lowery, D. T., Isman, M. B. and Branl, N. L. (1993a) Laboratory and field evaluations of Neem for the control 
of Aphids (Homoptera: Aphididae). J. Econ. Ent. 86: 864-870. 

Lu MengZhu, Wang XiaoRu, Szmidt, A. E. (1997) Molecular properties of RAPDs in Pinlls sylvestris (L) and 
their implications for genetic anslysis. For. Genet. 4(4): 227-234. 

Luddy, F. E., Barford, R. A., Herb, S. F. and Mgidman, P. (1968) A rapid and quantitative procedure for the 
preparation of methyl esters of butter fat and other fat. J. Am. Oil Chemist Soc. 49: 549-552. 

Luhs, W., and Friedt, W. (1994) The major oil crops p. 5-71. In: OJ .. Murphy (ed.) Designer oil crops: Breeding, 
processi'lg and biotcchnology. VCH Publishers Inc., New York. 

Lundeen, P .. O., Fehr, W. R., Hammond, E. G. and Cianzio, S. R. (1987) Association of alleles for high stearic 
acid with agronomic characters of soybean. Published in Crop Sci. 27: 1102-1105. 

Lush, J. L. (1949) Heritability of quantitative characters in farm animals. Proe. of the 8th Int. Genetic Cong., 
Hereditas (Suple); 356-357. 

Lyanguzova, I. V. and Lyanguzov, I. A. (1998) Ecological and biological characteristics of the seed of two 
species or Empcrtrum (Empetraeeae). I. Quality and viability of sceds. 130lanicheskii Zhurnal. 83(5): 57-61. 

xxv 



Lynch, C. B. (1994) Evolutionary inferences from genetic a'nalysis of cold adaptation in laboratory and wild 
populations of the house mouse, Mus domes/icus. In : Boake, C.R.B. (ed.) Quantitative Genetic studies of 
Behavioral Evolution. University of Chicago Press, Chicago. 

Lynch, M. And Milligan. B. G. (1994) Analysis of population genetic structure with RAPD markers. Mo!. £Co!., 

3.91-99. 
Madoffe, S. S. and Maghembe, J. A. (1988) Performance of teak provenances seventeen years after planting at 

Longuza, Tanzania. Si/vae Genet. 37: 175-178. 

Madyastha, K. M. and Vcnkatal{l"ishnan, K. (1999) Biocatalyst-mediated expansion of ring ¢ D¢ in azadirachtin. 
a potent insect antifcedant 1'1'0111 ilzadimch/a Indica. Tetrahedran Lellers, 40,5243-5246. 

Maestri, D. M.; Labuckas, D.O.; Guzman, C. A. and Giorda, I. M. (I 998a) Correlation between seed size, 
protein and oil contents, and fatty acid composition in soyabean genotypes. Grasasy Aceities (Sevilla) 49(5/6): 
450-453. 

Macstri, D. M.; Labuckas, D. 0.; Macrilcs, J. M.,; Lamarque, A. L.; Zygadlo, J. A. and Guzman, C. A. 
(l998b) Seed composition of soybean cul\ivars evaluated in different environmental regions. J. Sci. Food and 

.. lgri. 77(4): 494-498. 

Magini, E., Paci, M. and Tani, A. (1982) Correlations between length and width of the leaf blade of Italian alder 
(Alnlls cordata). Annali, Accademia I/aliana eli Scien::e Fores/ali 31: 223-237. 

Magnusssen, S. and Yeatman, C. W. (1987) Early Testing of jack pine II. Variance and repeatability of stem and 
branch characters. Can. J. For. Res. 17(6): 460-465. 

Mahajan, R. K. and Prasad, A. S. R. (1985) Application of Principal component analysis technique in rice. Crop 
Improvement, 12: 159-164. 

lVIahalanobis, P. C. (1930) A statistical study of certain anthropometric measurements from Sweden, Biometrika, 
22: 94-108. 

Mahalanobis, P. C. (1936) On the genc;'alized distance in statistics. Proceedings of National Institute of Science 
(India). 12: 49-55. 

Mahalanobis, P. C. (1925) Analysis of race mixture ill Bengal. J. ojAsiatic Soc. (Rengal) 20: 301-333. 

- ,,\, .--

Mahon, J. I). (1990) Photosynthetic carbon dioxide, leaf area, and growth of field grown pea genotypes. Crop. Sci. 
30: 1093-1098. 

Maithani, G. P., Bahuguna, V. K., Rawat, M. M. S. and Sood, O. P. (J 989). Fruit maturity and interrelated 
effects of temperature and container on longevity ofNeem (Awdirch/a indica) sees.lnd. For, 115: (2): 89-97. 

Malmc, V. G., Borikar, S. T., and Patil, V. D. (1985) Estimate of genetic variability an dinter-relationship of 
yield components in sat1lower (Carthamus tinctorius L.). Acla Agron. Sct. Aungaricae. 34: 143-147. 

Mala Rathorc; Tripathi, Y. C. and Sunil Kumar (1998) Intcrdepcndence of seed quality, oil'and protein content 
with reJ\:rence (0 Ileem seeds form dilTerellt origins . .. tlll/als o/.·lgri mo. Research. 3(2): 133-138. 

Mah:y,M. L. and Parkcr, W. H. (1993) Phenotypic variation in cone and needle characters of Pinus banksianG 
(jack pine) in northwestern Ontario. Can 1. Bot 71(1): 43-51. 

Malhotra, R. S., Singh, 1(. B. and Dhaliwal, H. S. (1972) Correlation and path coefficient analysis in soybean 
(Glycine max (L.) Merrille.) Indian.l. Agrie. Sci. 4""1: 26-29. 

Mamta, Goswallli and Ranade, S. A. (1999) Analysis of variations in RAPD profiles among accessions of 
Prosopis. JOIIl'/1al ofGenelics 78(3): 141-147. 

MandaI, A. K. and Gibson, G. L. (1998) 'Forest Genetics and Tree Breeding'. CBS Publishers & Distributors, 
New Delhi 

iVlanga, V.I(. and Scn, D. N. (1996) Genetic parameters for seed traits in Prosopis cineraria (L.) MacBRIDE. I. J. 
For. 19(2): 148-151. 

Maniatis, T. E., Fritsch, F. and Salllbrook, J. (1989) Molecular cloning. 2nd Edition. Cold Spring Harbor, New 
York. 

Mann, H. II. and Burns, W. (1927) The locust of 1926-27 in Sind, Kathiawar and Gujrat. Agric. J. India 22(5): 
325-332. 

Mansor, M.; Noor, N. M. and Krishnapillay, B. (1997) Collection and handling of mahogany (Swielenia 
l11acrophyl/a) seeds for optimum viability. J. Trop. For. Sci. 9(3): 398-410. 

Marambe, B.; Gunasenll, H. P. M.; Eeswara, J. P. and Kumudinic, K. A. (1998) Effect of stage of maturity of 
neem seeds (Azadirachla indica A. Juss) on germination and physiological developments during cold storage. In: 
proceedings of the final workshop: University of Peradeniya - Oxfor Forestry Institute Link Project (edited by 
Gunasena, H.P.M.). Peradeni:>;a, Sri Lanka; University ofPeradeniya. 64-78. 

Maralllorosch, K. (1991) Current status of neem pesticides and by-product. Recent Advances in Medicinal, 
Aromatic & Spice Crops. I: 23-29. 

xxvi 



Marco, M. P., Pascual, N., Bell_s, X., Camps, F. lllld I\1csseguer, A. (1990) Ecdysteroid depletion hy 
azadirachtin in Tenebrio molitor pupac. Pesticide Biochem. Physiol. 38: 60-65. 

Mal·tincic, J.; Kalinovic, I. and Guberac, V. (1996) Influenced of cereal grain size on laboratory and field 
germination. Utjecat vclicine sjemena strnih zitarica na laboratorijsku I poljsks klijavost. In; novi izzivi v 
poljedclstvu '96. Zbornik simpozia Ljubljana, Slovenia, 9-10 December 1996. Ljubljana, Slovenia Biotehniska 
Fakulteta. Univerza v Ljubljani. 149-153. 

Martinez-Force, E.; Alvarex-Ortega, R.; Cantisan, S. and Garces, R. (1998) Fatty acid composition in 
developing high saturated sunflower (Helianthus annuus) seeds: matutation changes and temperature effect. J. 
Agril. Food ('hem. 46(9): 3577-3582. ---

Martins Cordel', M.P., Mori, E. S., Carvalho, M. T. V. and Derbyshire, E. (1998) Genetic diversity of thrce 
size classes of seeds of Eucalyptus globules ssp. Globules. Silvae Genet. 47(1): 6-14. 

Mather, K. and Jones, R. M. (1958) Interaction of genotypes and environment in continuous variation. Biometrics 
14: 343-359. 

Matheson, A. C. and Raymond, C. A. (1984) Provenance x environment interaction; its detection, practical 
importance and use with particulaJ' 'rcference to tropical forestry. In: Provenance and genetic improvement 
strategies in tropical forest trees, Mutare, Zimbabwe (eds. Barnes, R.D. & Gibson, G.L.). pp. 81-117. 
Commonwealth Forestry Institute, Oxford, and Forest Research Center, Harare. 

Matheson, A. C. and Raymond, C. A. (1986) A review of provcnance x environment interaction: its practical usc 
with particular reference to the tropics. Commonwealth ForestlY Review 65: 283-302. 

Mathew, 1'. K. and Das, M. (1987) Prcliminary studics on inscct visitors to teak (Tectona grandis) inflorescence in 
Kcrala, India. Indian For. 113: 61-64. 

Mathews, J. D. (1961) A programme of forest genetics and tree breeding Research, Report to Govt. of India, 
reproduced for FAO publication No. 1349. 

Mathur, R. S., Sharma, K. K. and Rawat, M. M. S. (1984) Germination behaviour of various provenances of 
Acacia nilotica. Ind. For. 110: 435-449. 

Matyas, C. (1996) Climatic adaptation of trees: rediscovering provenance tests Euphytica 92: 45-54, 

Matyas, C. (1997) Etfect of environmental change on the productivity of tree populations. In: Matyas, C. (ed.) 
Perspective of forest genctics and trce brecding in changing world. IUFRO World Series 6. pp. 109-121. 

Matyas, C. S. (1986) Improvcd planting stock in forestry. Akademiani Pub!', Budapest (in Hungarian). 

Matyas, C. S. (1991) Adaptation lag: a gcncral feature of natural populations. Proc. Joint Meeting of WFGA and 
IUFRO Working Partics, Olympia. Wa (USA) Aug. 20-25,1990. Pap. Nr. 2.226. 

Matziris, D. (1998) Genetic variation in cone and seed characterisitics in a clonal seed orchard of Aleppo pine 
grown in Grecce. Silvae Genetica. 47( I): 37-41. 

Maydell, H. J. von, (1986) 7J-ees alld shrllbs 0/ the Sahel. GTZ. Eschborn. Pp.I72-176. 

Mazer, S. J. and Gorchov, D. L. (1996) Parental effects on progeny phenotype in plants: distinguishing genetic 
environmental causcs. Evo/ution 50: 44-53. 

Mazur, B., Krebbcrs, E. and Tingey, S. (1990) Gene discovery and product development for grain quality traits. 
Science 285: 431-436. 

McComb, A. L. 1967. Provisional tables for growth and yield of neem (Azadirachta indica) in Northern Nigeria. 
Savana For Rcs. Stn. Rcs. Pap. No.1, Samura, Nigcria. 

McEwen, F. L. (1978) Biosience 28: 773-777. 

Mckenzie; M. A. and Wallace, H. S. (1954) Thc Kjeldahl determination of protein - a critical study of digestion 
conditions, teinrerture, catalys and oxidizing agcnts. Alisl. J Chem. 7: 5'5-77. 

McKinley Craig, R. and van Buijtenen, J. P. (1998) Principles and Techniques of Selection in Tree Breeding. In: 
Forest Gcnetics and Tree Breeding. CBS Publishers & Distributors, New Delhi. pp. 1-15. 

Mebrathu, T. and Hanover, J. W. (1991) Family variations in gas exchange, growth and leaf ratio of black locust 
families. Tree Physiol. 8: 185-194. 

Medhi, D. K. (1991) Nccm: ;\ multirurrosc plant. Symposium on Resources for Sustainable Agriculture: Thc usc 
of Neem and other plant Matcrials for pcst control and Rural Development. May 27-June 2, 1991 , East-West 
Ccntcr. Honolulu, Hawaii. Neem News/etter 8(3-4): 28. 

Mcdsen, E. (1976) Nuclcar magnctic rcsonancc as quick method of oil content in rapeseed. J. Am. Oil Soc. 53: 467-
469. 

Mehndiratta, P. D., Phul, P. S. and Arora, N. D. (1971) Genetic diversity in relation to fodder yield and its 
components in sorghum. Indian JOllrnal o/Genetics and Plant Breeding, 31: 300-304. 

Mehra, P. N., Sareen, T. S. and Khosla, P. (1972) Cytological studies on Himalayan meliaceae. Journal 0/ Arnold 
Arboretum, 53: 538-568. ' 

Menkir, A., Goldsbrough, P. and Ejeta, G. (1997) RAPD based assessment of genetic diversity in cultivated 
races of sorghum. Crop Sci. 37: 564-569. 

xxvii 



Mergen, F. (1963) Ecotypic variation in Pinlls slrobus. Ecology 44: 716-727. 

Mcycr S. E. and Kitchcn, S. C. (I 994b) Li Ie history variation in bllll: flax (Limllll perenne): seed germination 
phenology . . '/111. J /Jot X I: 52X-5353Xl). 

Meyer, S. E., Allen, P. S. and Beckstcad, J. (1997) Seed germination regulation in Brol71us tectorllm (Poaceae) 
and its ecological significance. Oikos n: 475-485. 

Meyer, S. E., Kitchcn, S. C. and Carlson, S. L. (1l)95) Sced germination timing patterns in Intermountain 
Penslem(}11 (Scrophulariaeeae). 11m. J /301. X2: 377-389 . 

.Mhabnobis, P C (1925) A nal)'sis of race ll1i~'I'ire ill 13engal kml''1Q{ Qf 4 ~i(Jti, SQrigty, fJ.&Rga/, 20: 301 333. 

Michelmol'c, R. W., Paran, I. and Kesseli, R. V. (1991) Idcnti Ii cation of markers linked to disease resistance 
genes by bulked segregant analysis: a' rapid method to detect markers in specilic genomic regions by using 
segregating populations. Proceedings of the National Academy of Sciences, USA. 88, 9828-9832. 

Milberg, P.; Andersson, L. and Thompson, K. (2000) Large seed cd species are less dependent on light for 
gcrmination than small-seeded ones. Seed Sci. Res. I O( I): 99-104. 

Milev, C. and Nankova, M. (1998) Seed protein content of common bean cultivars (Phaseolus vulgaris L.) 
depending on biotic and abiotic ractors. Bulgarian J Agril. Sci. 4(5): 633-639. 

l\1ill:lI', C. I. and Lihby, W. J. (1991) Strategies lor conserving clinal, eeotypic, and disjunct population divcrsity 
in wi dc-spread species. In: Genctics and conservation of rare plants. New York, USA; Oxford University Press, 
Falk, O.A.; Holsinger, K.E. (eds.): 149-170. 

Miller, J. F. , Zimerman, D. C. and Vick, B. A. (1987). Genetic control of high oleic acid content in sunflower 
oil. Published in Crop. Sci. 27: 923-926. 

Miller, J. F. and Zimmerman, D. C. (1983) Inheritance of high oleic fatty acid content in sunflower oil. PI 0, In: 
Proc. Sunflower Research Workshop. National Sunflower Assoc., Bismarck, NO. 

Milligan, C. W. and Cooper, M. (1988). A study of standardization of variables in cluster analysis. J Class if. 5: 
181 - 204. 

Mishl'a, D. K (1995) Neem seed ohysiology. Neem, News Letter of International Neem Network. New Forests, 
Dehra Dun, India. II (3). 

Mishra, D. K, Devendra, Kumar and Mishra, R. N. (1998) Effect of substratum, storage temperature and 
orientation on percentage seed germination ofAzadirachta indica A. Juss .. Seed Research 26 (I): 39-42. 

Mitton, J. B. an«( Crant, M. C. (1980) Observation on the ecology and evolution of quaking aspen, Populus 
Iremllloides, in thc Colorado Front Rangc. Am. J. BOI. 67: 202-209. 

Mitton, J. B. and C rant, M. C. (1984) Associations lImong protein hcterozygosity, growth rate, and development 
homeostasis. AIII1. Rev. Ecol. SySI. 15: 479-499. 

Mitton, J. B., Knowles, Sturgeon, P., Linhart, Y. B. and Davis, M. (1981) Association between heterozygosity 
and growth rate variables in three western forest trees. In: Conkle, M.T. (ed.) Proc. of the Symposium on 
isozymes orNorth American forest trees and forest insects. USDA For Gen. Tech. Rep. PSW-48. pp. 27-34. 

Mohan Jha, Chaudhari, L. O. and Jha, M. (1995) A note on increasing the viability of neem seed. Special issue: 
neem - gi n of the gods. Illdiall For. 121 (II): 1085-1086. 

Mohan Ram, and Nair M. N. B. (1996) Botany. In: Randhawa N S and Parmar B S (eds.), Neem, Society of 
Pesticide Scicnce, India. pp. 6-26 

Mohan, M., Nair, S., Bhagwat, A., Krishna, T. C., Yano, M., Bhatia, C. R. and Sasaki, T. (1997) Genome 
mapping, molecular markers and marker assisted selection in crop plants. Mol. Breed. 3: 87-103. 

Mohit Cera, Cinwal, H. S., Srivastava, R. L. and Ccra, M. (1996) Performance of seventeen different 
mUltipurpose tree species undcr semi arid region of central India .. l/ld. For. 122(3): 250-257. 

Mohit Ccra, Ncelu Ccra, Mecna, S. L., Ccra, M. and Cera, N. (1997) Rooting trial of Azadirachla indica A . 
.Iuss.through shoot cuttings. II1i/. For. 123(9): 860-862. 

l\1ojonnicr, L. (1998) Natural selection on two seed-size traits in the common moring glory Ipomoea purpurea 
(Convolvulaceae): patterns and evolutionary consequences. American Naturalist 152(2): 188-203. 

Mol'Chcnlw, L. L. (1982) Selection of plus trees by an integratcd set of character. Lesnoe Kho:yaistvo. 10: 33-36. 

Mol'chenlw, L. L. (1984) The breeding and selection approach to establish silver fir plantations in the Carpathians. 
Lesnoe Kho:yaislovo. 4: 24-26. 

Moll, R. 1-1., Salhuana, W. S. and RobinsoJl, H. F. (1962). Heterosis and genetic diversity in variety crosses of 
maize. Crop Sci. 2: 197-198. 

Monaco, L. c., Sondahl, M. R., Carvalho, A., Crocolllo, O. J. and Sharp, W. R. (1977) Applications of tissue 
culture in the improvcment of corree. In: Reinert J, Bajaj YPS (Eds) Applied and Fundamental Aspects of Plant 
Cell, Tissue and Organ Culture, Springer Verlag, New York, PP 109- 129. 

xxviii 



Moran, G. F. and S. D. Hoppcr (1987) Conservation of the genetic resources of rare and widespread eucalyptus in 
remnant vegetation. In: Saunders. D.A., G.W. Amold. A.A. I3l11'bidge and A.J.M. Hopkins (cds.). Nature 
Conservation: The Role or Remnants of Native Vegetation. pp. 151-162. 

Moran, G. F., J. C. Bcll and S. Probcr (1989) A cline in genetic diversity in river sheoak Casuarina 
cUl7ninghamial1a. A1IsI. J. Bol. 37: 169-180. 

Morduc, A. J. and Blackwcll, A. (1993) Azadiraehtin: an update . .J. Insect Phys. 39: 903-924. 

Morgan, E. D. and Wilson, I. D. (1999) Insect hormones and insect chemical eeology;. In: Mori, K. (cd.): 
Comprehensive Natural Products Chcmistry - Vol. 8: Misccllancous natural products including marine natural 
products. pheromones, plant hormoncs, and aspects of ecology; pp. 263-375. Elsevier, Amsterdam 

1\10rgcnstcJ'Jl, E. K. (1975) Review of thc principlcs of plus-tree selection. In: EX. Morgenstern, MJ. Holst, A.H. 
Teich and C. W. Yeatman (Eds). Plus-Tree Selcction: Review and Outlook. Dept. Environ. Can. For. Servo Publ. 
No. 1347. 1-27. 

MOlTisOJl, D. F. (1978), Multivariate Statistical Methods. McGraw-Hili International Book Co., London. 
Mossa, J. S (1985) A study on the crude antidiabetic drugs used in Arabian folk medicine. Int. J. Crude DrllgRes. 

23(3): 137-45. 

Morgan, E. D. (198 [) Strategy in isolation or insect control substances lI'om plants. l'roc. Firs! lnt. Neem Conr .. 
. Rottachegern, [980, pp. 43-52. 
Mousscau, T. A. And Roff, D. A. (1987). Natural selection and the heritability of fitness components. Heredity, 

59,181-[97. 

Mukhcrji, S. K. (1952). Meiosis in Azadirachla i/1dica A. Juss. Currenl Science 21: 287. 

Mullin, L. .J., Gough, Jill, and Carter, D. T. (1980) Provenance trials of Pinus caribaea Morelet in Zombabwe. 
In: IUFRO Symp. Improvement and productivity of fast growing tree species. (cd. Paulo, S.), Brazil. 

Mullin, T. J. and Park, Y. S. (1992) Estimating genetic grains from alternative breeding strategies for clonal 
forestry. Can. J. For. Res. 22: 14-23. 

Mullis, K. B. and Faloona, F. A. ([ 987) Specific synthesis of DNA in vitro via a polymerase-catalyzed chain 
reaction. !vlelhods in EnzyJllology 155: 355-358 

Muniswamy, K. P. (1978) Guidelines for the selection and approval of teak plus trees based on phenotypic 
superiority. Issued by the DANlDAIlNDlA, Project on the tree improvcment. Secundrabad. 

Muona, O. (1990) Population genetics in forest tree improvement. In: Brown AHD, Clegg, M.T., Kahler, A.L., 
Weir, B.S. (cds.) Plant population genetics, breeding and genetic resources. Sinauer Press, Sunderland, M.A. 
USA, pp. 282-298. 

Muralidharan, E. M. and Mascarcnhas, A. F. (1987) III vitro morphogenesis in Azadirachta indica, (A. Juss.) 
t,'0111 lear discs. Indian J. Exp. Bioi. 28: 932-935. 

Murashigc, T., lllld Skoog, F. (1962) A revised medium for rapid growth and bioassays with tobacco tissue 
cultures. Physiol Plan! 15: 473-497. 

MUl'JJhy, D. J. (\993a) Structure, function and biogenesis of storage lipid bodies and oleosins in plants. Prog. 
Lipid. Res. 32: 247-280. 

Murphy, D. J. ([ 993b) Designer Oilseeds for Industry. The Agronomisl 2: 6-9. 

Murphy, D. J. (1995). The usc of conventional and molecular genetics to produce new diversity in seed oil 
compositon it)r the lise of plant breeders - progrcss, problems and future prospects. Eup17ylica 85: 433-440. 

MUI'phy, D. J., RawsthoJllc, S. and Hills, M. J. (19':13) Storage lipid formation in seeds. Seed Sci. Res. 3: 79-95. 

Murphy, D. J. ([ 992) Modirying oilsecd crops lor non-edible prodcuts. Trends in Biolech. 10: 84-87. 

Murthy, B. N. S. and Saxcna, P. K. ([ 998) Somatic embryogenesis and plant regeneration of neem (Azadirachla 
indica A .. hlss.). PI Cell Rep 17(6-7): 469-75. 

Mul'thy, B. R. and AruJlchalam, V. ([ 966). The nature of divergence in relation to breeding system in some crop 
rlants. Indian J. Genel. PI Breed 26A: 188-198. 

MUI·ty, G. S. and Pavatc, M. V. (1962) Studies on quantitative inheritance in Nieotiana tabaeum (L.). Varietal 
classitication and selection by multivariate analysis. Indiall J Genel. PI. Breed. 22: 68-80-. --

Nagwcl,ar, D. D.; Haldanl,ar, P. M.j Rajput, J. C. and Gunjate, R. T. (1997) Germination and seedling vigour 
as influenced by seednut weight in arecanut./lldian Cocoa, Arecanll! andSpicesJ. 21(1): 6-8. 

Naina, N. S, Gupta, P. K. and Mascarcnhas A. F. (1989) Genetic transformation and regeneration of transgenic 
neem (A::adirachla indica) plants using Agrobacterium tumefaciens. CUlT. Sci. 58(4): 184-187. 

Nair, N. C. and Kanta, K. (1961). Studies on Meliaeeae IV. Morphology and embryology of Azadirachla indica. 
A .Iuss. A reinvestigation. J Indian Bal. Soc. 40: 382-386. 

xxix 



Nal\anishi, K. (1975) In: Recent Advances in Phytochemistry. Ed.: V.V. Runnekels, Plenum Press, New York 9, 
283. ' 

Nalllkoong, G. (1989) Population genetics and the dynamics of conservation. In: Knutson L., Stoner, A.K. (eds.) 
Biotic diversity and gerlniplasms prcservations, global impcrativcs. Kluwcr Academic Publisher, dordrccht. pp. 
161-181. 

Narayan, P. and Jaiswal, V. S. (1985) Plantlet regeneration from leatlet callus of Azadirachta indica A. Juss.J 
Tree Sci. 4(2): 65-68 

NAS (1<J80) Firel11ooc/ Crops, Shruh (lnd 7i"ee S{Jeeies/or Energy I'roc/llelion, Washington, D.C.: Nat. ;lcad. Sci. 
pp. 236 

National Research Council (1992) Neem, a tree for solving global problems. National Academy Press, 
Washington, DC. 141pp .. 

Navarro, C. (1997) Genetic variation or Sll'ielenia macrophyl/a in Upala, northern Costa Rica. Forest Genetic 
Resources. 25: 33-34. 

Nazilllllludin, 1\1. (1982) phcnotypic variation in natural stands of Cedrus· deodara in western Himalaya. M.Sc. 
Thesis, Dr. Y.S. Parmar University of horticulture and Forestry, Solan India 

Nei, 1\1. (1972) Genetic distance betwcen populations. Amer. Nat. 106: 283-292. 

Nei, M. and Li, W. II. (1979) Mathematical model for studying genetic variation in terms of restriction 
endonueleases. hoc Nail Aead Sci USA 76: 5269-5273. 

Neil, P. E. (1990) Dalbergia sissoo provenanace testing in Nepal. Nitrogen Fixing Tree Res. Report. 8: 130-132. 

Nelson, C J. (1988) Genetic association between photosynthetic characteristics and yield: review of the evidence. 
Plant Physiol Biochem. 26: 543-554. 

Nevo, E. (1978) Genetic variation in natural populations: patterns and theory. Theor Pop. BioI. 13: 12\-177. 

Newton, A. (1996) Does tree improvement contlict with the conservation of biodiversity? In special issue on tree 
improvement. Agr%restlY Forum. 7 (4) 2-5. 

Newton, A. C, Allnutt, T. R., Gillies, A. eM., Lowe, A. J. and Ennos, R. A. (1999) Molecular 
phylogeography, intraspecific variation and the conservation of tree species Tree 14(4): 140-145. 

Newton, A. C, Leakey, R. R. B. and Mesen, J. F. (1993) Genetic variation in mahoganies: its importance, capture 
and util ization. Biodiversity and Conservation 2 (2) 114-126 

Ngllillbe, M. R. (1989) Genetic variation in seed germination and seeding growth of 24 Glirieidia sepillm 
provcnances. Forest I-~cology and Management 28: \-6. 

Nglliube, !VI. R.; Hall, ,J. B. and Maghcmue, J. A. (1997) fruit, Seed and seedling variation in Uapaea kirkiana 
li'om natural populations in Malawi. Foresl Ecology and A,fanagement 98(3): 209-219. 

Nian Hai; Wang Jinling; Yang Qingkai; Lill Zhongtang; Wang Daqiu; Lill Guofan (1996 Correlation analysis 
between ratty acids and nHlIn chemical and agronomic traits. Soybean Science.15(3):213-221. 

xxx 



Nian Haij Wang Jinlingj Yang Xiaoxinj Yang QingKaij Chen Yij Luan Xiaoyanj Liu Zhongtang and Wang 
Oaqiu (1997) Study on stability or main chemical traits in soyabeans. Soyabean Science. 16(92): 118-124. 

Niccsc, F. 1'., Ilorslnl·l.a, .1. I. and MeG ranahan, G. II. (199li) Moil:clIlar characteril'.ation and genetic relatedness 
among walnut (Juglans rcgia L.) genotypes based on RAP!) markers. Euphytica 101: 199-206. 

Nicol, C. M. Y. and Schmutterer, H. (1996) Control of the gypsy moth, Lymantria dispar (L.), with NeemAzal-T 
in stands or oak. In: H. Klceberg & V. Micheletti (Eds.) Practice Oricnted Results on use and Production or 
Neem Ingredients and I'heromones. I'I'OC. 4'h Worksh. Bordighera, Italy 1994,95-99, Druck & Graphic, Gidlen. 

Nienstaedt, H. (J 975) Adaptive variation - Manifestations in Tree species and uses in forest management and tree 
improvement. Proc 15 th Can. Tree Impro. Assoc., Part 2: 11-23. 

Nirmalakumari, A., Ramaswamy, N. M. and Srcc, Rangasw3my, S. R. (1996) Tissue culture studies in Neem 
(Azadirachta indica A. Juss.). In:( Singh, R P; Charf,sRaheja, tf1 $ A K and Kraus, W) (eds.) Neem and 
Environment. Volume 2. Oxford & IBH Publishing Co. Pvt. Ltd. New Delhi. pp. 981-992. 

Nizam, M. Z. U. and Hossain, M. K. (1999) Etfect of seed weight on germination and initial seedling growth in 
Albizia ~ (Jaeq.) F. Muell.Indian For. 125(6): 613-617. 

Nuzhat Farooqui, Ranade, S. A., Sane, P. V. and Farooqui, N. (1998) RAPD profile variation amongst 
provenances of ncem. BiochemisllY and Molecular Biology international. 45: 5, 931-939. 

O'Keefe, S. F., Wiley, V. A. and Knaut't, D. A. (1993) Comparison of oxidative stability of high and normal-oleic 
peanut oils. JAOCS 70: 489-492. 

Ohlrogge, .I. B. (1994) Design of new plant products: Engineering of fally acid metabolism. PI. Physiol. 104: 821-

6. 
Ok HYUIIChullg alld Chae Youngam (1998) Characteristics of sced and plant growth in local collections of 

Agastaehe rugosa. Korean J. Crop Sci. 43(4): 269-272. 

Okuley, J .. J., Lightner, Feldmann, K., Yadav, N., Lark, E. and Browse, J. (1994) Arabidopsis FAD2 gene 
encodes the enzyme that is essential t()r polyunsaturased lipid synthesis. Planl Cell 6: 147-158. 

Oldfield, S., Lusty, C. and MacKinven, A. (1998) The World List of Threatened Trees, World Conservation 
Press, WCMC, Cambridge, UK. 

00, L. T. (1987) Neem Tree Rescarch (Terminal Report). BUllnese Gemlan Plant Protection and Rodent Control 
Project, Rangoon. Bangkok: Tana Press, p 105. 

Ordas, A., Malavar, R. A. and de, Ron, A. M. (I 994). Relationship among American and Spanish popUlations of 
maize. Euphytica, 79: 149-161. 

Otegbeye, G. O. (1998) Genetic variation ill gro\'lth and form characteristics of Pinus caribaea. Silvae Genet. 37: 
232-236. 

Otegbeye, G. O. and Samarawira, I. (1991) Growth and form of Eucalyptus camaldulensis Dehnh. Provenances 
in northern Nigeria. For. Eco/. and Manage. 42: 219-228. 

Pal, M. (1995) C~lonal approaches lor yield improvement in neem: strategies and protocols for selective use of 
genetic diversity. Ind. For 121: 1033-1039. 

Palanisamy, P. '1'., Vishwanathan, R., Sivakumar S. S., Gothandapani, L. and Swaminathan, K. R. (1996) 
Engineering properties of neclll llUt. In: Singh, R P; Char~~SRaheja, rt1 $ A K and Kraus, W) (cds.) Neem and 
Environment. Volume 1. Oxford & IBI! Publishing Co. Pvt. Ltd. New Delhi. pp. 129-140. 

Pandey, R. N., Adams, R. P. and Flournoy, L. E. (1996) Inhibition of random amplified polymophic DNA 
(RAPDs) by plantpolysaeharides. Plant /'0'[01 Bio Repl 14: 17-22. 

Panetta, F. D. and Randall, R. P. (1993) Variation between Emex australis populations in seed dormancy/non­
dormancy cycles. Australian )0111'11(11 of Ecology 18: 275-280. 

Panse, V. G. (1957) Genetics of quantitative characters in relation to plant breeding. Indian J Genet PI Breed 17: 
3 I 8-328. 

I)anse, V. G. and Sukhatme, P. V. (1967) Statistical methods tor agricultural workers. ICAR, New Delhi: Indian 
council of Agri. Res. 

l'anse, V. G. and Sukhatme, P. V. (1978) Statistical methods for agricultural Workers. Third edition ICAR, New 
Delhi. 

Papageorgiou, A. C (1998) Population variation studies and their application in tree improvement. In: Puri, S. (ed.) 
Tree improvement: applied research and technology transfer. Oxford & IBH Publishing Co. New Delhi. pp 155-

168. 
Park, Y. S., Fowler, D. P. and Coles, J. F. (1984) Population studies in white spruce. II. Natural inbreeding and 

relatedness among neighboring trees. Can. J. For. Res. 14: 909-9 I 3. 

Parker, R. C., Wynne, J. C. and Emery, D. A. (1970) Combining ability estimates in Arachis hypogaea L. I Fl 
seedling responses in a controlled environment. Crop Sci. 10: 429-432. 

xxxi 



Parkel', W. H. (1984) Intraspecific variation in Abies lasiocarpa from British Columbia and Washington. Am. J. 
Bal. 71(8): 1051-1059. 

Parkman, P. and Pienkowsld, R. L. (1990) Sublcthal effects 01' Neem seed extract on adults of Liriomyza trifolii 
(Diptera: Agromyzidae). J. Econ. Enl. 83: 1246-1249. 

Parmar, B. S. (1990). Report on SAARC planning workshop on the usc of Neem Tree materials in Agricultural 
Development. 26-28 february, 1990, Islamabad. Neem Nell'sleller 7( I): 7-8. 

Paroda, R. S. and Hayes, J. D. (1971) An investigation of genotype-environment interaction for rate of ear 
emergence in spring barley. Heredily 26: 157- I 75. 

i'aroda, R. S., Saini, M. L. and Singh,.J. V. (19XO) Variety x environment interactions in clusterbean. POI'{/f;e Res. 
6( I): 71-74. 

Paroda, R. S., Solanld, K. R. and Chaudhary, B. S. (1974) Line x tester analysis for yield and its components in 
forage oats. Genel. Agr. 28: 2 I 9-23 I. 

Parsons, P. A. (1987) Evolutionary rates under environmental stress. Evol. BioI. 21: 311-347. 

Patel, K. K, Suthar J. S., Koradia, D., Raval, A., Srinivas, C., Muralikrishna, S., Patel, H., Sinha, Ro, Gupta, 
A. K. (1997) Sur;cy of Grassroots Innovations Part XX. 8316. Grain storage. Honey Bee 8(3): 12. 

Paterson, A. H., Tranksley, S. D. and Sorells, M. E. (1991) Polymorphism revealed by simple sequence repeats. 
Trends in P1anl Sciences 1: 215-222. 

Pathak, G. N. and Singh, B. (1949). Chromosome numbers in angiospermous plants. Current Science 18B: 347. 

Pathal" P. P. and Krishna, S. S. (1991) Postembryonic development and reproduction in Corcyra cephalonica 
(Stainton) (Lcpidoptera: Pyralidae) on exposure to Eucalyptus and Neem seed oil volatiles. J. Chem. Ecol. 17: 
2553-2558. 

Pathak, P. S., Rai, M. P. and Debroy, R. (1981) Seed weight affecting early seedling growth attributes in 
Leucaena I.eucocephala (Lam) de wit. Van Vigyan 19(3): 97-101. 

Pearson, K (1901). On lines and planes of closest tit to systems of points in space. Philosophical Maga=ine, 2: 
559. 

Pearson, K. (1926). On coerJicicnts or racial likencss. Biometrika, I X: 105-117. 

Peal'son, S. C, Shumaker, K M., Kahler, A. L. Allanl, R. W. and Hill, J. E. (1984) Estimation of population 
di rferentiation obtaincd from enzymc polymorphisms and quantitative characters. J. Heredity 75: 141-142. 

Peeters, J. P. and Martinclli, J. A. (1989). Hierarchical cluster analysis as a tool to manage variation in 
germplasm collections. Theoretical and Applied Genetics. 78: 42-48. 

Pcrkins, J. M. and .Jinks, .J. L. (1968a)Environmental and genotype-environmental components of variability. Ill. 
Multiplc lines and crosses. lIeredily 23: 339-356. 

Perkins, .J. M. and Jinl,s, J. L. (I 968b) Environmental and genotype-environmental components ofvariability. IV. 
Non-linear interactions 1'01' multiple inbred lines. Heredity 23: 525-535. 

Piepho, H. P. (1996) Analysis 01' genotype-by-environment interaction and phenotypic stability. In: Kang, M.S., 
Gauch, H.G. (cds.) Genotype-by-cnvironment interaction. CRC Press, New York. pp. 151-174. 

Picrs, C L. D. A. (1979) Selection of plus trees. Selecao de arvores superiors. Publicacao Instituto Florestal, Sao 
Paul 20: 12 pp. . 

Piewluan, C; Licngsiri, C and Boylc, T. J. B. (1997) Genetic studies of Plerocarpus macrocmpus Kurz. : 
variation in f1'uit and seed size and quality within and among natural populations. Miuak-Lek, Saraburi, 
Thailand; ASEAN-Canada forest Tree Seed Cent! ~ Technical Publication - ASEAN Forest Tree Seed Centre 
Project. 35 ii + 16 pp. 

b 
Pigliucci, M. (1997) Ontogenctic phenotypic plasticity during the reproductive phase in Araidopsis Ihaliana 

(Brassicaccae). Alii. J Bal. 84: 887-895. I 

Pigliucci, M. and Schlichting, C. D. (1995) Ontogenetic reaction norms in Lobelia siphilitica (Lobeliaceae): 
response to shading. Ecology. 76: 2134-2144. 

Pigliucci, M. and Schmitt, J. (1999) Gencs affecting phenotypic plasticity in Arabidopis : pheiotropic effects and 
reproductive fitness of photomorphogenci mutants. J. Evo!. BioI. 12: 551-562. 

Pipcr, E. L. and Boote, K. J. (1999) Temperature and cultivar effects on soyabean seed oil and protein 
concentrations. J. ;/111, Oil Chelll Soc. 76( 1 0): 1233- I 24 I. 

Pires, C. L. Oa, S., Parentc, P. R, Toledo Filho, D. V. Dc, Gurlinkcl, J. and Vila, W. M. (1987) Genetic 
variation in Eucalyplus grandis provenances in lower Mojiana, Sao Pauio. (Variacao genetica de procedencias 
dc Eucalyptus grandis Hill ex. Mai na baixa Mojiana, sr.) Bolelim Tecnico do Instituto Florestal. 41 (2): 291-
302. 

Plisl,e, T. E. (I 9X3) The establishmcnt of neem plantations in the Amcrican tropics. Pp. 521-526 in Schmutterer, H. 
& Ascher. K.R.S. 

PO]Jnikola, N. and Illievski, A. (1961) Some statistical data on variation in the seed of Pinus pellce ti'om the 
perister region 01' Macedon ia Nar. Sumor. Sarajevo 15(3/4): 155-164. 

Plaisted, R. L and Peterson, L C. (1959) A technique for evaluating the ability of selections to yield 
consistently in dif1Crent locations or seasons. Amer. Potato J. 36: 381-385. 

XXXII 



Poulscn, K. (1995) Cas(; study: neem (ilwdimchla indica A . .Ius,,-) seed research. In: Ouedraogo, A.S., Poulsen, 
K., StubsgaanJ, F. (cos.) Int(;rmeoiateireealcitrant tropical forest tree seeds. Proe. or a workshop on improved 
methods lor handl ing ano storage or int(;rmediateirecaleitrant tropical lorest tree seeds. Denmark. pp. 14-26. 

Powcrs, D. A., Lauerman, T., Crawford, D. and DiMichcle, L. (1991) Genetic mechanisms for adapting to a 
changing environment. Anll. Rev. Genet. 25: 629-659. 

Piiyl{kii, T. and Veiling, P. (1993) Inheritance of the narrow-crowned Scots pine E 1101, 'Kanerva pine' Silva 
Fennica 27 (3) 219-226. 

Pradhan, S. K. (1999) Veterinary praeti(;es. Iioney Bee 10(1): 4 

Prakash, T. N. (cd.) (1996) Storag(; ofrie(; ano other grains.l/oney /Jee 7(3): 10. 

Prakash, T. N. (ed.) (1997)' Healing cuts and wounds. Honey Bee 8(3):8. 

Prakash, T. N. (ed.) (1999) Mixing Seeds to Scare Pests. Honey Bee 10(1): 6 

Prakash, T. N. (ed.) (2000) Enhancing soil fertility. Honey Bee 11(2): 10. 

Prasad, M. V. R., Ranganath, A. R. G., Sujatha, M, Mukta, Dhingra, Ramachandram, M. and Nagraj, G. 
(1996) Investigations on Neem and Melia for sustainable production. In: Singh, R P; CharirRaheja, rtI $ A K 
and Kraus, W) (cds.) Neem and Environment. Volume 2. Oxford & IBH Publishing Co. Pvt. Ltd. New Delhi. 
pp. 993-998. 

Prectha, N., Yasodha, R. and Gurumurti, K. (1995)Peroxidase isoenzymes as markers of organogenesis in 
A::adirachta indica .Iuss. Indian J. Plant Physiol. 38: 1,92-93. 

Pricc, J. F. and D. J. Schustcl' (1991) Effects of natural and synthetic insecticides on Sweetpotato Whitefly 
Bemesia tabaci (i-Iomoptera: Aleyrodidae) and its hymenoptcrous parasitoids. Florida Ent. 74: 60-68. 

h 
Pricc, T. and Schlutcr, D. (1991) On the 101V heritability of lifeisitory traits. Evollilion, 45, 853-861. 

Prokazin, E. P. and Bogachc", A. V. (1975) Hereditary adaptation of scots pine to climate factors and possibilities 
of its assessment and prognosis. In : Genetics, selection and seed production. VNIILM. Pushkino (USSR) (in 

Russian). 

Pryor, L. D. (1963) Provenance in tree improvement with particular reference to Eucalyptus. In: Proe. World 
Consultn. For. Genet. Tree Impr., Vol. I (Paper 3/2). Pp 6. FAO. Rome. 

Puri, D. N., Gupta, R. K. and Dhayni, S. K. (1989) Screening for promising Leucaena provenances for doon 
valley. Ind. For. 15: 900-904. 

Pul'i, H. S. (1999) Neem: The divine trce A::adirachla indica. Harwood Academic Publishers, Amsterdam. 

Puri, S. (1998) (cd.) Tree improvement applicd research and tcchnology transfer. Oxford & !BH Publishing Co. 
New Delhi. 

Puri, S. (1998a) Principles and problems in conservation of tree genetic resources. In: Puri, S. (ed.) Tree 
improvement: applied research and technology transfer. Oxford & !BI-I Publishing Co. New Delhi. pp 221-232. 

Puri, S. (1998b) Plus-tree selection as a tool in tree improvement. In: Puri, S. (ed.) Tree improvement: applied 
research and technology transfer. Oxford & IBH Publishing Co. New Delhi. pp 97-106. 

PlIri, S. (1998e) Accelerating growth or seedings in nursery. In: Advances in Forest Research in India. Ram 
Prakash (cd) Vol. 11, International Book Distributors, Dehradun: 47-63. 

Puri, S. and Swam)" S. L. (1999) Geographical variation in rooting ability of stem cuttings of Azadirachta indica 
Dalbergia sissoo. Genetic Resollrces (lnd Crop Evollition 46 (I): 29-36. 

PlIshpal{ar, B. P. and Babckcy, G. S. (1995). A note on twin seedlings in neem Azadirachta indica A. Juss. fnd. 
For. 121: 1084. 

Qian Xiuzhcn; WlI Xiaoming and Hu Qiong (1997) Seed characters of crucifers and the submicroscopic 
structures of their seed coat and hilum. Oil crops oJChina 19(92): 54-56. 

Radford, A. E. (1986) Fundamentals of plant systematics. Harper and Row Publisher, Inc. pp. 297-313. 

Radwansld, S. A. and Wickcns, G. E. (1981) Vegetative fallows and potential value of the neem tree (Azadirachta 
indica) in the tropics. Economic BotallY 35: 398-414. 

Rafalski, J. A. Q., Tingcy, S. V. and Williams, J. G. K. (1991) RAPD markers a new technology for genetic 
mapping and plant breeding. Agbiolech. News & InJo. 3: 645-648. 

Rai, S. N. (1986) Proc National Seminar on Forest Tree Seed. In: Indo-Danish Project on Seed Procurement and 
Tree Improvement (SN Rai, cd.), I-Iyderabad 

Rajawat, M. S., Rai, R., Chowdhury, T., Jayant, B. V. and Nagora, P. R. (1994) Provenance trial of neem at 
Jodhpur (Indi~). Neem Nell's-Ieller oj Internalional Neem Nelll'ork I: 12-16. 

Rajora, O. P:, ~sllf~a, L. and Dancik, B. P. (19() I) AllozYllll: alld lear l1lorphological variatiOl~ oj' c~lskrn cottoll\\ood ,It tl;, 
Ilorthern 11l11ltS 01 Its range III 0111<11'10. For. ,':,'ci. 37(2): 6X8-7!1_2 .. 

Rakesh Kumar and Bangarwa, K. S. Progeny testing in Ilzac!irachta indica (neelll). Annals of ForesllY (1999) 
7(2): 251-253. 

Ral{csh Kumar, Bangarwa, K. S. and Kumar, R. 1996<), Seed s[orability in Azadirachla indica A. Juss. Annals oj 
/3iology. I.uohiana. 1996, 12: I. 62-66. 

xxxiii 



Ralwsh Kumar, Bangarwa, K. S. and Kumill', R.a996bjeed< collection and pre-sowing handling methods in 
Azadirachta indica A. Juss. Annals of Biolozy Ludhiana. 12: I, 67-70. 

Rana, B. S. and .Murty, B. R.. (1971) Ci~ndic div~rg.\":IKc and phcnolypic slabiiily for SOllll' l·lt;II·,IL'lcrs ill lill' ~CIHIS 
Sorghum. Indwn .JourNal 0/ C!'nelics and Plan/ BrC'C'dillg 3 1 : 345-356. ~ 

Ramanujam, S. and Rai, B. (1963) Analysis of yield components in Brassiea eampestris var. Yellow Sarson. 
Indian J. Genet. 23: 312-319. 

Ramcsh K. and Padhya, M. A. (19HH) Isolation of nimbin frolll ;/zac/imci1ta indica leaves and its callus cultures. 
Indian Drugs 25: 526-527. 

Ramesh K. and Padhya, M. A. (1990) In vitro propagation of neem (Azadirachta indica A. Juss.) from leaf discs. 
Indian J. Exp. BioI. 28: 932-935. 

Ramcsh K. arid PadhY'l, M. A. (1996) Dc novo synthesis of secondary metabolites in cultured cells of neem. In: 
Singh. R 1'; Char~~aheja, ~ $ 1\ K and Kraus, W) (eds.) Neem and Environment. Volume I. Oxford & 1Bl-l 
Publishing Co. Pvt. Ltd. New Delhi. pp. 173-186. 

Randhawa, N. S. and Parmar, B. S. (1996) Introductory. In: Randhawa N S and Parmar B S (eds.), Neem, Society 
of Pesticide Science, India. pp. 1-5. 

Randhawa, N. S. and Parmar, B. S. eds. (1993) Neem Research and Development. Society of Pesticide Science, 
India. pp. 182. 181 

Rangaswamy, N. S. and Promila (1972) Morphogenesis of the adult embryo of Azadirachta indica A. Juss. Z 
P[lan:enphysiol 67: 377-379. 

Rao, C. R. (1952) Advanced Statistical Methods in 13iometrie Research . .Iohn Wiley and Snos. Inc., New York. 

Rao, C. R.(l960) Multivariate analysis. An indispensable statistical aid in applied research. Sankhya, 22: 317-338. 

Rao, D. V. (1984) Provenance trial of Eucalyptus. Ind. For. 110: 28-34. 

Rao, 1-1. S.(1950) Genetics and forest tree improvement.lnd. For. 77: 635-647. 

Rao, K. N., George, C. J. and Ramasastri, K. S. (1971). Climatic classilication of India. Sci. Rept. India Metero!. 
Deptt. 158: 1-9. 

Rao, M. V. S., Rao, Y. V. and Manga, V. (1988) Induction and growth of callus in Azadirachta indica A. Juss. 
110rt. Sci. 60(9): 872 

Rao, M. V. S., Rao, Y. V. and l\1anga, V. (1990) Induction and growth of callus in Azadirachta indica A. Juss. 
Crop Improvement 15: 203-205 

Rao, P S. (1965) n vitro induction of embryonal proliferation in SalltalulII album L. PhytomOlphology 15: 175-179. 

Rawat, M. S., Uniyal, D.P. and Sharma, S. L. (1998) Identi lieation of provenances based on Icaf morphology in 
Tectona grandis.lnd. For. 124(4): 248-251. 

Rawat, M. S., Uniyal, D. P. and Vakshasya, R. K. (1987) Guidelines for the establishment of provenance trials of 
Acacia nilotica, Azadirachta indica, Albizia Rrocera, Dalbergia sissoo, Tamarindus indiclls, Madhllca lati/olia 
and Salix tetrasperl11a. Indo-Danish Project on Secd Procurcmcnt and Tree Improvcmcnt Centre, Dehradun. 

Ray, T. K., Holly, S. P., Knauft, D. A., Abbott, A. G. and Powell, G. L. (1993) The primary defect in developing 
seed from the high oleate variety of peanut (Arachis hypogea L.) is the absence of 12 desaturase activity. Plant 
5;ci. 91: 15-2 I. 

Raymond, C. A. and Lindgrcn, D. (1986) A model of genetic llexibility. In: D. Lindgren (Ed). Provenances and 
forest tree breeding for high latitudes. pp. 159-177. Kempe Symp. Rapp. 6, Umea. 

Raymond, C. A. and Lindgrcn, D. (1990) Genetic llexibility a model for determining the range of suitable 
environments for a seed source. Si/me Genet. 39(3-4): 112-120. 

Reaney, M. J. T.; Tyler, N. J. and Brown, K. (1999) Practical nuclear magnetic resonance analysis of liquid oil in 
oil seeds: I. Factors affecting peak width. J. .'1111. Oil Chem. Soci. 76(7): 859-862. 

Rcbctzke, G. J., Pantalone, V. R., Burton, J. W., Carter, T. E., Jr., and Wilson, R. F. (1997). Genotypic 
variation for fatty acid content in selcted Glycine l11ax X Glycine soja Populations. Crop Sci. 37: 1636-1640. 

Rebctzke, G. J., Pantalone, V. R., Burton, J. W., Carver, B. F. and '\filson, R. F. (1996). Phenotypic variation 
lor saturated fatly acid content in soybean. Ellyilytica 91: 289-295. 

Rehfeldt, G. E. (1988) Ecological genetics of Pinus contorta from the Rocky Mountains (USA): a synthesis. Silvae 
Gen. 37(3-4): 131-135. 

Rehman, S. A. and Hussain, A. (1986) Growth and heritability cstimates among 6- years old tree geographic 
source of shisham (D. sissoo) Pakistan J. For 36: 67-72. 

Rehman, S. A., Hussain, A. and Amen, S. (1998) Results of early selection of Acacia and Prosopis species/seed 
sources. Pakistan J For. 38: 109-117. 

Rembold, H. and Puhlmann, I. (1993) Phytochemistry and biological activity of metabolites fro 111 tropical 
Meliaceae. In: Downum. R.K., .J.t. Romeo and I-LA. Stafford (cds.). Phytochemical Potential of Tropical Plants. 
pp.153-165. 

Rengasamy, S. and Parmar, B S. (1994) Azadirachtin content at different states of t10wering and fruiting in neem. 
Ijesticide Research JOl/rnal. 1994, 6: 2, 193-194. 

xxxiv 



RcngllslllllY, S., Kaushil" N., Jitcn<ira, Kumar, Koul, O. and Parmar, B. S. (1996) Azadirachtin contcnt and 
bioactivity or some neem ecotypes or India. In: Singh, R P; CharCU"Raheja, M S .f.. ~ and Kraus, W) (cds.) Neem 
and Environment. Volume I. Oxford & IBH Publishing Co. Pvt. Ltd. New Delhi. pp. 27-220. 

Rier, J P. Jr. and Obasi, S. (I 996)Organogenesis and oil production in neem seed callus. Indian J. For. 19: I, 1-5. 

Ricscbcrg, L. H., Choi, 1-1., Chan, R. And Sporc, C. (1993) Genomic map ofa diploid hybrid spccics. Heredity, 
70,285-293. 

Rillk, C. (1984) Trends in genetic control of juvenile illackwalnut height growth. Fores/ Sci. 30(3): 821-827. 

Ritlalld, K. (l996a) Estimators for pair-wise relatedness and individual inbreeding coefficients. Genet. Res. 67, 
175-185. 

Ritlalld, K. (1996b) A markcr-based method for inferences about quantitative inheritance in natural populations. 
Evolutiol1, 50: 1062-1073. 

Robbclen, G., (1991) The genetic improvement of seed oi I. Chemistry and Industry, p. 713-716. 
Robertson, J. A. and Thomas, J. K. (1976) Chcll1cial and microbial changes in dehulled confectionery sunflower 

kernels during storage under controlled conditions. 1. Milk Food Technol. 39: 18-23. 

Robertson, J. A., Morrison, W. II. and Wilson, R. L. (1979) Effects of planting location and tempcrature on the 
oil content and fally acid composition of sunflower seeds. Agric. Res. (South Ser.) 3: 1-9. 

Robinson, II. F., Comstock, R. E. and Haney, P. H. (195 I) Genotypic and Phenotypic correlation in corn and 
their implication in selection. Agroll. J. 43: 283-287. 

Roederer, Y. and Bellefontaine, R. (1989) Can neem seeds expected to keep their germination capacity for several 
years aftcr collection? Forest Genetic Resources In/ormation 17:30-33. 

Rognli, O. A. (1987) Gcnctic variation in arctic populations of timothy (Phleum pratense). 1. Seed production 
characters. Hereditas 107: 27-54. 

Rohayat, N. and Mindawati, N. (1997) (Sced gcrmination capacity and seedling quantity using seeds harvestcd 
!l'om some dillerent aged Acacia mal/gil/JII). Kcmampuan pcrkecambahan benih dan mutu bibit dari beberapa 
ull1ur tegakan Acacia mal/gil/Ill. Bliletill Peneliliall Hutan. 610: 5 I-58. 

Rohewal, S. S. and Kopper, M. N. (1973) Association analysis in soybean. Indian J. Genet. 33:96-100. 

Rohlf, F. J. lind Wootcn, M. C. (19RB). Evaluation of the restricted maximum-likclihood mcthod for cstimating 
phylogenetic trees using simulated allelc-frequeney data. Evollilion, 42: 581-595. 

Romagosa, I. and Fox, P. N. (1993) Genotype environment intcractions and adaptation. In: M.d. Hayward, N.O. 
130senmark and I. Romagosa (Eds.) Plant 13reeding: Principles and Prospects, pp. 373-0390. Chapman and Hall. 

Romesburg, II. C. (1990). Cluster Analysis for Rescarehers. Kriegcr Publishing Co., Malabar, Florida, USA. 

Romisondo, P. and JVIalusa, E. (1992) Selcction of open-pollinated Prl/nliS serafilla subsp. Capuli scdlings. 
Advances in Horticultural Science 6(4) 147-149. 

Rossi, P., Vendramin, C. G. and Giannini, R. (1996) Estimation of mating system parameters in two Italian 
natural poplutiaons of Fagus :,yll'etica. Can. J. 1"01'.26: 1187-1192. 

Rouse, M. J. (1987) Tomorrow's lumbcr-today's scedlings. Call. For. Ind. 71: 200-207. 

Rowe, P. R. and Andrew, R. 11.(1964) Phenotypic stability for a systematic series of corn genotypes. Crop. Sci. 4: 
563-564. 

Rudolf, r. O. (1956) Guide I'llr sclccting superior forcst trecs and stands in the lake states. Sta. Pap. Lake St. For. 
Exp. Sta. No. 40, pp. 32. 

Rukmini (1987) Chcmistry and nutritional cvaluation of necm oil. Food Chem 26: 111-124. 
Ruotsalainen, S. and Lindgrcn, D. Prcdicting genetic gain of backward and forward selection in forest tree 

breeding. Silvae Genet. (1998) 47(1): 42-50. 

S. A. S. Institute. (1990) SAS/STAT user's guide. Version 6, 4th ed. Vol. 2 SAS Inst. Inc. Cary. NC. 

Sacande, M., Groot, S. P. c., Hocl(stra, F. A., Castro, R. D. de and Bino, R. J. (1997) Cell cycle events in 
dcvcloping necl11 (iJzadimchta indica) secds: Arc they relatcd to intcrmediate storage behaviour? Seed Sci. Res. 
7:161-168. ~ .. 

Sacande, M., Hoe\(stra, F. A., Pijlen, J. C. V. and Croot, S. P. C. (1998) A multifactorial study of conditions 
innucncing longevity ofnccm (Azadirach/a indica) seeds, in Seed Sci. Res. 8: 473-482. 

Sadawarte, A. K. and Sa rode, S. V. (1997) Eflicacy of ncem seed cxtract, cow-dung, and cow-urinc, alonc and in 
combination. against the pod-borcr complex of pigconpca. Intcrnational-Chickpea-and-Pigeonpea-Newsletter., 
No.4,36-37. 

Sacidi, G. and Rowland, G. G. (1999) Seed colour and linolcnic acid effects on agronomic traits in tlax. Can. J. 
Plant Sci. 79(94): 521-526. 

Sacande, M., Buitink, J. and Hoekstra, F. A. (2000) A study of water relations in neem (Azadirachta indica) that is 
characterized by complex storage behaviour. J Exp Bot 51(344): 635-643. 

xxxv 

Sagwal, S. S. (1985) Clone selection of poplar (Populus ciliata Wall. ex Royle) in Palam Valley of Himachal Pradesh. Ind. 1. 
Forest. 8(3): 173-175. 



Saiki, R. K., Scarf, S., Faloona, F., Mullis, K. B., Horn, G. T., Erlich, H. A. ant:! Arnheim, N. (1985) Enzymatic 
amplification of beta globin genomic sequences and restriction site analysis for diagnosis of sickle-cell anaemia. 
Science 230: 1350-1354. 

Sakai, Kan fchi, Hayashi, S. and Tomita, K. (1975). Genetics in natural stands of forest trees. Sabrao J. 7 (2): 137-
146. 

Salallt:!cr, R. (1983) Evolutionary conscqucnccs of inbrccding. In: Schoncwald-Cox, C. M., Chambcrs, S. M., 
MacBrydc, B., and Thomas, W. L. (eds) Genetics and Conscrvation. Bcnjamin/Cummings Publishing Co., Inc., 
London. 201-215. 

Salazar R. (1989)Genetic variation of 16 provenances of Acacia mangium at nursery panel in Turrialba. Costa Rica, 
Common. For Rev 68: 263-272. 

Salazar, R. (1986) Genetic variation in seed often provenances of Gliricidia sepium. For Ecol Man 16: 391-401. 

Salmon, S. C. (1951) Analysis of variance and long term variety test in wheat. Agron. J. 43.562-570. 

Samiayyan, K., Chandrasekharan, S., Regupathy, A., Sivagnanam, K. and Surendran, C. (1995) Azadirachtin 
content in neem ecotypes of Tamil Nadu, India. Neem Newsletter 12(3): 29-32. 

Sampaio, N. V.; Sampaio, T. G.; Goularte, E. M. and Pozada, M. A. C. (1999) Relationship between physical 
characteristics and physiological quality of pumpkin (Cucurbils pepo L.) seeds). [Relacao entre caracteristicas 
fisicas e qualidade fisiologica de sementes de abobora (Cucurbita pepo L.)]. Revista Cientijica Rural. 4(1): 102-
108. 

Samudralwar D. L. and Garg, A. N. (1996) Minor and trace elemental determination in the Indian herbal and other 
medicinal preparations. Biological Trace Element Research 54: 2, 113-121; 

Samuel, C. J. A. and Johnstone, R. C. B. (1979) A study of population variation and inheritance in sitka spruce, 
results of glass house, nursery and early forest progeny test. Silvae. Genet. 28(1): 26-32. 

Samuel, C. J. A., Hill, J., Breese, E. L. and Davis, A. (1970) Assessing and predicting environmental response in 
Loliumpernne.J. Agric. Sci. Camb. 75: 1-9. 

Sanderson, K. c., Oetting, R. D. and Smith, D. A. (1989) In-transit Neem insecticide treatment of rooted 
Chrysanthemum cuttings controls leafminer. Hart. Sci. 24: 856. 

Sandison, A. and Bartlett, B. O. (1958) Comparison of varieties for yield. J. Natn: Inst. Agric. Bot. 8: 351-357. 
Sankaram, A. V. B., Marthanda, Murthy, M., Bhaskarriah, K., Subramanyam, M., Sultana, N., Sharma, H. c., 

Lens Chner, K., Ramprasad G., Sitaramaiah, S., Rukmini, c., Udayasekhara, Rao, P. (1987) Chemistry, 
Biological Activity and Utilization Aspects of some Promising neem extractives. In: Natural Pesticides from Neem 
Tree (Azadirachta indica A. Juss.) and other Tropical Plants. 3rd Int. Neem Conf. Nairobi, Kenya, 10- I 5 July, 
(1986) Eschborn, pp 127-148. 

Sano, S. M.; Vivaldi, L. J. and Spehar, C. R. (1999) Morphological diversity of fruits and seeds of baru (Dipteryx 
alata Vog.). Diversidade morfologica de frutos e sementes de baru (Dipteryx alata Vog.). Pesquisa Agropecuaria 
Brasileira 34(4): 513-518. -----

Sanyal, M. and Datta, P. C (1984) Neem family is a challenge to tissue culturists. Appl. Biotechnol. Med. Aromatic 
Timber Plants (1984) 119-31 

Sanyal, M., Das, A., Banerjee, D. and Datta, P. C. (1981) In vitro hormone induced chemical and histological 
differentiation in stem callus ofneem Azadirachta indica A. Juss. Indian J. Exp. Bioi. 19: 1067-1068. 

Sanyal, M., Mukherji, A. and Datta, P. C. (1988) Glycine on in vitro biosynthesis of nimbin and b-sitosterol in 
tissues of Azadirachta indica A. Juss. Curl'. Sci. 57: 40-41. 

Sanyal, M., Tikadar S. and Datta, P. C. (1983) Nimbin and sitosterol in cotyledon and cultured tissues of 
Azadirachta indica. Indian Drugs 20(12): 479-481. 

Sarawat, P., Stoddard F. L. and Marshall, D. R. ,1994) Genetic distance and its association with heterosis in peas. 
Euphytica 73: 255-264, 1994. 

Sarkar M. S. and Datta, P. C. (1986) Biosynthesis of p-sitosterol in in vitro culture of Azadirachta indica cotyledon 
tissues. Indian Drugs 23: 478-479. 

Sarvas, R. (1972, 1974) Investigations on the annual cycle of development of forest trees. Part I and II. Comm. Inst. 
For. Felllziae 76.3 and 84.1. 

Sastry, V. R. B. and Agrawal, D. K. (1992)J. Appl. Anim. Res. I: 103-107. 

Saxena, R. C. (1995) Pests of stored products, In The Neem Tree - Source of Unique Natural Products for Integrated 
Pest Management, Medicine, Industry and Other Purposes. Ed. H. Schmutterer. Wemheim, New York, pp. 418-
432. 

Saxena, R. C. (1999) Efficacy of neem seed derivatives against nematodes affecting banana. Phytoparasitica. 27: 43-
49. 

Saxena, R. c., Zhang, Z. T. and Boncodin, M. E. M. (1993) Neem oil affects courtship signals and mating behavior 
of Brown Planthopper Nilaparvata lugens (Stal) (Homoptera: Delphacidae) females. J. Appl. Entomol. (Zeitschrift 
fur Angewandte Entomologie). 116: 127-132. 

xxxvi 



Scagcl, R. K., EI Kassllby, Y. A. and Maze, J. (1987) Multivariats variation within and between open -pollinated 
1~lmi lies of Douglas-Ii r Pselldo/sllgo lIIell:iesi i). Call. J /3u/. 65(8): 1614-1621. 

Schaaf, 0., .Jarvis, A. P., van der Esch, S. A., Giagnacovo, G. and Oldham, N. J. (2000): Rapid and sensitive 
analysis of azadiraehtin and related triterpenoids from Neem (Azadirachla indica) by high performance liquid 
chromatography-atmospheric pressure chemical ionization mass spectrometry. J. Chromalogr. A. 886: 89-97. 

Schaal, B. A. (1980) Measurement of gene !low in LlIfJinlls lexellsi.l'. Na/llre, 284, 450-451. 

Schauer, M. and Schmutterer, II. (1981) Effects of neem seed kernel extracts on the two spotted spider mite, 
Telranychlls lIr1icae Koch. Proe. I Sl Int. Neem Conf. (Rottach-Egern, 1980),259-266, Eschborn, Germany 

Scheiner, S. M. (1993) Genetics and evolution of phenotypic plasticity. Annu Rev. Ecol. Sysl. 24: 35-68. 

Scheiner, S. M. (1993) Genetics and evolution of phenotypic plasticity. Anl1. Rev. Ecol. Syst. 23: 1-14. 

Schierenbeck, K. A. et al. (1997) Population structure and genetic diversity in four tropical tree species in Costa 
Rica, Mol. Eco!. 6: 137-144. 

Schiller, G. and Grunwald, C. (1987) Resin monterpenes in range-wide provenance trials of Pinus ha!epenis Mill. 
1n:1srael. Si!vae Gene/. 36 (3-4) 109-114 

Schlichting, C. D. and Pigliucci, M. (1998) Phenotypic Evolution: A Reaction Norm Perspective, Sinauer 
Associates. 

Schmutterer, H. (1981) Some properties of components of the neel11 tree (Azadirachla indica) and their use in pest 
control in developing countries. Med. Fae. Landbouww. Rijksuniv. Gent 4611,39-47. 

ScllllllHterer, H. (1981 a) Ten Years of Neem Research in the Federal Republic of Germany. Proc. 1 SI Int. Ncem 
Conf. (Rottach-Egern 1980), 21-23, Eschborn, Germany. 

SchmuttCl"er, H. (1984) Neelll Research in the Federal Republic of Germany since the First International Neem 
Conference. Proc. 2nd 1nt. Neclll ConI'. (Rauischholzhausen, 1983),21-30, GTZ Eschborn, Germany. 

Schmuttel'cr, H. (1985) Which insect pests cnn be controlled by appl ication of neem seed kernel extracts undcr 
licld conditions'? Z. {Ingell' En/olllo!. 100,468-475. 

Schmuttcrcr, H. (1987a) Fecundity-reducing and stcrilizing effects of neem seed kernel extracts in the Colorado 
potato bcetlc, Lep/inolal'sa dexellliineala. Proc. 3'd Int. Necll1 Conf. (Nairobi, 1986), 351-360, GTZ Eschborn, 
Germany. 

Schlllllttcrcr, H. (I 987b) Insect growth-disrupting and fccundity-rcducing ingredients from the neem and chinaberry 
trees. In: Morgnn, E. D. & N. V. Mandava (Eds.) Handbook of Natural Pesticides III, Part B, 119-170, CRC 
Press, Boca Raton 1 nco 

Schmuttcl'cr, H. (1988) Potcntial of azadirachtin-containing pesticides for integrated pest control in developing 
and industrialized countries . .J Insec/ Physio!. 34: 228-230. 

Schmutterer, H. (1989) Environmentally sound pest control by application of neem (Azadirachla indica)-based 
natural pesticides. Tag.-Ber. Akad. Landwirtsch.-Wiss. DDR, Berlin 274, 135-144. 

Schmuttcrer, H. (1990a) Future tasks of neem research in relation to agricultural needs worldwide. Neem's 
potential in pest management programs. Proc. USDA Neem Workshop, Beltsville, Md., 15-22. 

Schmllttercr, H. (1990b) Properties and potential of natural pesticides from the neem tree, Azadirach/a indica. 
;/Iln. ReI'. EII/OIIIO!. 35: 271-297. 

Schmuttcl'cr, H. (1992) Control of the diamondback moth by application of neem extracts. 2n
d. Symp. 

Diamondback Moth (Tainan, Taiwan, 1990), 325-332. 

Schmuttcl'cr, H. (1992a) I·Iighcr plants as sources of novel pesticides. In: D. Otto & B. Weber (Eds.) Sympos. 
Insecticides - Mode of Action and Resistance, Reinhardsbrunn 1991, Intercept Ltd. Andover, Hants, 3-15. 

Schmuttcl"cl", H. (1992b) Inl1uence of nzadirachtin, of an azadirachtin-free fraction of an alcoholic Neem seed 
kernel extract and of formulated extrncts on pupation, adult emergence and adults of the Braconid Apanle!es 
g!olllera/lis L. (Hymcnoptera: Braconidne). J. App!. Emolllo!. (Zeitschrift fur Angewandte Entomologie). 113: 
79-87. 

Schmuttcl"Cr, H. (1993) Some elTects of neel1l products on locusts and grasshoppers. World Neem Conf., 
Bangalore, India, Souvenir, 44-52. 

Schmuttercr, H. (1998) Some arthropod pests and a semi-parasitic plant attacking neem (Azadirachta indica) in 
Kenya. An:. Schddfingskde., Pjlanzenschulz, Ul1Iwel/schuf: 71: 36-38. 

Schmuttercr, H. (1999) Side effects of neem products on insect pathogens and natural enemies of spider mites and 
insects. In: Singh, R. P. & R. C. Saxena (Eds). Azadirach/a indica A. Juss. Oxford & 18H Publishing Co Pvt. 
Ltd. New Delhi & Cnlcuttn, 147-162. 

Schmuttcrcr, H. (Ed.) (1995) The Ncem Trec Azadirachta indica A. Juss. and Other Meliaceous Plants. Sources of 
Unique Natuml Products for Intcgratcd Pest Management, Medicine. Industry and Other Purposes. VCH 
Publishers. Weinheim, New York, Basel, Cambridge, Tokyo, 696 pp. 

Schmuttcrcr, H. and Aschcr, K. R. S. (1981) Natural pesticides from the neem tree (Azadirachla indica A. Juss.) 
Proc. 1st International ncem conference. Rottach-Egern, Germany, 297 p. 

xxxvii 



Schmutterer, II. and Ascher, K. R. S. (19X4) Natural pesticides from the neem tree and other tropical plants. Proc. 
2nd international neem conference. Rauischholzhausen, Germany, 1983,587 p. 

Schmutterer, H. and Ascher, K. R. S. (1987) Natural pesticides ti'om the neem tree and other tropical plants. Proc. 
3rd international necm conference (Nairobi, Kenya, 1986).703 p. 

Schmutterer, H. and Doll, M. (1993) The marrango or Philippinc ncem tree, Azadirachla excelsa (Jack) .Jacobs 
(=11. infegriJoliola MelT.); a ncw source of insecticides with growth-regulating properties. Phyloparasitica 21: 
79-86. 

Schmutterer, II. and Ilellpap, C. (19X8) Effects of neem on pests of vegetables and fruit trees. In: M. Jacobson 
(Ed.) roclls on Phytochemical Pesticides. Vol. I, the Neem Tree, Boca Raton CRC, 69-86. 

Schmutterer, H. and Singh, R. 1'.(1995) List of insect pests susceptible to neem product. In: Schmutterer, H. (ed.) 
The ncem tree Awdil'achfa indica A . .Iuss. and other Meliacious plants: source of unique natural products for 
integrated pest management, Medicine. industry and other purposes. Weinheim. pp. 326-365 .. 

Schmutterer, H. and Zebitz, C. P. W. (1984) Effects of methanolic extracts from seec\sof single neem trees of 
African and Asian origin, on Epilachna 1'arivestis and Aedes aegypti. Proc. 2nd lnt. Neem Conf. 
(Rauischholzhausen, 1983), 83-90, GTZ Eschborn, Germany. 

Schmutterer, H., Baumgart, 1'1., Freisewinkel, D. C. and Nicol, C. M. Y. (1993) The effect of neem oil and 
other neem products on nymphs and resulting adults of Schisfocerca gregaria, Nomadacris seplemjasciala, 
LOClisfa migraforia migra/ariaide.l' and Ial7acel'lls variegaflls. J App. Enlomol. 116: 178-186. 

Schlllutierer, 11., K . I~. S. Ascher and Hcmbold, II. (19X I) Natural Pesticides Ii'om the Neem Tree (Azadimch/a 
indica A . .Juss). Proc. lSI Int. Neem Cont'. (Rotach-Egern, 1980),297 pp., GTZ, Eschborn. 

Schmutterer, H., Saxena, R. C. and von der Heyde, J. (1983) Morphogenetic effects of some partially purified 
fractions and methanolic extracts of neem seeds on My/himl7{/ separa/a (Walker) and Cnaphalocrocis medinalis 
(Guenee). Z. Angell'. Enfomol. 95: 230-237. 

Schultz E. B. (1983) Genetic parameters and expected gains from open pollinated progeny tests of sweet gum 
(Liqllidambar styraciJllla) and sycamore (Plafanus accidenfalis). Ph D Thesis North Carolina State University, 
Deptt.o('Forestry. 

Schulz F. A. (1983) Tissue culture of Awdirachfa indica. Proc. 2nd Int. Neem Conf., Rauischholzhausen. Pp. 539-
541. 

Seeni RengaS:HllY, Parmar B. S. and RengllsRIny,&. (1995) Azadirachtin-A content of seeds of neem ecotypes in 
relation to the agroeeologieal regions of India. Pesticide Research JournaI.7(2): 140-148. 

Segwal, S. S. (1978) Genetic variation and selection of plus tree in Chil (Pinus roxburghii Sargent) of Himachal 
Pradesh. Dr YS Parmar University of I-Iorticulture and Forestry, Solan, India. 

Sehgal, J. L., Mandai, D. K., Mandai, C. and Vadivelu, S. (1990) Agro-ecological Regions of India. Nagpur: 
National Bureau of Soil Survey and Land Use Planning (Indian Council of Agri. Res., New Delhi, India) .. 

Seo/ YoungHo; Kim Injong; Rhee Hacik; Kim Sunlim and Min Hwangkee (1998) (Composition of fatty acid 
and sterol and content of unsaponi tiables in maize kernels.) RDA J.Crop Sci. (I) 40(2): 212-219. 

Serensen, F. C. (1983) Geographic variation in seedling of Douglas-fir (Pseudo/sllga menzicsii) from the western 
Siskyon mountains or Orgcgon. Ecology, USA (1983) 64(4): 696-702. 

Shanthi, K, Mahadevan, N. P. and Ccctha, S. (1996a.)Rooting of cotyledonary scions in Azadirach/a indica A . 
.Juss. (Nccm) seedlings. Ind. For. 122(4): 346. . 

Shanthi, K., Manimuthu, L. and Singh, B. C. (1996b)Gelletic signi fieance of late flowering forms in neem 
(Azadirach/a indica A . .Iuss.) as rellccted by germination studies. Inc! For. 122(3): 263-264. 

Sharma, J. R. (1998). Statistical and Biomctrical Techniques in Plant Breeding. New Are International Publishers, 
New Delhi. 

Sharma, O. C. (1996) Variability in seedling trees of Persian walnut in Solan area of Himachal Pradesh. M. Sc. 
Thesis. Dr. Y. S. Parmar University of I-Iorticulture and Forestry, Nauni, Solan. 

Shanlla, O. C. and Sharma, S. D. (2001) Correlation and path analysis for various nut characters in seedling trees 
of Persian walnut(Juglans rcgia) in Himachal Pradesh. Indian J. Agril. Sci. 71(1): 67-8. 

Sharma, R., Bhalaik, R. R. alld Telllbhul'lIc, B. V. (1999) Estimates of genetic parameters of cone and seed 
characters of Pilll/s roxlilll'ghii Slgent..J. Tl'op. For.15(2): 108-111. 

I 
Shaw, G. R. (1986) Response to density in a wild population of the perennial herb Salivia lyra/a: variation among 

families. £1'olli/ioI139: 492-505. 

Sheikh, M. I. (1989) Dalbergia sissoo Roxb. Its production, management and utilization in Pakistan 
GCP/RASIlIIINET.Field document no. 21. FAO publication. 

Sheikh, M. I. (198 X) Straight trees ofProsopisjllliflora for desert afforestation. PakistanJ.For. 38: 119-120. 

Shelb1rne, C. J. A. (1972) Genotype - cnvironment interaction: its study and its implications in forest tree 
improvcment. In: Proc. IUFRO Genetics - SABRAO Joint Symposia, B-1: 1-28. Tokyo, Japan, pp. 8-1(1) 1-
2X. 

xxxviii 



ShcllJournc, C. J. A (1969) Breeding for stem straightness in conifers. In: Proc. second world consultation of 
forest tree brecding. Wsahington: FAO-FO-FTl3-69-3/4. pp 8. 

Shiv Kumar, P. and Banerjee, A. C. (1986) Provenance trials of Acacia nilotica. J. Tree Sci. 5: 53 - 56. 

Shrikhande, M, Thengane, S. Rand Masearenhas, A. F. (1993) Somatic embryogenesis and plant regeneration 
in A::adirachta indica A. ~Juss. In Vitro Plant, 291', 1,38-42. 

Shukla, G. K. (1972) Some statistical aspects of partitioning genotype environmental components of variability. 
Heredity 29: 237-345. 

Siddiqui, A. A., Srivastav, P. K, Shova, Beck, Brahmehari, B. N. and Thangavelu, K. (1993) Genotypic 
variahility and correlation studies of leaf characters in Tel'lIIil/alia species. Indian J. Genet. & Plant Breed. 
53( I): X5-90. 

Siddiqui, S., Siddiqui, B. S., Faizi, S. and Mahmood, T. (I9X8). Tetratrieyclie triterpinoids and their derivatives 
li'om A::adirachla indica, J. Nat. Prod 51: 30-43. 

Sidhu, D. S. (1997a) Selection of plus tn:cs for genctie improvement of stem form in shisham (Dalbelgia sissoo). 
Illdial/ J 1"01'. 20( I): 20-25. 

Sidhu, D. S. (1997b) Strategies. achievements and constraints for breeding programmes of agroforestry tree 
specics. Inc/. For. 123( I I): 1036-1046. 

Sidhu, D. S. and Karamjit Singh (1998) Effect of extra water and space on selection efficiency of plus trees in 
Eucalyptus tereticomis. Indian For. 124( 11): 967-972. 

R 
Sidhu, D. S. Methodo/plus tree selection for raising first-generation population for a tree breeding programme. Ind 

For. (1996) 122 (6) 476-485 

Sidhu, O. P. and Beh1, II. M. (1996) Seasonal variation in azadirachtins in seeds of Azadil'achta indica. Current 
Sci. 70( 12): 1084-1086; 

Sidhu, .J. S. and Singh, R. B. (1975) Heterosis iii Wheal. Indian J01lrnal O/Ci(,IIClic.I' and I'/on/ /!I't'l'ilillg 35: 4(,7-,169. , 

Sikka, S. M. and Maini, N. S. (1962) Correlation studies in some Punjab wheats. Indian J. Genet. 22: 181-186. 
Simmonds, M. S. J., Blaney, W. M., Ley, S. V., Anderson, J. C. and Toogood, P. L. (1990) Azadirachtin -

Structural requirements for reducing growth and increasing mortality in Jepidopterous larvae. Entomol Exp . 
. ·/ppl. 55: 169-181. 

Simmonds, N. W. (1991) Selectio fiJI' adaptation in plant breeding program. Theol' App. Genet 82: 363-367. 

Simpson, D. (1998) Selection of superior trecs, In: Puri, S. (cd.) Tree improvement: applied research and 
technology transICr, Oxl()rd & mIl Publishing Co. New Delhi, pp 141-154. 

Sindhu, H. c., Veercnd"a and Sharma, C. R. (1990) Variation studies in sandal (Santallim album L.). Time of 
emergence and seedling vigour. Ind For. 116(7): 568-571. 

Sindhuvccrcndra, H. C, Ramalakshmi, S. and Mallesha, B. B. (1999) Variation in seed characteristics in 
provenances or sandal (Sallla/11111 alblll7l L.). Illd For. 125(3): 308-312. 

Singh,R. P., Chari, M. S., Rahcja, A. K and Kraus, W. (1993) Neem and environment, Proe. "fthe international 
neem conference. february 24-28, (1993) Vol. 1 and 2 (1996). Science publishers, Inc., Lebanon, New 
Hampshire 03766 USA. 

Singh, A. R. and Makne, V. G. (1985) Corrclation studies on seed viability and seedling vigor in relation to seed 
size in sorghum. Seed Sci. Tech. 13: 139-142. 

Singh, A., Negi, M. S., Rajagopal, J., Bhatia, S., Tomar, V. K, Srivastava, P. S. and Lakshmikumaran, M. 
(1999) Assessment of genetic diversity in Azadirachta indica using AFLP markers. TheOl'e, Appl. Gene!. 
99(1/2): 272-279. 

Singh, B. B., and Vmar, A. F. (1997) Spread or neem I'rom Asia to West Africa. Asian Agri, HistOlY. 1(1): 41-46. 
Singh, B. G., Mahadcvan, N. P., Shanthai, K, Geetha, S. and l\1animuthu, L. 1995. Multiple seedling 

development in neem (Azadirachta indica). Indian For. 121: 1049-1051. 
Singh, B. G.; Mahadevan, N. P.; Shanthi. K; Manimuthu, L. and Geetha, S. (1997) Effect of moisture content 

on the viability and storbility orAzadimchla indica A. Juss.(neem) seeds. Indian For. 123(97): 631-636. 
Singh, B.D., and Vmar A. F. (1997) Spread of neem from Asia to West Africa. Asian Agri HistOlY. 1997, 1(1): 41-

46. 
Singh, 0, Kumar R. and BangarwlI, K. S. (1996) Relationship of morphological character combination with 

agroclimalic conditions in Azadirachla indica A. Juss. Crop Res. Hisar. 1996, 11(1): 117-119 . 
• I 

Singh, H. ( 1978) Embriyology of Gymnosperms. Gebrudcr Borntraeger, Ber! in. 

Singh, K (1993) Livestock production and health. In: Neem Research and Development (Eds.: Randhawa N Sand 
Parmar 13 S). Pub. No.3. Society of Pesticide Science, India. pp. 187-198. 

Singh, M. (1991) Genotypic ,1Ild phenotypic correlations in plant traits. International Center for Agricultural 
Rcscrach in the Dry !\rca. 279pp. Aleppo Syria. 

xxx,ix 

Singh, S. P. and GUIlta, P. K. (197') (iellcli(: diver.gt'.llce. ill l,enr.l.l1iillcl. frlelluli ./()t:I·I!(I/. '-"1-'(,' .. "1,','11"'.\' "/ - un(J! ,) 0111 ni'eL'il;J!.~~ 
39: 210-215. 



Singh, -R. (1977) Correlation and path analysis in soybean (Glycine max (L.) Merrill). M.e. Thesis, H.A.U. Hisar. 

Singh, R. K. and Chaudhary, B. D. (1979) Biometrieal Methods in Quantitative Genetic Analysis. Kalyani 
Publishers. New Delhi. 

Singh, R. K. and Chaudhary, B. D. (1985) Biometrical metods in quantitative genetic analysis. Kalyani 
Publishers, New Delhi. 

Singh, R. P. (1987) Comparison of anti fccdant efficacy and extract yields fi'om different parts and ecotypes of 
neem (Azadirachta indica A. Juss. ) trce. In: Schumutterer H, Ascher KRS (eds) Natural pesticides fi'om neem 
tree (Azadirach/a indica A . .Iuss. ) and other tropical plants. Proc of the third international neem conference, 
Nairobi. (,erman Agency l<)r Technical Cooperation, Eschborn, rr 171-184. 

Singh, R. V. (1982) Fodder Trecs of India. Oxl<)rd and mil Publishing Co. Pvt. Ltd., New Delhi, pp. 77-84. 

Singh, T. P. and Singh, H. N. (1979) Path-coeflicient analysis lor yield components in okra. Indian J. Agric. Sci. 
49: 244-246. 

Singh, V. P. and Bangarwa, K. S. (1996) Model tree architecture tor agroforestry: a conceptual approach. Natinl. 
.I. Plant Improv. 1: 22-24. 

Singh, V. P., Dhillon, R. S. and Jhorar, 13. S. (1996) Floral biology, breeding behaviour and breeding strategy in 
neem (Azadimch/a indica A . .Iuss.). In: The international neem conference (abstracts). February 4-9, 1996, 
Brishbane. Australia. pp. 61. 

Sinha, K. C. and Rial', S. S. (1985) Neem oil-an ideal contraceptive. BioI. Mem. 10: 107-114. 

Sivasubramalliall, S. and Ramakrishnan, V. (1977) Relationship between seed size and seedling vigor III 

sunflower. Seed Res. 5: 6-10 (Field Crop Abst. 31: 2096; 1978). 

Skov, E. (1999) Are RAPD- markers reproducible between difrerentlaboratories? A case study of Picea abies (L.) 
Karst. Sill'ae Gene/. 47(5/6): 283-287. 

Skroppa, T. (1984) A critical evaluation of methods available to estimate the genotype x environment interaction. 
S/udia Fores/alia Suecica 166: 3-114. 

Smith, J. S. c., Goodman, M. M. lind Stubcr, C. W. (1985a). Genetic variability within US maize germplasm: I. 
I-listorieally important lines. Crop Science, 25: 550-555. 

Smith, J. S. c., Goodman, M. M. and Stubcr, C. W. (1985b). Genetic variability within US maize germplasm: " 
Widely used inbred lines 1970-( 1979) Crop Science, 25: 681-685. 

Smith, M. A. K. (1998) Influence of seed size on germination and seedling growth in giant blue-stem. Agricultural 
Science Digest (Karla) 18(2): 102-104. 

Sncath, P. H. A. lind Sokal, R. R. (1973) Numerical taxonomy. The principles and practice of numerical 
classi lieation. Sanfransiseo. Freeman. 573 p. 

Sncdccor G. W. and Cochran, W. G. (1956) Statistical Methods: Applied to experiments in agriculture and 
biology. Bombay: Allied Paeilie Pvl. Ltd. 

Sniczld, R. A. lind Stewart, II. T. L. (1989) Range wise provenance variation in growth and nutrition of Acacia 
alb ida seedling progagated in Zimbabwe. For. Ecol. Manage. 27: 179-197. 

Sokal, R. R. (1961) Distance as a measure of taxonomic similarity. Sys/emal. Zool. 10: 70-79. 

Sol,al, R. R. (1986) Phenetic taxonomy: theory and methods. Animal Review of Ecology and Systematics, 17: 423-
442. 

Sol,al, R. R. and Michcner, C. (1958) /\ statistical method for evaluating systematic relationships. Univ. Kansas 
Sci. BIIII. 38: 1409-1438. 

Sol.:al, R. R., Howcll, V. D. and Rohlf, F. J. (1961) Factor analytical procedures in biological model. University of 
Kansas Science Bulletin, 42: 1099-1121. 

Solanki, K. R., Gupta, V. K. and Rai, P. (1999) Studies on genetic improvement of neem (Azadirachta indica A . 
. hlss.) In Rccent advances in management of arid ecosystem. Proceedings of a symposium held in India, March 
(1997)[ edited by Faroda, A.A.; Joshi, N.L.; Kathju, S.; Amal ~arl]. Jodhpur, India: Arid Zone Research 
Association orIndia : 325-328. 

Solanld, K. R., Jindal, S. K, Muthana, K. D. and Kackar, N. L. (1985). performance of Acacia senegal and 
Prosopi.l' cineraria in wcstern Rajasthan. Ni/rogen Fixing Tree Research Repor/s 3: 27-28. 

Solanki, K. R., Muthllna, K. 0., Jindal, S. K. and Arora, G. D. (1984). Variability heritability and correlations 
for growth parameters in Prosopis cineraria. J. Tree. Sci. 3: 86-88. w 

Somayajulu, P. L. N., Joshi, A. B. and Murty, B. R. (1970) Genetic divergence in/heat. Indian J Genet. Plant 
Breed 30: 47-58. 

Somuatsiri, K, Ermcl, K. and Schmuttcrcr, H. (1995) Other Meliaceous plants containing ingredients for 
integratcd pest management and further purposed. In: Schmultel'er, H. (ed.) The neem tree A;adirachta indica 
A . .Iuss. and other Meliacious plants: source of unique natural products for integrated pest management, 
mcdicine. industry and other purposes. Wcinhcim. pp. 585-597. 

xl 



SOlllcrs, Van Sambccl{, ,). W., Precce, ,I. E., Graffncy, G., My~rs, O. Jr. (1982) In vitro micropropagation of 
black walnut (.lllglllllS nigra 1..) In: Thielgc BA (Ed) Proc Seventh North American Forest Biology Workshop, 
University of Kentucky Press, Laxington, PI' 224-230. 

SOlllcrville, C. and Bl"Owse, J. (1991) Plant I ipids: metabolism, mutants, and membranes. Science. 252: 80-7. 
Soni, K. K, Dadwal, V. S. and Jalllmaluddin (1981) A note on faeitation in twigs of Azadirachta indica and 

l)iospyros mclunoxylon. Indian./. For. 4: 154-155. 

Sontakkc, B. 1(. and Rath, L. K (InS) Neem. a sourcc of ncctar and pollen for bees during of r-se as on in Orissa. 
Neem Nell'sletler 5(2): 21-23. 

SOI'cnscn, F. C. and Wcber, .I. C. (1994) Gcnctic variation and seed transfer guidelines for ponderosa pine in the 
Ochoco and Maltheur National Forests of Central Oregon. USDA Oor. Servo Res. Pap. PNW-RP 468. 

Spearman, C. (1904) 'General intelligence' objcctively determined and measured. Americal JOllnal of Psychology, 
15: 201-293. 

Squillace, A. E. (1967) Selection of superior trces. Proe. 9th South. Conf For. Tree Improv. 7-9. 
Sridhanlll, S. and Venugopal, M. S. (1998) [ITeet of environmental conditions on the yield of azadirachtin and oil 

in neel11: In; Ecological agriculture and sustainable developmcnt: Volume 1. Proceedings of international 
conkrcnet: on ecological agriculturt:: towards sustainable developmt:J1t, Chandigarh, India, 17-17 November" •• 
(1997)(edited by Dhaliwal. G. S.: Arora, R.; Randhawa, N. S. and Ohawan, A. K.). Chandigarh, India; Centre 
lor Rcsearch in Rural and Industrial Devclopment. 510-518. (Jointly published with the Indian Ecological 
Society) 

Somerville, C. and Somerville, S. (199')) Plant functional gcnolllics. Sci<'l1c(-' 2:-\5: 3:-\()-3~n. 

. ~'. _' . 

Srimannat'yana, G. (1989) Recent advances in insecticidal interest in leguminous plant products and neem. Paper 
presented at the summer Institute on Role of Natural Plant Products in Integrated Pest Management held on 26'h 
June to 15th July at University of Agricultural Scicnces, Bangalore. Plant Cell Tissue Org. Cult. 29: 173-178. 

Sl"imathi, R. A., Kumar Harsh and Kull{arJli, D. (1982) Progcny trial of selected trees in Santalum album L. 
variation in seedlings. In: Khosla. P. K. (Ed.) Improvement of Forest Biomass: 119-130 pp. ISTS, Solan. 

Srivastava, D. P., Srivastava, P. K., Goel, A. K. and Thangavelu, K 1993a Genetic variability in Terminalia 
mj/Illa Bedd. Indicl/1 J For. 16 (3) 223-225. 

Srivastava, P. K, Siddiqui, A. A. and Gocl, A. K 1993b Gt:netic variability in half-sib seedling of Termina!ia 
mjllna Bedd. lild For. 119( I): 53-58. 

Srivastava, P. S. and Stcinhaucr, A. (1982) In vitro clilturc of embryo segments of Qllerclls lebani: 
Organogent:sis and callus growth as a di ITerential responst: to cxperilllt:ntal conditions. Z Pjlan::enphysiol 106: 
93- 96. 

Srividya, N., Devi, B. 1'. and Satya narayana, P. (1998) Azadirachtin and nimbin content in in vitro cultured 
shoots and roots or Azadimchfa indica A . .Iuss. Indian J. Planf Physiol. 3(2): 129-134. 

Stall,cr, H. T. (1980) Utilization of wild specit:s lor crop improvement. Adv. Agron. 33: 111-147. 

Stanton, V . .1. and Canavcra, D. S. (1983) Phenotypit' selecion in Betula apyrifera. Can. J. For. Res. 13: 1159-
1163. 

Stark, J. D. (1992) Comparison of the impact of a Neem seed kernel extract formulation, Margosan-O, and 
chlorpyri los on non-target invertebrates inhabiting turf grass. Pesticide Sci. 36: 293-299. 

Staub, J. E., Serqucn, F. C. allli Gupta, M. (1996) Genetic markers, map construction and their application in 
plant breeding. Horf. Sci.31: 729-740. 

Stefansson, B. R., Hougen, F. W. and Downey, R. K(1961)Note on the isolation of rape plants with seed oil free 
rrom t:rueic acid. Can. J Planf Sci. 41: 218-219. 

Steffens, R. and and Schmutterer, H. (1982) The effect of a crudc methanolie neem (Azadirachta indica) seed 
kernel extract on mctamorphosis and quality of adults of the Mediterranean fruittly, Ceratitis capitata Wied. 
(Diptera. Tephritidae). Z. al/gell'. £nfolllol. 94: 98-103. 

Stephen, A., Muruganadam, B., Ravichandran, I>. and Dayanandan, P. (1996) Neem seedlings-Growth 
potential or dilTerent organs. In: Singh. R P: Chartnaht:.ia, N1 $ A K and Kraus, W) (eds.) Neem and 
Environment. Volumc I. Oxrord & lBl I Publishing Co. Pvt. Ltd. New Delhi. pp. 159-166. 

Stern, K. and Rochc, L. (1974) Gelletics or lorest ecosystems. Springer-Verlag, Berlin, 330 p. 

Stettler, R. F., and Bradshaw, II. 0.,.11". (1994) The choice of genetic material for mechanistic studies of 
adaptation in lorest trees. In: £cophysiology and genetics of frees and forests in a changing environment. 
Proceedings 0/ an infemational ll'orkshop organi::ed IInder fhe allspices of IUFRO, held in May (1993) In 
Vitt:rbo. Italy. [editcd by Scarascia-Mugnozza, G.E. et all. Tree physiology. 14 (7/9): 781-796. 

Stoltzfus, D. L.; Fehr, W. R. and Wclke, G. A. (2000) Relationship of elevated palmitate of soybean seed traits. 
Crop Sci. 40( I): 52-54. 

xli 



Storfcr, A. (1996) Quantitative genetics: a promising appro<~ch for the assessment of genetic variation in 
endangered species. Trends Eeol. Evol. I I: 343-348. 

Strauss, M. L., Pino, .1. A. :111(1 Cohell, .J. L. (1988) Quantilieatioll of diversity in ex-sitll plant collections. 

Diversity. 16: 30-32. 

Sh'auss, S. H., Lande, R. and N aml{oong, C. (1992) Limitations of molecular-marker aided selection in forest tree 
breeding. In: Marker-aided seleclion: a lool/or Ihe improvement ojjoresttree species. A workshop sponsored by 
United St(/tes f)eli(/rtll/ellt ojIllergy '.\' motllels Feedvtock Del'elo{JlIIellt Program and Weyer-haellser Company 
held at (Jatlillburg. Tennessee, 13-14 Jlllle 1991 [edited by Tliskan, G.A.j. Can. .J. For. Res. 22(7): 1050-1061. 

Strwk, P. (1991) Review of local technologies of neem product use in Asia and West Africa. Symposium on 
Resources lor Sustainable Agriculture: The usc of Nccm and other plant Materials for pest control and Rural 
Development. May 27-June 2, 1991, East- West Center, Honolulu, Hawaii. Neem Newsletter 8(3-4): 28. 

Styles, B. T. (1976) Taxonomic and biosystematic studies. In: Burley, J. and Wood, P. J. (1976) (ed.) A Manual on 
species and provenance research with particular reference to tropics. Commonwealth Forestry Institute. Tropical 
Forestry Papers No. 10. pp. 15-25. 

Styles, B. T. and Vosa, C. C. (1971). Chromosome number in the Mcliaceae. Taxon, 20: 485 - 499. 

Stylcs, I3. T. and Whitc, F. (1991) Meliaeeae. In: Polhill. R.M. (cci.) nora of tropical Africa. ROllerdam. 
Nclhcrlilllds, pp. 1-30. 

Su, W. W., Hwang, W. I., Kim, S. Y. and Sagawa, Y. (1997) Induction of somatic embryogenesis in Azadirachla 
indica. Plant Cell Tissue Organ Culture; 50(2): 91-95. 

Sultan, S. E. (2000) Phenotypic plasticity for plant development, function and life history. Trends in Plant SCi 5(12): 537-542. 

Sultan, S. E. (1987) Evolutionary implications of phenotypic plasticity in plants Evol BioI. 21: 127-178. 

Sultan, S. E. (1995) Phenotypic plasticity and plant adaption. Acla Bot. Neerl. 44: 363-383. 

,_ J 

Sultan, S. E. (1996) Phenotypic plasticity lor offspring traits in PolygonulIl persicaria. Ecology 77: 1791-1807. 

Suphla Bajpai; Secma Prajapati; Rajcsh Luthra; Srikant Sharma; Naqvi, A. and Sushi! Kumar (1999) 
Variation in the seed ancl oil yield and oil quality in the Indian germplasm of opium poppy Papaver somniferulll. 
Genetic Resources alld Crop Evolution. 46(5): 435-439. 

Surender Kumar, Mukcsh Schgal, Kumar S. anti Sehgal, M. (1998) Indigenous technical knowledge of the 
rarmcrs about pestmanagcmt:nl. .·11111(11.1' o/I'I{lllt Protection Sciellces. 1998,6(2): 186-188. 

SlIrcndran, C. and Chandrascthran, 1'. (19S4) Heritability variation and genetic gain estimates in half sib 
progenies of Eucalyptl/s terelicomis .J Tree. Sci. 3: 1-4. 

Surcndran, c., Rai, R. S. Y., Sivagnanam, K, Kumarvelu, C., Shanmugam, M., Ragupathy, A., Preetha, S., 
Srimathi, P, and Kumaran, K. (1992) Paper presented at the National Workshop on Non-wood Forest 
l'rnduce.l'une, March 8-1 L 1992.13AIF.l'une. 

SlIrcndran, c., Rai, R. S. V., Sivagnanalll, K, Shanlllllghalll, M., Kumaran, K., Rcgupathi, A., 
Vanangamlldi, K :llId Vimala, I. (1993) Tree improvement and sced managcment in Indian necm. In: Read 
MD., French . .I.H. (cds.) Genetic impl'Ovemcnt of ncem: strageties for the future, proceedings of the 
intcrnational consultation on ncem improvemcnt held at Kasetsart University, Bangkok, Thailand. pp. 29-39. 

SUI'cIHlrum, C. and Chandnlscldlaran, P. (1984) HC'ritabiJity variation and genetic gain estimates in half-sib 
progenies of Eucal),ptlls terelicornis Sm. J. Tree Sci. 3(1 & 2): 1-4. 

Suri, P. N. and Scth, S. K (1959) Tree planting practices in temperate Asia, Burma -India - Pakistan, Rom, FAO. 
Forcst development paper 14. 

Swami nathan, C. and Sivagnanlll, K. (1999) Intluenee of locations on seed germination in Acacia lellcophloea 
Willd. Range tv/al1agel11en/ & AgrqJoresli),. 20( 1): 112-114. 

lranl,slcy, S. D., and S. R. McCouch, (1997) Seed banks and molecular maps. : Unlocking genetic potential from 
the wild. Science 277: 1063-1066. 

Tao, Y., Manner, J. M., Ludlow, M. M. and Hcnzell, R. C. (1993). DNA polymorphism in grain sorghum 
(SorghuIII bicolor (L). Mocneh). Thear. lIppl. Genet. 86: 679-688. 

Taware, S. P., Halvanl<ar, C. B. and Raut, V. M. (1997). Variability, correlation and path analysis in some 
germplasm lines of soybean (Glycine IiI(lX) with high oil content. Indian J. Agril. Sci. 67( I 0): 476-77. 

Tawfil{, A. A. (1997) Micropropagation and plant regeneration of neem tree (lIwdirachta indica JussJ. Assillt J 
Agril. Sci. 1997,28: 2.1-10. 

Tcla, B. K (1983) Planning for thc establishmcnt of seed stands and seed orchards of some species in Borno States, 
Nigeria. I-I and D dissertation, School of Forestry, Ibadan. Pp. 7-9. 

Tcsfayc, Tcsclllllla, Scifu, Tscgayc, Cetachew Belay, Efrem Bcchcre, and Demissie Mitiku (1998) Stability of 
perrormanee or tetraploid wheat landraces in the Ethiopian highland. I~'I/phylica 102: 301-308. 

Tcwari, D. N. (lll92) Monograph on Necill. Dehradun (India): International Book Distributors. 

xlii 

Teich. A. H. (1975) Outlook (or selected spruces and pines (I'illus) in C~l!lada: \\ hite sprUCe' (!'i( <'" g/({I/('''). I'uhl. I kp. 
Environ. Can. For. Ser. 1347: 28-33. 



Thapliyal, R. C. and Dhiman, H.. C. (I 0lJX) Geographic ~ariatiol; in ~eed and seedling characteristics in Pinus 
J'oxbuJ'ghii Sarg. 11'0111 Himachal Pradesh. Annals of FoJ' )(2): 140-14). 

Thengll ne, S., .Joshi, M. and Mascarenhas, A. S'. (1995) SOl11ati~ c.mbryogensis in neem (Azadirachta indica). In: 
Jain, S.M., Gupta, P., Newton, R. (cds.) Somallc embryogenesIs In woody plants. Kluwer Academic Publishers, 
Netherlands. Vol. 2. pp. 357-374. 

Thiagarajan, M. and Murali, P. M. (1996) High II'equency regeneration ofNeem in vitro (Azadirachta indica A. 
hiss.) i"rom immature embryo explants. In: Singh, R P; Char~~sRaheia, ~ $ A K and Kraus, W) (cds.) Necm and 
Environment. Volume 2. Ox((m.l & IBIIl'ublishing Co. PvL. Ltd. New Delhi. pp. 975-980. 

Thiede, D. A. (1998) Maternal inheritance and its effect on adaptive evolution: a quantitative genetic analysis of 
material etfects in a natural plant population. Evolution 52: 998-1015. 

Thomas, S. c., Pemberton, J. M. and William, G, H. (2000) Estimating variance components in natural 
populations using inferred relationships. HeJ'edity 84: 427-436. 

Thomas, V. E. (1980) Use of competition indices in the sele1ction of western hemlock plus tree. PhD theis, Univ. 
of British Columbis. 156pp. 

Thorpe, R. S. (1976) Biochemical analysis of geographical variation and racial affinities. BioI. Rev. 51: 407-452. 

Tlwrpe, R. S. (1985). The cffect of signi licant characters on the multivariate analysis of simple patterns of 
gcographic variation. Biological J. Linnean Soc, 26: 215-233. 

Tigel'stedt, P. M. A. (1984) Gcnetic mechaniss for adaptation: th.e mating system of scots pine. In: Swaminathan 
M. S., Joshi, B. C., Sharma, R. P., Bansal, H. C. (eds.) Gcnetlcs: New frontiers.Proc. of the XV International 
Congress of Gentics. Oxlord & IBH Publishing Co., NewDe1hi. pp. 17-26. 

Tigerstedt, P. M. A. and Y~o, Y .. (! 997) Trad~tional tree'lmpro:em~nt and th~ question of genetic diversity. In: 
Matyas. C. (cd.) Pcrspcctlvcs 01 100'est genetics and tree breeding 111 a changll1g world, IUFRO World Series 6. 
pp.17-26. 

Tilander, Y. (1993) Erf'ccts of mulching witl} Azadirachla indica and A1bizia lebbeck leaves on the yield of 
sorghum under semi-arid conditions in l3urkll1a Faso. Agroforesll:v System 24: 277-293. 

Tipton, J. L. Variation in desert willow !lower and leaf size. Hart. Sci. (1987) 22 (5) 938-939. 

Tiwari, S. K. and Singhania, D. L. (1989). Analysis of genetic diversity in elite lines of grain sorghum. Indian J. 
Heredity. 21: 33-39. 

Toda, R. (1958) Variation and hcritability of some quantitative characters in cryptomeria. Silvae Genet. 7(3): 87-

93. 
Tohagollzalez, J. (1964) Vi~ous of seedlings and gcrmi~ative energy and capacity in relation to age of parent trees 

in Pinlls radiata. Bol. Tec. Esc. Ingen. For. U/1/V. Chile No.8, 13pp. 

Toky, O. P. and Bisht, R. J). (1991) Provenance trial of Eucalyptus and Casuarina in arid climate of north-western 
India. Il1dian J. For. 14: 3 I 5-317. 

1'05un, S., Ozpay, Z. and Tetil{, M. (1993) Determining quality classifications of scots pine (Pinus sylves/ris) 
secdlings. Teknik-Bulten-Serisi- Ormancilik-Arastirma-Enstitutsu-Yayinlari. Bulletin No. 239: 37-79. 

Tozowa, M. (1924) Necessity of Provcnance tcst and the urgent need of a test plantation network. J. Korean For. 
Assoc. 22:1-5. 

Tross, R, Klceberg, H. (1997) Neelll and analytics. (ed.); Zebitz, CPW Practice oriented results on use and 
production of nccm-ingredients and pheromones. PJ'I'ceedings 5th Workshop Wetzlar, Germany, 22-25 January 
(1996) 1907,0-14. Trifolio-M GmbH; Lahnau; Germany 

Troup, R. S. (1921) The siliviculturc of Indian Forest trees. Vol. 1. C1aredon Press, Oxtord, UK. 

Turcsson, G. (1922) The species and variety as ecological units. Hereditas 3: 100-113; 211-350. 

Tumbull, J. W. (1975) Asscssmcnt of sced crops and the timing sccd collections. In: Rep0l1 on the FAO/DANIDA 
training course on lorest seed collection and handling, Vol. 2. FOR: TF-RAS 11 (DEN), FAO Rome. Pp. 79-94. 

Tyagi, P. c., Agarwal, M. C. allli Nirmal Kumar (1999) Provenance variation in seed parameters and 
germination of 9rcwia optiva Drummond. Ind. For. 125(5): 517-52 I. . 

Thompson, J. N. (1975) Quantitative variation and gene number. Nature 258: 665-668. ,") 

Tyagi, S. K. (1965) Study of genetic variability and correlation of soybean (Glycine max (L.) M.Sc. Thesis, PAU. 
Ludhiana. 

TyLlirk (I (80) Flowcring. pollination and seed production or Acacia l1ilotica. Nordic J. BOI. 9: 375-381. 

UeLlel, E. B., Warthen, J. D. Jr. and Jacobson, 1\1. (1979) Preparatory reversed phase liquid chromatographic 
isolation of llzadirachtin i"rom neem kernels. Journal of Liquid Chromatography 2: 875-882. 

Umarani, R; Bharathi. A. and Karivaratharaju, T. V. (1997) Effect of seed size and depth of sowing on 
Qermination and seedl ing growth of CaslI{lrin{l eqlliselijolia. J. Trop. For. Sci. 10(2): 275-276. 

Uri~, A. L. (1985) Inheritance of high oleic acid in sunllowcr. Crop Sci. 25: 986-989. 

Val{shasya, R. K. (1988). Growth and 1()liar variation among provenances of Eucalyptus camaldulel1sis growth .at 
Dehradlln. Proc.lndian /lcad. Sci. (Plant Sci.) 98: 507-513. 

xliii 



Val\shasya, R. K. , Ulliyal, I). 1'. alld Rawat, M. S. (1988) Tcak plus trees for specific traits. Itld. For. 114(3): 
168-169. 

Val{shasya, R., Rajora, O. I. and Rawat, M. S. (1992) Seed and seedling traits of Dalbergia sissoo Roxb: seed 
source variation studies among ten sources in India. For. Eco. !\I!anage. 48: 265-275. 

Valcntillc, I). H. and Lovc, A. (1958) Taxonomic and biosystematic categories. Briltonia 10: 153-166. 

Vall 13uijtcllclI, J. P. (1969) Progress and problems in forest tree selection. Proc. 10th South. Conf For. Tree 
1l11prov. 17-26. 

Vall Dammc, L. and Parker, W. 1-1. (1987) Selection of Picea mariana for growing space efficieny. Can J For 
Res 17: 421-427. 

Vanangamudi, K.; Umarani, R.; Bharathi, A. and Venkatesh, A. (1999) Effect of seed source on physical and 
physiological qualities of Acacia nilotica seeds. Seed Res.26(2): 114-1 16. 

Valldenbeldt, S. and Bhumibhamon (1992) The Need for Cooperative Research on Neem. Paper presented at the 
National Workshop on Non-wood Forest Produce, Pune, March 8-11, 1992, BAIF, Pune. 

Varma, R. V. (1996) Insect damage to neem in Tamil Nadu, India. Impact of diseases and insect pests in tropical 
forests. Annamalai-R; Surendran-C; Thirul1lurthi-S; Gunasekharan-V; Nair-KSS:- Sharma-JK (ed.); 
Proceedings of the IUFRO Symposium, Pcechi, India, 23-26 November (1993),349-355. 

Vaughton, G. and Ramsey, M. (1997) Seed mass variation in the shrub Banksia spinulosa (Proteaceae): resource 
constraints and pollen source effects. Inl. 1. Plant Sci. 158(4): 424-431. 

Vavilov, N. I. (1951) Origin, variation, immunity and breeding of cultivated plants. Chrol1. Bot. 13: 364. 
Veena, Chandra, (1997) Botany of nccm. Annals of Forestry. 5(2): 182-188. 

Vccrendra, H. C. (1995) Variation studies in provenances of Azadirachta indica (the neem tree). Ind. For. 
121(11): 1053-1056. 

Veerendra, ncs (1995) Variation studies in provenances of, l::aG.liI'RG,qta ilUiiGa (the neem tree). Special issyc' 
Ileem giltofthegods.lnd. Fer. 1995, 121(11).1053 1056: 

l,'eerendra, !-ICS. (1995) Variation studies in provenances of A::€IdirRcRta indica (the Ilecm tree). Special issue: 
41CCill - gift gfthe ggQS, "7(,(;6.'>'1 ,Egr. 121(11): 1053 1056. 

Veeresham, C, Kumar, M. R., Sowjanya, D., Kokate, C. K, Aple, S. S. and Raj Kumar, M. (1998) Production 
of azadirachtin from callus cultures of tlwdirachta indica. Fitolerapia. 69(5): 423-424. 

Vclasco, L. and Geffmall, F. D. (19<)l)) Tocopherol and t~llly acid composition of twenty-five species of 
Onagraceae .IusS. /Jofallcia/Jollf'l1al o/fhe Lit/nean Society. 129(4): 359-366. 

Velasco, L.; Martin, L. M. and Haro, A. De. (I998) Within-plant variation for seed weight and seed quality traits 
in white lupin (LupinLis albus L.). AilS. 1. Agril. Res. 49(1): 59-62. 

Velicer, W. F. (1977). An empirical comparison of the similarity of principal component, image and factor 
patterns. Multivariate Belwviollrol Research 12: 3-22. 

Vcnable, D. L. (1989) Modelling the evolutionary ecology of seed banks. In: Leck, M. A.; Parker, V. T.; Simpson, 
R. L. (cds.) Ecology of soil seed banks. pp 67-97. 

V cnl{atakl'ishnan, K. and Madyastha, K. M. Biocatalyst-Mediated efticient funetionalization of ring ¢ A¢ in 
Salannin, a tetranortriterpene from Azadirachla indica. 1. Chelll. Soc. Perkin Trans. i, 1183-1184 (1998). 

Vcnkatesh, C. S. (1988) Genetic illll'Ovement of mUltipurpose tree species. International Tree Crops Journal 5(3): 
109-124. 

Vcnl{atesh, C. S. (1969) The early growth of certain half sib progenies or 130mbax ceiba L. Paper contributed to the 
FAO sponsored second world consultation of tree breeding. Washington DC. --

V cni(atcsh, C. S. and Vakshasya, R. K. (1979) Provenance variation in some floral characters of Eucalyptus 
camaldlilensis. indian 1. For. 2: 6 J -64. 

Venlmteswal'lu, B. and Mukhopadhyaya, J. (1999) Azadiraciltin content in the seeds of micropropagated neem 
plants in relation to its mother tree. Current Science 76(5): 626-627. 

VCIII{atcswarlu, B., Katyal, J. c., Jayjayanti, Choudhuri, Mukhopadhyay, K. and Choudhuri, J. (1998) 
Micro-propagation of plus ncem (Azadirac!Jta indica A. Juss) and evaluation of tield transferred plants. ind. 
For. 124(7): 537-543. 

VCIII;atcsw'lI'lll, 11" Kat)':!I, J, c., JayjaY:lnti, CIHIIHlhuri, Mukhepaahyay, K. aHa CIHHullnlfi, J. (1998) 
-M~ero propagation or plus nO:QIl1 ('I-a,u"ac;iJlo illaJca A l'l~» and e)/al'l~tion gf field tran£ferred plant£ lildial:1 

Fer. 12'1(7): 5375'13. 

Verl\erJ{, R. H. J. and D. J. Wright, (1993) Biological activity of Neem seed kernel extracts and synthetic 
azadirachtin against larvae of Plufel/a xy/oslella L. Pesticide Sci. 37: 83-91. 

Verma, M. M., Gill, K. S. and Virl., D. S. (1987) Genotype-environment interaction: its measurement and 
signi ticance in plant breeding. Punjab Agric. Univ., Ludhiana. 

Verma, SVS, Gowda, SK. and Elangovan, A V. (1997) Value of neem kernel in the diet of laying hens. Neem 
News/elter 14(4): 60-61. 

Verpoorte, R (1989) Secondary plant products: primary importance. Pharlll.Weekbl.; (1989) 124, 30, 553-57 

xliv 



Via, S. and Lande, R. (1987) Evolution of gcnetic variability in a,speeially heterogcnous environment: Effect of 
genotype-environment interaction. Gellel. Res. Camb. 49: 147-156. 

Via, S. ct :11. (1995) Adaptive phenotypic plasticity: consensus and controversy. Trends Ecol. Evol. 10: 212-217. 

Vidakovic, M. and Ahsan" J. (1970) The inheritance of crooked bole in shisham ( Dalbergia sissoo Roxb. ). 
Sill'(/I! Clenel. 19: 94-98. 

Vidalwvic, M. and Siddiqui, K. M. (1968) llcritability of height amI diamcter growth in shisham (Dalbergia 
sissoo) using one parent progeny test. Pakislan J. For. 18: 75-94. 

Vidalwvic, M. and Williamson, M. J.(1968) Trce secd collcction, UNDP-FAO Pakistan National Forest Research 
and Training Project Report No.6, Peshawar. 

Vijayan, A. I(. and Rchill, P. S. (1987). Occurrence of twin seedlings in Azadirachta indica A. Juss. Indian J. For. 
10: 214-216. 

Vijayan, 1(., Das, I(. 1(., Doss, S. G., Chakraborty, S. P. and Roy, B. N. (1999) Genetic divergence in indigenous 
mulbcrry (Moms spp.) genotypcs.lndianJ. Agril. Sci. 69(12): 851-853. 

Visvanathan, R., Palanisamy, P. T., Gothandapani, L. and Srcenarayanan, V. V. (1996) Physical properties of 
neem nul..J. Ilgri/. /;ngg. Res. 63( I): 19-25. 

Vivekanandan, 1'. (1998) New tree, new system: neem production in south India. Agroforeslly Today I O( I): 
12-14. 

Vivekanandan, P. (cd.) (1995) Foot and mouth disease.Honey Bee 6(4). 

Vivekan;lIIdan, P. (ed.) (1996) Coconut pest control. Honey Bee 7( I): 8. 

Vivekanillldan, P. (cd.) (1996a) Controllillg weed growth. Honl!)' Bee. 7(4): 11. 

Vivckanandan, 1'. (cd.) (1996b) For poisonolls bite.lloney Bee 7(3): 9 

Vivekanandan, P. (cd.) (1997) . Liquid manure.Honey Bee 8(3): 7. (1997). 

Vivekanandan, P. (cd.) (1997a) Ncem for Pest in bcngal gram. Honey Bee 8( I): 15. 

Vivekanandan, P. (ed.) (1999) Organic Paddy and Homeopathy for Agriculture. Herbal Pesticide. Honey Bee 
I O( I): 7. 

Vivekanandan, P. (cd.) (1999a) Is pruning in nccm trees ncedcd? Honey Bee 10(2): 9 

Vivcl,anandan, P. (ed.) (2000) Ncem and ash for scedling treatment.Honey Bee 11(1): 16. 

Vlel" P. L. G., Hong, C. W. and Youngdahl, L. J. (1979). An analysis of N nutrition on yield and yield 
componcnts for the improvcmcnt of rice ferti lization in Korea. Agroll. J. 71: 829-833. 

Vies, R. O. and Gottenbos, J. J. (1989) Nutritional characteristics and food uses of vegetable oils, pp. 63-86. In: 
Robbelen, G; Downey, RK and Ashri, A. (eds) Oil crops of the world, their breeding an utilisation. McGraw­
Hill Publ. Co., Ncw York. 

Vogler, D. W. ct al. (1998) Phcnotypic plasticity in the expression of self-incompatibility in Campanula 
raplInclllr;ides. HeredilY 81: 546-555. 

Volker, P. W., Dean, C. A., Tibbits, W. N. and Ravenwood, I.. C. (1990) Genetic parameters and gains expected 
Crom selection in Eucalyptus in Tasmania. Sil\'(/e Genel. 39: 18-21. 

Wakeley, P. C. (1954) The relation of geographic race to forest tree improvement. J. For. 52: 653. 

Wang, B. S. P. (1998) Review of new developmcnts ill tree seeds. Seed Sci. & Technol. 16: 215-225. 

Wang, X. C. and Zhang, J. L. (1984) Studies on plus tree sclection of Larix leptolepis and methods of quality 
grading. Foresl Sci. and Technology (Linye keji Tongxun) No.4: 4-6. 

Ward, J. (1963) Hierarchical grouping to optimize an objectivcs funtion. J Alii. SIal. Assoc. 58: 236-244. 

Warthen, J. O. Jr. (1979) Azadirachla indica: A source of inscct feeding inhibitors and growth regulators. Agric. 
Rev. Man. ARM-NE-4, USDA, Washington, D.C. 

Watt, J. (1889). Diclionm), of Economic Plallls of India. Supcrintendent, Government Printing Press, India. 

Watt, W. B. (1994) Allozymes in cvolutionary gcnetics: selfimposed burden or extraordinary tool? Genetics, 136, 
1/-16. 

Waugh, R., and Powell, W. (1992) Using RAPD markers for crop improvcment. Trends in Biotechnology 10: 186-
191. 

Weber, W. E., Wricke, G. and Westerman, T. (1996) Selection of genotypes and prediction of performance by 
analyzing gcnotype-by-intcractions. In: Kang, M.S. and Gauch, H. G.(eds.) Genotype-by-Environment 
Interaction. pp. 353-371. 

Wclander, M. (1988) Biochemical and anatomical studies of bireh (Bellila pendula Roth.) buds exposed to 
differcnt climatic conditions in rclation to growth in vilro. In: I-Ianower JW, Keathley DE (Eds.) Ge~etic 
Manipulation of Woody Plants, Plenum, Ncw York, PP 79-99. 

Wells, O. 0 .. Toliver, and J. R. (1987)Geographic variation in sycamore (Plalanlls occidenlalis L.) Silvae Genel. 
36(3-4): 154-159. 

xlv 



Welsh, j_ and McCllehllld, 1\1. (1990) Fingcr printing genomes using PCR with arbitrary primers. Nucleic Acids 
Res IS: 7213-72IS. ' 

Westcott, B. (1986) Somc mcthods of analysing gcnotype-environmcnt intcraction. Heredity 56: 243-253. 

Wewetzer, A, and Kleeberg, H (ed.); Zebitz-CPW (Editors) (1997)Tissue culture of Azadirachta indica (A. JussJ 
and its potential tor the production of azadirachtin. Practice oriented results on use and production of neem­
ingredicnts and pheromones. Proceedings 5th Workshop Wetzlar. Germany, 22-25 Jan. (1996), 243-249. 
Tril()lio-M (imbll; Lahnuu; (;ermuny. 

Wewetzer, A. (1998) Callus cultures of /lzac!irachta indica and their potential for the production of azadirachtin. 
Phytopamsitica. 1995. 26: 1.47-52. 

Wewetzer, A. (1999) Production of azauirachtin by callus cultures II'om Azadirachta indica A. Juss. In: Singh, R. 
P. & R. C. Saxena (Eds.). Azadirachta indica A. Juss. Oxford & I8H Publishing Co Pvt. Ltd. New Delhi & 
Calcutta. 259-267 

White, K. J. (1991) Teak: Some aspccts of Rcsearch and Development. RAPA Publication 1991/12, FAO. 
Bangkok. 

White, T. L. (1987) A eonceptualli'amcwork for tree improvement programs. New Forests (1987) 1(4): 325-342. 

Wickneswari, R. and Norwati, M. (1993) Genctic diversity of natural populations of Acacia auriculijormis. A lISt. 
J. Bal. 41: 65-77. 

Widstrolll, N. W. and Jellulll, 1\1. D. (19S4) Chromosomal location of genes controlling oleic and linoleic acid 
compositon in the germ oil of two maize inbreds. Crop Sci. 24: 1113-1115. 

Wiersum, K. F. (1997) Fl"om natural lorest to tree crops, co-domestication of forests and tree species, an overview. 
Neth J. Ag. Sci. 45: 425-438. 

Wilde, J., Waugh, R. and Powell, W. (1992) Genetic fingerprinting of Theobroma clones using RAPD markers. 
TheOl'e Appl. Genet. 88: 871-877. 

Wilkie, S. E., Issac, P. C., and Slater, R. J . (1993) Random amplified polymorphic DNA (RAPD) markers for 
genetic analysis in Allillm. Theor. Appl. Genet. 86.497-504. 

Willett, W. C. (1994) Dict and hcalth: What should we eat? Science 264: 532-7. 

Williams, D. C. et al. (1995) Ecophsiology of introduced Pennisetum setaceull1 on Hawaii: the role of phenotypic 
plasticity. Ecology 76: 1569-1580. 

Williams, J. C. K., Hanafey, 1\1. K, Rafalski, J. A. and Tingey, S. V. (1992) Gcnetic analysis using RAPD 
markers. In: power mapping: a RAP)) workshop. ConilCr Biotechnology Working Group meeting. Raleigh. 
North Carolina, April 23-27. 

Williams, J. C. K., Kubelil{, A. R., Livak, K. J., Rafalski, J. A. and Tingey, S. V. (1990) DNA polymorphisms 
ampli lied by arbitrary primers arc useful as gcnetic markers. Nucleic Acids Research 18: 6531-6535. 

Williams, J. C. K., Kubclik, R. R, Kivak, K. J., Rafalski, J. A. and Tingey, S. V. 1990a DNA polymorphisl11s 
amplilied by arbitrary primers are useful as genetic markcrs. Nllcleic Acids Research 18: 7213-7218. 

Wilson, R. F. (1991) Advances in the genetic alteration of soybean oil composition. Pp.38-52. In: Wilson, R.F. 
(cd.) Designing Value added Soybeans lor Markets ofthc Future. Amer. Oil Chem. Soc., Champaign, II. 

Wishart, D. (1987) CLUSTAN user manual. 3rd ed. Program Library Unit. Univ of Edinburgh. Edinburg. 

Wolff, K. (1992) DNA tingerprinting and RAPDs in plant population studies. In: Plant molecular systematics and 
evolution. Genetical Society Meeting Abstracts. University of St. Andrews, June 23, (1992) 

Woods, D. L. (2000) Relationship betwecn seed size and oil content in Brassica rapa. Cruciferae Newsletter 22: 
47-48.1 

Wricke, C. and Weber, \Y. E. (1986) Estimation of genetic variances and covariances from experiments. In: 
Wrieke. G. and Webcr. W.E.(eds.) Quantitative Gcnetics and Selection in Plant Breeding. pp. 101-141. 

Wright, H. L. and Andrew, I. A. (1976) Principles of experimcntal design. In: Burley, J. and Wood, P. J. (1976) 
(cd.) A Manual on spccies and provenance research with particular reference to tropi"cs. Commonwealth 
Forcstry Institute. Tropical Forestry Papers No. 10. pp. 67-82. 

Wright, J. A., Shaw, M. J. P. and Iladelle, W. (1991) Genotypt: x environmcnt interaction in pine hybrid families 
at lour sites in South Ali·ica. For. Ecol. and Afanage. 40: 93-99. 

Wright, J. W. (1976) Introduction to Forest Genetics. Academic Prcss, Ncw York. 

Wright, J. W., Bull, W. I. and Mitshclen. C. (1963). Gcographieal variation in red pinc. Quart. Bull. Mich. Agr. 
Exp. Sta 45(4): 622-630. 

Wright, S. (1921) Correlation and causation. J. Agr. Res. 20: 557-585. 

Wright, S. (1923) The theory of path coefficients: a reply to Nile's criticism. Genetics 8: 239-255. 

Wright, S. (1929) rishcr's theory of dominance. Alii. Nat., 63,274-279. 

WII, R and Stettler, R. F. (199S) Quantitative genetics of growth and development in Populus, IIi. Phenotypee 
plasticity OOof crown structure and function. Heredity 81: 299-310. 

WII, R. (1998) The detection of plasticity genes in a heterogencous environment. Evolution 52: 967-977. 

xlvi 



Wu, R., and Stettler, R. F. (1998) Quantitative genetics of growth and development in Populus. III. Phenotypic 
rlasticity of crown structure and function. Heredity 81(3): 299-310.' 

Wulf, A. (1991) On the effectivencss of ncem-cxtracts against bark beetles. Plant Res. Dev. 34: 81-88. 

Wulf, R D. and Bazzaz, F. A. (1992) efTect of the parental nutrient regime on growth of the progeny in Abutilon 
theoprasti (Malvaceae). Am. J.l3ot. 79: 1102-1107. 

Xie, Y. S., C:lgnon, D., Aranson, J. T., Philog ne, B. J. R. and Lambert, J. D. H. (1991) Effects ofazadirachtin 
on the Western Corn Rootworm, Diabrotica virgifera virgifera (Leconte) (Coleoptera: Chrysomelidae). Can. 
EI1I. 123: 707-710. 

Yadav, V. K., Khare, P. K and Mishra, C. P. (1986) Effect of tree girth on seed viability and germination in sal 
(Shol'ea rob1/sta). J Trap. Fa!'. 2(2): 160-163. 

Yakkundi, S. R, Thejavathi, R. and Ravindranath, B. (1995) Variation of azadiraehtin content during growth 
and storage of neem (Azadirachta indica) seeds. J. Agril. Food Chem. 1995,43 (9): 2517-2519. 

Yamasaki, R. B, Klocke, J. A, Lee, S. M., Stone, C. A. and Darlington, M. V (1986) Isolation and purification 
of azadirachtin from neem (Azadir(/cht(/ indica) seeds using flash chromatography and high-performance liquid 
chromatography. J. Chroll/a/ogr. (1986) 356( I): 220-26. 

Yang, X. and Quiros, C. (l993) Idcntification and classification of celery cultivars with RAPO markers. Theo!'. 
Appl. Genet. 86: 205-212. 

Yaseen, Y. M. (1994) Shoot prolifcration and plant formation from neem with thidiazuron. Hort. Sci. 29:515. 

Yates, F. and Cochran, W. C. (19JX) The analysis of grours of experiments. J. Agric. Sci. 28: 556-580. 

Yeatman, C. W. (1966) Geographic variation in jack pine seedlings. Ph. O. Thesis. 128 pp. 

Yoshida, H. A. and Toscano, N. C. (1994) Comparative effects of selected natural insecticides on Heliothis 
l'il'escens (Lepidoptera: Noctuidac) larvae . .I. Econ. En!. 87: 305-310. 

Youser, S. A. and Fattah, F. A. (1999) Propagation of neem plant (Azadirachta indica A. Juss.) by tissue culture 
(research note). Dirasat. Agricultural Sciences 26(2): 287-291. 

Yue, C. L., K. L. Roozeboolll, Sch:lpallgh, Jr. W. T. and Liang, C. H. (1997) Evaluation of soybean eultivars 
using parametric ancl non raramctric stability estimates. Plant Breed. 116: 271-275. 

Zanno, P. R., Miura, E., Nakanaishi, K. and Elder D. L. (1975) Structure of the insect phagorepellant 
azadirachtin. application of I'RFT/CWD earbon-13 nuclear magnetic resonance. J. Am. Chem. Soc. 97: 1975-
1977. 

Zebitz, C. P W. and Eeswara, .J. P. (1997)Azadiraehtin, salannin and nimbin contents of secds and callus of neem 
(Azac/imchta indica A. JussJ. Moruuc-A.I; Stuchbury-T; Allan-E.I; Klceberg-H (cd.); Practice oriented results on 
use and production of neem-ingredients and pheromones. Proceedings of the 5th Workshop, Wetzlar, Germany, 
22-25 .lanuary (1996),251-261. Trifolio-M GmbH; Lahnau; Germany 

Zebitz, C. p. W. (1 997a) Nccm and analytics. Tross-R; Kleeberg-H (ed.); Practice oriented results on use and 
production of neem-ingredients and pheromones. Proceedings 5th Workshop Wetzlar, Germany, 22-25 January 
(1996).9-14; Triiolio-M Gmbll; Lahnau; Germany. 

Zcbitz, C. p. W. (1997b) Neem and GLP: Good Laboratory Practice. Kliche-Spory-C; Kleeberg-H; Ruch-B; 
Schafer-I; Schlicht-A; Tross-R; Kleeberg-H (ed.); Practice oriented results on use and production of neem­
ingredients and pheromones. Proceedings 5th Workshop Wetzlar. Germany, 22-25 January (1996), 7-8; 
Trifolio-M GmbH; Lahnau; Germany. 

Zhao Zhengwen; M:l JifclIg; Li Xiaohollg and Yu M:ngke (1999) (Studies on the etTect of spring and autumn 
SOlVing on seed protein and fat contents of southern spring soyabeans.) Soyabean Science. 189(3): 183-190. 

Zhenshen, W., Hong, c., Ping, Y., Xianglmn, \Y., and Lihuang, Z. (1996). Polymorphism of Chinese common 
wild ricc (0. n!/ipogon) and cultivated rice (O,yza sativa L.) as determined by RAPOs. J. Genet. & Breed. 50: 
299-307. 

Zhou Weijlln, Jiang Yu, Shcn Huicong (1997) Stability analysis of oil contents and fatty acids is single and 
double low rapes sed varieties. J. Zhejiang Agril. Univ. 23(2): 223'-227. 

Zobel, B. J.(1952) The genetic approach lor improving wood qualities of the southern pines. J. For. Prod Res. Soc. 
2: 45-47. 

Zobel, B. J. and Talbcrt, J. T. (1984) Applied torest tree improvement. New York: John Wiley and Sons. 505p. 

Zobel, B. J., Thorbjol'llscn, E. and Henson, F. (1960) Gcographic, site and individual tree variation in wood 
propertics of LoblollY pine. Silme Genet. 9: 149-158. 

Zobcl, R. W., Wright, M. J., and Cauch, Jr., H. C. (1988). Statistical analysis of a yield trial. Agron. J. 80: 388-
393. 

Zounos, A. K, Allan, E. J., and l\lonlue, A. J. (1999) Bioactive compounds from neem tissue cultures and 
screening against insects. In: 9

th 
International ~s:...of Pesticide Chemistry (IUPAC), London, UK, 2-7 

August ( (998) Pesticide Science 55(4): 497-50Jk' y~ c . . . ,_ 

Zobel, B. J., Bal'ber, ,}., Brown, C. L. and Perry.lT: O. '0 95'8) Seed or~h~s Th . d 
815-825. l/ -\\ elf concept an management..1. For. 56: 

,', -
, . " ( . , ')- \ t 
Ii" r-", .. '~\ 

". '~ ,l.... ~ /<,_3l..16;.s .) .... ': xlvii 
Zypman, S., ZIV, M. Applebaum Sand li17"jn A ((991) T'ij,': ~l'l I ., 

_'. ..'... ' .. ' \~~I~,. jpSi'r-e<M"tlire lllellOcis alld Clolllllg 0/ [he' lIeelll [1'''',; 
(,Lc:dl.,achla 1~:(:lca) 101: b:oll1sectlclde ~rodLlc',on. In: Ziv. fYI. (cd.) Proc. oj' Ihe Third Inte/'ll,ltioll,d lSI-IS SYlllposiulll on 
In 11110 ClIltllle and I lOll/cultural Breedlllg, Jerusalem. Israel. /lela J-/OJ'licIIIIII/,(/i! 447: 235-23(J. 



>. 
"0 
E 
Vl 
..... 
5 
"" ~ to. 
c.. 
~ ~ -'" .; E 

.", '" '0' Ol C or to. Z '" 
oj .s E .0 < -;;; ;; '" .0 

"0 E 'C :::l 

'" E ., 
~ '" t:!' ~ ::: -< ::: .... ;z: OJ "" v ;;.. ,,' 0. (J 

'" ] c '0 ~ ;;.. 

i 
"t: '" <) 

~ '0 '" z c; ;;!) ij 
] 

(J 

:::E :g "" 2 ::: -< 1:! <.> 'iii ,_., ~:t 0 ., ..... v; -0 ti :~ -:::; ::: CCl §~ '" '" -a :::: '" 0 
.,.. 

FE >. ... ::c -;;; "" '" <>8 " "0 ::: ~. :;: E :::J 

~j "0 ..... 
~ -;;; !5 ~ 2-~ @ '" ;,J '" z ~ rl 

'" 32 os S :::: Q 
'" 

·c "" :;;; ::J C5 .!::; z @ ;\! " > ",,' ~ -:::; " ij 32 <>8 :::: '" ~ '0 .D "j .s .." '0 ::E "t: ~ 

" ~ Q) '" Ul " i ., .. '" ... ij '" -§ J. 01) 
~ OIl '- Q) 

" 
f- a § 0 ;:- Vl g " :;;: 0 t.:.. 

'0 E 
;;-. 

"" v, 
U 0' e § e :::: c:: 

~ .~ co <:G '" '" J:: .S: '" e;' ~ z w .:: U5 ? ~ t) .S C5 :::l "t: " ,: .g ",' 0 '" :L ;:; :a ~ ~ 'til t:!' ;;; 
-5 '" C> ~ '" -< 0. '0 u ;;.-

~ " -= ;;; Vl 
,_., 

1l (J 0 c ~ ., ';; :4 " ~ ., 
...1 ., 

U5 
., 
~ ~ c. • 

" :S ~ CCl CCl E " OJ 
",' CCl .. 

'" 
.• :4 .. ' c:: ~ ., ~ u t; " 'I- a. .. .... 0. :a ::: § " 

0 c; E '" '" " Q2 '" .~ c:: 
~ 

:;: .c ::: '" '" ~ § <lJ ::l 

" § '" 
OJ) :::; "" ;;. :E; <:G Vl ~ 2 z 0.. 0 0 ... 

c.. 
'-
0 ... 
'" J 

Ul ....; '" " ;.< ~ g ::J e.. ::;; 
] -a "0 

~ '" c:: '" Z 4> '" '0 e c.. Q) '" ;S '" '" E ~ C' '" E '§ c.. 

= " 
.~ 

'" ~ U5 :i: ::E c: <:G f-< 

>. 
"5 

i':f fS 
'" S s' ,. ;:; 

~ .5 
,. 

" ;:; g;, >. 
OJ .::: 2 '" '" f-

1 s -;;; .,.. 1= '" 's z ;i 0 ~ "," e: .. vj '" ... 
'" .;:; "0 ;:: "s !l e '" '" '" ::E ~ 
~ .0 " .,.. 

!l 
~ 

.;:; .... 
~ '0 '3 E 

'" §}J E ..::! Ol "0 

~ " c Ef ~ 
::> 
~ 0. '" § '" E '" t:: :::J r:>:. '" '§ .::: .,.. ., '" !l 0 :::E -;:, Vl ~ ,_j 

;:! "" .", 
~ 

::l .§ ;.c S 0. '" J 0 '" 
a. § w ~ 0 .;: ., :::: v' e '" <:G .::: 

"0 ::: "0 
0 .s ::l ci -< Ui '@J 

'" -'" '" '" ~ " " <>8 

~ 
Q 

~ 0 @ ] &: :4 
§ Vl 

~ <t 
..: 

s' :§ 
'" 

'<=; 
'" '" "" ~ '" ;;-
~ § " ,. 

::l '0 .E ." "0 

!S 'iii ;:; 
" 5 P '" > u V) 

..; 

'" 0. 

'" :::;"l 
CCl 

'" .:< 
l'l 
" ;: 
'" ~ 

.. .. 
N N 
+ + 

" B s 
N 

~ 

'" ~ 
<><l .. 

5. * v 1:l ::: 
.~ 0 

N ::E 
~ <>8 
il ~ 

::l 
U C. 

" ..::!' '" :4 -0 
-t:: ..: 

" '" c; "'-
'" ::E " :;: or .... 

:'§ 
* " * "" '" e' '" "0 

'" ] .9:: 
to 8 <:G 

-a 
'" "" '" .0 ~ 

'" ~ 

2 '" ::; 
'" '" :::> 

N 
N 

'5 
~ 

I-
0"1 
0\ ...., 

{1 l-! 
'n <U 
C ill 
<U >, 
P, 

ill 

'" .c 
.w 

oJ c 
-'" ·rl 
<U 

U ..., 
<U ill 
C .w 
l-! (J 
<U ill 
lG rl ...., 
::1 0 

(J 

'2" z 
I <fl 

rl 0"1 
·rl 0\ 

!il M 

E-< l-! 
<U E1 ill 0 >, 

l-! 

"" ill 
.c U) .w .w 

C C ro ·rl p. .,.., u 0 ill 
'M .w .w () 
l-! il! <t! rl 
0. rl 

0 

"" l) 
l-! 
0 :. ..., 
ill <0 
z a) 

0"1 
E1 rl 
ill 
Q) l-! 
Z <1l 

ill 

6 :>, 

c H 

"" 
.,.., 

u u 
ill ill 
:> .w 
·rl U 
ill ill 
U rl 
ill .... 
l-! 0 

u 
IJ) 

'1j ..., 
<ll 0 
Q) ~ 

'" .. .. .. 



Appendix 2. Method adoptedfornomenclahll'e 

In the Accession Ilumber of trees: 

first two letters indicate the slate; 

next two letters indicate the district; 

next two letters indicate village/location; 

last two numerals indic,lte the serial number of the trce collected from a particular site. 

e.g. States: Ha = Haryaoa; Ra = Rajasthan; De = Delhi; Hp = Himachal Pradesh; Pb = Panjab; 

Districts: Hi = Hisar; Jo = Jodhpur; AI = Alwar; Ch = Churu; Fa = Fatehabad; Si = Sirsa; Ma = Mahendrgarh; Bh = 
Bhiwani; Re = Rewari; Gu = Gurgaon; Jh = Jhajjar; Ro = Rohtak; Fr = Faridabad; Nr = New Rajendra Nagar; 

Na = Najafgarh; Pu = Pusa; So = Sonepat; li = lind; Kr = Kamal; Ka = Kaithal; Ku = Kurukshetra; 

Am = Ambala: Ya = YanlliIlanagar; KI = Kalka; Pt = Patiala; Sr = Sirmour; Pw = Parwanoo; 

ApIJelUlix 3. Plant material used in the present study 

Explant Provenance Explants sonrce 

axillary buds, stem segments, leaves, shoot tips, mature seeds Hisar Young tree 

Appendix 4. Descr-iption of the cxplants used in ti,lsue culture studies 

Explant / Size Description 

inoculum 

Axillary buds 10-30 nun Excised from the shoots with a portion of stem on both ends, contains 1-2 axillary buds 

Shoot tips 15-40 111m Contain 2-4 axillary buds in addition to the shoot tip (growing tip) 

Leaves - Contain the leaf lamina and the rachis portion, either the leaf was segmented into 2-4 parts or 

intact leaf explants were inoculated after injuring the lamina and rachis with a blade 

Stein segments 5-15 mm Stem + callus developing on the lower internodal portion of axillary bud was used for further 

culturing 



Appendix 5. 

Appendix 6. 

Site N 

I 2 

2 3 

3 5 

4 3 

5 5 

6 5 

7 2 

8 3 

9 6 

10 4 

11 3 

12 4 

Total 43 

Description of sampling sites considered for studies on tree 

architectur:lI paramcters of AZlldirllchl1l illdica 

Site N Provenance(s) 

Site I 9 Delhi 

Site 2 12 Glirgaoll + Faridabad 

Site 3 8 Rohtak + Jhajjar 

Site 4 17 Alwar + Rewari 

Site 5 18 Hisar 

Site 6 12 Jind + Narnallnd 

Site 7 8 Ka i thai + Klirukshetra 

Site 8 8 Ambala + Yalllllnanagar + Patiala 

Site 9 4 Sirlllour 

Site 10 7 Kalka + Pinjore 

Site 1 I 6 Jodhpur 

Site 12 6 Bhiwani+Ghorligralll 

Site 13 9 Hisar+Sirsa 

Site 14 11 Sirlllour + Kalka + Pinjore 

Total 135 

N = number of accession 

Description of sam'pling sitcs and germplasm accessions considered for studies on endocarp 

morphological characteristics of AZlldirachla illdica 

Germplasm accessions included Y Provenance 

T17, TI8 1997 Hisar-I 

T3,H, T5 1997 Bikaner 

T41, T42, T43, T44, T45 1997 Raipur 

T62, T63, T64 1997 Bhatinda 

T23, T24, T20, T22, T21 1998 Jodhpur 

1-1099, HIOO, HIOI, H102, H 107, 1998 Kalka 

T5D, T7D 1998 Delhi 

T30, T31, T33 1998 Alwar 

HSRO I, HSR02, HSR03, HSR04, HSR05, SHS-O 1998 Hisar-ll 

NGN I, TER2, TGN3, NMN4, 1995 Pune 

H082, H084, H085 1998 Kaithal 

DRN 1, DRN2, DRN3, DRN4 1995 Dehradun 

N = number of accession : Y = year of collection 



Appendix 6a. Description of sampling sites and germplaslll accessions considered for stndies on endocarp 

lIloqlhological characteristics of AZlldiracfltll illdicil collected in more than one year 

Provenance Year of collection 

1995 1997 1995 

Kalka H099 81 KLK4 

Kalka HIOO 82 KLKI 

Kalka HIOI 83 KLK2 

Kalka HI02 80 KLK5 

Kalka HI07 NC KLK3 

Hisar HSROI 12 HSR6 

Hisar HSR02 11 HSRI 

Hisar HSR03 13 HSR3 

Hisar HSR04 14 HSR2 

Hisar HSR05 10 NC 

Hisar SHS-O 15 J-1SR4 

Jodhpur T20 20 NC 

Jodhpur T21 21 NC 

Jocillpur T24 24 NC 

Jodhpur T23 23 NC 

Jodhpur T22 22 NC 

Alwar no 30 NC 

Alwar T31 31 NC 

Alwar T33 33 NC 

Delhi T5D T5 NC 

Delhi T7D T7 NC 

Delhi NC TI TI 

Delhi T6D T6 NC 

Kaithal HOS2 50 KTLI 

Kaithal HOS3 51 KTL5 

Kaithal HOS4 53 KTL6 

Kaithal HOS5 54 NC 

Kaithal NC 52 KTL2 

Bikaner NC I BNRI 

Bikaner NC 2 BNR2 

NC = not collected 



Appendix 7. Detail of DNA samplcs from individual plants of AZlIdirachta illdica used for RAPD analysis 

Sr. No. DNA sample Accession Provcnance Source plant 

Idcntification NumlJcr* 

NumlJer 

I G7 HSROla Hisar Single plant in the nursery 

2 G8 HSROlb Hisar Single plant in the nursery 

3 G9 Adu. Adllthllrai Single tallest plant in the nursery 

4 G 10 H048 Rohtak Single plant in the nursery 

5 Gil HI08a Kalb Single plant in the Ilursery 

6 G 12 H028 Narnaul Single plant in the nursery 

7 G 13 HSROlt Hisar Single tree 

8 G 14 HSR03 Hisar Single tree 

9 G 15 HSR04 Hisar Single tree 

10 G 16 1-1079 Nilokhcri Single plant in the nursery 

II G 17 HOSO Kurllksiletra Single plant ill tile nursery 

12 G 18 H093 Sinnour Single plant in the nursery 

13 G 23 HIOSb Kalka Single plant in the nursery 

14 G 24 GPN-O Hisar Single tree 

15 G 25 HSR02 Hisar Single tree 

'according to the year 1998 collection 

Sr.No.= serial number during RAPD analysis and dendrogram construction 

Appendix 8. Detail of pooled DNA salllples of different provenance collections of AZlldiracllta illdica used for RAPD analysis 

S. No. DNA sample Accession NUllIhCl"* of Provenance Description of source of 

Identification parent trees (nullIher of leaves fro DNA isolation 

Number seedlings pooled) 

16 lR HI 05(4), HI 08(2), HI 06(3), Kalka 12 seedlings pooled 

HI07(1), HIOI(I), H099(1) 

17 2R UAS Dllarwad-2 (2), UAS Dharwad 3 seedlings pooled 

Dharwad-3 (I) 

18 3R T7 (I), H065 (I) Delhi 2 seedlings pooled 

19 4R H048 (2), H046, H049 (2) Rohtak 5 seedlings pooled 

20 5R H080 (I), H084 (I) Kaithal + Kurukshetra 3 seedlings pooled 

'according to che year 1998 collection 

S.No.= serial number during RAPD analysis 
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Appendix 10. Temperature cycles used in RAPD analysis 

Step Function Temperature (0C) Duration 

(minutes) 

I Initial denaturing stcp 94 3 

II Denaturing 94 I 

Annealing 40 I 

EXil:n.-;joll 72 3 

Rcpeat step II 40 times (40 cycles) 

III final Extension step 72 15 

After final extension the samples were held at 4°C until sample retrieval. The samples 

were stored in sub-zero temperature before electrophoretic separation. 

Appendix 11. Detail of random primcrs uscd for RAPD analysis 

Primer code Sequence of primer GC content (%) 

OI'C-1 5'-TTCGAGCCAG-3 ' 60 

OI'C-12 5 '-TGTCATCCCC-3' 60 

01'D-2 5' -GGACCCAACC-3' 70 

01'D-3 5' -GTCGCCGTCA-3' 70 

OI'C-11 5 '-AAt\GCTGCGG-3' 60 

Otller primers used hut I'ailed to produce amplification products were 0I'C-2, OPC-8, 0I'C-5, OPC-3, OPC-6, OpC-

4, Ope-Ill, OpC-09, 0I'C-\3, 01'C-14, OI'C-7, OpC-II, OpC-15, OI'C-1 + OI'C-12, OI'C-12 + 0I'D-2, OI'C-I + 

0I'D-2, OI'C-I + 01'0-3, 01'C-12 + OI'D-2, OPC-8 + OPC-5, ope-3 + OPC-6, 01'C-7 + OI'C-II, 01'B-7 + OPH-14 

+ 01'1-5, 01'13-7 + OpD-3 + 01'C-9 + 01'0·2, 01'C-2 + 01'C-6 + 01'C-14 + OpC-IO 



Appendix 12. Composition of MUl'ashigc and Skoog (1962) mediulIl 

,---
COIlStilUCllt QU:llllily (mg 1") 

NI-I,NOJ 1650 

KNO, I')()O 

MgSO,.7H20 370 

C"CI,.21120 440 

KI-I,I'O, 170 

FeSQ,.71120 27.8 

Na,EDT;\ 37.3 

MnSO,.1120 22.3 

ZnSO,.7!!20 8.6 

11,1303 6.2 

KI 0.83 

Na,MoO,.2H20 0.25 

C"SO,.51120 0.025 

CoCI.61120 0.025 

Myo-inosilol 100 

Nicotinic acid 0.5 

Pyridoxine Hel 0.5 

Thiamine !ICI 0.\ 

Glycine 2.0 

Sucrose 3()OOO 



Appendix 13, Composition of media based on MS medium 

Medinm Growth rcgul;ltors (mgl") Glycine Sucrose 

Code (mgl") (gl") 

Auxin Cytoldnin 

NI Kin ~2.0 2.0 30 

N2 - BA ~ 2.0 2.0 30 

N4 NAA ~ 0.4 IlA ~ 1.0 2.0 30 

N6 NAA ~ 0.4 BA ~ 1.0 2.0 90 

NX llA ~ 4.0 2.0 90 

NIO NAA ~ 1.0 Kill ~().S 4.0 30 

Nil NAA ~ 1.0 Kill ~0.5 8.0 30 

NI2 NAA ~ 0.4 I3A ~ 1.0 2.0 30 

NI3 2,4-D ~ 2.0 2.0 30 

NI4 IAA~ 1.0 Kill~O.S 2.0 30 

NIS NAA ~ 0.8 BA ~2.0 2.0 30 

NI6 2,4-D ~ 1.0 Kill ~ O.S 2.0 30 



/ 
Appendix 14. Definition of Concepts 

Provenance / origin: Provc,\ancc. sourcc and origin: In forestry provenance refers to the population of trees growing at a 

particular place. It denotes the geographical arca from which seeds or other propagules arc obtained (Callahmn, 1964; Jones and 

Burley, 1973). Provenance means simply the source of population sample representing a defined are (Matyas,.,1997). 

Adaptation: Adaptation is a central phenomenon of evolutionary biology. All organisms arc ad"pled to both their physical and 

biological environment. Jepsen ct "I. (1949) ddined adaptation as corrcl"tiotl in a way usefitl to the organism, between structure, 

function anti cnviromnctll. Thus, biologic,,1 ad;'I1tatilln can be considered to be biological axiom. 

Adaptation is a change of the gcnetic program of a plant or animal, which increases its 'fitness in the prevailing enviromnent. 

Again fitness is the average success of genotype in producing surviving offspring compared with a reference genotype (Usually with 

an average of the population, or one ofth pmcnt genotypc). Natural selection is the mechanism that increases the fitness and enhances 

the adaptation of the individual or the popufation to the existing environmental conditions. 

~ . The concept of fitness and adaptedness seem to gain more importance in cultivated ecosystems, because of cone ems of high input 

and projected climate instability (Matyas, 1997). 

'Origin' represents a geographic place with in the natural distribl~on of a species Conn where seeds or other propagation 

materials arc collected. 'nlO word 'provenance' has been used in an inconsistent way, although it generally refers to the 'source' 

(Tigerstclit. personal conHlumication). 1110 basic difference between origin and source is that natural selection may have changed the 

genetic composition and thus adaptedness of the population. 

However, in this study population and provenance arc considered as synonymous. Here, the tenn 'provenance' in a broad sense 

includes all sced sources of ncem anywhere in the world. 

Provenance research defines the genetic and environmental components of phenotypic variation associated with geographic 

source. Assuring sources or seeds to give well adapted, productive trees in dirccting breeding of inter-racial and inter-specific hybrids 

towards adaptation to the particular localities. '!llC scopc of provenance research includes a) studies of inherent adaptive v<lriation 

related to "ccological variability within specics". antI b) studies of the inherent non-atlaptiveness dilTcren"ccs that might result from 

isolation or othcr ",clOrs. 

Cline: ·!lle cline concept was proposed by Iluxky (1938). It considers a phenotypic trend of genetic origin, within a species, 

across the environmental gradients. The cnvironmental gradients may be geographical or ecological in nature. A cline is. the change in 

gene frcquency or an allele or (genotype) ovcr space. A cline, by definition, is based on a single characteristic that shows continuous 

variation. Rccognition of clines f(lr a trait such as drought or cold tolerance in tree improvement is very important. 

Ecotypc: An ecotypc is a group of'plants oI'similar genotype that occupy a specific ecological niche. Turesson (1922) suggested 

the concept of eeotype. According to him, it is a gcnllt),pical response of a species to a particular habitat. TIle key characteristic of 

ecotypes is that they represent the adaptation of whole genotypes or gene comple~es to specific environments. The ecotype and cline 

concepts have widespread lllility in forestry. 




