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INTRODUCTION 



I INTRODLCnON 

Richness of plants is a unique feature of [he biosphere. Frt)in the very 

early times, mankind has been a genuine lover of perfumes of any sort 

which may make an agreeable appeal to his sense of smell. Many of the 

aromatic herbs and essential oil hearing plants have long been the basic 

ingredients to ancient perfumery and modern cosmetics. There is nothing in 

the world which can equal them in enlivening the depressed mind and in 

permeating it with a new spirit of buoyancy. Many of them are, over and 

above credited with actual disinfecting properties and are of immense value 

from the hygienic point of view. 

Indian lavender oil is the essential oil of paramount commercial 

importance and is obtained from Bursera (Bursera penicillata (DC) Engl.) . 

It was introduced to India from Mexico in 1912 by two enterprising Scots 

men, P.J.Anderson and G.N.Hamphries. It is called as 'Linaloe or 'Ligna 

loe' or 'Mexican lavender" tree, whereas in India it is called as "Indian 

linaloe' or 'Indian lavender' tree and its oil is known as 'Linaloe oil' in 

commerce. In Mexico, the heart wood of about 50-60 years old trees is used 

to extract essential oil, whereas in India, both fully matured and fallen 

husks from the fruits as well as heart wood are subjected to steam 

distillation for extraction of essential oil (Sastry, 1952). The Indian 

lavender oil has superior staying power and excellent odour. The oil is rich 

source of linalool and linalyl acetate. 

Linaloe tree belongs to the tropical American genus 'Bursera' and 

family 'Burseraccac" under the natural order "Gcraniales" to which citrus 

also belongs. According to Hussain (1958), the genus Bursera has 45 

species. Tanka (1976), in his Encyclopedia of edible plants of the world. 
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has given eight important species and of them, Bursera serrata is found 

growing wild in India and Bursera penicillata is the only species which is 

being commercially exploited for its oil. 

Bursera penicillata is a small tree which is bushy and branchy in nature, 

under the climatic conditions of Bangalore, the tree starts shedding its 

leaves by December-January and by February. It is completely leafless and 

remains in the same condition till April or early monsoon season. The new 

flush of leaves and flowers appear more or less simultaneously during early 

April and profuse flowering is noticed by the third week of April (Gowda, 

1983). The flowers are both unisexual and hermaphrodite. Fruit ripens 

during August-September. It is oval with fleshy pericarp with oil glands, 

green in initial stages and turns reddish pink or purple when ripe. The 

pericarp contains a considerable percentage of oil and thus, is the 

economically important part. Normally trees fruit every year. Seed is 

single, thick, has a hard seed coat and black in colour. It is devoid of oil 

glands. Except seeds, every part of the tree contains aromatic essential oil 

and is maximum in the pericarp of the fruits. The percentage of oil in the 

pericarp varies with different stages of fruit development and it is 

maximum when mature. 

Green fruits yield about 2 per cent oil as compared to 12-16 per cent in 

dried husk. The pericarp of matured fruit falls down in the form of husk. 

This husk is collected and used for extraction of oil by steam distillation. 

The percentage of oil in other parts like foliage, mature heart wood and 

roots ranges from 0.15 to 0.3 per cent ,7 to 9 per cent, and 0.27 per cent 

respectively. The oil is pleasant smelling and has linalool as its major 

constituent (60-70%). It also contains linalol monoxide, methyl heptanone, 

1-methyl heptanol. nerol, alpha terpenol and geranoil in small quantities. 
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The oil has a specific gravity 0.9050 at 15°C, optical rotation 6°57\ 

refractive index 1.45182 at 20°C, zero acid number, ester number 270.7 

(which is equivalent of 94.7% of linalyl acetate) and soluble in 5 volumes 

or more of 70 percent alcohol. These are the chemical and the physical 

properties of Bursera oil of high standard (Guenther, 1951). 

The Bursera oil is mainly used in cosmetic and soap industries. It is 

used as a fixative for costly essential oils like rose oil. jasmine oil, tuberose 

oil, rosemary oil, lilae oil etc., and it is a perfume by itself. It is also used in 

flavouring food and confectionary and is also used as germicide in 

medicine. 

Bursera can be propagated both by seeds and cuttings. Seeds require 

about 6 months to germinate and their germination percentage is very poor 

which is caused by hard seed coat and internal dormancy. Probably this is 

the reason why this method is not being used (Hussain, 1958). 

At present Bursera is propagated mainly by using the cuttings of 0.5 

to 1.0 m length and 1 to 3 cm girth, which is a cumbersome method and 

consumes a lot of labour, time consuming and costly and the cuttings not 

only take a long time of 4 to 6 months to root but rooting in them is sparse 

and erratic resulting in poor field establishment. Hence, there is a need to 

study the influence of external application of growth regulators as well as 

standardizing the type of planting material to improve rooting and make 

available the planting material for increasing acreage under this crop. 

Therefore in the present investigation, an attempt was made to study the 

influence of planting material and growth regulators on the rooting 

behaviour of Bursera penicillata (DC) Engl with the following objectives : 



1. To study the effect of growth regulators on rooting of different types of 

cuttings in Bursera; 

2. to study their interaction effects; and 

3. to study the field establishment and survival of rooted cuttings; 
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II REVIEW OF LITERATURE 

A very meggar information is available on propagation of Bursera 

peniciliata (DC) Engl, through cuttings. In the present review, the research work 

on propagation of other related but economically important plants species have 

been included. 

2.1 Studies on the propagation of Bursera peniciliata through cuttings 

Among the methods of vegetative propagation, propagation by cuttings is 

the easiest and widely employed which is usually followed in easy to root species. 

In cuttings, growth substances applied exogenously, are found to enhance early 

and good root formation. Now a days many of the difficult to root plants are made 

to root easily by applying plant growth substances. 

Various classes of growth regulators such as auxins, cytokinins, 

gibberellins and ethylene influence root initiation in cuttings. Of these, auxins 

have greater effect on root formation in cuttings. In addition of these groups, 

various growth retardants and promoters may have a less direct role in 

adventitious root formation (Knil, 1968). The research work on propagation of 

Bursera peniciliata (DC) Engl, through cuttings is very much limited . Hence the 

review of Uterature on root formation in Bursera peniciliata (DC) Engl, and 

various tree species and other related plants is briefly reviewed in this chapter 

under the following headings. 

2.1.1 Effect of maturity of shoot on rooting of cuttings 

2.1.2 Effect of water soaking as a pre-plant treatment 

2.1.3 Effect of Auxins on rooting of cuttings 

2.1.4 Auxin synergism 

2.1.5 Effect of growth retardants 

2.1.6 Establishment of rooted cuttings 
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2.1.7 Physiological and biochemical factors influencing rooting in cuttings 

2.1.7.1 Role of Auxins 

2.1.7.2 Influence of carbohydrates and nitrogen 

2.1.7.3 Role of carbohydrates 

2.1.7.4 Role of phenoHc compounds 

2.1.7.5 Role of root promoting co-factors 

2.1.1 Effect of maturity of shoot on rooting of cuttings 

The maturity of shoot plays a very important role in some difficult to root 

plant species. It is found that any treatment which induce maturity in the cuttings, 

would be beneficial for promoting better rooting. Therefore evidences for a 

relationship between maturity of shoot and rooting potentiality were established in 

apples by Stoutemyer (1937) in olive, Walnut and peach by Garner (1958). 

Rooting capacity of cuttings depends on the type of wood and portion of 

the plant from which they are taken (Scarborough, 1971). Vadivel et al. (1981) 

reported that hard wood cuttings of cinnamon rooted better than semi-hard wood 

cuttings. Similarly, Singh and Singh (1973) obtained better results with hard wood 

cuttings than the other type of cuttings in case of lemon {Citrus lemon Burm). 

Aslo, Bandopadhyay et al. (1980) recorded the highest rooting in hard wood 

cuttings of three Carissa species. 

But, Sifrat (1982) observed that in case of Cotinus coggyria Cultivar Royal 

purple, the terminal cuttings rooted better than the sub-terminal cuttings. Similarly 

Bhattacharjee and Balakrishna (1989) reported that cuttings gave cent per cent 

rooting as well as survival as compared to middle and basal cuttings of 

Bouganivillea. 
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Khanna and Arora (1984) reported that treatment of hard wood cuttings of 

amaltas (Cossia fistula) with higher concentrations of growth regulators (NAA and 

IBA 2500 ppm each) gave 60 per cent rooting. 

Blazich and Acedo (1989) found that among the two types of cuttings of 

Osmanthiis heterophyllus CultivarRotundifolius hard wood cuttings performed 

better than semi-hard wood cuttings. 

2.1.2 Effect of water soaking as a pre-plant treatment 

A general improvement in rooting by soaking the basal two nodes of olive 

{Olea europea) cuttings in water was noticed by Panneli et al. (1980) especially at 

times when natural rooting ability was high. 

Bartolini et al. (1986) reported that soaking the bases of grape cuttings 

made from one year old wood of the cultivars 5 BB and 140 Ragged in deionized 

water for 24 hours stimulated rooting. 

The inhibitory effect on rooting of herbaceous cuttings of Genista 

monosperma Lan. due to the accumulation of 3-hydroxy mandelic acid (an 

endogenous phenol) in the basal tissues could be lessened by soaking cuttings in 

distilled water (Curir et al., 1992). 

2.1.3. Effect of Auxins on rooting of cuttings . 

Among the synthetic root promoting chemicals indole-3-butyric acid (IBA) 

and naphthalene acetic acid (NAA) have been found to induce rooting in a variety 

of horticultural speices. 

Shanmugavelu (1960) studied the effect of IBA on the rooting of cutting in 

Hibiscus rosasinensis and obtained 75 per cent rooting with 2000 ppm. 



In case of stem cuttings of Bottle brush {Callistemon lanceolatus) the best 

result (80% rooting) was obtained with IB A at 500 and 1000 ppm at 60 day after 

planting (Rajput t'r a/., 1979). 

Kwach and Chung (1980) treated the cuttings of 25 ornamental plant 

species with IBA and NAA under mist and found in many species, NAA 

promoted rooting compared to IBA at the same concentrations (200 ppm); dipping 

for 24 hours was more effective than the shorter dipping treatments. 

Vadivel et al. (1981)have reported that in case of Cinnamomum zeylanicum 

cuttings, rooting was best (45%) in hard wood cuttings treated with IBA at 2500 

ppm (control 5%) whereas in semi-hard wood cuttings, the best rooting (22.5%) 

was obtained with NAA at 5000 ppm when compared to control. 

Basal cuttings of Carissa species treated with 500 ppm IBA gave 75 per 

cent rooting (Bandopadhyay et al, 1982) and higher rooting in Poinsettia 

pulcherrima cuttings was also recorded by Gowda et al. (1982) at the same 

concentration. 

Rao et al. (1982) experimented with cuttings of Euphorbia caracasana and 

observed that cuttings treated with 500 ppm NAA gave higher rooting (80%) than 

those treated with 10,000 ppm IBA (70%). 

Nicholson (1984) observed 53 per cent rooting when cuttings of Pieris 

floribunda were soaked in IBA 400 ppm solution for 24 hours before planting. 

Sherer et al. (1985) reported that among the six growth regulators tried at 

0.005 to 0.01 per cent, the best root forming chemical was IBA, followed by 

NAA. 



9 
Guo et al. (1986) reported that cuttings of Acanthopanax senticosus treated 

with NAA at 50 ppm or 100 ppm rooted well (80.67 and 73.67%). Benyei (1987) 

observed that NAA treatment of Hedera helix resulted in the best rooting. 

Branch cutting of Woodfordia fruticosa were treated by dipping them in 

100 or 200 ppm IB A or NAA solutions for 12 or 24 hours and the best response of 

rooting was obtained in the 200 ppm 24 horus IBA treatment (Bahuguna et al., 

1988). 

Bisaria and Rao (1988) reported that in Boehveria nivea Gaud, that IBA at 

100 ppm indued early differentiation of adventitious roots, increased number and 

length of roots and enhanced fresh and dry weight. 

Khromova (1988) obtained the best rooting (94%) in Schisandra chinensis 

by treating spring cultivars with IBA at 0.02 per cent for 24 hours as compared to 

summer soft wood cuttings (20 to 63%). 

Semi hard wood cuttings of Kathbael (Limonia acidisima) immersed for 24 

hours in 50 to 100 ppm NAA gave good results with respect to rooting and field 

establishment (Poi and Mazumdhar, 1989). 

Kaundal and Singh (1989) reported the higher rooting success in Pyrus 

communis cultivar Leconte with 200 ppm IBA treatment and correlated to high 

C:N ratio. 

Kim et al. (1990) in their studies on the propagation of Citrus junos by soft 

wood cuttings found that IBA treatment had the greatest effect on percentage 

rooting and root length at 1000-4000 ppm. 
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Sadiq et al. (1991) while studying the effect of different concentration of 

IBA (50-400 ppm) on root initiation in semi hard wood cutting of peach cultivar 

Early Grande found that IBA at 400 ppm resulted in the highest average number of 

shoots (2), leaves (21.25), roots (11), lowest number of days to sprouting (14) and 

average shoot (7.5 cm) and root (3.75 cm) lengths. 

The highest percentage of sprouting (96.5%), plant raised (4.65%), number 

of branches per plant (23.6) were obtained with basal cuttings with seradix-B 

(IBA) incase of cuttings of plum cultivar Kala Amritsari (Mehrotra, 1991). 

Oosthuizen (1993) reported the pecan cuttings treated with IBA gave 

highest rooting percentage (97%) for cultivar Sioux. 

Reddy et al. (1996) noticed that the maximum percentage of rootmg and 

mean length were observed with IBA 1250 ppm in case of grape hybrids. 

2.1.4 Auxin synergism 

Synergistic effects of different auxins in general and IBA and NAA in 

specific on the rooting of cuttings have been reported by several workers. 

Bose et al. (1972) observed the synergistic effect between auxin and 

phenolic compounds in the rooting of cuttings of many ornamental plants. 

Bhujabal and Kale (1973) obtained maximum percentage of rooted 

cuttings, number of roots and highest root length in different rose root stocks with 

a mixture of IBA and NAA at 1000 ppm. 
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Bhattacharjee and Balakrishna (1992) observed the maximum per cent 

rooting (100%) and survival in stem cuttings of I.xora sini^aporensi.s with IB A and 

NAA at 4000 ppm each and lAA and IB A at 6000 ppm each. Nath (1992) found 

that semi hard wood cuttings of Mussaenda phillippica produced highest rooting 

percentage (90%), number of primary roots (25.0/cutting) length of the longest 

root (12.7 cm), root dry weight (172 mg/cutting) and survival percentage (90%) 

with 2000 ppm IBA treatment. 

Dunn et al. (1996) stated that Pistacia chinensis cuttings produced more 

rooted cuttings at 5000 ppm of IBA and NAA each in combination than other 

treatment combinations. 

2.1.5 Effect of growth retardants 

Rooting enhancement activity of growth retardants is attributed to the fact 

that they lower the endogenous levels of gibberllins in the tissues of cuttings either 

by inhibiting the GA-biosynthesis or its deactivation. This mechanism coupled 

with the increase in the partitioning of assimilates or hormones to the base of 

cuttings have been suggested to be the reason for root promotion (Davis et al, 

1985). 

Davis et al. (1985) reported that cuttings of Plectranthus australia and 

Phaseolus vulgaris when treated with paclobutrazol (for 24 to 40 hours) at very 

low concentration (3-6 mg/1) produced 100 and 85 per cent more roots than 

control, respectively. They also reported that paclobutrazol did not effect root 

length greatly although it reduced shoot length. 

Davis (1986) obtained increased root formation with increasing 

paclobutrazol concentration upto 24 ppm in bean hypocotyls cuttings. 



Marino (1986) observed that application of paclobutrazol (0.25 or 0.5 mg/1) 

markedly increased rooting in shoots of Pvrus persica and P.kanvensis. Roots 

from treated shoots were shorter and thicker than formed without paclobutrazol. 

Asare-Boamah (1986) found that application of triadimefon promoted 

adventitious roots development in both intact and excised bean hypocotyls. 

Bausher and Yelenosky (1987) observed in citrus that, at higher 

concentrations of paclobutrazol these was no secondary root formation and it 

resulted in progressive basal enlargement of the primary root. 

Goffreda (1991) obtained 75 per cent rooting in semi hard wood cuttings of 

apricot when treated with paclobutrazol. 

2.1.6 Establishment of rooted cuttings 

The success of propagating plants by any method lies in how best they 

establish in the field after transplanting. Thus, a knowledge about their extent of 

establishment is important to obtain better productivity. 

Gupta (1982) observed a maximum of 80 per cent rooting, and 90 per cent 

survival in the cuttings of Legastroemia lancasteri treated with 400 ppm IBA. The 

best rooting in mango (75%) and plant survival after one year (55%) was obtained 

with IBA at 10,000 ppm (Chattarjee, 1982). 

Kempe Gowda (1984) reported that in rose cultivar Maria callas, there was 

40 per cent field establishment of hard wood cuttings treated with 2000 ppm IBA 

whereas in Queen Elizabeth, semi hard wood cuttings treated with 2000 ppm NAA 

recorded 81.66 per cent establishment. 
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Poi and Mazuindar (1989) reported that in semi hard wood cuttings of kath 

bael treated with NAA at 50 and 100 ppm the survival percentage was 62.2 and 40 

respectively. 

Application of IBA at 300 ppm to Damask Rose cuttings resulted in the 

highest survival of rooted cuttings (48.97%) followed by 300 ppm NAA (41.11%). 

The basal woody cuttings were better than the middle semi-woody cutting 

(Shenoy, 1992). 

2.1.7 Physiological and biochemical factors influencing rooting in cuttings 

The rooting success in cuttings, irrespective of the pre-treatment is very 

much influenced by the physiological and biochemical status of the planting 

material used. The changes in the biochemical constituents brought about by the 

auxin treatment in the cuttings determine the case with which the rooting is 

accomplished. The role of auxins in initiation of rooting is attributed to their 

capacity to enhance hydrolysis by the nutritional reserves. 

2.1.7.1 Role of auxins on rooting 

Cooper (1938) reported in lemon and apple cuttings that the IBA applied at 

the base in solution caused the downward transport of a substance called 

rhizocaline which was necessary for root formation. 

Auxins help in accumulation of metabolites, synthesis of new proteins, cell 

enlargement, cultivation and increase in nitrogen content leading to callus 

formation which in turn grows into roots in plum (Strydem and Hartmann, 1960). 

Eriksen and Shafaat (1974) stated that auxins are of greater importance in 

the early stages of root primodia formation than during the later stages of this 
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process. Further, they observed in pea cuttings that auxins promote root formation 

process to proceed almost continuahly without any interruption. 

In a physiological study with carob, Fadl ef al. (1979) attributed the 

beneficial effect of IBA on rooting of cuttings to the disappearance of inhibitors 

and appearance of growth stimulators. 

2.1.7.2 Influence of carbohydrates and nitrogen in the rooting of cuttings 

Studies conducted by many workers have revealed that the ratio between 

carbohydrates and nitrogen determines the rooting capacity of a cutting. For 

instance Haun and Cornel (1959) observed that a low level of nitrogen in 

Geranium species resulted in a significantly higher percentage of rooted cuttings. 

Sen and Bose (1960) reported that root initation was directly proportional 

to the C:N ratio in cuttings of Justicia. They obtained enhanced rooting in cuttings 

with low nitrogen but more of total carbohydrates. In case of tea clones also higher 

sugar and lower nitrogen resulted in better rooting (Gabricludze et al., 1975). 

Rajanna (1981) recorded a higher carbohydrate nitrogen ratio in easy to 

root pomegranate Cultivar 'Kabul Red' cuttings than the difficult-to-root 'Bassein 

seedless'. 

Purushotham et al. (1986) reported that cuttings of Cojfea arabica Cultivar 

S-795 collected in August showed highest rooting percentage (66.73) which had 

the highest total sugar and lower starch contents. 



2.1.7.3 Role of carbohydrates •*• ^ 

Gosh and Basu (1974) noticed only a slight fall in concentration of total 

available carbohydrates up to root emergence stage, but subsequent fall in total 

carbohydrate was more with the onset of root emergence. This fall was greater in 

IBA and NAA treated cuttings than in control. 

Prasad et ai (1980) observed the break down of starch and double sugars to 

release the reducing sugars. Further, they observed that the activities of amylase 

and invertase were more in regenerating part than in the non-generating part of the 

cutting. 

Kumar et al. (1985) noticed higher levels of reducing and non-reducing 

sugars in easy to root Ficus elastica cultivar Decora than difficult to root cultivar 

Variegata. The cultivar Variegata had higher starch and lower phenolic contents 

than Cultivar Decora. 

2.1.7.4 Role of phenolic compounds in the rooting of cuttings 

The result of research work suggests that the phenolic compounds would 

prove useful to plant propagator in the relatively difficult to root plants. Phenolic 

compounds play an important role in regulation of growth. These compounds 

regulate the growth primarily affecting the compound on the decarboxylation of 

lAA. 

Hess (1962) indicated that phenols act as auxin sunergists in root initiation 

later, Roy et al. (1972) reported that natural difference in rooting ability of Phyton 

argentia cuttings could be due to difference in phenolic compounds. 
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Bose et al. (1973) showed that easy-to-root materials of bougainvillea and 

hibiscus contained p-hydroxy benzoic, ferulic and p-coumaric acid but in difficult 

to root plant material only p-hydroxy benzoic acid was present in high 

concentraUon. 

The failure of Jasminum auriculatum CultivarParimullai cuttings to root 

satisfactory when compared to easy to root Jasminum sambac cultivar 

Gundumullai was attributed to high contents of total phenols and ortho-di-hydroxy 

phenol in the former (Veeraragavatham et al., 1983). 

Curir et al. (1992) were of the opinion that the seasonal fluctuations in 

rooting ability of Genista monosperma Lam. were correlated with the ratio of two 

main endogenous phenols, 3-hydroxy mandelic acid and luteolin-7-O-glucoside, 

accumulating in the tissues, the first acting as an inhibitor and the second as a 

promoter of adventitious root development. 

2.1.7.5 Role of root promoting co-factors in rooting of cuttings 

These are naturally occurring substances in leaves that appear to act 

synergistically with indole acetic acid in promoting rooting. Hence, retaining 

leaves has greatly increased rooting per cent in a number of difficult-to-root 

species. 

Girouard and Hess (1966) observed that 'Co-factor 4' had the highest root 

promoting activity and was present in leaves, stem and roots. 'Co-factor 1' was the 

second most active root promoter and was found to be present chiefly in the leaf 

tissues. Whereas Co-factor 2 and 3 had lowest activity and were found in most of 

the plant parts. 
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Adopting chromatography and mung bean bioassay technique, Hess (1966) 

detected differences in substances involved in stimulating root initiation from the 

methanol extracts of juvenile and matured tissues. The region of peak activity was 

referred to as 'rooting Co-factor'. These was synergistic reactions between rooting 

Co-factors and lAA in stimulating the root initiation. Further, a maximum 

difference in the level of 'rooting Co-factor' between juvenile and matured shoots 

was noted. 

Vijaykumar (1973) concluded that the root promoting 'Co-factor 4' present 

in invigourated roots of guava, was essential for rooting. 

While working on propagation of grape by cuttings Mokashi (1976) found 

that shoot extracts of 'Gulabi' cutting exhibited root promotion activity at all the 

Rf zones except at 0.2, while that of 'Thompson seedless' showed root inhibition 

at 0.1, 0.2 and 0.3. All the four root promoting co-factors were present in 'Gulabi' 

whereas 'Thompson seedless' lacked the co-factors 1 to 4 which are known to be 

most essential for rooting. 

All the four root promoting Co-factors were present in easy to root 'Kabul 

Red' cultivar of pomegranate but 'Bassein seedless' lacked the Co-factor 1 and 4, 

which are known to be required for rooting (Rajanna, 1981). 

Khan (1983) reported that the root promoting Co-factor 1 and 4 were 

essential for inducing roots in cuttings of sandal wood. 

A positive correlation was found between rooting ability of avocado cutting 

and mung bean root promoters at Rf 0.9-1.0 is chromatography of methanol 

extracts in isopropanol; water (8:2 v/v) (Raviv and Reuveni, 1984). 
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Purushotham et al. (1986) observed a positive correlation between the 

rooting percentage and levels of Co-factors 2, 3 and 4 in cuttings of coffee arabica 

variety S-795. 

Gowda et al. (1990) recorded the presence of two inhibiting zones at Rf 0.3 

and 0.7 and promotion of roots at the presence of rooting co-factors 1, 3 and 4 (Rf 

0.1, 0.6 and 0.8) respectively. Inhibitors at, Rf 0.3 indicated the absence of 'Co-

factors 2' in the fresh tissue extracts of the rose cultivar American heritage. 
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Ill MATERIAL AND METHODS 

The details of the material used and techniques adopted during the course 

of study on 'Influence of growth regulators on the rooting of different types of 

cuttings in Bursera penicillata (DC). Engl.' are described below. 

The present investigation was carried out during 2000-2001 at the 

'Sanjeevini Vatika' Herbal Garden located at E-block, Gandhi Krishi Vignana 

Kendra, University of Agricultural Sciences, Bangalore. 

3.1 Geographical location and climate 

The experiment was conducted at the Sanjeevini Vatika which is attached 

to the Division of Horticulture, situated at an altitude of 930 m from mean sea 

level, with a latitude of 12 °18' North and a longitude of 77°35' East. The seasons 

are very distinct, June to September is rainy season, October to January winter 

period followed by summer months during February to May. Generally 

extremities of temperature and humidity are not observed and a monthly mean 

relative humidity ranges from 50-80 per cent. The monthly mean data on 

minimum and maximum temperature, rainfall and humidity for the period of study 

are presented in Appendix-I. 

3.2 Influence of growth regulators on the rooting of different types of cuttings 

in Bursera penicillata (DC) Engl. 

3.2.1 Preparation of cuttings 

The cuttings from a healthy mother plant of approximately 10 years old 

were collected from Horticulture Division, Gandhi Krishi Vignana Kendra 

Campus, Bangalore. One year old uniform shoots at the base and current season 

growth at the upper portion were selected. The cuttings prepared from base of the 

shoots were termed as hard wood cuttings, middle portion of the shoots were taken 



as semi-hard wood cuttings and that of apical portion were referred as terminal 

cuttings. 

3.2.2 Preparation of rooting media 

Sieved sand was used as the rooting media. Before planting, the sand was 

thoroughly drenched using captan (0.2%). It was then filled in seed pans leaving a 

gap of 2 cm from the top. The prepared cutting were planted in seed pan after 

dipping in captan solution (2 g/1). 

3.2.3 Design and layout of the experiment 

Design 

Number of main treatments 

Number of sub-treatments 

Number of replications 

Number of cuttings/seed pan 

Total number of cuttings 

Method of treatment 

Factorial Completely Randomized Design 

3 

11 

3 

15 

3x 11 x 3 x 15= 1485 

Soaking for 18 hours 

a) Main treatments : Type of cuttings 

a) Hard wood cuttings/basal cuttings 

b) Semi-hard wood cuttings/middle cuttings 

c) Terminal cuttings 

b) Sub-treatments 

T, 

Ti 

T:, 

T4 

T5 

: Growth regulator treatments 

cuttings treated with IBA at 250 ppm concentration -

cuttings treated with IBA at 500 ppm concentration 

cuttings treated with IBA at 750 ppm concentration 

cuttings treated with NAA at 250 ppm concentration • 

cuttings treated with NAA at 500 ppm concentration 



T6 

T7 

Tg 

T9 

T,o 

T„ 

21 
cuttings treated with NAA at 750 ppm concentration 

cuttings treated with IB A + NAA at 250 ppm concentration ^ 

cuttings treated with IBA + NAA at 500 ppm concentration 

cuttings treated with IBA + NAA at 750 ppm concentration 

cuttings treated with distilled water 

Control 

3.2.4 Preparation of growth regulator solutions 

The aqueous solution of IBA was prepared by dissolving the required 

quantity of IBA in a small quantity of acetone and the required volume was made 

up by adding distilled water. 

NAA was produced by dissolving the required quantity of NAA in sodium 

hydroxide and required volume made up by adding distilled water. 

In case of IBA+NAAthe required quantities of IBA+NAA were dissolved in 

equal amounts with acetone and NaOH respectively, the required volume was then 

made up with distilled water. 

3.2.5 Treatment of cuttings with growth regulators and planting 

The basal portion of the cuttings (about 2.3 m length) were dipped in the 

growth regulator solutions for 18 hours and then planted in the rooting medium in 

seed pan with two basal nodes buried inside the medium. For the control, the 

cuttings were directly planted without any treatment. Ail the seed pans were 

placed in the intermittent mist chamber. 

Two sprays of 0.1 per cent Bavistin was drenched after planting to prevent 

fungal infection. 
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3.2.6 Observations recorded 

The cuttings were allowed to root under intermittent mist, the cuttings were 

carefully removed from pans along with media and dipped in water to remove the 

rooting media. The following observations on shoot and root parameters were 

recorded. 

3.2.7 Shoot parameters 

1. Time taken for first sprouting 

Five labelled cuttings were observed daily under each replication and the 

number of days required for sprouting was recorded and the mean was computed. 

2. Number of sprouts 

The total number of sprouts of five cuttings in each replication was counted 

and the mean was computed. 

3. Length of the longest sprout per cutting 

The length of the longest sprout of five labelled cuttings was measured in 

each replication and its mean days expressed in cm. 

4. Number of leaves per rooted cutting 

The number of leaves in the five labelled cuttings were counted in each 

replication and the mean was computed. 

3.2.7 Root parameters 

1. Number of roots per cutting 

The number of adventitious roots (except lateral roots) in the five labeled 

cuttings were counted in each replication and the mean was computed. 
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2. Length of the longest root 

The length of the longest root of five labelled cuttings was measured and 

mean was computed and expressed in cm. 

3. Percentage of cuttings rooted 

The percentage was calculated by taking the ratio of number of rooted 

cuttings to total number of cuttings planted per pan and it was multiplied by 100. 

4. Fresh and dry weight of roots per cutting 

The fresh root portion of the five labelled cuttings from each replication 

was made use of. These root sample were later dried in a hot air oven at 60°C to 

attain a constant weight. The roots were then weighed and the mean was computed 

and expressed in g. 

3.2.7.3 Field establishment of rooted cuttings 

At the completion of the experiment after 70 days the rooted cuttings were 

carefully removed from the seed pan and planted individually in polythene bags 

containing mixture of sand, FYM and soil in 2:1:1 ratio. The polythene bags were 

kept in partial shade and watered on alternate days till the completion of 

experiment. The survival percentage was recorded 30 days after transplanting. 

3.4.7.4 Biochemical analysis 

Biochemical analysis was done for total sugars, reducing sugars, non 

reducing sugars, starch, nitrogen, total carbohydrates and total phenols. At the 

time of preparation of cuttings, a sample of 100 g each of the plant material from 

the basal 1-1.5 cm portion of the basal, middle and terminal cuttings was collected 

and oven dried and ground to fine powder for the purpose of all biochemical 

estimation. Similarly, another lot of 100 g each of the plant sample at the time of 
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taking rooting observations was collected for analysis and the fresh sample of 100 

g was also collected for determining the rooting co-factors. 

The methods used for the estimation of different biochemical constituents 

are given below. 

3.2.7.4.1 Total sugars 

For estimation of total sugars 500 mg of oven dried finely ground sample 

was extracted successively thrice using 80 per cent ethanol. A known volume (1 

ml) of this extract was taken in test tube and the alcohol was evaporated. Distilled 

water was added and the volume made up to a known volume (10 ml). The total 

sugar content in the alcohol free extract was determined after hydrolyzing a known 

volume in this extract with IN HCl on a hot water bath for 20 minutes at 50°C and 

after neutralizing it with IN NaOH and the total sugar was estimated by an throne 

method. (Sadasivam and Manickam, 1992). The results were expressed in 

percentage on dry weight basis. 

3.2.7.4.2 Reducing sugars 

Reducing sugars in the extract was determined by adopting the anthrone 

method (Sadasivam and Manickam, 1992). The results were expressed in 

percentage on dry weight basis. 

3.2.7.4.3 Non-reducing sugars 

Non-reducing sugars were computed by deducting the value of reducing 

sugars from the amount of total sugars. The results were expressed in percentage 

on dry weight basis. 



3.2.7.4.4 Estimation of starch n rr 

The starch content in the shoot samples was estimated by adopting the 

anthrone method suggested by Sadasivam and Manickam (1992). The results were 

expressed in percentage on dry weight basis. 

3.2.7.5 Estimation of Nitrogen 

The nitrogen basis of the dried powdered sample was detennined by 

following microkjeldhal method as outlined in Sadasivam and Manickam (1992) 

and the nitrogen content was expressed in percentage on dry weight basis. 

2.2.7.4.6 Estimation of total carbohydrates 

The value obtained for total sugars and starch were arithmetically summed 

up to get the content of total available carbohydrates. The results were expressed 

in percentage on dry weight basis. 

3.2.7.4.7 Carbohydrate to nitrogen ratio (C/N ratio) 

The value of the total carbohydrate present in the shoot was divided by total 

nitrogen to obtain the C:N ratio. 

3.2.7.4.8 Estimation of total phenols 

The amount of total phenols was estimated by Folinciacalteaus regent 

(FCR) method (Sadasivam and Manickam, 1992) the results were expressed in mg 

per g on dry basis. 

3.2.7.4.9 Root promoting co-factors 

The root promoting co-factors present in the shoot was assayed using mung 

bean (Phaseolus aureus Roxb.) bioassay technique as described by Hess (1961). 



Shoot samples were collected at the time of making the cuttings and 

immediately brought to the laboratory in an ice box. They were thoroughly 

washed first in running tap water, and then in distilled water. Excess water was 

removed by pressing them gently in between two layers of filter papers and then 

air dried. The shoots were chopped into small pieces and a representative sample 

of 100 grams each was weighed. The prepared samples were stored in a deep 

freezer at -23 C until analysis. 

The frozen sample was macerated with ice cold methanol in a pre-chilled 

wareing blender. The macerated material was submerged in excess of the 

extracting solvent and allowed to stand at -23°C for 20 hours. At the end of the 

extraction period, the methanolic extract was filtered and washed with an excess 

of methanol. These washings were added to the original filterate and the whole 

extract evaporated to dryness in a flash evaporator under reduced pressure at 35 to 

40°C. For analysis, the extracts were concentrated to a final volume of 2ml by 

adding methanol to the dried residue. Growth active substances were separated by 

paper chromatography. 

Chromatography 

A volume representing 250 mg dry weight of the extracted tissues was strip 

loaded as a line on a 5 cm wide strip of whatman No.3 mm chromatography paper. 

The chromatogram was developed using the descending chromatographic 

technique in isopropanol: water (8:2 v/v) solvent system. The chromatograms 

were developed unidirectionally for 18 hours until the solvent front was about 30 

cm from the origin. The chromatograms were then taken out from the chamber and 

dried in forced air for at least 30 minutes. The dried chromatogram were cut in to 

10 transverse strips of equal length of 3 cm each representing one co-factor from 1 

to 10. Each strip was then subsequently bio-assayed by the mung bean rooting test. 
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The paper strip above the origin served as control. Each chromatogram strip was 

transferred to a shell vial, containing 4 ml of 5 x 10' m lAA and 1 ppm boron. 

Bio-assay 

Ten mung bean (Phaseolus aureus Roxb.) cuttings containing primary 

leaves, epicotyl and three centimeters of hypocotyl tissue were placed in growth 

chamber. The chamber was kept illuminated for 16 hours a day with a light 

intensity of approximately 200 foot candles and at a temperature of 20 ^C. The 

lAA present in the vials and the substances leached from the chromatogram 

sections were taken up by the cuttings within 12 hours. Glass distilled water was 

added upto a level of the cotyledonary nodes and maintained throughout the period 

of assay. At the end of sixth day, the cuttings were removed and the number of 

roots per cutting was counted. The mung bean bioassay test for each test sample 

was replicated thrice. Based on suggestions of Hess (1961). The approximate Rf 

values of the four rooting co-factors separated by using the isopropanol and water 

(8:2 v/v) solvent system were used for identifying the presence of various co-

factors on the chromatograms of different shoot extracts. 

Rooting co-factor Rf values 

1 0.1 

2 0.3 

3 0.6 

4 0.8 
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IV EXPERIMENTAL RESULTS 

The results of the present investigation on the influence of growth 

regulators on rooting in different types of cuttings of Bursera penicillata (DC). 

Engl, are presented in this chapter under the following headings. 

4.LI Shoot parameters 

4.1.1.1 Days taken for first sprout to appear 

The data pertaining to days taken for the first sprout to appear as influenced 

by the type of cutting or wood and growth regulators are presented in Table-1. 

A significant effect of the type of wood, was noticed on the mean number 

of days taken for the first sprout to appear. The hard wood cuttings recorded the 

minimum number of days (16.78) to sprout as compared to semi-hard cuttings 

(17.96) and terminal soft wood (19.33) cuttings. 

The growth regulators also significantly influenced the number of days 

taken for the first sprout to appear. Earliest sprouting was observed in the cuttings 

treated with IB A at 250 ppm (13.50 days) which was on par with IB A at 500 ppm 

(15.9 days) and 250 ppm NAA (15.10 days). 

In case of IBA -i- NAA, the sprouting observed in cuttings treated with 250 

ppm (16.88 days) was on par with 750 ppm IBA (18.7 days) and 750 ppm NAA 

(17.11 days). 

The maximum number of days (24.33) for the first sprout to appear in the 

cuttings was in untreated (control) which was on par with cuttings treated with 

distilled water (23.33 days). 
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Table-l: Effect of growth regulators and type of wood on days taken for first sprout 
to appear in Bursera penicillata (DC.) Engl. 

Treatments 
IBA 250 ppm 

IBA 500 ppm 

roA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

BA + NAA 250 ppm 

ffiA + NAA 500 ppm 

BA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Basal 
12.00 

14.66 

15.33 

12.66 

13.00 

14.00 

17.66 

14.00 

20.66 

23.67 

25.00 

16.78 

F-test 

* 

* 

* 

Middle 
13.33 

17.00 

20.00 

15.66 

17.33 

16.33 

16.33 

18.00 

19.33 

21.33 

23.00 

17.96 

SEm± 

0.471 

0.90 

1.56 

Terminal 
15.33 

16.33 

21.00 

17,00 

18.00 

21.00 

16.66 

19.33 

18.00 

25.00 

25.00 

19.33 

SED 

0.66 

1.27 

2.20 

Mean 
13.5 

15.9 

18.7 

15.10 

16.11 

17.11 

16.88 

17.11 

19.33 

23.33 

24.33 

CD at 5% 

1.52 

2.92 

5.05 
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There was a significant interaction effects between the type of wood and 

growth regulators. In case of hard wood cuttings, the minimum number of days 

(12.00 days) for the first sprout to appear was recorded in IB A at 250 ppm 

treatment which was on par with 250 and 500 ppm NAA treated cuttings. While, 

IBA at 500 ppm treated cuttings required 14.66 days for first sprout to appear and 

it was followed by IBA at 750 ppm (15.33 days) and IBA + NAA at 250 ppm 

(17.66 days) and 500 ppm (14.00 days), which were on par with each other. The 

maximum number of days (25.00 days) were recorded for first sprout to appear 

was recorded in cuttings untreated (control) which was on par with cuttings 

treated with distilled water (23.67 days). 

4.1.1.2 Number of sprouts per cutting 

The data regarding the mean number of sprouts produced per cuttings as 

influenced by the type of wood and growth regulators is presented in Table-2. 

The number of sprouts produced was significantly influenced by the type of 

wood used. The hard wood cuttings recorded significantly higher number of 

sprouts (4.10) than semi-hard wood cuttings (3.52) and terminal soft wood 

cuttings (2.75). 

All the growth regulator concentrations significantly differed with regard to 

number of sprouts produced. However, cuttings treated with 250 ppm NAA 

recorded the maximum (6.17) which was followed by 250 ppm IBA (4.86) and 

500 ppm NAA (4.14). 

The control treatment recorded least number of sprouts (1.12) which was on 

par with distilled water treatment (1.54) treated cuttings. 
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Table-2: Effect of growth regulators and type of wood on number of sprouts per 

cutting in Bursera penicillata (DC.) Engl. 

Treatments 
IB A 250 ppm 

ffiA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

IBA + NAA 250 ppm 

IBA + NAA 500 ppm 

IBA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Number of sprouts per cuttings 
Basal 
7.16 

6.20 

4.26 

5.46 

4.50 

3.20 

3.66 

3.43 

2.50 

4.40 

3.16 

4.10 

F-test 

* 

* 

* 

Middle 
5.46 

3.80 

4.06 

6.96 

3.86 

3.13 

3.60 

2.83 

1.96 

1.73 

1.33 

3.52 

SEm± 

0.095 

0.182 

0.316 

Terminal 
3.66 

3.43 

2.50 

4.40 

3.16 

2.83 

3.10 

2.36 

2.53 

1.43 

0.86 

2.75 

CD at 5% 

0.30 

0.59 

1.02 

Mean 
4.86 

3.93 

3.26 

6.17 

4.41 

3.41 

4.06 

2.82 

2.46 

1.54 

1.12 
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A significant interaction effect was also observed between the type of wood 

and growth regulator concentrations for the number of sprouts (7.16) in the hard 

wood cuttings treated with 250 ppm IBA, followed by IBA 500 ppm (6.20) which 

was on par with 250 ppm NAA (5.46). The least number of sprouts (2.50) was 

noticed in 750 ppm IBA + NAA combination. But, failed to differ significantly 

with 750 ppm NAA (3.2), 250 ppm (3.66) and 500 ppm (3.43) IBA + NAA 

combination and control (3.16). 

In case of semi-hard wood cuttings, NAA 250 ppm also recorded the 

maximum number of sprouts (6.96) per cutting followed by IBA 250 ppm (5.46). 

While the cuttings treated with of 750 ppm IBA + NAA produced the least number 

of sprouts (1.96) per cutting than other levels. However, it failed to differ 

significantly with 500 ppm IBA (3.80) and 500 ppm NAA (3.86). The similar 

trend was also noticed in terminal soft wood cuttings with NAA 250 ppm giving 

maximum number of sprouts (4.40) and followed by 250 ppm IBA (3.66). 

4.1.1.3 Length of the longest sprout 

Data on the mean length of longest sprout per cutting as influenced by type 

of wood and growth regulators are presented in Table-3. 

Growth of sprout as indicated by mean length of longest sprout at 70 days 

after planting was significantly affected by the type of wood. Sprouts arising from 

the hard wood cuttings was longest (3.24 cm) as compared to sprouts from semi­

hard wood cuttings (3.09 cm) and terminal soft wood (2.47 cm) cuttings. 

The different concentrations of growth regulators influence significantly the 

growth of longest sprout. The cuttings dipped in solutions of 250 ppm IBA 

resulted in the maximum length of sprouts (4.78 cm) per cutting than its all levels 

which were on par with each other. The cuttings treated with NAA at 250 ppm 
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Table-3: Effect of growth regulators and type of wood on length of the longest 

sprout per cutting in Bursera penicillata (DC.) Engl. 

Treatments 
IBA 250 ppm 

IBA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

BA + NAA 250 ppm 

IBA + NAA 500 ppm 

IBA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Length of the 
Basal 
5.53 

3.96 

3.40 

4,80 

3.96 

3.36 

2.80 

2.20 

2.16 

1.80 

1.66 

3.24 

F-test 

* 

* 

* 

ongest sprout 
Middle 

4.80 

4.66 

3.56 

4.60 

3.90 

2.96 

2.30 

2.40 

1.90 

1.73 

1.23 

3.09 

SEm± 

0.05 

0.100 

0.174 

per cutting (cm) 
Terminal 

4.03 

2.66 

2.13 

3.56 

2.73 

2.40 

2.90 

2.50 

2.20 

1.16 

1.00 

2.47 

CD at 5% 

0.16 

0.32 

0.56 

Mean 
4.78 

3.73 

3.03 

4.32 

3.53 

2.91 

2.66 

2.36 

2.08 

1.56 

1.30 
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recorded the maximum length (4.32 cm) of sprouts than other levels which were 

on par with 500 ppm IBA (3.73 cm) and 500 ppm NAA (3.53 cm). Where as, all 

levels of IBA + NAA were on par with each other. 

The interaction effect of type of wood and different growth regulators differ 

significantly. In case of hard wood cuttings, the longest sprout (5.53 cm) was 

observed in cuttings treated with 250 ppm IBA which was on par with the 250 

ppm NAA (4.80 cm). But NAA 500 ppm and IBA 500 ppm failed to differ 

significantly as they produced same length in the cuttings sprout (3.96 cm) 

whereas, all the concentrations of IBA + NAA treatments were on par with each 

other. The lowest length of sprout was recorded in case of control (1.66 cm) 

which was not found significant with the cuttings treated with distilled water (1.80 

cm). 

Among the interaction effects, the longest sprout (4.80 cm) was observed in 

case of semi-hard wood cuttings treated with 250 ppm IBA followed by 500 ppm 

IBA (4.66 cm). However, all the levels of IBA + NAA combinations except 750 

ppm (1.90 cm) failed to differ among themselves significantly. In case of terminal 

soft wood cuttings, a similar trend was noticed, with 250 ppm IBA producing the 

longest sprout (4.30 cm) followed by 250 ppm NAA (3.56 cm). While, all the 

levels of IBA + NAA combinations failed to differ significantly and were on par 

with each other. 

The minimum sprout length (1.23 cm) was recorded in control which was 

on par with cuttings treated with distilled water (1.73 cm). 

4.1.4 Number of leaves per cuttings 

The data pertaining to the mean number of leaves per cuttings as influenced 

by type of wood and growth regulators are furnished in Table-4. 
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Tab!e-4: Effect of j^rowth regiihitors and type of wood on nuniher of leaves 

rooted cutting in Biirscra penicillata (DC.) Kngi. 
per 

Treatments 
IBA 250 ppm 

IBA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

IBA + NAA 250 ppm 

DBA + NAA 500 ppm 

IBA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Number o 
Basal 
11.86 

10.50 

8.56 

11.10 

9.83 

9.33 

9.03 

8.00 

7.86 

6.90 

6.0 

9.02 

F-test 

* 

* 

* 

• leaves per rooted cuttings 
Middle 

8.66 

7.46 

7.16 

9.16 

8.56 

8.10 

7.83 

6.90 

6.00 

4.76 

3.90 

7.13 

SEm± 

0.09 

0.17 

0.29 

Terminal 
9.70 

9.03 

7.26 

11.23 

10.23 

10.10 

6.73 

6.90 

5.90 

4.60 

2.56 

7.66 

CD at 5% 

0.29 

0.55 

0.96 

Mean 
10.07 

9.00 

7.76 

10.50 

9.54 

9.17 

7.86 

7.26 

6.58 

5.42 

4.15 
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The different types of cutting were found to differ significantly from each 

other with regard to the number of leaves per cutting. The maximum number of 

leaves (9.02) were observed in hard wood cuttings followed by semi hard wood 

(7.13) and terminal soft wood cuttings (7.66). 

The different concentrations of growth regulators with in the type of wood 

found significant for the number of leaves per cutting. The maximum number of 

leaves (10.50) was recorded in the treatment 250 ppm NAA followed by 250 ppm 

IB A (10.07). In case of IB A + NAA combination, cuttings treated with 250 ppm 

resulted in maximum number of leaves (7.86) per cutting which was on par with 

IBA 750 ppm and NAA 750 ppm. Decrease in the number of leaves per cutting 

was observed with the increase in the concentration of IBA, which was same in 

case of NAA and IBA + NAA combination. 

The interaction effects between type of wood and growth regulators 

differed significantly with regard to number of leaves per cutting, in hard wood 

cuttings IBA 250 ppm (11.86) treatment results in the maximum number of leaves 

followed by 250 ppm NAA (11.10), while minimum number of leaves (6.0) was 

recorded in the untreated cuttings followed by (6.90) in cuttings treated with 

distilled water. 

In case of semi-hard wood cuttings, the maximum number of leaves (9.16) 

was recorded in the NAA 250 ppm treated cuttings followed by 250 ppm IBA 

(8.66) and 500 ppm (8.56) NAA, whereas, IBA + NAA at 250 and 500 ppm 

recorded 7.83 and 6.90 respectively which were on par with each other. And the 

highest number of leaves (11.23) recorded in the terminal soft wood cuttings was 

with the treatments of NAA at 250 ppm closely followed by 500 ppm NAA 

(10.23). IBA at 250 ppm also gave fairly higher number of leaves (9.70), whereas 

IBA + NAA at 250 ppm and 500 ppm recorded 6.73 and 6.90 respectively which 
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were on par with each other. However, higher concentration of IBA and NAA 

(750 ppm) further decreased the number of leaves. 

While the minimum number of leaves was observed in control (3.90) when 

compared to other levels. 

4.1.2 Root parameters 

4.1.2.1 Percentage of cuttings rooted 

The data on the percentage of rooted cuttings at the end of 70 days as 

influenced by the type of wood and different growth regulator solutions are 

presented in Table-5 and illustrated through figure 1. 

The type of wood had a significant effect on percentage of rooting. The 

maximum rooting (56.48%) was obtained in hard wood cuttings than the semi­

hard wood cuttings (51.09%) and the terminal soft wood cuttings (24.69%). 

The influence of growth regulators on rooting was also found to be 

significant. All the growth regulators used increased rooting significantly over the 

control. The maximum rooting was (68.88%) was recorded in 250 ppm IBA and 

was followed by (59.0%) by 250 ppm NAA which was closely followed by IBA 

500 ppm (58.44%) and combination of IBA + NAA at 250 ppm (46.0%) which 

were on par with each other. While the cuttings without any treatment (control) 

recorded the least rooting (20.0%). 

Among the various interaction effects, the hard wood cuttings treated with 

IBA 250 ppm produced the maximum rooting (84.66%) followed by 500 ppm IBA 

(75.0%). In case of NAA, cuttings treated at 250 ppm recorded 68 per cent rooting 

which was on par with IBA + NAA combination at 250 ppm (63.0 
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Table-5: Effect of growth regulators and type of wood on rooting percentage in 

Bursera penicillata (DC.) Engl. 

Treatments 

ffiA 250 ppm 

ffiA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

BA + NAA 250 ppm 

IBA + NAA 500 ppm 

DBA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Rooting percentage (70 days after planting) 

Basal 
84.66-

75.00 

70.66 

68.00 

67.66 

64.33 

63.00 

45.00 

33.00 

28.33 

21.66 

56.48 

F-test 

* 

* 

* 

Middle 
77.00 

64.66 

54.33 

79.66 

51.66 

55.00 

54.66 

35.00 

38.33 

28.33 

28.33 

51.09 

SEni± 

1.42 

2.72 

4.72 

Terminal 
45.00 

35.66 

29.66 

34.33 

23.66 

21.66 

20.33 

19.00 

18.00 

14.30 

10.0 

24.69 

CD at 5% 

4.61 

8.82 

15.2 

Mean 

68.88 

58.44 

51.55 

59.00 

47.66 

47.00 

46.00 

33.00 

29.77 

23.66 

20.00 
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The maximum rex t̂ing in semi-hard wood cuttings was recorded when they 

were treated with IBA 250 ppm (77,095̂ ) followed by 250 ppm NAA (79.66%). A 

similar trend was also noticed in the terminal soft wood cuttings with IBA 250 

ppm giving maximum rooting (45.07o) and followed by NAA 250 ppm (35.66%). 

4.1.2.2 Number of roots per cutting 

The data pertaining to the mean number of roots per cutting as influenced 

by the type of wood and different growth regulators are presented in Table-6. 

Hard wood cuttings produced 11.73 roots per cutting as compared to semi­

hard wood (9.27) and terminal soft wood (6.12) cutting. 

All the growth regulators used increased the number of roots per cutting 

significantly over control. The maximum number of roots (18.56) was recorded in 

cuttings treated with 250 ppm IBA followed by the same concentration of NAA 

(14.42) and IBA+NAA at 250 ppm recorded (7.78) which were on par with each 

other whereas, minimum number of roots was noticed in control (2.31). 

The interaction between type of wood and growth regulator concentration 

was also significant. Application of IBA at 250 ppm resulted in the maximum 

number of roots (27.83) in hard wood cuttings followed by NAA at 250 ppm 

(18.6) and 500 ppm IBA (17.36) which were on par with each other. 

In case of semi-hard wood cuttings treated with IBA at 250 ppm recorded a 

maximum number (17.93) followed by NAA at 500 ppm and 250 ppm recorded 

(14.66 and 14.60 respectively) which were on par with each other. While very 

least number of roots was observed in control (2.43). And in terminal soft wood 

cuttings the maximum roots (10.06) were obtained with NAA 250 ppm which was 

closely followed by 250 ppm IBA (9.93). 
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Table-6 Effect of growth regulators and type of wood on number of root5per 
cutting in Bursera penicillata (DC.) Engl. 

Treatments 

IBA 250 ppm 

IBA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

IBA + NAA 250 ppm 

IBA + NAA 500 ppm 

IBA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Number of roots per cuttings 
(70 days after planting) 

Basal 
27.83 

17.36 

11.06 

18.60 

9.80 

8.70 

9.96 

8.23 

7.36 

6.13 

3.90 

11.73 

F-test 

* 

* 

* 

Middle 
17.93 

10.66 

9.76 

14.60 

14.66 

10.40 

6.96 

6.73 

4.80 

3.63 

2.43 

9.27 

SEm± 

0.14 

0.27 

0.47 

Terminal 
9.93 

9.00 

7.03 

10.06 

9.50 

8.03 

6.43 

2.76 

2.83 

1.16 

0.6 

6,12 

CD at 5% 

0.46 

0.88 

1.53 

Mean 

18.56 

12.34 

9.28 

14.42 

11.34 

9.04 

7.78 

5.71 

5.00 

3.64 

2.31 



Plate 1. Effect of IB A on the rooting of basal woody portion cuttings of Busera penicillatc (DC) Engl, 

Plate 2. Effect of JbA on ihe rooting of middle semi woody portion cutting? ot Busera penicUcta (DC) Eagi 

Plate 3. Effect of IB A on the rooting of terminal softwoody portior cuttings of Busera penicillata 'J)C) Engl 
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4.1.2.3 Length of the longest root per cutting 

The data on the mean length of the longest root per cutting are presented in 

Table-7. The different types of wood differed significantly with respect to length 

of root. 

The longest (8.59 cm) root was produced in hard wood cuttings than semi 

hard wood cuttings (4.35 cm) and terminal soft wood cuttings (1.81). 

The different growth regulator levels significantly influenced the length of 

root. The cuttings treated with 250 ppm IBA and 500 ppm IBA or 250 ppm NAA 

were the most effective in producing the longest root (7.95, 6.54 and 6.37 cm) 

respectively per cutting. However, which were on par with each other. In case of 

IBA + NAA at 250 ppm the maximum (5.13 cm) root length was recorded than 

other levels, but the minimum root length was observed incase of control (2.23 

cm). 

The interaction between the type of wood and growth regulators were also 

found to be significant. Incase of hard wood cuttings treated with 250 ppm NAA 

recorded the maximum (11.13 cm) root length and was followed by 250 ppm IBA 

and 500 ppm NAA (10.70 and 10.60 respectively) which failed to differ 

significantly with each other and IBA + NAA at 250 ppm recorded( 10.46). 

In case of semi-hard wood cuttings, the treatment of IBA 250 ppm recorded 

the maximum (8.46 cm) root length followed by 500 ppm IBA (6.70 cm) and 750 

ppm IBA or 250 ppm NAA (5.86 and 5.20 cm) respectively and in terminal soft 

wood cuttings, the lower level of IBA 250 ppm (4.70 cm) was found to be better. 

The IBA at 500 ppm and NAA at 250 ppm recorded almost similar results. 
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Table-7: Effect of growth regulators and type of wood on length of the longest root 
per cutting in Bursera penicillata (DC.) Engl. (70 days after planting) 

Treatments 
BA 250 ppm 

ffiA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

DBA + NAA 250 ppm 

BA + NAA 500 ppm 

BA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Length of the longest root per cuttings (cm) 
Basal 
10.70 

10.00 

9.56 

11.13 

10.6 

9.33 

10.46 

7,50 

6.00 

5.50 

3.73 

8.59 

F-test 

* 

* 

* 

Middle 
8.46 

6.70 

5.86 

5.20 

3.10 

3.60 

3.63 

3.13 

2.13 

3.20 

2.30 

4.35 

SEm± 

0.118 

0.22 

0.39 

Terminal 
4.70 

2.93 

1.46 

2.80 

1.80 

0.76 

1.30 

1.26 

1.10 

1.20 

0.66 

1.81 

CD at 5% 

0.38 

0.73 

1.27 

Mean 
7.95 

6.54 

5.63 

6.37 

5.16 

4.56 

5.13 

3.96 

3.27 

3.30 

2.23 



Plate 4. Effect of NAA on the rooting of basa'.woody portion cuttings of Busera penicillata (DC) Engl 

Plate 5. Effect of NAA on the rooting of middle-semi woody portion cuttings of Busera penicillata (DC) Engl. 

Plate 6. Effect of NAA on the rooting of terminal softwoody portion cuttings of Busera peniciilata (DC) Bngl 
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The minimum (2.30 cm) root length was recorded in control which was on 

par with distilled water treatment cuttings (3.20 cm). 

4.1.2.4 Fresh weight of roots 

The data pertaining to mean fresh weight of roots produced per cutting as 

influenced by the type of wood and growth regulators are given in Table-8. 

Among the different types of cuttings the maximum fresh weight of roots 

(0.099 g) per cutting was recorded in case of hard wood cuttings which was 

significantly differ from semi-hard wood cuttings (0.044 g) and terminal soft wood 

(0.024 g) cuttings. 

The growth regulator treatments also differed significantly with each other. 

The maximum fresh weight of roots was recorded with IBA 250 ppm (0.093 g) 

which was on par with NAA at 250 ppm (0.089 g) and in case of IBA + NAA, the 

maximum fresh weight (0.058 g) was recorded at 250 ppm followed by (0.055 g) 

at 250 ppm IBA + NAA. 

The interaction effects found to be significant, the maximum fresh weight 

(0.179 g) was recorded incase of hard wood cuttings treated with IBA 250 ppm 

followed by NAA at 250 ppm (0.159 g) and in all the levels of IBA + NAA 

treatments failed to differ significantly. However, the minimum fresh weight was 

recorded in control (0.043 g). 

Among the interaction effects semi-hard wood cuttings recorded the 

maximum fresh weight when treated with IBA 250 ppm and NAA 250 ppm (0.065 

g and 0.064 g respectively) followed by 500 ppm IBA (0.053 g) which were on 



Table-8: Effect of growth regulators and type of wood on the fresh weight of roots 
in Bursera penicillata (DC.) Engl. 

Treatments 
BA 250 ppm 

IBA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

ffiA + NAA 250 ppm 

BA + NAA 500 ppm 

BA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Fresh weight of the roots (g) 
Basal 
0.179 

0.120 

0.081 

0.159 

0.091 

0.106 

0.093 

0.077 

0.098 

0.044 

0.043 

0.099 

F-test 

* 

* 

* 

Middle 
0.065 

0.053 

0.036 

0.064 

0.036 

0.034 

0.045 

0.053 

0.058 

0.022 

0.018 

0.044 

SEm± 

0.002 

0.005 

0.009 

Terminal 
0.035 

0.024 

0.020 

0.043 

0.032 

0.028 

0.028 

0.018 

0.018 

0.011 

0.011 

0.024 

CD at 5% 

0.0094 

0.018 

0.031 

Mean 
0.098 

0.066 

0.046 

0.089 

0.053 

0.056 

0.055 

0.049 

0.058 

0.026 

0.024 

n 



Plate 7. Effect of IBA + NAA on the rooting of basalwoody portion cuttings of Busera penicillata (DC) Engl 

')ate 8. Effect of IBA + NAA on the rooting of middle-semi woody portion cuttings of Busem penicillata (DC) Engl. 

Plate 9. Effect of IBA -i- NAA on the rooting of terminal softwoody portion cuttings of Buserc psnicillata (DC) Engl. 
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par with each other. While the least fresh weight (0.018 g) was recorded in control 

and in case of terminal soft wood cuttings NAA at 250 ppm recorded maximum 

fresh weight of root (0.043 g) which was followed by 250 ppm IBA and 500 ppm 

NAA (0.035 g and 0.032 g respectively) which were on par with each other and 

cuttings treated with distilled water and untreated recorded the same weight (0.011 

g)-

4.1.2.5 Dry weight of roots per cutting 

The dry weight of hard wood (0.069 g), semi-hard wood (0.026 g) and 

terminal soft wood cuttings (0.018 g) significantly differed and presented in Table-

9. 

Even among the different growth regulators, significant differences were 

observed with respect to the mean dry weight of root produced per cutting. 

Application of NAA 250 ppm recorded the highest dry weight of root (0.062 g) 

followed by 250 ppm IBA and 500 ppm IBA dry weight (0.057g and 0.048 g 

respectively). However, cuttings treated with 250 ppm IBA + NAA, 500 ppm 

NAA and 750 ppm had the same dry weight of (0.040 g). 

All the growth regulator treatments differed significantly from the control. 

The minimum dry weight of roots (0.016 g) was recorded in cuttings untreated 

(i.e. control). 

The interaction effect between type of wood and growth regulator 

treatments were found to be significant. Among the various combinations, the 

maximum dry weight was recorded in hard wood cuttings treated with 250 ppm 

NAA (0.119 g) followed by 250 ppm IBA (0.117 g). Both in case of IBA and 

NAA the definite decreasing trend was showed with increasing the concentration, 
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Table-9 Effect of growth regulators and type of wood on the dry weight of roots in 
Bursera penicillata (DC.) Engl. 

Treatments 
IBA 250 ppm 

BA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

IBA + NAA 250 ppm 

IBA + NAA 500 ppm 

IBA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Dry weight of roo 
Basal 
0.117 

0.097 

0.061 

0.119 

0.076 

0.074 

0.072 

0.041 

0.052 

0.033 

0.024 

0.069 

F-test 

* 

* 

* 

Middle 
0.034 

0.028 

0.022 

0.037 

0.022 

0.019 

0.028 

0.026 

0.035 

0.017 

0.015 

0.026 

SEm± 

0.001 

0.002 

0.004 

ts(g) 
Terminal 

0.020 

0.018 

0.011 

0.030 

0.033 

0.027 

0.021 

0.013 

0.015 

0.009 

0.009 

0.018 

CD at 5% 

0.004 

0.008 

0.014 

Mean 
0.057 

0.048 

0.031 

0.062 

0.043 

0.040 

0.040 

0.026 

0.034 

0.019 

0.016 
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while minimum dry weight (0.024 g) was recorded in case of control when 

compared to distilled water treated cutting (0.033 g). 

In case of semi-hard wood cutting NAA at 250 ppm treated cuttings 

recorded the highest dry weight (0.037 g) followed by 750 ppm IBA + NAA 

(0.035 g) and this was on par with 250 ppm IBA (0.034 g) and 500 ppm IBA 

(0.028 g). The similar trend was, also noticed in case of terminal soft wood 

cuttings with 250 ppm NAA recording maximum dry weight (0.030 g) followed 

by 750 ppm NAA (0.027 g) while the control and distilled water treatments 

recorded same dry weight (0.009 g). 

4.1.3 Field establishment of rooted cuttings 

The data on the per cent field establishment of the transplanted cuttings is 

furnished in Table-10. 

Field establishment of transplanted rooted cuttings was significantly 

influenced by type of wood. The per cent establishment of rooted hard wood 

cuttings was significantly higher (36.96%) over the semi-hard wood (16.59%) and 

terminal soft wood (3.08%) cuttings. 

All the growth regulator concentrations used recorded the higher yield 

establishment of rooted cuttings over control (5.28%). Application of IBA at 250 

ppm resulted in the maximum field establishment (44.45%) followed by 250 ppm 

NAA (32.80%). Incase of combination of IBA + NAA at 500 ppm recorded 

maximum field establishment (17.63%) over 250 ppm (17.42%) which was on par 

with each other. 

The interaction effects between the type of wood and growth regulator 

treatments of this experiment were found significant for the field establishment of 
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Table-lO: Effect of growth regulators and type of wood on number of the survival 
Percentage in Bursera penicillata (DC.) Engl. 

Treatments 
IBA 250 ppm 

IBA 500 ppm 

IBA 750 ppm 

NAA 250 ppm 

NAA 500 ppm 

NAA 750 ppm 

IBA + NAA 250 ppm 

IBA + NAA 500 ppm 

IBA + NAA 750 ppm 

Distilled water 

Control (untreated) 

Mean 

Type of wood 

Growth regulator 
Concentration 
Interaction of wood 
and growth regulator 

Survival percent 
Basal 
78.33 

42.66 

35.00 

70.33 

26.66 

22.63 

33.70 

38.16 

29.74 

16,16 

13.16 

36.96 

F-test 

* 

* 

* 

Middle 
46.33 

19.33 

14.00 

21.06 

18.83 

15.16 

16.00 

12.66 

11.00 

6.5 

1.8 

16.59 

SEm± 

0.58 

1.12 

1.94 

age 
Terminal 

8.10 

3.16 

2.66 

7.00 

2.33 

1.70 

2.56 

2.06 

1.36 

1.50 

0.86 

3.08 

CD at 5% 

1.90 

3.64 

6.30 

Mean 
44.45 

21.72 

17.22 

32.80 

15.87 

13.16 

17.42 

17.63 

14.03 

8.05 

5.28 
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rooted cuttings. A maximum field establishment (78.33%) was recorded in hard 

wood cuttings treated with 250 ppm IB A while minimum (13.16%) was recorded 

in control over all the levels of growth regulators in hard wood cuttings. 

In case of semi hard wood and terminal soft wood cuttings, the cuttings 

treated with IBA 250 ppm recorded the highest field establishment (46.33% and 

8.70% respectively) over all the treatments followed by 250 ppm NAA (21.06% 

and 7.0% respectively). 

4.4 Biochemical studies 

Data on biochemical composition (on % dry weight basis) of different types 

of cuttings of Bursera penicillata (DC) Engl, one given in table-11 and depicted 

in figure. 

4.1.4.1 Total sugar content 

It is evident from the Table-11 that hard wood cuttings of Bursera 

penicillata (DC) Engl, had a higher amount of total sugars (6.25%) as compared to 

semi-hard wood and terminal soft wood (6.02% and 5.85% respectively) cuttings. 

4.1.4.2 Starch content 

Of the different types of cuttings of Bursera penicillata (DC) Engl. Higher 

amount of starch was found in hard wood cuttings (2.59%) than in semi-hard 

wood cuttings (2.48%) and terminal soft wood (2.30%) cuttings. 

4.1.4.3 Nitrogen content 

In Bursera penicillata (DC) Engl, the nitrogen content was found higher in 

terminal soft wood cuttings (0.79%) compared to semi hard wood cuttings 

(0.648%) and hard wood (0.588%) cuttings. 
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Table-11: Bio-chemical composition of different portions of cuttings (Hard wood. Semi 
hard wood and Soft wood cuttings) of Bursera penicilata (DC) Engl. (% dry 
weight basis) 

Biochemical 
composition 
Starch 

Total sugars 

Nitrogen 

C/N ratio 

Total phenols 
(mg/g dw.p) 

Hard wood 
2.59 

6.25 

0.58 

18.04 

1.40 

Portion cuttings 
Semi-hard wood 

2.48 

6.02 

0.64 

15.74 

1.42 

Soft wood 
2.30 

5.85 

0.79 

12.36 

2.40 
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4.1.4.4 Carbohydrate / Nitrogen ratio ^ 

From the table- 11 it is evident that in hard wood cuttings of Bursera 

penicillata (DC) Engl, the C/N ratio was found highest (18.04) followed by semi­

hard (15.74) and terminal soft wood (12.36) cutting. 

4.1.4.5 Total phenols 

The data pertaining total phenols in different types of cuttings of Bursera 

penicillata (DC) Engl, are presented in table-11. 

It is evident from the data that terminal soft wood cuttings exhibited the 

highest amount of total phenols (2.4 mg/dry weight) followed by semi-hard (1.428 

mg/ dry weight) and hard wood (1.404 mg/ dry weight) cuttings. 

4.1.4.6 Root promoting co-factors 

Root promoting co-factors occurring in the three types of Bursera 

penicillata (DC) Engl, were separated on chromatograms by descending 

chromatography technique using iso-propanol and water (8:2 v/v) as solvent 

system. The shoot extracts were assayed for the presence of different root 

promoting co-factor by mung bean rooting test. The results are presented in the 

form of histograms (Fig. 6, 7 and 8) the horizontal line indicating promotion and 

below, inhibition of root formation. 

It is quite evident that there was a wide difference in the activity of the root 

promoting co-factors in the three different types of cuttings in Bursera penicillata 

(DC) Engl. 

The tissue extract of hard wood cuttings the root promoting co-factors 1, 2, 

3 and 4 (corresponding to 0.1, 0.3, 0.6 and 0.8 respectively according to Hess, 

1961a) were present whereas the tissue extract of semi-hard wood cuttings, the 
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Other root promoting co-factor 1, 2 and 4 were present. The terminal soft wood 

cuttings had only root promoting co-factor No.3 in little amount 'co-factor No.l' 

(corresponds to Rp 0.1) were present in very negligible amount. 



DISCUSSION 



V DISCUSSION 

The Bursera penicillata (DC). Engl, is generally propagated by cuttings. 

However, the cuttings not only take a long time to root, but also exhibit sparse 

and erratic rooting, resulting in poor field establishment. In the present 

investigation an attempt was therefore made to determine the type of wood most 

suitable for cutting propagation, and also study the influence of several growth 

regulators on rooting of cuttings taken from different portions of shoot. Further, 

studies on the biochemical compositions of the different portions of the cuttings as 

well as studies on the survival of the rooted cuttings made. The significance of the 

results are discussed in the following pages. 

5.1.0 Shoot parameters 

5.1.1.1 Days taken for first sprout to appear 

Significant difference were observed with respect to days taken for the first 

sprout to appear in different type of cuttings. Hardwood cuttings took minimum 

number days (16.78) whereas, compared to semi hard cuttings. The earlier 

sprouting in hard wood cuttings could be due to the higher reserved carbohydrates, 

sugars and starch content in the cuttings as compared to semi-hard wood cuttings. 

The different growth regulators also influence the number of days taken for 

sprouting. The earliest sprouting was observed with 250 ppm IBA treatment 

(13.50 days). The number of days required for first sprout to appear was higher 

with an increase in the concentration of IBA, NAA and their combinations. 

Distilled water treatment and control took the maximum number of days (23.33 

and 24.33 days, respectively) to sprout when compared to other treatments. It may 

be due to the accumulation of endogenous phenols in the basal tissues could be 

lessened by soaking cuttings in distilled water. These findings are in conformity 

with Curir er aZ. (1992) 
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Interaction effects were significant with regard to the time required for 

sprouting. Hardwood cuttings treated with IBA at 250 ppm resulted the minimum 

number of days (12.00) for sprouting. Earliness in sprouting may be due to better 

utilization of stored carbohydrates, nitrogen and other factors with the aid of 

auxins. Whereas control and distilled water treatment took maximum time for 

sprouting (25.0 and 23.67 days, respectively). 

5.1.2 Number of sprouts 

The maximum number of sprouts per cuttings was obtained in hard wood 

cuttings (4.10) being rich in reserve carbohydrate when compared to the other two 

cuttings. 

All the growth regulators tried influenced the number of sprouts per 

cuttings. The maximum number of sprouts per cuttings (6.17) was observed with 

NAA at 250 ppm. Shenoy (1992) and Simly (1994) have also obtained similar 

results with NAA in Rosa damascena and Cinnamomum zeylanicum cuttings 

respectively. 

Among the interaction effects, the maximum number of sprouts (7.16) was 

found in hard wood cuttings treated with IBA at 250 ppm. This is due to better 

utilization of stored carbohydrate, nitrogen and other factors with the aid of 

auxins. These findings are in conformity with Purohit and Shekharappa (1994) in 

pomegranate. The next best treatment was NAA at 250 ppm in case of semi-hard 

wood cuttings which recorded 5.46 sprouts per cutting. The results reported by 

Singh et al. (1986) in citrus, Shenoy (1992) in Rosa damascena, Simly (1994) in 

Cinnamomum zeylanicum cuttings confirmed the same. 



5.1.3 Length of the longest sprout O O 

Hard wood cuttings sprouted earlier and exhibited the maximum length of 

sprouts (3.24 cm) compared to semi-hard wood (3.09 cm) and terminal soft wood 

(2.47 cm) cuttings. This may be due to better physiological maturity and higher 

amount of reserve food materials in the hard wood cuttings. Moore and Ink (1964) 

in Blue berry has reported that basal cuttings produced the maximum shoot 

growth. 

With regard to the growth regulators effects, IBA at 250 ppm resulted in the 

maximum length of sprouts (4.78 cm) which was followed by NAA at 250 ppm 

(4.32 cm). 

With regard to interaction effects, the maximum length (5.53 cm) of sprout 

was obtained in hard wood cuttings treated with 250 ppm IBA followed by the 

NAA at 250 ppm (4.80 cm). This is due to earliest sprouting which was noticed in 

hard wood cuttings of these treatments and may be due to better utilization of 

stored carbohydrates, nitrogen and other factors with the aid of growth regulators 

on the different types of cuttings. 

5.1.4 Number of leaves 

Hard wood cuttings recorded the maximum number of leaves (9.02) as 

compared to semi-hard wood and terminal soft wood cuttings (7.13 and 7.66 

respectively). It may be due to higher stored materials like carbohydrates present 

in hard wood cuttings and also due to the fact that the member and length of sprout 

were higher in hard wood cuttings. 

The growth regulators tried, have significantly increased the number of 

leaves per cutting. The treatment of NAA at 250 ppm produced a maximum 

(10.50) number of leaves than control. This could be due to the longer sprouts and 
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higher number of sprouts noticed in cuttings treated with these particular 

treatments. 

With regard to interaction effects, hard wood cuttings treated with IBA 250 

ppm recorded the maximum number of leaves (11.86) per cuttings. Production of 

more number of sprouts and longer sprouts per cutting in hard wood cuttings 

might have helped in this regard. 

5.2 Root parameters 

5.2.1 Percentage of cuttings rooted 

The results presented in the table-5 indicate that hard wood cuttings 

produced the highest percentage of rooting (56.48%) as compared to semi-hard 

wood (51.09%) and terminal soft wood (24.69%) cuttings. This difference may be 

due to the different physiological status of the cuttings. As seen in the biochemical 

studies , hard wood cuttings of Siamese rough bush had higher amount of total 

carbohydrates, C:N ratio and rooting co-factors than the semi-hard wood cuttings. 

The results are in comfirmity with the findings of Roy et ai (1973), Singh and 

Singh (1973) in Citrus limon - burm, Blazich and Acedo (1989) in Osmanthus 

heterophyllus and Simly (1995) in Cinnamomum zeylanicum. 

The growth regulators were also found to enhance rooting with the 

treatment of IBA at 250 ppm recording the highest (68.88%) percentage which 

was on par with NAA 250 ppm (59.0%) and IBA + NAA at 250 ppm (46%). An 

increase in rooting percentage by IBA has been reported by Guo et al. (1986) in 

Acanthopanax senticosur, Benyei (1987) in Hedera helix, Simly (1995) in 

Cinnamomum zeylanicum and synergistic effects of NAA and IBA has been 

reported by Bhattacharjee and Balakrishna (1992) in Ixora singaporensis. Dunn et 

al. (1996) in Pistacia chinensis. This may be attributed to the root stimulating and 

promoting effects of IBA. 



Among the interaction effects hard wood cuttings treated with IBA 250 

ppm resulted in the maximum (84.66) percentage of rooting followed by 500 ppm 

IBA (75.0%). The beneficial effects of exogenous application of auxins in 

enhancing rooting in hard wood cuttings has been reported by many workers Guo 

et al (1986) Puri and Shamet, (1986) Poi and Mazumdar, (1989) in Bael 

Oosthuigen (1993) in Pecan, Kumar and Farooqi (1996) in Garden Rue. 

5.2.2 Number of roots 

Hard wood cuttings were found to be superior to semi-hard wood and 

terminal soft wood cuttings with respect to number of roots produced per cuttings. 

Hard wood cuttings produced on an average of 11.73 roots per cuttings, whereas it 

was only 9.27 roots in semi-hard wood and 6.12 in terminal soft wood cuttings. 

This again could be due to stored carbohydrates content, rooting co-factors as well 

as physiological maturity of the planting material. An increase in number of roots 

towards the base of the shoot is in agreement with the findings of Poulsen and 

Anderson (1980) in Hedera helix. 

As far as the growth regulators are concerned, IBA at 250 ppm (18.56) and 

NAA at same concentration (14.42). This observation supports the earlier findings 

of Dettweiler (1942) who opined that the application of growth regulators cause 

greater meatabolic activity and mobilization of sugars and nitrogenous substances 

from stems and leaves which help in the initiation of root primordia in cuttings. 

The better activity of IBA may be due to its slower translocation property or its 

destruction is relatively slowly by auxin degrading enzyme system. Such results 

are comparable to those of Bhujbal and Kale (1975), Bahuguna et al. (1988), 

Daoud et al. (1989) and Simly (1994). 
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With regard to interaction effects, hard wood cuttings treated with 250 ppm 

IBA produced the maximum (27.83) number of roots followed by same 

concentration of same growth regulator (17.93) in semi hard wood cuttings. It is 

generally accepted that auxin has a central role in the initiation and development 

of adventitious roots (Bisaria and Rao, 1988). 

Higher number of primary roots over the control may be due to enhanced 

hydrolysis of carbohydrates caused by the treatment with auxin.. 

5.2.3 Length of the longest root per cuttings 

Development of extensive root system is important for success in 

propagation by cuttings. The maximum length (8.59 cm) was observed in hard 

wood cuttings while it was least (1.81 cm) in terminal soft wood cuttings. 

In the present investigation, application of IBA at 250 ppm was the most 

effective treatment recording the maximum root length (7.95 cm) followed by 

treatments of 500 ppm IBA and 250 ppm NAA (6.54 cm and 6.37 cm, 

respectively). Similar effect of growth regulators in enhancing the length of roots 

has been reported by Rajanna (1981) in pomegranate, Sherer et al. (1985) in grape 

vine and Bisaria and Rao (1988) in Boehmeria nivea Gaud. Reddy et al. (1996) 

horticultural crops. The average in length of roots in cuttings treated with growth 

regulators may be perhaps be due to the enhanced hydrolysis of carbohydrates, 

accumulation of metabolites at the site of application of auxins, synthesis of new 

proteins, cell enlargement and cell division induced by the auxins. 

In case of interaction effects, NAA at 250 ppm recorded the maximum 

(11.13 cm) root length in hard wood cuttings followed by IBA 250 ppm (8.46 cm) 

in semi-hard wood cuttings and in terminal soft wood cuttings lower level of IBA 

250 ppm (4.70 cm) was found to be better. This development of larger roots may 
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be attributed to the early initiation of roots, cuttings in the above treatments with 

regard to IBA and NAA only optimum levels instead of lower and higher 

concentration. 

These results commensurate with the findings of Bisaria and Rao (1988) in 

Boehemeria nivea Gaud and Sadiq (1991) in peach. 

5.2.4 Fresh weight and dry weight of roots 

Cuttings taken from different types of wood differed significantly with 

respect to fresh and dry weight of roots. Roots of hard wood cuttings recorded the 

maximum fresh (0.099 g) and dry (0.069 g) weight as compared to semi-hard 

wood cuttings which recorded a fresh and dry weight of (0.044 g and 0.026 g 

respectively) and terminal soft wood cuttings recorded (0.024 and 0.018 g 

respectively). The better performance of hard wood cuttings could be due to the 

presence of more mature tissue of high carbohydrate and nitrogen, relationship or 

phenols or presence of more rooting co-factors. 

Growth regulators also significantly affected the fresh and dry weight with 

IBA (at 250 ppm) treatment recorded the highest fresh weight (0.093 g) followed 

by NAA (at 250 ppm) treatment (0.089 g) which was also recorded the highest dry 

weight (0.062 g) followed by 250 ppm IBA treatment as against control which was 

recorded a 0.099 and 0.069 g of fresh and dry weight respectively. The effects of 

auxins observed in the present investigation with respect to the mean fresh and dry 

weight of roots per cuttings are in agreement with the findings of Bisaria and Rao 

(1988) in Boehmeria nivea Gaud, Shenoy (1992) in Rose, Kumar and Farooqi 

(1996) in Garden Rue. 

From the interaction effects, it can be seen that, hard wood cuttings treated 

with IBA 250 ppm recorded the maximum fresh weight (0.179 g) followed by 250 
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ppm NAA (0.159 g). The minimum (0.018 g) was recorded in untreated (control) 

semi hard wood cuttings as against highest in 250 ppm IBA or 250 ppm NAA 

treatments (0.065 g or 0.064 g) and in terminal soft wood cuttings maximum fresh 

weight was recorded in 250 ppm NAA (0.043 g). The increase in fresh weight may 

be inferred due to the better physiological maturity of hard wood cuttings along 

with the mobilization of secondary metabolites towards better root formation with 

aid of growth regulators. 

In regard to the dry weight of roots, hard wood cuttings treated with 250 

ppm NAA recorded the maximum dry weight (0.119 g) followed by 250 ppm 

NAA treated semi-hard wood cuttings (0.037 g) and in terminal soft wood cuttings 

the same growth regulator recorded maximum dry weight (0.030 g) at same 

concentration. Similar results were obtained by Bisaria and Rao (1988) in 

Boehmeria nivea Gaud, Kumar and Farooqi (1996) in Garden Rue. 

5.3 Establishment of rooted cuttings 

There was a significant difference between the type of wood used with 

respect to the establishment after transplanting. Having recorded highest fresh and 

dry weight of roots and maximum stored carbohydrates, the physiologically 

mature hard wood cuttings were able to survive better (36.96%) than semi hard 

wood (16.59%) and terminal soft wood (3.08%) cuttings. 

Owing to the positive influence on rooted shoot growth, the growth 

regulator tried in these experiment, recorded a relatively high success rate of 

establishment of rooted cuttings on transplanting cuttings treated with IBA at 250 

ppm recorded the highest percentage of establishment (44.45%) followed by 250 

ppm NAA (32.80%). The results in the present investigations are similar to those 

of Gupta (1982) in Legastromia lancosteri and Kumar and Farooqi (1996) in 

Garden Rue. 



With regard to the interaction effects also, hard wood cuttings treated with 

250 ppm IBA recorded the highest (78.33%) establishment of rooted cuttings 

followed by IBA at 250 ppm treated semi hard wood and terminal soft wood 

(46.33% and 8.70%, respectively). The highest survival of rooted cuttings in hard 

wood cuttings may be attributed to high C:N ratio, optimum concentration of IBA 

and NAA (at 250 ppm) and high content of carbohydrate reserve per cutting which 

resulted in maximum number of roots, root length and higher fresh and diy weight 

of roots per cutting. These findings are in confirming with Kempegowda (1984) in 

Rose Poi and Mazumdhar (1989) in Bael, Shenoy (1992) in Rose and Kumar and 

Farooqi (1996) in Garden Rue. 

5.4 Biochemical studies 

5.4.1 Total sugars 

Hard wood cuttings had a sUghtly higher content of total sugars (6.25%) as 

compared to semi-hard wood cuttings (6.02%) and terminal soft wood cuttings 

(5.85%). This relatively higher sugar content found in hard wood cuttings and 

semi-hard wood cuttings was perhaps favourable for rooting. Thus, one of the 

reason for the failure of the terminal soft wood cuttings to root healthy was 

probably related to their low sugar content. Stoltz (1968), Gabricludze et al. 

(1975) and Kumar et al. (1985) also opined not a high regeneration capacity of 

cuttings was associated with a higher level of soluble sugars. 

5.4.2 Starch content 

A slightly higher starch content was seen in hard wood cuttings (2.59%) as 

compared to semi-hard (2.48%) and terminal soft wood cuttings (2.30%) such 

higher levels of sprout in the hard wood and semi hard wood cuttings could have 

brought abut favourable conditions for root initiation Mokashi (1978) and Kumar 

et al. (1985). Also favouring for more number of roots, high rooting percentage, 
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longest roots as well as a high fresh and dry weight of the roots than terminal soft 

wood cuttings. 
5.4.3 Nitrogen content 

The terminal soft wood cuttings contained relatively higher amounts of 

nitrogen (0.79%) as compared to semi-hard wood (0.64%) and hard wood (0,58%) 

cuttings. The relatively lower levels of nitrogen present in hard wood cuttings 

might have helped rooting. 

The report of Haun and Cornell (1951) suggests that low level of nitrogen 

increases the rooting co-factors activity to produce better rooting. Also, with less 

nitrogen, the C/N ratio is higher and this may be conducive for better rooting. 

Similar observations have been reported by Vijay Kumar (1973), Gabricludze et 

a/. (1975) and (1976). 

5.4.4 Carbohydrate to nitrogen (C/N) ratio 

Hard wood cuttings had a higher C/N ratio (18.04) as compared to semi­

hard wood (15.74) and terminal soft wood (12.36) cuttings, suggesting that higher 

C/N ratio favours rooting in Bursera pencillata (DC) Engl. 

Sen and Bose (1960) found that higher C/N ratio increased rooting activity 

in Justicia cuttings. Lin (981) also reported a positive correlation between high 

C/N ratio and high root ability. 

5.4.5 Total phenols 

Terminal soft wood cuttings contained higher amount of phenols (2.40 

mg/g d.wt) as compared to either semi hard wood (1.42 mg/g d.wt.) (or) hard 

wood (1.40/g d.wt.) cuttings. These results may suggest that the relatively higher 

content of total phenols present in the terminal soft wood cuttings did not aid 

better rooting. In fact it is not just phenols in higher amounts which may not 
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induce better rooting; carbohydrates, auxins and root promoting 'co-factors' are 

also required in enough quantities to cause rooting. For their formation of auxin -

phenol complex is believed to be important; this complex acts on the cell micro 

structure, thus indicating division and differentiation into root initials. In the 

presence of excess endogenous free auxin in the cuttings base, the phenolic 

cofactor complexes to form the rooting stimulus. However, in case of free auxin 

depletion, the phenolic cofactors acts as free and exerts its inhibiting effect on both 

division and differentiation, thus it retards rooting (Fadl and Hartmann, 1967). 

Veerangaratham et al. (1983) and Simly (1994) and Sumy (1996) have also 

obtained similar results with Jasminium auriculatum cv.Parimulai, Cinnamomum 

zeylanicum and Lawsonia inermis cuttings respectively. 

5.5 Future line of work 

Future research on the propagation of Bursera penicilata (DC) Engl can 

focus on the following lines. 

• Study the season wise influence on rooting of cuttings. 

• Treatment of cutting with PBZ and TRF in combination by slow as well as 

quick-dip methods and the effect on rooting. 

• Pre-treatments such as girdling and etiolation in combination with root 

promoters and their effect on rooting. 

• Characterization of the phenolic constituents and their possible interaction 

with auxins. 

• Development of protocal for tissue culture. 
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VI SUMMARY 

The investigation on the influence of growth regulators on rooting in 

different types of cuttings in Bursera penicillata (DC) Engl, was carried out 

during 1999-2000 at Sanjeevini Vatika of the Horticulture Research Station, 

Gandhi Krishi Vignana Kendra, University of Agricultural Sciences, Bangalore. 

The salient findings of the study are summarized below: 

Experiment-I: Influence of growth regulators on the rooting in different types 

of cuttings in Bursera penicillata (DC) Engl. 

Among the three types of cuttings tried, hard wood cuttings performed better 

than 'semi-hard wood and terminal cuttings with respect to days taken for first 

sprout to appear, number of sprouts, length of the longest sprout, number of 

leaves per cutting, rooting percentage, number of roots per cutting, length of 

the longest root per cutting, fresh and dry weight of roots and field 

establishment of rooted cuttings. 

With regard to growth regulators used, the maximum rooting percentage was 

recorded in the treatments of 250 ppm IBA (68.88%), NAA 250 ppm (59.0%) 

IBA 500 ppm (58.44%) and 250 ppm IBA + NAA (46.0%) over control 

(20.0%). 

Among the interaction effects, hard wood cuttings treated with IBA at 250 ppm 

recorded the maximum rooting percentage (84.66%) and fresh weight (0.179 g) 

and survival percentage (78.33) while 250 ppm NAA recorded the longest root 

(11.13 cm) and dry weight (0.119 g) over control. 
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Among the different levels of combination of IBA and NAA, treatment with 

250 ppm IBA + NAA resulted in better rooting percentage (63%) more number 

of roots (9.96), longest root length (10.46 cm), higher fresh and dry weight of 

root and better sprout over control. 

Initially hard wood cuttings contained higher reserved carbohydrates, total 

sugars and starch content in the cuttings as compared semi hard wood cuttings 

and terminal cuttings which may be reason for better rooting and better 

establishment, 

Mung bean bioassay of tissue extracts from the three different types of cuttings 

indicated that hard wood portion contained all the four rooting co-factor NO. 1, 

2, 3 and 4 semi hard wood cuttings contained co-factors No.2 and 3 in little 

amount. This may be the probable reason for poor rooting in semi-hard wood 

cuttings in all the treatments and also in terminal cuttings. 

Rooted hard wood cuttings, which had received IBA treatment at 250 ppm 

concentration survived better and established well in the field. 

In over all conclusion, it may be stated, the hard wood cuttings treated with 

250 ppm IBA may be used for multiplication of plant materials of Bursera 

penicillata (DC) Engl, to obtain the higher rooting and survival percentage 

under intermittent mist condition. 

Alternatively, the semi-hard wood cuttings may also be used for 

multiplication under mist. Here also the application of IBA at 250 ppm is 

recommended for induction of the maximum roots, however terminal soft 

wood cuttings treated with IBA at 250 ppm also gave fair results. 



U. A. S. 
University library 

Ace. No, . ih 8035 



REFERENCeS 



VII REFERENCES 

ASARE-BOAMAH, N.K., 1986, Growth regulating properties of triademifon in bean. 

Diss. Abstr. Intl. B. (Sciences and Engineering) 47(2) ; 459 B (P.G.R.A. 1988, 

2516. 

BAHUGUNA,V.K., DHAWAN,V.K. AND PANT,B.D., 1988, Studies on effect of 

growth hormones for vegetative propagation of Woodfordia fruticosa Kurz. by 

rooting of branch cuttings. Indian Forester. 14 (12): 832-836. 

BANDOPADHYAY,D.P., NATH,N., PANDEY,H.S. AND YADAV,L.P., 1980, Effect 

of type of rooting in stem cuttings of Carissa species. Plant Sci., 12 : 44-45. 

BARTOLINI,G., TOPINI,M.A. AND SANTINI,L., 1986, Endogenous GA like 

substances in cuttings of two vitis root stocks. Amer.J.Eno.Vitic, 37 ( I ) : 1-6. 

BAUSfffiR,M.G. and YELENOSKY, G., 1987, Morphological changes in citrus 

associated with relatively high concentrations of paclobutrazol. J.Plant Growth 

Reg., SO): 139-147. 

*BENYEI,H.M., 1987, Propagation of cuttings of arborescence vanety groups of Hedera 

helix. Kerteszeti Egyctem Kozlemenyer, 50 (18): 191-198. 

BHATTACHARJEE.S.K. AND BALAKR1SHNA,M., 1992, Studies on propagation of 

Hamellia patens Jacq. and Ixora singaporensis Hort. from stem cuttings. 

Progressive Horticulture, 24 : 157-164. 

BHUJBAL,B.G. AND KALE.P.N., 1973, Effect of some growth regulators on rooting of 

cuttings of different rose root stock {Rosa sp.) Punjab Hort.J., 13 : 50-53. 

BISARIA,A.K. AND RAO,P.V., 1988, Influence of Indole 3 - butyric acid and 

environmental factors on the regeneration of stem cuttings of Boehveria nirea 

Gaud. Trop.Agric, 65 (1): 67-72. 

BLAZICH,F.A. AND ACEDO,J.R., 1989, Propagation of Osmathus heterophyllus, 

Jliafolius and Thotundifolius by stem cuttings. J.Enviro.Hort., 7 (4): 133-135. 

BOSE,T.K., BASU,S AND BASU,R.N., 1973, Changes in rooting factors during the 

regeneration of roots on cuttings of easy-to-root and difficult-to-root cultivars of 

Bougainvillea and Hibiscus. Ind.J.PI.Physiol., 16 : 127-131. 

BOSE,T.K., ROY,B.N. AND BASU.T.N., 1972, Synergism between auxins and phenolic 

compounds in the rooting of cuttings. Indian Agriculturist, 16 : 171-176. 



B7 
CHATTARJEE,BK., 1982, Effect of different concentration of growth regulators on 

rooting and survival percentage of mango air layers. Punjah Hort.J., 22 : 128-130. 

COOPER,W.C., 1938, Hormones and root formation. Bot.Gaz., 99 : 599-614. 

CURIR,P., SULIS,S., BIARCHINI.P., MARCHESINI,A., GUGLIERl AND DOLCI,M., 

1992, Rooting herbaceous cuttings of Genista monospemia Lam: Seasonal 

fluctuations in phenols affecting rooting ability. J.Hort.Sci., 67 (3) : 301-306. 

DAOUD,D.A., AGHA,J.J., ABU-KBDA,K.H. AND AL KHAIOT,M.S.,1989, Influence 

of IBA on rooting of leafy olive cuttings. Olive, 6 (27): 28-30., 

DAVIS,T.D., SANKHLA, N., WASLER, R.H. and UPADHYAYA, A.M., 1985, 

Promotion of adventitious root formation on cuttings by paclobutrazol. Hort. 

Science, 20(3) : 883-884. 

DAVIS,T.D., WALSER, R.H., SOERENSON,K. and SANKHLA, N., 1986, Rooting and 

subsequent growth of cuttings treated with paclobutrazol. Plant prop., 32(1): 7-9. 

DETTWEE.ER,C.,1942,Effect of heteroauxm upon the formation of growth 

substances in higher plants. Planta. 33 : 258-77. 

DUNN,D.E., COLE,J.C. AND SMITH,M.W., 1996, Position of cut, bud retention and 

auxins influence on rooting of Pistacia chinensis. Scientia hort. 67: 105-110. 

ERIKSEN, E.N. AND SHAFAAT, M., 1974, Root formation in pea cuttings -H. 

The influence of Indole-3-aceticacid at different developmental stages. PI. 

Physiol., 30: 158-168. 

FADE, M.S., SARffiL-DEEN,S.F. AND EL-MAHADY, M.A.,1979, Physilogical and 

chemical factors controlling adventious root initiation in Carob (Ceratonia 

siliqua L.) Egypt J. hort. 6 (1): 55-68. 

*GABRICLUDZE,Z.S., BAKANDIZE,M.S. AND DEMETERODZE.M.P., 1975, The 

effect of total nitrogen and soluble sugar content in the roots of tea China 

Anaseli-l on rooting of cuttings Suhtropichieskie Kidtun, 2 : 48-52. (Cf. 

Hort.Abstr., 1976,7252). 

*GARNER,R.J., 1958, The Grafter's Hand Book, 2"^ Ed. Faber and Faber Ltd., London. 



tJ8 
GIROUARD,R.M. AND HESS,C.E., 1966, Distribution and mobility of rooting co-

factors in Juvenile and adult growth of Hedera helix. Proc.XVI Int.Hort.Congr., 1 

:370. 

GVO,W.W., ZHU,N. AND JIN,Y., 1986. Preliminary research on propagation of 

Acanthopmax senticosus and its physiology of rooting process. J.North East 

Forestry Univ. China, 27 : 26-30. 

GUPTA,V.N., 1982, Response of ringing and auxin to rooting of Lagestromeia lancasteri 

by stem cuttings under intermittent mist. Lalbaugh J., 27 : 26-30. 

GOSH,S.K. AND BASU,R.N., 1974, Metabolic changes during regeneration of roots on 

cuttings. I.J.Exptl.Bio., 12 : 166-168. 

*GOUEUTHER,E., 1951, The essential oils Vol IV ; 231-244. De Van Nostrand 

Company Inc. Toranto, New York. 

GOWDA,J.V.N., SWAMYM RAO,N. AND MUTHAPPA RAI., 1982, Studies on the 

rooting of Poinsettia pulcherinia Linn, under mist. Lalbaugh J., 27 (2) : 74-77. 

GOWDA,M.C., 1983, Studies on Horal biology, fruit set and effect of NAA on fruit 

growth and essential oil content in Bursera {Bursera penicillata).M.Sc. thesis 

submitted to University of Agncultural Sciences, Bangalore. 

HAUN,J.R. AND CORNELL,P.W., 1951, Rooting response of Geranium (Pelargonium 

hortorum Baily) var. Richards cuttings as influenced by nitrogen, phosphorus and 

potassium nutrition of the stock plants. Proceedings of the American Society for 

Horticultural Society, 58 : 317-323. 

HESS,C.E., 1966, Root initiation and juvenility a possible implication of terpene 

compounds. Proceedings of 17''' International Horticultural Congress, 1 : 369. 

HESS.C.E., 1961, The mung bean bioassay for the detection of root promoting substance. 

Plant Physiol., 36 : 6\-64. 

HUSSAIN,S., 1958, A preliminary note on Bursera delpechiana (Linaloe or Indian 

Lavender). Ind.for., 84 (2) : 104-107. 

KAUNDAL,G.S. AND SINGH,M., 1989, IB A induced rhizogenesis and periodic 

metabolic changes in Pear. J.res.Pubjab Agril.Unvi., 26 : 47-50. 



69 
KEMPEGOWDAJ.H., 1984, Studies on the propagation of Queen Elizabelth. Mana 

callas and Super star roses cultivars by cutage. M.Sc. thesis, submitted to the 

University of Agricultural Sciences, Bangalore. 

KHAN,M.M., 1983, Studies on propagation of sandal wood {Santalum album L.) by 

cuttings, Ph.D. thesis submitted to the University of Agricultural Sciences, 

Bangalore. 

KHANNA,K. AND ARORA.J.S., 1984, Note on propagation of Casta fistula (amaltas) 

by cuttings and layering. Ind. J.Hort., 41 (2) : 137-138. 

*KHROMOVA,T.V., 1988, Propagation of Schisandra chinensis by spring cuttings. 

Byulleten Glavnogo Botanicheskogo, 150 : 43-45. 

KIM,G.J., ROBERT,R.R. AND ERIKSEN, 1990, Propagation of Citrus junos by 

cuttings. Hort.ScL, 24 (6): 399-403. 

KUMAR,D.P., VIJAYAKUMAR,N. AND SULLADMATH,U.V., 1985, Studies on 

nutritional status of the parent plants in relation to rooting behaviour of Ficus 

elastica cultivars. South Indian Hortiuclture, 33 ; 282-285. 

KUMAR,N., 1993, Influence of planting material and growth regulators on the rooting of 

stem cuttings in Garden Rue {Ruta graveolens Linn.). M.Sc. thesis submitted to 

University of Agricultural Sciences, Bangalore. 

KWACH.B.N. AND CHUNG.H.J., 1980, The effect of NAA dip treatment on the rooting 

of soft wood cuttings of vanous ornamental plant species in Vinyl mist chamber. 

J.Korean Soc.Hort.Sci., 21 (1) : 91-97. 

LIN,S.H., 1981, Histological and biochemical studies on the rooting of hard wood 

cuttings in mulberry (Morus sp.). Seric.J.Korea, 23 (I) : 1-31. 

MARINO, G., 1986, The effect of paclobutrazol on the rooting of the prunus spp. hybrid 

root stock. Revistadella ortoflorofrutticoltura Italiana, 70(6): 267-275. 

MERHOTRA,N.K., 1991, Effect of type of cuttings and seradix-B on the rooting and 

plant growth of plum Cv. Kala Amritsari. Indian J.Hort., 38 (2) : 124-126. 

MOKASHI,A.N., 1976, Studies on the propagation of Thompson seedless grape {Vitis 

vinefera L.) by cutting. M.Sc. thesis submitted to University of Agncultural 

Sciences, Bangalore. 



70 
MOORE,J.N. AND INK,D.P., (1964), Effect of rooting medium, shadmg and types of 

cuttings on the propagation of high blue berry varieties. Proc.Amer.Soc.Hort.Sci., 

85 : 285-94. 

NICHOLSON,R., 1984, Propagation notes on Pieris floribunda and some selected Pieris 

cuttings. Plant Prop.. 30 (30) : 2-4. 

*OOSTHUIZEN,W.G., 1993, Rooting of pecan cuttings. Instituit vir Tropie.se Gewasse, 

248 : 4-5. 

PURUSHOTHAM.K., SULLADMATH,U.V. AND VISHVESHWARA,S., 1986, 

Biochemical status of coffee suckers and its relation to rooting. Indian 

Agriculturist, 30 (1): 67-74. 

PANNELI,G., FILIPUCCI,B. AND DADDI,P., 1980, Rhizogenesis and the vegetative 

cycle in the Olea europea cultivars. Frantoio and Leccino.4 The effect of soaking 

at different pH on rooting capacity of cuttings. Annali dell institute sperimantale 

per Polivicuttura, 6 : 167-181. 

*POI,A.K. AND MAZIJMDAR,B.C., 1989, Auxm mduced root, regeneration in stem 

cuttings of Bael {Limonia acidisima). Indian biologist, 21 (1) : 51-52. 

POULSEN,A. AND ANDERSON,A.S., 1970, Propagation of Hedera helix. Influence of 

irradiance to stock plants, length of intemode and to poplysis of cuttings. Physiol 

pant., 49 : 359-365. 

PRASAD,.T.K., MEHTA,P.M., DAVE,Y.S. AND SUMA,T.K., 1980, Biochemical 

changes in regeneration root cuttings of Clerodendron infortumetum. hid. 

J.Exptl.BioL, 18: 1524-1525. 

PUROHIT,A.G. AND SHEKHARAPPA, 1985, Effect of type of cutting and indole 

butyric acid in rooting of hard wood cuttings of pomegranate (Punica granatum 

L.). Ind.Joumal ofHort. 42 (1&2) : 30-36. 

RAJANNA,N., 1981, Studies on the propagation of Basien seedless pomegranate {Punica 

grantaum L.) by cuttings. M.Sc. thesis submitted to University of Agricultural 

Sciences, Bangalore. 

RAJPUT,C.B.S., SINGH,G.S., SINGH,R.L, AND ACHAL,S., 1979, Effects of certain 

plant growth regulators on the rooting of stem cuttings in bottle brush 

{Callistemon lanceolatus). Indian Agric, 23 (3) : 161-164. 

http://Tropie.se


RAO,S.N., GOWDA.J.V.N. AND PATIL.N.M.. 1982. Effect of certain growth regulators 

on the rooting of Euphorhia carncasana L. The Uilhaugh. 25 (1) ; 62-65. 

RAJIV,M. AND REVVENI,0., 1984, Endogenous content of a leaf substance (s) 

associated with rooting ability of avocado cuttings, JAmer.Sco.Hort.Sci., 109 (3) 

: 284-287. 

REDDY.Y.T.N. AND REDDY.Y.N., 1989, Rooting of pomegranate cuttings as 

influenced by paclobutrazol, polythene covering and basal wounding. Prog.Hort., 

21(1-2): 106-110. 

ROY.B.N., BASU,R.N. AND BOSE,T.K., 1973, Studies on auxin synergists in rooting 

of cuttings. Plant Sciences, 5 ; 112-117. 

SADIQ,W.W., SHAH,S.F. AND AFSARULLAH, 1991, Effects of different 

concentration of IBA on initiation of roots in the cuttings of peach Cv. Early 

Gvaude. Sarhad J. of Agric.,1 {{): 53-51. 

SASTRY,S.G., 1952, Indian (Mysore) Linaloe Oil. A Monograph published by 

Government of Mysore. 

•SCARBOROUGH,!.?., 1971, Some factors influencing rooting of cuttings. Q.Newsl. 

Tea Research Foundation of Central Africa, 23 (7) (Edn.). 

SEN.P.K. AND BOSE,T.K., 1960, Effect of growth substances on root formation 

cuttings of Justica and nitrogen nutrition of stock plants Ind.J.Pl.PhysioL, 3 : 72-

83. 

SHANMUGAVELU,K.G.,1960, A note on the response of rooting of cuttings of 

Hibiscus rosa sinensis L. and Allamanda cathrtica L. to the application of growth 

regulators. Sci.Cult., 26 (3): 136-137. 

SHENOY.R., 1992, Influence of planting material and growth regulators on the rooting 

of stem cuttings in Rosa damascena Mill., M.Sc. thesis submitted to University of 

Agricultural Sciences, Bangalore. 

*SHERER,V.A., GADIEV,R.S.H., VOROBEVA.A.F. AND SALUN.N.I., 1985, Growth 

regulating activity of vanous chemical compounds on grape vine root stock 

cuttings. Vinorgradarst\'a vinodelie, 28 : 12-15. 



72 
SIFRAT,A., 1982, Effects of kinetin, IBA and phenophases on adventitious root 

inductive in soft wood cuttings of Cotinus cogygria Cv. Royal purple under mist. 

Zbomik Biotechnise Fakullete Univerze Edvarda Kardelya. 37 : 177-214. 

SIMILY,S., 1994, Studies on the propagation of Cinamomum zeylanicum Beyn. through 

seeds and cuttings. M.Sc. thesis submitted to University of Agricultural Sciences, 

Bangalore. 

SINGH,R. AND SINGH,R.P., 1973, Effects of IBA, potting media and matunty of wood 
in propagation of sweet line and lemon by cuttings. Ind. J.Hort., 30 (3/4): 505-

510. 

SINGH,A.R., PANDEY,N.C. AND PANDEY,A.K., 1986, Studies on the regeneration of 

sweet lime {Citrus limettiodes Tanka) by stem cuttings with the and of IBA and 

NAA. Harayana J.Hort.Sci.. 15 (1/2) ; 23-25. 

STOLTZ,L.P., 1968, Factors influencing root initiation in an easy and a difficult-to-root 

chrysanthemum. Proceedings of the American Society for Horticultural Science. 

92 : 622-626. 

STOUTEMYER,V.T., 1937, Regeneration in various types of apple wood. Lowa 

Agricultural Expt. Station Research Bulletin, 220 : 309-352. 

STRYDEM,D.K. AND HARTMAN,H.T., 1960, Effect of mdole butyric acid on 

respiration and nitrogen metabolism in Marianna 2624 plum soft wood cuttings. 

Proc.Amer.Soc.Hort.Sci., 16 : 125-133. 

SUNDERARAJ.N., NAGARAJU.S., VENKATARAMA,M.N. AND JAGNNATH.M.K., 

1972, Design and analysis of field experiments, University of Agricultural 

Sciences, Bangalore. 

TANKA, 1976, Tanka's Encyclopaedia of edible plants of the world. Edited by Sasuke 

Nakao: 111. 

THOMAS, S., 1996, Studies on the propagation techniques in Henna (Lawsonia inermis 

Linn.). M.Sc. thesis submitted to University of Agricultural Sciences, Bangalore. 

VADIVEL,E., PONNUSWAMY,V., IRULAPPAN,!. AND DHARMARAJ,G., 1981. 

Vegetative propagation in Cinnamon (Cinnamom zelyanicum) South Indian Hort., 

29 (4): 231-232. 



73 
VEERARAGAVATHAM,D., RAO,V.N.M. AND SHANMUGAVELU,K.G., 1983, 

Enzyme in activity as a limiting factor in the rooting phenomena of Jasminum 

auriculatus Valil. Cv. 'Parimullai' stem cuttings. South Indian Hart., 33 (3): 177-

181. 

*VIJAYKUMAR,N., 1973, Studies on the propagation of guava (Pisidum guajava L.) by 

cuttings. Ph.D. thesis submitted by University of Udaipur, Udaipur. 

Original not seen. 




