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ABSTRACT 
The present investigation entitled, "Genetic variability for yield and horticultural traits in 

garden pea (Pisum sativum L.)" was undertaken to assess the nature of genetic variability, 
association of various traits with yield and their direct and indirect effects for effective selection, 
and to study the extent of genetic diversity during winters 2009-10 and.2010-11. The 
experimental material comprising of 41 genotypes was evaluated in randomized complete block 
design with three replications and data were recorded on fresh pod and seed yield per plant along 
with component traits and reaction to powdery mildew disease. Sufficient genetic variability was 
observed for all morphological, yield and yield contributing, and quality traits during both the 
years of 2009-10 and 2010-11. Genotypes 'DPPM-74', 'DPPM-64', 'DPPM-73', 'DPPM-72', 
'DPPMFWR-ir and 'DPPM-07-4' observed to be promising on the basis of pod characters and 
yield. High heritability coupled with high genetic advance was observed for pods per plant, pod 
yield per plant, total biomass, seed yield per plant and harvest index which revealed the 
importance of additive gene action and phenotypic selection would be effective for improvement 
in the early generations. Correlation and path coefficient analysis revealed that pods per plant, 
pod length, seeds per pod and nodes per plant for fresh pod yield per plant, and total biomass, pod 
yield per plant, pods per plant and harvest index for seed yield per plant could be considered as 
the best selection parameters for evolving high yielding genotypes. The multivariate analysis 
revealed considerable genetic diversity present in the 41 genotypes studied and were arranged 
into 8, 13 and 5 clusters in 2009-10, 2010-11 and pooled over years, respectively with maximum 
genotypes in cluster I. The clustering pattern indicated absence of any relationship between 
genetic divergence and geographical distribution. Harvest index, total biomass and 100-seed 
weight contributed maximum towards total genetic divergence in the respective years and pooled 
overyears. On the basis of genetic divergence, genotypes 'Punjab-89', 'DPPM-74', 'DPPM-64', 
'DPPM-73', 'DPPMFWR-4', 'DPPMFWR-30-2' and 'DPP-25G' offer promise as a breeding 
stock for utilization in hybridization as parents for the isolation of transgressive segregants in 
garden pea. » p.^. 
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1. INTRODUCTION 

Garden pea {Pisum sativum L.), a member of Papilionaceae family, is one of the 

principal vegetable crops of the temperate and sub-tropical areas of the world. It is the 

second most important food legume worldwide after Phaseolus vulgaris (Tar'an et al. 

2005). It is of Mediterranean origin, and the Near East and Ethiopia are considered as 

secondary habitats (Blixt 1970). 

Besides, being a rich source of health building substances viz., proteins, vitamins, 

minerals, and also lysine (a limiting essential amino acid in cereals), it plays an important 

role in the economy of growers. It is quite palatable and nutritious for human 

consumption and is eaten as fresh, canned, frozen or in dehydrated forms. It ranks next to 

tomato as a processed vegetable (Talbert 1953). Being biological nitrogen fixing legume, 

its value has long been recognized for maintaining and restoring soil fertility, 

conservation and improvement of physical properties of the soil by virtue of its deep root 

system. 

At the global level, garden pea is cultivated over an area of 1,164.15 thousand 

hectares with the production of 9168.67 thousand tonnes (Anonymous 2011). It is a 

leading vegetable crop in the North-Western Himalaya region of India comprising the 

states of Himachal Pradesh, Jammu and Kashmir, and Uttarakhand (Sharma et al. 2010). 

In India, it occupies an area of 364.90 thousand hectares with the production of 3,029.40 

thousand tonnes (Anonymous 2010). 

Owing to diverse agro-climatic conditions in Himachal Pradesh, the crop is grown 

roimd the year, yielding lucrative returns to the growers. The consumers have their 

special preference for hill grown peas because of its characteristic flavour, sweetness and 

freshness. In the high altitude areas, it is grown as an off-season cash crop during summer 

whereas in winter, it is cultivated in low and mid hills. Accordingly, pea holds a very 

coveted position in the state by covering more than one-fourth of the total area under 

vegetable crops and ranks first with an acerage of 21.74 thousand hectares and annual 

production of 237.28 thousand tormes (Anonymous 2010). 



High yield, long and dark green pods, sweetness and resistance to pests and 

diseases are the main criteria which are being taken into consideration by the breeders for 

its genetic improvement. Despite continuous breeding efforts, its average yield is low due 

to farmer's preference for specific cultivars, biotic and abiotic stresses, genetic drift in the 

cultivars and development of the new pathogen races. Besides high yield, visual 

appearance of the produce plays a vital role under Indian conditions as sweet, long and 

dark green pea pods find favour among the consumers and accordingly the age old 

varieties like 'Azad P-l ' , 'Lincoln', 'Arkel' etc. are still preferred by the growers. 

The success of any breeding programme depends upon the nature and magnitude 

of genetic variability present in the germplasm (Adunga and Labuschangne 2003) which 

provides better chances of selecting desirable types (Vavilov 1951). Therefore, genetic 

restructuring of pea germplasm is the first step to identify the potential genotypes for use 

in breeding programme. Most of the desirable traits are quantitative in nature and their 

expression is influenced by the environment. These traits exhibit continuous variation and 

are under the control of heritable and non-heritable factors (Fisher 1918). The response of 

selection depends upon the relative proportion of the heritable component in the 

continuous variation (Singh et al. 2009) which is due to genotype while the non-heritable 

portion is mainly due to the environmental factors. Hence, it is essential to partition 

overall variability into heritable and non-heritable components with the help of genetic 

parameters namely, coefficient of variation, heritability and genetic advance. 

Since yield is a complex trait, indirect selection through correlated, less complex 

and easier measurable traits would be an advisable strategy to increase the yield. 

Efficiency of indirect selection depends upon the magnitude of association between yield 

and target yield components (Esposito et al. 2009). Correlation coefficient, in general, 

shows association among characters which is not sufficient to describe their relationship 

when the causal association among characters is needed (Toker and Cagirgan 2004). 

Direct selection of one of the characters on the basis of genetic correlation between two 

traits may cause change in the other. The correlation per se does not give the complete 

picture of their interrelationships when more than two variables are involved (Fakorede 

and Opeke 1985). The path analysis has been used by the breeders (Ali et al. 2009) to 



identify traits that are useful selection criteria to improve crop yield as it identifies the 

causes, measures the relative importance of the association, and is used to determine the 

amount of direct and indirect effect of causal components on the effect component 

(Dewey and Lu 1959).Therefore, determination of correlation and path-coefficients 

between yield and yield components is important for the selection of desirable plant types 

for effective pea breeding programmes. 

The genetic study based on multivariate analysis is a powerful tool for 

determining the degree of divergence among genotypes in the population and nature of 

forces operating at different levels. The inclusion of diverse parents in hybridization 

programmes serves the purpose of combining desirable genes to obtain desirable 

recombinants. 

Keeping this in view, the present investigation entitled "Genetic variability for 

yield and horticultural traits in garden pea (Pisum sativum L.)" was undertaken with the 

following objectives: 

Objectives 

i. To assess the nature and quantum of genetic variability, 

ii. to study the association of characters and contribution of direct and indirect effects 

on pod yield, and 

iii. to identify the promising genotypes. 
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2. REVIEW OF LITERATURE 

The knowledge of genetic variances, association of characters with yield and path 

coefficient analysis is essential for obtaining superior varieties with high yield potential 

and other desirable characters. The relevant literature available on various aspects 

included in the present study is briefly reviewed under the following subheadings: 

2.1 Genetic variability 

2.2 Quality parameters and powdery mildew incidence 

2.3 Correlation studies 

2.4 Direct and indirect effects 

2.5 Genetic divergence studies 

2.1 Genetic variability 

Genetic variability is the basis of all plant improvement programmes. Sufficient 

genetic variability, if present, can be exploited for developing superior cultivars. Vavilov 

(1951) was the first to realise that a wider range of variability in any crop provides better 

chances of selecting the desirable types. The continuous variation exhibited by a 

quantitative character includes the heritable and non-heritable components, the concept of 

which was first given by Johannsen (1909). He demonstrated in beans that variation 

within the pure line was environmental (non-heritable) while that between the lines was 

heritable. Since phenotype is the result of interaction between genotype and environment, 

and selection pressure is exercised on the phenotype, it is, therefore, important to score 

the phenotypic variability expressed in population for yield and other contributing traits. 

A knowledge of heritability for different component traits gains importance for 

any crop improvement programme because the heritable component is transmitted from 

generation to generation. The heritability estimates indicate only the effectiveness of 

selection with the genotype on the basis of their phenotypic performance but fail to 

indicate the real progress. Wright (1921) reported that heritability components comprised 



of additive and non-additive portion and it was the former which responds to selection. 

Effective selection depends on the heritability of a trait in question. However, high 

heritability alone does not mean high genetic gain, therefore, sufficient to make 

improvement through selection. Thus, the estimation of expected genetic advance is 

important to have an idea of effectiveness of selection. Burton (1952) suggested that 

genotypic coefficient of variation (GCV), heritability and genetic advance would give 

better information about efficiency of selection. Burton and De Vane (1953) suggested 

that genetic gain, together with heritability estimates, gives a reliable indication of the 

extent of improvement expected from selection and further remarked that expected 

genetic gain under particular system supplies true practical information which is needed 

by a breeder. Johnson et al. (1955 a) suggested that heritability estimate along with 

genetic advance were more reliable than heritability alone for predicting the response of 

selection. High heritability coupled with high genetic advance might be due to the action 

of the additive genes (Panse 1957) whereas, the high heritability associated with low 

genetic advance might be due to the non-additive gene action which includes dominance 

and epistasis (Liang and Walter 1969). The relevant literature in this aspect in garden pea 

is reviewed as follows: 

Bhag Mai (1969) found higher values of genetic variability, heritability and 

genetic advance for pod yield, pod number per plant and plant height while Singh and 

Singh (1970) observed the higher values of these estimates for pod length, seeds per pod 

and pods per plant. 

Srivastava et al. (1972) reported high heritability and low genetic advance for 

days to flowering and pod length, medium heritability and high genetic advance for seeds 

per pod and low heritability and low genetic advance for pod yield per plant. On the other 

hand, Nandpuri et al. (1973) revealed wide range of phenotypic variability, genetic 

coefficient of variation and genetic advance for yield per plant, pods per plant, pod 

weight, seeds per pod, shelling (%) and plant height. High heritability was evident for all 

the characters except shelling (%). High heritability coupled with high genetic advance 

were observed for pod yield per plant and number of pods per plant, indicating additive 

gene effects, while high heritability and low genetic advance showing non-additive gene 

effects were found for plant height, number of seeds per pod and pod weight. 



Singh and Saklani (1973) found a wide range of variation for days to flower, days 

to first picking, pod length, seeds per pod, shelling (%) and pod yield per plant. Genetic 

coefficient of variation (GCV) for pod length, pods per plant and shelling (%) were 

comparatively less than the other traits. Heritability was high for days to flower, days to 

first picking, pod yield per plant, seeds per pod and pods per plant and low for shelling 

(%) and pod length. Expected genetic advance was high for pod yield per plant and pods 

per plant, whereas it was moderate for days to flower and seeds per pod and low for other 

traits. 

Kuksal et al. (1983) reported the role of additive gene effects for the inheritance 

of pods per plant and yield per plant, while non-additive effects predominated for pod 

length and seeds per pod. Broad sense heritability estimates of more than 90% were 

obtained for all the eight characters studied. Ponnuswami and Irulappan (1983) observed 

high estimates of coefficient of variation, heritability and genetic advance for pods per 

plant, yield per plant and plant height indicating the role of additive gene effects in the 

inheritance of these traits and thus offering great scope for selection. 

Singh (1985) in a study involving 30 pea varieties reported variation for days to 

50% flowering, days to maturity, plant height and pods per plant. Phenotypic and 

genotypic coefficients of variation were maximum for number of pods per plant followed 

by plant height. Heritability was highest for days to 50% flowering, plant height and days 

to maturity, whereas it was moderate for pods per plant. Genetic advance was maximum 

for plant height followed by pods per plant while it was low for days to maturity and days 

to 50%) flowering. Korla and Singh (1988) reported that pods per axil, pod weight and 

pod yield per plant exhibited high heritability, medium to high genetic coefficient of 

variation and genetic advance whereas seeds per pod and shelling (%) exhibited low 

genetic coefficient of variation, medium to high heritability and low genetic advance. 

Dev et al. (1993) observed high phenotypic and genotypic coefficients of 

variation for pod yield and pods per plant alongwith high heritability for pod yield, seeds 

per pod and plant height and genetic advance for pod yield. Kumaran et al. (1995) 

reported high GCV, PCV, heritability and genetic advance for pods per plant, pod weight 

and pod yield per plant indicating that these traits could be exploited for improvement 

through selection in pea. 



Kumar et al. (1998) studied genetic variability in 62 genotypes of pea and 

reported wide variation for days to maturity, plant height, pod length, number of pods per 

plant and pod yield per plant. High GCV, PCV, heritability and genetic advance were 

noticed only for plant height, pod yield per plant and pods per plant. Sureja and Sharma 

(2000) observed considerable genetic variability for pod yield and its component 

characters. High heritability in association with high genetic advance were observed for 

plant height, length of intemode, pod yield per plant, number of pods per plant, seed yield 

per plant, number of primary branches and 100-seed weight, indicating additive gene 

effects and the effectiveness of selection for these traits to improve economic yield. 

Tiwari et al. (2001) found highest variability for seed yield per plant, number of 

pods per plant, plant height and number of primary branches per plant. Low to very high 

heritability coupled with low to moderate genetic advance was observed for most of the 

characters, indicating little scope for the selection of these characters due to the non-

additive gene action. Pathak and Jamwal (2002) recorded high genotypic coefficient of 

variation (GCV) coupled with high heritability and genetic advance (GA) for pod yield 

per plant. Moderate GA along with moderate to high GCV were recorded for number of 

days to 50% flowering and plant height and that of high heritability with low GA and 

GCV for number of days to first picking, pod length and average pod weight, and high 

heritability with low GA and high GCV for ascorbic acid content and number of pods per 

plant. 

Ramesh et al. (2002 b) observed high estimates of heritability and genetic 

advance for plant height, intemode length, node of the first fruit and number of pods per 

plant in 36 genotypes of garden pea including five field pea genotypes and that of high 

heritability with moderate genetic advance for mean pod weight and reducing sugar 

content. A considerable amount of phenotypic and genotypic coefficient of variation was 

observed for pods per plant, weight of pods per plant, intemode length, plant height, 

mean pod weight and weight of grains per pod. Chaudhary and Sharma (2003) observed 

significant high phenotypic coefficient of variation for plant height, pods per plant and 

first flowering node. High heritability coupled with high genetic advance was observed 

for pod yield per plant, plant height, number of pods per plant and 1000-seed weight. 



Sharma et al (2003) studied 63 genotypes and found that all the characters 

namely, seed yield per plant, biological yield per plant, harvest index, plant height, 100-

seed weight, seeds per pod, pods per plant, days to 50% flowering, pod length and days to 

maturity exhibited significant variability. The genotypic and phenotypic coefficients of 

variation were the highest for seed yield per plant, followed by pods per plant and 

biological yield per plant. High heritability was observed for all characters, except for 

days to maturity. High genetic advance along with high heritability and GCV was 

observed for seed yield per plant, biological yield per plant and pods per plant indicating 

thereby that selection for these characters would be effective for further improvement. 

Kumar et al. (2004) found highest heritability for pods per plant and that of genetic 

advance was maximum for green pod yield, followed by the pods per plant, plant height, 

100-green seed weight, shelling (%) and the protein content of edible green seeds. 

Singh and Dhillon (2004) observed significant mean square estimates for all the 

characters through analysis of variance and found wide variation for pod yield per plant 

(9.12 to 101.45 g), pods per plant (4.36 to 38.60), pod weight (1.03 to 5.02 g), grains per 

pod (3.62 to 6.84), plant height (38.35 to 256.76 cm), primary shoots (1.04 to 8.92), 

intemodal length (2.47 to 11.53 cm) and days to flower initiation (32.93 to 63.07 days). 

High heritability and genetic gain were observed for primary shoots and pod yield per 

plant whereas the lowest GCV associated with moderate heritability and low genetic 

advance were observed for grains per pod. Kalloo et al. (2005) observed significant 

variability for all plant, pod and seed morphological and biochemical traits with 

maximum variation for plant height and yield per plant. Mehta et al. (2005) reported 

significant differences for node at which first flower appears, plant height, pods per plant, 

pod yield per plant, pod length, pod width, grains per pod, shelling (%), TSS and 

reducing sugars. 

Gupta et al. (2006) noticed highly significant differences for all 18 yield 

characters with coefficient of variation ranging from 2.44% (days to seed maturity) to 

16.93% (number of green pods per plant). The highest phenotypic and genotypic 

coefficients of variation were observed for green pod yield. High heritability coupled 

with high genetic advance was observed for days to first flowering nodes, plant height, 



number of first flowering nodes, dry matter weight per plant, green pod yield per plant 

and number of primary branches per plant. Sirohi et al. (2006) revealed significant 

variation for all the characters under study with the highest estimates of phenotypic and 

genotypic coefficients of variation for plant height. 

Jan et al. (2007) found significant differences with respect to yield and quality 

attributes among the genotypes which indicated the extent of diversity and degree of 

genetic variability present in the genotypes. They further inferred that pods per plant, 

seeds per pod, pod size, pod weight and shelling (%) might have contributed to higher 

pod yield. Rana and Jamwal (2007) revealed sufficient variation for all the traits and 

suggested that the maximum improvement through direct selection can be brought for 

only plant height whereas pod yield per plant, days to 50% flowering, days to first 

harvest, pods per plant, average pod weight and pod length can be improved through 

recombination breeding. 

Rathi and Dhaka (2007) found wide range of variability for most of the characters 

under study. Significant differences in the magnitude of PCV and corresponding GCV 

were observed for branches per plant, pods per plant, seed yield and harvest index 

suggesting greater role of environment in the expression of these traits. Plant height, 

grain yield per plant, dry matter yield, 100-seed weight and number of pods per plant had 

high phenotypic and genotypic coefficient of variations coupled with moderate to high 

estimates of heritability and expected genetic advance. Sharma et al. (2007) observed 

high phenotypic and genotypic coefficients of variation for plant height and moderate for 

pods per plant and pod yield per plant. The heritability and genetic advance were high for 

plant height and moderate for pods per plant and pod yield per plant indicating the 

additive and non-additive gene action for their expression, respectively. 

Chadha et al. (2008) observed sufficient genetic variation for marketable pod 

yield, pods per plant, duration of availability of pods and grains per pod. Marketable pod 

yield exhibited high heritability associated with high genetic advance, whereas pods per 

plant, grains per pod and duration of marketable pods had high heritability with moderate 

genetic advance. Kumar (2008) found wide range of variation for plant height, days to 

flowering, pods per plant, grain yield per plant, days to maturity and harvest index. The 
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highest GCV and PCV were recorded for grain yield per plant followed by pods per 

plant, seeds per pod and 100-grain weight. Heritability coupled with genetic advance was 

the highest for grain yield per plant followed by seeds per pod, pods per plant, 100-grain 

weight and harvest index while genetic advance was maximum for grain yield per plant. 

Nawab et al. (2008) revealed highly significant differences among genotypes for 

days to emergence, days to 50% flowering, pods per plant, weight of pods per plant, pod 

length, seeds per pod, 100-seed weight and green pod yield. Green pod yield per plot, 

100-seed weight, pods per plant and weight of pods per plant showed high genetic 

coefficient of variation (GCV) along with high heritability and genetic advance. Guleria 

et al. (2009) noticed high genotypic and phenotypic coefficient of variations for seeds per 

pod, plant height, intemodal length, grain yield and number of pods. High heritability 

estimates were observed for almost all the characters except for seeds per pod which had 

moderate value. Heritability estimates along with the knowledge of genetic gain are more 

useful than the heritability alone in predicting the value of selection. High genetic 

advance was predicted in seeds per pod, shoot height and intemodal length, which 

indicated that fix ability of heritable characters was high. 

Sharma et al. (2009) observed wide range of variation for all the characters under 

study. Phenotypic and genotypic coefficients of variation were high for pod yield per 

plant and number of pods per plant indicating that there is good scope for improvement 

these characters through selection. Kumar et al. (2010) found high genetic variability for 

number of pods per plant followed by yield per plot. Higher genetic advance was 

exhibited by number of pods per plant with their high magnitude of genotypic coefficient 

of variability and heritability indicating the presence of additive effects for these 

characters. 

Singh et al. (2011) observed significant differences for all the characters studied. 

Moderate to high heritability coupled with moderate genetic advance was recorded for 

plant height, pod length and 100-seed weight indicating role of additive gene action. 

2.2 Quality parameters and powdery mildew incidence 

Avakimova (1974) observed variation for ascorbic acid content and reported 

higher ascorbic acid content in the late varieties than in the early strains. The highest 

ascorbic acid content of 22.40 mg/100 g was recorded in Pg cultivar of pea (Ullah and 
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Haq 1975). Pandey and Gritton (1975) reported that the heritability for protein content in 

pea genotypes ranged from 45-65%. On the other hand, low to moderate estimates of 

broad and narrow sense heritability were recorded by Jermyn (1977) for this trait. 

Kanr et al. (1976) studied seven varieties of pea for different quantitative and 

nutritional traits and found that Bonneville had the highest protein and sugar contents, 

while the highest vitamin C content of 15 mg/100 g was recorded in GC-3 cultivar. 

Putinsev et al. (1976) reported that protein content in different varieties of pea ranged 

from 21.00 to 33.40% and varied by as much as 4-10% from year to year. Benken and 

Makasheva (1977) reported variations of 22.80 to 34.10% for protein contents in 50 

genotypes of pea. 

Krarup (1977) observed variation ranging from 14.90-27.60% for protein content 

in all the high yielding pea lines derived from the cross 1236493 x L2-1-7. 

Tyagi et al. (1978) conducted a study on varietal resistance of powdery mildew 

disease in Rajasthan and reported that pea lines P 185 and P 6587 were immune to 

Erysiphe polygoni amongst the large number of varieties screened under natural 

conditions of infection and also following artificial inoculation. 

Kalia (1985) screened 145 cultivars of garden pea in the mid hills of Himachal 

Pradesh against Erysiphe polygoni under natural and artificial epiphytotic conditions and 

reported wide variation. Only seven cultivars viz., P 185, P 388, P 6583, P 6587, P 6888, 

T 10 and Sugar Giant were foimd to be highly resistant. 

Thakur and Verma (1988) screened 70 cultivars of pea in the mid hills of 

Himachal Pradesh against powdery mildew (E. Polygoni) and reported HFP-6 to be 

highly resistant. On the other hand, Kuo (1988) from China reported Taichung 12 (bred 

from Taichung 11 X Manoa Sugar) as highly resistant to powdery mildew. 

Haeder (1989) reported sugar content in the range of 4.40-8.30% in garden peas 

and 0.70-2.60% in field peas, however, it was slightly higher in the leafless cultivars. 
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Thakur et al. (1996) tested 86 lines of garden pea against powdery mildew disease 

in the dry temperate zone of Himachal Pradesh and reported seven lines viz.. Sugar Giant, 

Pant P-8, DPP-54, PMR-3, JP-71, DPP-26 and HPPC-95 as resistant (<10% infection), 

14 were rated as moderately resistant (<25% infection) and remaining lines were found to 

be moderately (<50% infection) to highly (>51% infection) susceptible. 

Hybl et al. (1998) found that the starch content varied fi-om 31.00 to 56.50% in 

field peas and 17.60 to 49.30% in garden peas. 

Ramesh et al. (2002 a) evaluated nutrient quality of 36 genotypes of pea and 

recorded significant variation in the total sugar (5.13-9.52%), reducing sugar (1.34-

5.31%) and non-reducing sugars (2.62-5.44%) in matured seeds of peas. The genotypes 

JP-501-A/2, PH-1-5 and PH-1 recorded the highest sugar content and soluble protein in 

both edible grains and matured seeds. 

Nair and Khare (2009) revealed high heritability and genetic advance for total 

sugar and reducing sugar indicating use of direct selection for its improvement. 

Genotypes 'Arkel', 'Pusa Pragati' and 'VRP 6' had high total sugar (>10%) with 80% as 

reducing sugar. 

2.3 Correlation studies 

Correlation coefficient is the measure of the degree of association between the 

two traits (Hayes et al. 1955). Yield is a very complex entity, polygenically controlled 

and subject to the fluctuating environment, and hence, the selection of superior genotypes 

based on the performance of yield as such is usually not effective. To raise the genetic 

potential of a crop, the knowledge of nature and magnitude of association among 

different characters is of immense value to any breeding programme and forms a basis for 

selection (Robinson et al. 1951). The correlation among the different pairs of characters 

and their influence on yield assume special significance because selection for any 

character invariably affects number of other associated characters while bringing out 

improvement. Johnson et al. (1955 b) stressed the importance of both phenotypic and 

genotypic correlation among the characters in planning and evaluating breeding 

programmes. Correlation coefficients for a given trait vary with the genotypes and the 

environment where the study is carried out. 
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Kohli et al. (1971) reported that pod yield per plant was positively and 

significantly correlated with plant height, pod length, seeds per pod and pod weight. On 

the other hand, Jandial (1972) observed strong association between pod yield and number 

of pods per plant. 

Srivastava et al. (1972) found significant and positive genotypic correlations of 

pod yield with days to flowering, pods per plant and seeds per pod and that of pod length 

with seeds per pod and days to flowering with pod length while significant negative 

association was noticed between pod length and pods per plant. Nandpuri et al. (1973) 

reported significant positive correlations between pod yield per plant and pods per plant 

whereas negative correlation was observed between shelling (%) and pods per plant and 

that of plant height with pod weight and seeds per pods. 

Audiberti et al. (1973) reported positive correlation between protein content and 

plant height whereas Peshin (1975) observed negative correlation of seeds per pod and 

plant height with protein content. He also noticed positive correlation between yield and 

pods per plant. Pandey and Gritton (1975) also observed strong positive phenotypic and 

genotypic correlation between pod yield per plant and pods per plant and that of plant 

height v^th pods per plant and yield per plant. 

Korla and Rastogi (1977) reported pods per cluster positively correlated with pod 

yield and negatively with days taken to first picking. Strong association was also 

observed between pod weight, seeds per pod, shelling (%), pod length and days taken to 

first picking but their correlations with pod yield were non-significant. Narsinghani et al. 

(1978) revealed that pods per plant were positively correlated vwth plant height whereas 

both these traits showed negative association with protein content. Correlation 

coefficients of days to maturity and plant height with days to flowering were positive. 

Teotia et al. (1983) reported that yield per plant was positively associated with 

seeds per pod, pod length and pods per plant at both phenotypic and genotypic levels and 

negatively with plant height and days to first picking. Positive correlation was also 

noticed for days to first picking with plant height, seeds per pod and pod length at 

genotypic level and that of seeds per pod with pod length at phenotypic level. 
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Katiyar and Ram (1987) revealed that pods per plant, pod length, harvest index 

and seeds per pod in powdery mildew resistant lines of pea were positively and 

significantly correlated with marketable yield. Singh et al (1987) noticed that seed yield 

per plant was positively correlated with pods per plant, plant height, branches per plant, 

days to flowering and days to maturity. Negative correlations were also observed 

between harvest index and seed protein content on the one hand and days to flowering, 

days to matvirity and 100-seed weight on the other. Harvest index was considered a 

suitable criterion for selection to improve both seed yield and protein content. El-

Murabaa et al. (1988) also observed significant positive association of total green pod 

yield with pod length and pod weight. 

Srivastava and Singh (1989), in a study with 178 germplasm lines of pea, reported 

positive correlation coefficients of pod length with seeds per pod and days to maturity, 

days to flowering with days to maturity and pods per plant, and days to maturity with 

plant height. Partap et al. (1995) showed that days to flowering were positively 

associated with growth characters and negatively with pod and seed characters. On the 

other hand, pod yield, pod and seed characters were positively inter-related. 

Dev et al. (1996) derived information on correlations of different quality traits 

with pod yield and revealed that none of the quality traits showed significant association 

with yield per plant. Kumar et al. (1998) reported significant and positive correlations of 

pod yield with plant height, pod length and pods per plant and that of plant height with 

pod length and pods per plant. 

Sharma and Kalia (1998) observed that pod yield per plant was found to have 

significanfly positive association with pods per plant, plant height, pod length, seeds per 

pod in BIP's as well as F3. Bhardwaj and Kohli (1999) noticed that yield had significant 

and positive association with node number bearing first flower, days to 50% flowering, 

shelling (%) and pods per plant. Seed yield per plant exhibited a significant and positive 

correlation with plant height, number of pods per plant, 1000-seed weight, number of 

grains per pod and harvest index (Tiwari et al. 2001). 
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Pathak and Jamwal (2002) found generally higher genotypic correlation 

coefficients than the corresponding phenotypic correlation coefficients and reported 

positive correlation of pod yield per plant with pods per plant, plant height and average 

pod weight at the phenotypic level. Ramesh and Tewatia (2002) observed that pod weight 

per plant had strong positive association with pods per plant, grains per pod, mean pod 

weight, pod length, plant height and grain weight per pod. 

Singh and Mishra (2002) observed that seed yield per plant was positively and 

significantly associated with pods per plant, harvest index and primary branches per 

plant. Chaudhary and Sharma (2003) construed higher genotypic correlation coefficients 

than the phenotypic correlation coefficients and revealed positive phenotypic correlation 

of pod yield per plant with pod length, grains per pod, pods per plant and shelling (%). 

Kumar et al. (2003) noticed that yield per plant was positively associated with 

pods per plant, primary branches, plant height, pod length and seeds per pod at the 

genotypic level. Similarly, positive association was observed for days to flowering with 

days to maturity and seeds per pod; plant height with secondary branches, pods per plant 

and harvest index; primary branches with secondary branches, days to maturity, pods per 

plant, seeds per plant, pod length, and 100-grain weight; secondary branches with pod 

length and pods per plant; days to maturity with 100-grain weight and seeds per pod; and 

pod length with pods per plant and seeds per pod. 

Arya et al. (2004 a) noticed that grain yield was significantly and positively 

correlated with number of nodes, height at which the first pod appears, plant height, 

number of primary branches per plant, pod length, and 100-seed weight and these 

characters were also positively correlated v^th each other. Kumar et al. (2004) found 

higher genotypic correlation coefficients in magnitude than the corresponding phenotypic 

value, indicating the low influence of the environment and the main role of genetic 

factors in the expression of characters and observed positive and significant correlation 

for days to flowering with first pod bearing node and days to first picking; plant height 

with shelling (%); pod length with green pod yield and 100-green seed weight; pods per 

plant with green pod yield and protein content of green seeds; and 100-green seed weight 

with green pod yield. 



16 

Kalloo et al. (2005) revealed significant positive correlation of first flowering 

node with days to flower and plant height and that of pod length with average pod 

weight. Green pod yield had significant and positive association with green pods per 

plant, number of grains per pod, shelling (%) and pod length (Mehta et al. 2005). 

Singh and Singh (2005) revealed that the magnitude of genotypic correlation 

coefficients was higher than the phenotypic correlation coefficients, suggesting the 

existence of inherent association among the traits studied. Grain yield per plant showed 

positive and significant correlation with pods per plant, branches per plant, plant height, 

pod length and seeds per pod. Singh et al. (2005) found that fruit yield per plant was 

positively correlated with pods per plant, seeds per pod, shelling (%) and days to 

marketable maturity. 

Singh and Yadav (2005) noticed that seed yield had strong positive genotypic and 

phenotypic correlation with pods per plant, branches per plant, seeds per pod and pod 

length. The number of days to 50% flowering exhibited significant negative genotypic 

and phenotypic correlation with seed yield, number of pods per plant, and number of 

branches per plant. Gupta and Singh (2006) observed significant and positive correlation 

of green pod yield per plant with pod length, pods per plant and 100-green pod weight at 

genotypic and phenotypic level except pod length whereas it had significant negative 

correlation with days to first flowering, first flowering node, nodes per main stem and 

plant height, indicating selection for longer pods, more number and weight of green pods 

per plant, early flowering, flowering at lower nodes, less number of nodes per main stem 

and dwarf plants would be highly desirable and effective. 

Kumar and Sharma (2006) revealed that pod yield per plant had significant 

positive correlation with pods per plant, node number of first flower and plant height. 

Days to first flowering had highly significant positive correlation with node number of 

first flower and days to first green pod harvest and negative significant correlation with 

1000-seed weight. Pods per plant exhibited significant positive correlation with pod yield 

per plant and biomass weight of plant while its association with shelling (%) was 

significantly negative. Patel et al. (2006) noticed that genotypic correlations were higher 

than the phenotypic correlations among all the combinations, except for yield per plant 
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with branches per plant, pod length, seeds per pod, 100-seed weight and harvest index, 

which would be due to the masking or modifying effects of the environments. Yield per 

plant was found positively correlated v^th pods per plant, branches per plant, pod length, 

days to maturity and shelling (%) at genotypic and phenotypic levels. 

Sirohi et al (2006) showed positive and significant association of seed yield with 

protein content, and that of biological yield per plant with harvest index. Among the inter 

se associations, positive and significant associations at phenotypic level were noticed for 

days to flowering with days to maturity, pods per plant and pod length; primary branches 

with plant height, pods per plant and pod length; plant height with pod length and harvest 

index; and plant height with pods per plant. 

Kaur et al. (2007) noticed highly significant and positive correlation of green pod 

yield per plant with pods per plant, seeds per pod, pod length, crude protein content, days 

taken to flower initiation, number of branches and shelling (%), suggesting that these are 

the major yield contributing characters. Mahajan et al. (2007) revealed positive 

association of seed yield with pod length and negative association with days to flower 

and maturity. Pods per plant, seeds per pod and pod length are important characters 

which are least influenced by the climatic condition in mid-altitudes over years. 

Rathi and Dhaka (2007) observed negative association of seed yield with days to 

50% flowering, days to green pod picking and days to maturity. Sharma et al. (2007) 

revealed positive association of pod yield per plant with pods per plant, pod length, seeds 

per pod and total soluble solids. Singh (2007) found that the genotypic correlation 

coefficients were higher than the phenotypic correlation coefficients, indicating the 

strong inherent association among different characters. Seed yield showed strong and 

positive correlation with number of pods per plant, number of branches per plant, number 

of seeds per pod and pod length. 

Usmani and Dubey (2007) observed that seed yield was positively and 

significantly correlated with harvest index, biological yield, pod bearing length, plant 

height, number of effective nodes, number of nodes and number of pods. Green pod yield 

per plot had positive and significant correlation with seeds per pod and weight of pods 
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per plant at genotypic and phenotypic levels (Nawab et al. 2008). Plant height, pod 

length and 100-seed weight were positively associated with grain yield (Singh et al. 

2008). 

Togay et al. (2008) noticed positive and significant relationship among seed yield 

and pods per plant and biological yield in both years. Pod number and seeds per pod had 

strong correlation coefficient with yield and should be selected to increase the grain yield 

(Guleria et al. 2009). Sharma et al. (2009) found highly significant and positive 

correlation between green pod yield per plant and plant height, pods per plant, and node 

at which first flower appears. Significant and positive association between green pod 

yield per plant and node at which first flower appears indicated that selection for higher 

yield can be practiced as soon as the first pod develops. 

Devi et al. (2010) revealed that days to first fiower and seed yield had the highest 

positive and significant correlation with length of intemodes, days to first green pod 

harvest, number of primary branches, length of pods, number of seeds per pod, number 

of pods per plant, pod yield per plant. Dhama et al. (2010) observed that the value of 

genotypic correlations was higher than phenotypic correlations for all the characters in all 

the eight environments. Number of pods per plant exhibited significant and positive 

association with seed yield per plant in all environments while it was significantly and 

positively associated with protein content at genotypic level in E5. Seed yield per plant 

exhibited significant and positive correlation with number of pods per plant, number of 

branches per plant and 100-green seed weight (Kumar et al. 2010). 

Awasthi et al. (2011) found positive and significant correlation for plant height, 

pods per plant and primary branches per plant with seed yield at genotypic and 

phenotypic levels suggesting their potential use as selection indices for improvement of 

garden pea genotypes for higher yield. Pods per plant, plant height, primary branches per 

plant and 100-seed weight were the major characters contributing to grain yield as these 

traits were significantly and positively associated with grain yield per plant (Singh et al. 

2011). 
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2.4 Direct and indirect effects 

Path analysis splits the correlation coefficients into the measures of direct and 

indirect effects of a set of independent variables on the dependent variable. The estimates 

of correlation coefficients provide only the inter-relationship of the characters, but do not 

furnish information on the cause and effect. Due to mutual association, the development 

of dependent variable is determined by the degree of the direct effect of independent 

variables and direct effects exerted via other characters, arising inevitably as an integral 

part of the growth pattern. Under such complex situations, the total correlation is 

insufficient to explain the real association for an effective and fruitful manipulation of the 

character. Wright (1921) provides a better knowledge by revealing direct and indirect 

causes of association. It permits a critical examination of specific forces acting to produce 

a given correlation and measures the relative importance of each causal factor. Dewey 

and Lu (1959) were the first to demonstrate the utility of path coefficient analysis in 

breeding programme, using crested wheat grass progenies. 

Wakankar et al. (1974) and Peshin (1975) reported the highest direct positive 

effect of pods per plant on green pod yield. However, Peshin (1975) also revealed that 

days to flowering and days to maturity had positive indirect effects on pod yield per plant 

through pods per plant and plant height. 

Chandel and Joshi (1976) observed positive direct effects of seeds per pod, pods 

per plant and plant height towards pod yield and that of negative direct effect at 

phenotypic level through days to flower and pod length. However, the indirect positive 

effects of days to flower via pods per plant, pod length via days to flower, and plant 

height via pods per plant were also recorded. Positive direct contribution of number of 

pods per plant towards pod yield has also been observed by Kallo and Dhankar (1977). 

Narsinghani et al. (1978) revealed that number of days to maturity, plant height 

and protein content exhibited direct positive effects on pod yield. Teotia et al. (1983) 

found that pods per plant, seeds per pod, protein content and TSS had direct positive 

effects on yield at genotypic level, while plant height, pod length, shelling (%), days to 

first picking and ascorbic acid had negative direct effects on yield. 
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Singh and Singh (1985) showed that pods per plant, days to flowering and seeds 

per pod had the maximum direct positive contributions to pod yield. Similar observations 

were also recorded by Katiyar and Ram (1987). Pods per plant, seeds per pod and pod 

length are the major yield component affecting pod yield per plant (Singh and Ram 

1988). 

Joshi and Narsinghani (1992) construed that pods per plant and days to maturity 

had direct effects on seed yield per plant. It was suggested that pods per plant in pea was 

the most reliable component in breeding programmes for increased yield potential. Seeds 

per pod showed the highest positive direct effect on yield followed by pods per plant in 

dwarf types (Kumar et al. 1995) 

Ramesh and Tewatia (2002) revealed that pods per plant had maximum direct 

genotypic effect on pod weight per plant, followed by mean pod weight, total sugars in 

edible grain, number of nodes on main stem per plant, days to first picking and grain 

weight per pod. Pods per plant had the highest direct effect followed by harvest index on 

seed yield and the selection based on pods per plant, harvest index and primary branches 

per plant will give fruitful results for yield improvement in pea (Singh and Mishra 2002). 

Chaudhary and Sharma (2003) found that the grains per pod, pod length, pods per 

plant, and 1000-seed weight had the greatest direct effect on pod yield per plant. Arya et 

al. (2004 a) revealed that pods per plant had the greatest direct effect on seed yield, 

followed by height at which the first pod appears, plant height, node number at which the 

first pod appears, and number of primary branches per plant. 

Singh et al. (2005) reported that pods per plant and shelling (%) had the 

maximum direct effect on green pod yield. Singh and Singh (2005) found that number of 

pods per plant had the maximum positive direct effect on grain yield, followed by 

number of seeds per pod, 100-seed weight and pod length. Plant height, branches per 

plant, seeds per pod, pod length and harvest index had the highest indirect effects on 

grain yield per plant via pods per plant. 
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Singh and Yadav (2005) revealed that the number of pods per plant had the 

greatest direct genotypic and phenotypic effects on seed yield, followed by pod length 

and should be considered important in any selection programme for the improvement of 

pea yield. Patel et al. (2006) revealed that pods per plant, branches per plant, shelling (%) 

and harvest index should be given more emphasis in selection programme of peas. 

Kaur et al. (2007) revealed that direct effects were highest for pods per plant, 

node at which first fertile pod develops, number of branches, seeds per pod and pod 

length which can serve as reliable variable for selection. Rathi and Dhaka (2007) found 

that yield per plant is directly affected by pods per plant, dry matter yield, pod length, 

harvest index and seeds per pod and thus it may be treated as selection criteria for 

isolating higher yielding genotypes in pea. Highly positive direct effects through pods per 

plant, plant height and pod length on pod yield were noticed by Sharma et al. (2007). 

Singh (2007) observed that pods per plant had the highest positive direct effect on 

seed yield, followed by branches per plant, seeds per pod and pod length. The genotypic 

path revealed that harvest index showed the highest positive direct effect followed by 

biological yield on seed yield. The indirect effects of biological yield and harvest index 

via other yield contributing characters were high and positive (Usmani and Dubey 2007). 

Nawab et al. (2008) observed that 100-seed weight, pods per plant, number of 

seeds per pod and days to 50% flowering exhibited maximum positive direct effect on 

green pod yield per plot. Singh et al. (2008) observed that 100-seed weight followed by 

number of primary branches and pods per plant had high direct effect on grain yield. 

Biological yield and number of pods per plant recorded the highest positive and direct 

effects on seed yield, followed by first pod height and number of seeds per pod (Togay et 

al. 2008). 

Esposito et al. (2009) revealed that number of pod and seeds per plot were the 

main components of seed yield, having the maximirai direct effects and might be used as 

selection criteria in order to increase the selection efficiency in pea breeding programs. 

Guleria et al. (2009) revealed that flower number, pod number and seeds per pod 

contributed positively to the grain yield. Sharma et al. (2009) reported that pods per plant 
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recorded highest positive direct effect on pod yield per plant followed by node at which 

first flower appears and plant height. Direct contribution of these traits indicated that by 

making selection for these traits, the yield can be substantially improved. 

Katore and Navale (2010) noticed that 100-seed weight, pod length, seeds per 

pod, days to maturity and days to flowering were the major yield contributing characters 

and emphasis should be given on these characters in selection programmes to develop 

desirable pea genotypes. Singh et al. (2011) recorded highest positive direct effect of 

number of pods per plant on grain yield per plant via positive indirect effects of plant 

height and number of primary branches per plant. Awasthi et al. (2011) noticed that plant 

height and pods per plant exhibited high positive direct effect on seed yield. 

2.5 Genetic divergence studies 

The assessment of genetic diversity using quantitative traits has been of prime 

importance in differentiating well defined populations. The germplasm in a autogamous 

crop can be considered as a heterogeneous sets of groups, since each group being 

homozygous within itself. The selection of parents for hybridization programme is 

critical because the success depends upon the selection of segregants fi-om the cross 

combinations to meet out the aim of high yield with desirable horticultural traits. 

To help the breeders in the process to identify the parents that nick better, several 

methods of divergence analysis based on quantitative traits have been proposed to 

achieve various objectives. The method of Mahalanobis's generalised distance finds a 

unique place and is efficient to determine the extent of diversity among different 

genotypes, which quantify the differences among several quantitative traits. 

With the development of advanced biometrical techniques, multivariate analysis 

based on Mahalanobis's D statistic (Mahalanobis 1936) has been used for discriminating 

divergent populations (Murthi and Quadri 1966) rather than gathering information from 

earlier indices like morphological similarities, ecographic diversity and phylogenetic 

relationship. Estimation of degree of divergence between biological population and 

computation of different components to the total divergence is done completely by 

Mahalanobis generalised distance estimation of D^ statistics (Nair and Mukherjee 1960; 

Maurya and Singh 1977). 
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Selection of parents in hybridization programme based on Mahalanobis D 

statistic is more reliable as the requisite knowledge of parents in respect of various 

characters is available prior to initiation of crossing. Nair and Mukheqee (1960) were the 

pioneers to use the D^ statistics as a measure of genetic divergence in the field of plant 

breeding for classification of teak. 

Gupta et al. (1992) grouped 35 lines into six clusters in environment I and II and 

into nine clusters across environments. About 60% of the lines showed consistency in 

clustering pattern in environment I and II. However, the distribution of lines included in 

different clusters and the intercluster distance pattern differed significantly between 

environments. Partap et al. (1992) analysed 20 characters in 49 genotypes and indicated 

that the number of clusters ranged fi-om 9 to 13 depending on the environment, with 

many clusters containing only one genotype. Clustering behaviour of the genotypes 

showed that neither the number of clusters formed nor the entries included in each cluster 

were influenced by the place of origin. Intracluster and intercluster genetic distance 

values varied widely in the population. The clusterwise mean pod yield per plant for the 

different environments was not constant which suggested that agronomic practices and 

human selection pressure had the most effect on cluster patterns. It is proposed that for 

hybridization and improvement programmes in pea, genotypes can be selected randomly 

fi-om divergent clusters possessing high mean pod yield. 

Kumar et al. (1994) subjected 11 yield components in 62 genotypes (31 dwarf and 

31 tall) from various geographical regions to clustering analysis and grouped into 9 and 

12 clusters, respectively. No clear association was observed between geographical 

distribution and genetic divergence. Promising genotypes for hybridization based on 

genetic divergence and per se performance were Pusa 2, DDR8, DDR9 and KFPD5 

among dwarf and HFPK20, KPMR60, KPMR65 and HPPC77 among tall. Vikas and 

Singh (1999) indicated the existence of considerable diversity among 45 pea (Pisum 

sativum) genotypes over two environments and grouped these into four (El) and nine 

(each in E2 and pooled) clusters. Clusters I was the largest consisted of 38 (El), 13 (E2) 

and 18 genotypes (pooled) followed by cluster II which consisted of five (El), 12(E2) 

and 16 genotypes (pooled) whereas cluster IV (El & pooled) V, VI, VII (pooled) and 



24 

VIII and IX (E2 & pooled) had single genotype each. Maximum intra-cluster values were 

observed in cluster I followed by clusters III and II in El; cluster I followed by clusters II 

and III in E2; and cluster I followed by cluster III in pooled analysis, relaying, some 

intracluster diversity. Maximum inter-cluster values were observed between cluster III & 

IV (El), cluster V & IX (E2) and cluster IV & V (pooled), indicating that the genotypes 

included in these clusters had maximum divergence. 

Sureja and Sharma (2001) grouped the genotypes into four clusters, with I, II and 

III each comprising six genotypes and IV comprising 12 genotypes. The grouping pattern 

of the genotypes was random, indicating that geographical diversity and genetic 

divergence were unrelated. Therefore, selection of genotypes for hybridization should be 

based on genetic divergence rather than geographical diversity. Singh and Singh (2003) 

studied genetic divergence for ten traits in 50 accessions of pea and grouped the 

genotypes into 11 clusters. Cluster XI was the largest (9 genotypes), followed by clusters 

II, VI, I, V, X, VIII, IV, IX, III, and VII. The highest intra-cluster values were recorded 

for cluster IX, whereas the highest inter-cluster value was observed between clusters III 

and IX. Cluster means for the ten traits indicated that the genotypes included in cluster IX 

gave the highest seed yield per plant, biological yield, number of pods per plant, and pod 

length, whereas those included in cluster X had the highest number of seeds per pod and 

pod length, and average 100-seed weight and number of pods per plant. The genotypes in 

cluster VIII had high 100-seed weight and average seed yield per plant, whereas those in 

cluster III had the highest harvest index, and average 100-seed weight and seed yield per 

plant. The results revealed that the genotypes under these diverse clusters had good 

potential as parents for hybridization studies in pea. 

Arya et al. (2004 b) found nine clusters for 36 elite genotypes of field pea. Cluster 

I had the highest number of genotypes, whereas clusters VII, VIII and IX had only one 

genotype each. The inter-cluster distance was greatest between clusters I and IX, 

followed by III and IX, I and VI, and I and V, and further suggested that the higher the 

inter-cluster distance, the greater the diversity between genotypes and vice versa and 

crosses between genotypes from distant clusters vwU give better transgressive segregants. 

Tiwari et al (2004) grouped 34 genotypes into six clusters. The cluster V and VI were 
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the largest with eight genotypes each while cluster I contained only one genotype and 

was the most divergent. They further suggested that genotypes of clusters I, II, III and IV 

could be exploited for hybridization programme based on maximum inter-cluster 

distance. 

Yadav et al. (2004) clustered 45 pea lines into 15 groups. Intra-cluster divergence 

was low for clusters V, VII, VIII and IX. They construed that genetic constitution rather 

than the geographical placement played a major role in the clustering pattern of the 

genotypes. Gupta and Singh (2006) determined genetic divergence in 83 garden pea 

genotypes and grouped the genotypes into 27 clusters. Cluster I had the highest number 

of genotypes. Inter-cluster variation was highest between clusters VI and XXIV and 

lowest between clusters XVII and XXVII. Cluster XII had the highest mean for green 

pod yield per plant, whereas cluster XXIV had the highest mean for earliness, number of 

first flowering nodes, nimiber of days to first green pod picking and shelling (%). Cluster 

XXII had the highest mean for pod length and 100-green pod weight. Cluster XIX 

recorded the highest mean for number of seeds, number of green pods and number of 

days to maturity. Early yield per plant had the highest contribution to the genetic 

divergence among the genotypes tested. 

Kumar et al. (2006) grouped 100 pea genotypes into eight clusters, of which, the 

cluster I was the largest consisting of 32 genotypes, followed by cluster II with 20 

genotypes whereas the cluster VIII was the smallest with 3 genotypes. Intra-cluster 

values revealed that cluster VIII was the most diverse (13.49), followed by cluster VII 

(8.37) and cluster VI (8.16). The highest inter-cluster value was observed between 

clusters V and VII (23.15) indicating that genotypes included in these clusters had 

maximum divergence. There was no parallelism between genetic and geographic 

diversity. The genotypes 02/1119 and PH-1 (cluster V), HFP-2005 and HFP-9907A 

(cluster VI), HFP-9937 and MP-Arkel (cluster VII) and 02/1090 (cluster VIII) might be 

used as promising parents for yield and quality attributes in hybridization for pea 

improvement programmes. Singh and Singh (2006) evaluated thirty-one advanced 

genotypes of pea and observed six clusters based on D^ values. Cluster I, which had the 

advanced genotype KPMR632, was more divergent and monogenotypic. Cluster VI was 
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the largest, with eight genotypes. The inter-cluster distance was lowest between clusters 

III and VI, and greatest between clusters I and II, closely followed by clusters I and IV. 

The intermating among the genotypes from clusters I, II and III may be used to improve 

the grain yield of pea. 

Kumar et al. (2007) grouped the 100 genotypes into nine clusters. The cluster I 

had the maximum 22 genotypes followed by 20 in cluster II. The maximum inter-cluster 

values were observed between clusters VII and IX followed by clusters II and IX, clusters 

VI and VII, clusters VI and VIII and clusters VII and VIII. Plant height contributed 

maximum towards total genetic divergence. The grouping pattern did not show any 

relationship with geographical diversity. Genotypes from divergent clusters are expected 

to yield potential transgressive segregants for further exploitation in pea breeding 

programmes. Singh et al. (2007) indicated presence of considerable genetic divergence 

among the 120 genotypes which were grouped into six clusters and suggested that to get 

the desirable segregants the hybridization among the genotypes of cluster III and VI, 

cluster V and VI and cluster I and VI could be followed as the inter cluster distance was 

greater between these clusters. 

Singh and Mishra (2008) grouped 21 genetically diverse pea genotypes into six 

dusters. Cluster I was the biggest with 11 genotypes followed by clusters II and III with 4 

and 3 genotypes, respectively while cluster IV, V and VI had only one genotype. The 

maximum inter-cluster distance was observed between clusters II and VI and was 

followed by clusters II and V, and clusters III and VI indicating wide divergence among 

these clusters, which also suggested that the genetic architecture of the genotypes in one 

cluster differed entirely from those included in other clusters. The diversity among the 

genotypes measured by inter-duster distance (D value) was adequate for improvement of 

pea by hybridization and selection. Sharma et al. (2009) evaluated 14 diverse genotypes 

of early maturing garden pea for genetic divergence and grouped these into six clusters. 

Cluster V showed maximum intra-cluster distance while cluster I and V followed by 

cluster I and IV revealed maximum inter-cluster distance indicating maximum divergence 

in these clusters. The maximum contribution towards divergence was made by number of 

pods per plant, followed by shelling (%), grains per pod and pod length. 
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Yadav et al. (2009) examined the genetic divergence among 62 genotypes for ten 

characters and suggested that genotypes included in clusters having maximum intra and 

inter-cluster values may show high heterotic response and will produce better segregants 

in response to high degree of genetic diversity in the genotypes. Devi et al. (2010) 

grouped 12 strains into four clusters of which cluster I retained the maximum number of 

genotypes followed by cluster II and cluster III with three genotypes each while cluster 

IV accommodated only one genotype. The maximum value of inter-cluster distance was 

observed for cluster I. Cluster IV showed the maximum value of cluster mean for pod 

length, pod breadth, seeds per pod, pods per plant, pod yield per plant, seed yield per 

plant and shelling (%). 

It can be concluded from the review of literature that tremendous efforts have 

been made by the breeders for the genetic improvement of garden pea. Despite 

continuous breeding efforts, the yield potential of garden pea has reached a plateau and 

still the age old varieties find favour among the farmers. The major factors posing 

restrictions to overcome these barriers are consumer's preference for long and dark green 

pods, shelf life in transit and susceptibility to various biotic stresses. Therefore, to 

enhance the productivity, genetic restructuring of germplasm of garden pea is required to 

develop high yielding varieties with desirable horticultural traits. Accordingly, efforts 

have been made to create variability by following non-conventional and conventional 

breeding approaches to develop new and valuable alterations in plant characteristics. The 

present investigation will help in identifying the genotypes from this genetic material for 

different characters and meet out the requirement of farmers. 
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3. MATERIALS AND METHODS 

The present investigation was carried out at the Experimental Farm of the 

Department of Vegetable Science and Floriculture, College of Agriculture, Chaudhary 

Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya, Palampur during winters 

2009-10 and 2010-11. The details of materials used and methods employed in the 

present investigation are presented below: 

3.1 Experimental site 

The Experimental Farm is situated at an elevation of 1, 290.8 m above mean sea 

level with 32 6 N latitude and 76° 3' E longitude. The location is characterized by humid 

and temperate climate with an aimual rainfall of 2,500 mm of which 80% is received 

during June to September and represents the mid-hill zone of Himachal Pradesh. The soil 

is classified as Alfisols typic Hapludalf clay having a pH of 5.7. The mean weekly 

meteorological data with regard to temperature, relative humidity and rainfall during the 

cropping period of location is presented in Fig. 1 and Appendix-II. 

3.2 Materials and layout of the experiment 

3.2.1 Experimental materials 

The experimental materials comprised of 41 genotypes of garden pea of which 28 

isolated from induced mutations, seven through hybridization followed by selection and 

six other released varieties. Their details are given below: 

Sr. No. Genotypes Source 

1. DPPMFWR-1 Department of Vegetable Science & 
Floriculture, COA, CSKHPKV, Palampur 

2. DPPMFWR-2 -do-

3. DPPMFWR-3 -do-

4. DPPMFWR-4 -do-



5. DPPMFWR-5 

6. DPPMFWR-8 

7. DPPMFWR-11 

8. DPPMFWR-12 

9. DPPMFWR-20 

10. DPPMFWR-27 

11. DPPMFWR-29 

12. DPPMFWR-30-1 

13. DPPMFWR-30-2 

14. DPPM-1 

15. DPPM-22 

16. DPPM-64 

17. DPPM-65 

18. DPPM-72 

19. DPPM-73 

20. DPPM-74 

21. DPPM-07-4 

22. DPPM-07-9 

23. DPPM-07-30 

24. DPPMR-09-1 

25. DPPMR-09-2 

26. DPPMR-09-3 

27. DPPMR-09-5 

28. DPPMR-09-9 

29. DPP-25G 

29 

Department of Vegetable Science & 
Floriculture, COA, CSKHPKV, Palampur 

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-
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30. DPP-89 

31. DPP-100 

32. DPP-168 

33. DPP-3-1 

34. DPP-11-2 

35. DPP-17-2 

36. VP-215 

37. Green Pearl 

38. Lincoln (Check) 

39. Azad P-1 (Check) 

40. Palam Priya (Check) 

41. Punjab-89 (Check) 

Department of Vegetable Science & 
Floriculture, COA, CSKHPKV, Palampur 

-do-

-do-

-do-

-do-

-do-

-do-

ProAgro seed company 

ICAR-RRS, Katrain 

CSAUA&T, Kanpur 

Department of Vegetable Science & 
Floriculture, COA, CSKHPKV, Palampur 

-do-

3.2.2 Layout plan 

The experiment was laid out in Randomized Complete Block Design with three 

replications. Each genotype was grown in three rows of 3 m length in winter 2009-10 and 

during winter 2010-11 in one row of 4 m length over the replications. These genotypes 

were sown on November 12 in 2009 and November 13 in 2010 with inter and intra-row 

spacing of 45 cm and 10 cm, respectively. 

3.2.3 Cultural practices 

The experiment field was disked and the recommended FYM @ 20 t/ha was 

mixed in the soil. The recommended rate of NPK fertilizers @ 50:60:60 kg of N, P2O5 

and K2O were applied in the rows at the time of sowing. Seed treatment with 'Bavistin' at 

the rate of 3g/kg of seed was done. Irrigation was provided prior to sowing and as needed 

thereafter. The weedicide 'Pendimethalin' @ 1.5 kg a.i./ha was applied immediately after 

sowing followed by two hand weeding to keep the field weed free. 
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3.3 Recording of the data 

The observations were recorded on randomly taken ten plants of each genotype in 

each replication followed by computing their means for the following horticultural and 

quality traits: 

3.3.1 Horticultural traits 

(I) Morphological traits 

1. Days to first flower 

Days to first flower were calculated from the date of sowing to the date when 

flowering appeared on any of the plant of a genotype. 

2. First flower node 

Recorded from the ground level to the node nimiber which bears first flower. 

3. Days to 50% flowering 

Calculated from the date of sov^ng to the appearance of first flowering in 50% 

plants of a genotype. 

4. Days to first picking 

The number of days taken from sowing date to the date of first marketable picking 

of green pods were calculated. 

5. Number of branches 

The numbers of primary structural branches arising from the main stem were 

coimted in the randomly taken plants. 

6. Internodal length (cm) 

The distance between two central nodes was measured on the main branch of the 

randomly taken plants in centimeters. 

7. Nodes per plant 

The total numbers of nodes on the main branch were counted in the randomly 

taken plants at the time of final picking in each genotype. 

8. Plant height (cm) 

Plant height was measured in centimeters from the base to the highest tip of the 

plant at the time of final harvest in each genotype in centimeters. 
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(II) Yield and yield contributing traits 

1. Pod length (cm) 

Pod length of 10 randomly taken fresh pods from the base to the tip was measured 

in centimeters in each genotype. 

2. Seeds per pod 

Seeds of each of the pods whose length was measured were counted. 

3. Shelling (%) 

Shelling (%) was worked out on 25 randomly harvested pods by using the 

following formula: 

Seed weight of 25 pods (g) 
Shelling (%)= x 100 

Pod weight of 25 pods (g) 
4. Pods per plant 

The total number of pods picked from randomly taken plants at each harvest were 

counted and finally summed-up to work out the total number of pods per plant. 

5. Pod yield per plant (g) 

The number of pods at each picking were weighed and added to get the average 

pod yield per plant in grams. 

6. Total biomass (g) 

The randomly taken plants harvested at seed maturity were weighed along with 

pods to obtain total biomass in grams. 

7. Seed yield per plant (g) 

The harvested plants were threshed to obtain seed. After cleaning and grading, 

seeds were weighed to work out seed yield per plant in grams. 

8. Harvest index (%) 

Harvest index was calculated as a ratio of seed yield per plant to the total biomass 

per plant and expressed in percentage. 

9. 100-seed weight (g) 

One hundred dry seeds of each genotype were counted and weighed in grams. 
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10. Incidence of powdery mildew disease (%) 

Observations on incidence of infection under natural conditions were recorded at 

maturity stage, when the disease was at its peak. The tagged plants in each treatment of 

each replication were categorized as under in relation to their resistance to the parasite as 

per the methodology given by Mvmjal et al. (1963). 

Grade Per cent Description 

infection 

0 0 Plant completely healthy with no trace of infection on any part 

(completely resistant). 

1 25 Plant shows slight infection with roughly one in every four leaves 

infected, a fine coating of the powdery growth on the upper surface, 

the plant as a whole has green appearance, stems free from 

infection, plant size normal (moderately resistant). 

2 50 Infection moderate, nearly 50 per cent leaves infected, the upper 

ones more severely, slight stem infection, normal plant size 

(moderately susceptible). 

3 75 Nearly 75 per cent of the foliage infected, the whole plant appears 

to be covered with white powdery coating, stem also severely 

infected, plant slightly stunted (susceptible). 

4 100 All the leaves of the plant as well as stem heavily coated with the 

fungal growth, leaves turn pale green to yellow and start drying up, 

the plant becomes conspicuous because of stunted growth (highly 

susceptible). 

Per cent Disease Intensity (PDI) was calculated by using the formula of 

McKinney (1923). 

Total sum of all numerical rating 
PDI = >c4O0 

Number of observations taken x maximum disease score 
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3.3.2 Quality Characters 

1. Total soluble soUds ("Brix) 

Seeds of fresh pods from second picking were crushed in pestle-mortar and the 

Hquid extract obtained was used to record the total soluble solids with the help of ERMA 

hand refractrometer. 

2. Ascorbic acid (mg/100 g fresh weight basis) 

The ascorbic acid contents were estimated by titration method as described by 

AOAC (1970). 

Requirements 

2% and 1% oxalic acid, distilled water, activated charcoal, Whatman filter paper, 

dye solution, burette, pipette, flasks, beakers, grinder etc. 

Reagents 

Dye solution 

52 mg of 2, 6-dichloroindophenol dye was diluted in 100 ml distilled water and 

boiled for 5 minutes. Then, solution was allowed to cool. The volume was made up to 

200 ml with distilled water. Then, 42 mg Na2HC03 was added and mixed properly to 

obtain dye solution. 

Procedure 

• Determination of dye factor - 20 mg standard ascorbic acid and 100 ml of 1% 

oxalic acid were mixed well and 5 ml volume of this solution was titrated against 

the dye to get pink colour which persisted for at least 15 seconds. 

• Dye factor was calculated by using following formula-

1 
Dye factor = 

Titre 
• 100 g of fresh pea seeds were grounded with 100 ml of 2% oxalic acid in grinder 

and slurry was made and then weighed. 

• 20 g of above slurry was taken in beaker and was diluted with 100 ml of 1% 

oxalic acid. 
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• After shaking well, charcoal treatment was given, by adding 500 mg activated 

charcoal. 

• Above solution was filtered with Whatman filter paper and clear solution was 

taken in flask. 

• Then known volume of this filterate was titrated against dye. 

• The end point was the appearance of rose pink colour which persisted for atleast 

15 seconds. 

D X T X Vi X W2 
Ascorbic acid (mg/100 g) = x 100 

20 g X Wi X V2 
Where, 

D = Dye factor 

T = Sample reading of titration 

Vi = Volume made up 

V2 = Volume used for titration 

W] = Weight of sample 

W2 = Total weight of slurry. 

3. Protein content (AOAC, 1990) 

Reagents 

Concentrated sulphuric acid 

Digestion mixture : K2 SO4 and CUSO4 were mixed in the ratio 10:1 

30% sodium hydroxide 

0.01 N Hydrochloric acid 

Methyl Red indicator 

2% Boric acid 

Procedure 

Dry pea seeds were grounded to a fine powder. Nitrogen contents in these sample 

were estimated by Microkjeldahl Method (AOAC 1990) to calculate protein content as: 

Protein content (%) = Estimated Nitrogen x 6.25 
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Digestion of sample 

• 0.5 g of sample was taken in digestion flask along with 5 g digestion mixture and 

then 20 ml cone. H2 SO4 was added to it. 

• The above material was left overnight for pre-digestion. 

• The material was digested on heater till the material turned transparent and then 

allowed to cool. 

• Flask was shaken well after adding 15 ml water to it and then final volume was 

made to 100 ml. 

Distillation 

• From prepared volume, 10 ml of aliquot was taken in distillation apparatus and 10 

ml of 30% NaOH was slowly added to it and was distilled for 5 minutes. 

• The ammonia liberated was collected in 100 ml conical flask containing 10 ml of 

2% boric acid to which methyl red indicator was previously added. 

Titration 

• This content of the flask was titrated against 0.01 N HCl till the colour changed 

from light blue to pink and the reading was noted for the volume of HCl used. 

• Reading was also taken for a blank sample. 

Calculations 

Weight of the sample (W) = 0.5 g 

Volume made = 100 ml 

Volume taken for distillation = 10 ml 

Amount of acid used for titration of sample = S ml 

Amount of acid used for titration of blank = B ml 

Actual acid consumed = (S-B) ml 

Now, 

(S-B) X 0.014 X volume of digest x normality of acid used 
N(%) = xlOO 

Aliquot taken x W 

Protein content (%) = N (%) x 6.25 



38 

4. Total sugars (%) 

Total sugar was estimated by following the method of Dubois et al. (1956). 

Reagents Used 

• Phenol 5%: 50 g phenol (reagent grade) was dissolved in water and diluted to 1 

litre. 

• Sulphuric acid: 95.5% reagent grade. 

• Standard Glucose Solution: Stock solution-100 mg glucose was dissolved in 100 

ml distilled water. Working standard-10 ml of stock solution diluted to 100 ml 

with distilled water. 

Procedure 

100 mg sample of dry seeds was taken and grounded in pestle and mortar with 50 

ml 80% ethanol. It was transferred into a beaker and was put on a hot plate till volume 

was reduced to half. Then, it was centrifuged and supernatant was used for testing total 

sugars. The supernatant was collected and 0.1 ml and 0.2 ml aliquots were taken for 

analysis. The standard was prepared by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the 

working standard taking 0 as blank. The volume was made up to 1 ml in all the tubes 

including the sample tubes by adding distilled water. Then, 1 ml of phenol solution was 

added to each tube. After that 5 ml of 95.5% sulphuric acid was added to each tube and 

was shaken well. After 10 minutes, each tube was shaken again and placed in water bath 

at 25-30'̂ C for 20 minutes. The contents were cooled and intensity of colour was read at 

490 nm on Genesys 10 Vis Spectrophotometer. A standard curve was prepared by 

plotting concentration of the standards on X-axis versus absorbance on the Y-axis. From 

the graph, the amount of sugars (%) present in the sample was calculated. 

Amount of carbohydrates in sample: 

Absorbance corresponds to 0.1 ml of test = X mg of glucose 

X 
100 ml of the sample solution contains = x 100 mg of glucose 

0.1 
= % of total sugars present. 

5. Reducing sugars (%) 

Reducing sugar was estimated by following the method of Miller (1972). 
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Reagents 

1. DNS (dinitrosalicylic acid) reagent- 1 g of DNS, 200 mg of crystalline phenol and 

50 ml of sodium sulphite were dissolved in 100 ml of 1% NaOH solution by stirring 

it. 

2. 40% of Rochelle salt (Sodium potassium tartrate). 

3. Standard Glucose Solution : 

(a) Stock solution -100 mg in 100 ml distilled water. 

(b) Working standard solution -10 ml of stock diluted to 100 ml with distilled water. 

Procedure 

Extraction of the samples was done in similar way as for the total sugars. The 

supernatant was collected and 0.5 ml aliquots were taken for analysis. Three ml of DNS 

was added to it and was boiled for 5 minutes on boiling water bath up to colour 

development. One ml of 40% Rochelle salt was added, while the content was still warm. 

Test tubes were cooled under the running tap water and absorbance was taken at 510 nm. 

Amount of reducing sugar contents were recorded in similar way as it is prescribed for 

total sugars. 

6. Starch content (%) 

The starch contents were calculated according to the method given by Sadasivam 

and Manickam (1996). 

Procedure 

0.5 g of grain sample was taken in hot 80% ethanol to remove sugars. Then it was 

centrifliged and the residue was retained. Again, Washed the residue repeatedly with 80% 

ethanol till the washings had not given colour with anthrone reagent. The residue was 

dried well over a water bath. To the residue, 5 ml of water and 6.5 ml of 52% perchloric 

acid was added and extracted it at Ô C for 20 minutes. Again it was centrifuged and the 

supernatant was saved. The extraction was repeated using fresh perchloric acid. The 

supernatant was pooled and made up the volume to 1 ml with distilled water. 

Primary glucose standard (1000 ppm): Dissolved 100 mg glucose in 100 ml water. 
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Working glucose standard: 10 ml of primary standard diluted to 100 ml with distilled 

water. 

Prepared the standards by taking 0.2, 0.4, 0.6, 0.8 and 1.0 ml of working standard 

and made up the volume to 1 ml in each tube with distilled water. To each tube of sample 

and standards, added 4 ml of anthrone reagent and heated them for eight minutes in a 

boiling water bath. Cooled rapidly and the intensity of green colour was read at 630 nm 

wavelength. 

Calculation 

Calculated the glucose content in the sample using the standard graph and 

multiplied the value by a factor 0.9 to arrive at the starch content. 

3.4 Statistical analysis 

3.4.1 Analysis of variance 

The data for different characters was analyzed as per Gomez and Gomez (1983) 

and presented in the form of analysis of variance given in the table as follows : 

Source of variation Degree of freedom Sum of Mean sum of F ratio 
squares squares 

Replications(r) (r-1) Sr Mr=Sr/(r-l) Mr/Me 

Genotypes (t) (t-1) St Mt=St/t-l Mt/Me 

Error (e) (r-1) (t-1) Se Me=Ve 

Total (rt-1) -

Where, 

Mr = Mean sum of squares due to replication 

Mt = mean sum of squares due to treatment 

Me = Mean sum of squares due to error 

The standard error of mean (SEm) and critical different (CD) for comparing the 

means of any two genotypes were computed as follows : 
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SE(m) = ± (Me/r)'^^ 

SE(d) = ± (IMe/Tf^ 

Critical difference (CD) = SE (d) x t (5%) value at error degree of freedom. 

The calculated 'F ' value was compared with the tabulated 'F ' value at 5% level of 

significance. If the calculated 'F ' value was higher than the tabulated, it was considered 

to be significant. All the characters which showed significant differences among 

genotypes were further subjected to the analysis for the different parameters. 

3.4.2 Estimation of parameters of variability 

The genotypic, phenotypic and environmental coefficients of variation were 

estimated by following method of Burton and De Vane (1953), as follows: 

Genotypic coefficient of variation (GCV %) X 100 

Phenotypic coefficient of variation (PCV %) X 100 

Environmental coefficient of variation (ECV %) 

Where, 

Op 

X 

Genotypic standard deviation 

Phenotypic standard deviation 

Environment standard deviation 

Grand mean 

3.4.3 Heritability ( r bs) 

X 100 

Heritability in broad sense (h^ bs) was calculated as per the following formula 

given by Burton and De Vane (1953) and Johnson et al. (1955 a). 

_ 2 

Heritability (%) = 
2 2 

CTg +<7e 

xlOO 
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where, 

a,^ = genotypic variance 

2 
= environmental variance 

Gg^ + a e ^ = phenotypic variance 

3.4.4 Genetic advance 

The expected genetic advance (GA) resulting from the selection of 5 % superior 

individuals was calculated as per Burton and De Vane (1953) and Johnson et al. (1955 a). 

GA = k. ap.h^ 

Where, 

K = 2.06 (selection differential at 5 % selection index) 

Op = Phenotypic standard deviation 

h^ ~ Heritability (broad sense) 

Expected G A 

Genetic advance as percentage of mean = x 100 
Grand mean 

3.4.5 Combined analysis of variance over environments 

The combined analysis of variance over the environments was computed as per 

the procedure given by Verma et al. (1987). 

The analysis was based on the following model : 

Yijk = m + a i + p j + apij + rk + eijk 

Where 

Yijk = Phenotype of the i* genotype grown in j * environment in the k* block 

m = General population mean 

tti = Effect of i* genotype 

Pj = Effect of j * environment 

aPij = Effect of interaction of i* genotype with j " ' environment 

rk = k* replication effect 

Cijk = Random error 



43 

Analysis of variance combined over environments 

Source of Degree of Mean F-Value 
variation freedom Sum of 

Squares 

Expected Mean Squares 

Replications (r-1) 

Environments (y-1) 

Mr Mr/Me 

My My/Me 

Oe^ + gyOr^ 

O e ^ + r g O e ^ + rOgy^ 

Replication x 

environments 

Genotypes 

(r-l)(y-l) 

(g-1) 

Genotype x (g-l)(y-l) 

environments 

Pooled error y(r-1)(g-1) 

Mry Mry/Me OeVgcjry^ 

Mg Mg/Me 0e ̂  + rogy ̂  + yrog ̂  

Mgy Mgy/Me Oê  + rOgŷ  

Me 

Where, 

r = Number of replications 

g = Number of genotypes 

y = Number of environments 

Oe = Error variance = Me 

Og = Variance due to genotypes = Mg 

Q^ = Variance due to replication = Mr 

Oy = Variance due to environments = My 
'y 

Ory = Variance due to replication x environments = Mry 

Ogy = Variance due to genotype x environments = Mgy 

Standard Errors 
Standard Error of mean SE (m) = ± (Me/ry)'^ 

Standard Error of difference between two genotypic means SE (d) = ± (2 Me/ry)'''^ 
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Critical Difference 

For comparing the means of any two genotypes 

CD = SE (d) X 't' value at 5% level of significance at combined error degrees of freedom. 

Coefficient of Variation 

CV(%) = [(Me)'^^/5r]xlOO 

Estimation of parameters of variability in combined over environments 

Phenotypic Coefficient of Variation (PCV %) = [(ag+ Ogy + Oe) / x] x 100 

Genotypic Coefficient of Variation (GCV %) = (og/ x) x 100 

Heritability (h\s) in broad sense (%) = [og^/ (og^ + Ogy ̂  + Oe )̂] x 100 

Genetic advance (GA) at 5% selection intensity = K (Cg + Cgy + o^) x ĥ  (̂ s) 

Genetic advance expressed as (%) of mean (GA %) = (GA/x) x 100 

Where 

Og = Genotypic standard deviation 

Ogy = Genotypic environmental standard deviation 

Oe = Error standard deviation 

For convenience, following classifications were used for describing various parameters in 

the text. 

PCV and GCV: >30 % - high; 10 - 30 % - moderate; <10 % - low 

Heritability in broad sense: >60 % - high; 30 - 60 % - moderate; <30 % - low 

Genetic advance: >30 % - high; 10 - 30 % - moderate; <10 % - low 

Test of Homogeneity 

The F-test (Test of Homogeneity) or the 'variance ratio' test was used to test the 

significance whether error variances are homogeneous or not. In order to carry the test of 

significance, F-ratio was calculated as: 
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F = 

Where 

Si^ = Large estimate of variance 

82̂  = Smaller estimate of variance 

and Si^ > 82̂  

at vi = ni-1 and V2 = n2-l degrees of freedom 

Where 

vi = degrees of freedom for sample having larger variance 

V2 = degrees of freedom for sample having smaller variance 

The calculated value of F was compared with the table value for vi and V2 degrees 

of freedom at 5% level of significance. If calculated value of F was greater than the 

tabulated value, the F-ratio was considered as significant. If the calculated value of F was 

less than the table value, F-ratio was considered as non significant and it was inferred that 

both the samples have come from the population having same variance. 

3.4.6 Correlation coefficients 

For computing phenotypic, genotypic and enviroimiental correlation coefficients, 

analysis of co-variance were carried out in all pairs of combinations of the characters. 

Analysis of co-variance 

Source of variation df Mean sum of product Expected mean sum of product 

Replication(r) (r-1) Mrxy Oexy+gOrxy 

Genotypes (g) (g-1) Mgxy aexy+rogxy 

Error (e) (r-l)(g-l) Mexy Oexy 
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Where , 

Oexy = Error co-variance of character x and character y 

Ogxy = Genotypic co-variance of character X and character y 

The genotypic , phenotypic , and error co-variances were calculated as follows: 

Genotypic co-variances (ogxy) = Mgxy - Mcxy /r 

Phenotypic co-variances (Opxy) = Ogxy "*" ^exy 

Environmenta l co-variances (Oexy) = Mcxy 

The phenotypic , genotypic and environmental coefficients of correlation were 

calculated as suggested by Al-Jibouri et al. (1958). 

C p̂xy 

apy 

Phenotypic coefficient o f correlation (rpxy) = — 

where, 

Opxy = Phenotypic covariance between character x and y 

o^px - Phenotypic variance of character X 

a^py = Phenotypic variance of character y 

CJgxy 

Genotypic coefficient o f correlation (rgxy) = —.--^^---^-^-_^---
I 2 2 

where , 

Ogxy = Genotypic co-variance between character x and y 

Ogx = Genotypic variance of character x 

o gy = Genotypic variance of character y 

Environmental coefficient of correlation (rexy) =  
' 2 T~ J 

where, 

. , < êx ^ Oey 

cJexy = Environmental co-variance be tween character x and y 
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Oex ^ = Environmental variance of character x 

Cey ̂  = Environmental variance of character y 

The significance of the phenotypic and genotypic coefficient of correlation were 

tested against the 'r' value as given by Fisher and Yates (1963) at (n x r)-2 degree of 

freedom, where 'n' is the number of genotypes and 'r' is the number of replication. 

3.4.7 Estimates of direct and indirect effects 

Path analysis helps in partitioning of genotypic correlation into directs and 

indirect effects. Estimates of direct and indirect effects of component traits on green pod 

yield per plant and seed yield per plant were done through path analysis. The path 

coefficient analysis of different traits with green pod yield per plant and seed yield per 

plant were carried out by following Dewey and Lu (1959) as follows: 

pyi+py2ri2+py3ri3 +pynrin=ryi 

pyiri2+py2+py3r23+ +pynr2n=ry2 

Pyiri3+py2r23+py3+ +pynr3n=ry3 

Pyirnl+Py2rn2+Py3rn3+ +pyn=ryn 

Where, 

pyu py2, py3 , pyn are the directs path effects of 1, 2, 3 , n variables on 

the dependent variable "y" 

r]2, ri3, , r („-!) n, are the possible coefficients of correlation between 

various independent variables with dependent variables "y" 

The variation in the dependent variables which remained undetermined by 

including the other variables was assumed to be due to the variable (s) not included in the 

present investigation. The degree of the determination (P^xR) of such variables was 

calculated as follows: 

Residual effects = (1-R^)'̂ ^ 

Where, R^ = pyiryi+py2ry2+ 7;::=:?- .—+pynryn 

K' 

^J ^' ^ 1 IJ<~^^ / S W ^ 
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R'̂  is the square multiple correlation coefficient and is the amount of variation in effect 

component that can be accounted by the causal component characters. 

3.5 Genetic diversity analysis 

A measure of group distance based on multiple characters was given by 

Mahalanobis (1936) and Rao (1952). 

With xi, X2, X3 Xp as the multiple measurements available on each 

individual and di, di, da dp as xf'- xf'̂ , xa"'- X2"̂  Xp"' - Xp'̂ , respectively, 

being the difference in the means of two populations, Mahalanobis D^ statistic is defined 

as: 

pD^ = bidi+b2d2+ bpdp 

Here, the bi values are to be estimated such that the ratio of variance between the 

populations to the variance within the populations is maximized. In terms of variances 

and CO variances, the D value is obtained as follows: 

pD2 = Wij(xr'-Xi-')(xj-'-Xj-') 

Where 

Wij is the inverse of estimated variance covariance matrix. 

Test of significance 

Using ' V statistic which, in turn, utilizes Wilk's criteria, simultaneous test of 

difference mean values of a number of correlated variables/characters at 'pq' df (where, p 

= Number of characters and q = Number of genotypes-1) done as suggested by Rao 

(1952). 

3.5.1 Grouping of genotypes into various clusters 

Using D values, different genotypes were grouped into various clusters following 

Tocher's method as suggested by Rao (1952). 

3.5.2 Average intra- and inter-cluster distances 

Average intra- cluster D^ = X Dj'̂ /n 
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Where, 

X Dĵ  = Sum of all distances between all possible combinations (n) of the genotypes 

included in the cluster. 

Average inter- cluster distance D^ = J^ Dy /̂ni.nj 

Where, 

X Diĵ  = sum of all distances between all possible combinations (ni.Uj) of the genotypes 

between the clusters. 

ni = Number of genotypes in i* cluster 

Uj ^Number of genotypes in j * cluster 

3.5.3 Cluster mean 

Character means of Pisum sativum L. falling under different clusters were 

calculated. 

3.5.4 Contribution of individual character towards divergence 

In all combinations, each character was ranked on the basis of dj = Yf" - Yj'' 

values. Rank 1 was given to the highest mean difference and rank 'p' to the lowest mean 

difference where 'p ' is the total number of characters. The contribution of individual 

character to the divergence was worked out in terms of 'n' number of times it appeared 

first. 
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4. RESULTS AND DISCUSSION 

The results of the present investigation "Genetic variability for yield and 

horticultural traits in garden pea (Pisum sativum L.)" have been presented and discussed 

here under the following heads: 

4.1 Genetic variability studies 

4.2 Correlation coefficient analysis 

4.3 Path coefficient analysis 

4.4 Genetic divergence studies 

4.1 Genetic variability studies 

4.1.1 Analysis of variance 

The analysis of variance revealed that mean squares due to genotypes were 

significant for all the morphological, yield and yield contributing, and quality traits 

during both the years (2009-10 and 2010-11) except days to first picking in the year 

2010-11 (Table 4.1) exhibiting thereby the presence of sufficient genetic variability in the 

genotypes. Earlier workers namely, Singh and Saklani (1973), Kaur et al. (1976), Kalia 

(1985), Ramesh et al. (2002 b), Sharma et al. (2003), Singh and Dhillon (2004), Gupta et 

al. (2006), Sirohi et al. (2006), Jan et al. (2007), Kumar (2008), Nawab et al. (2008) and 

Sharma et al. (2009) have also reported variability in the genetic material of pea in 

different sets of environments. 

The pooled analysis of variance over the years (Table 4.2) exhibited that mean 

squares due to genotypes were significant when tested against mean squares due to G x E 

interaction for all the traits except first flower node, number of branches, shelling (%), 

total sugars and reducing sugars. Significant variations among genotypes over the years 

were also observed by Sharma et al. (2006) and Sharma et al. (2007). The G x E 

interactions were also foimd to be significant for all the characters excluding days to first 

picking indicating that performance of genotypes was greatly influenced by 

environments. 
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Table 4.1 Analysis of variance for different characters in garden pea during the 
years 2009-10 and 2010-11 

Source Mean sum of squares 

Characters Replication Treatment Error 

2009-10 2010-11 2009-10 2010-11 2009-10 2010-11 

df 2 40 80 

Morphological traits 

Days to first flower 29.20 14.44 9.90* 34.58* 4.16 8.61 

First flower node 0.07 10.41 0.64* 2.79* 0.24 0.90 

Days to 50% flowering 129.82 37.69 36.98* 38.50* 5.97 7.37 

Days to first picking 26.81 70.63 23.30* 13.83 6.55 9.04 

Niimber of branches 0.07 0.46 0.12* 0.82* 0.03 0.11 

Intemodal length (cm) 1.60 0.03 1.80* 2.25* 0.09 0.10 

Nodes per plant 2.95 9.95 2.86* 6.25* 1.52 0.20 

Plant height (cm) 52.15 17.71 274.51* 290.04* 9.88 8.79 

Powdery mildew incidence 634.65 - 3213.61* - 164.53 -

(%) 

Yield and yield contributing traits 
Pod length (cm) 1.05 1.82 4.64* 3.75* 0.13 0.29 

Seeds per pod 0.68 1.29 2.55* 2.69* 0.14 0.20 

Shelling (%) 17.14 46.55 27.30* 17.13* 5.46 5.31 

Pods per plant 6.34 3.42 16.42* 34.64* 1.90 1.28 

Pod yield per plant (g) 21.76 2.94 296.77* 676.69* 15.43 16.01 

Total biomass (g) 1.63 9.20 183.49* 127.57* 5.99 3.81 

Seed yield per plant (g) 0.30 1.29 29.22* 23.99* 0.72 1.30 

Harvest index (%) 3.46 23.65 137.07* 154.13* 0.22 13.36 

100-seed weight (g) 11.56 0.98 24.44* 18.95* 1.41 1.79 

Quality traits 

Total soluble solids (°brix) 10.31 5.68 2.80* 1.55* 1.19 0.22 

Ascorbic acid (mg) 17.27 1.09 3.14* 12.56* 0.28 1.12 

Protein content (%) 1.67 23.09 7.93* 11.76* 0.29 2.19 

Total sugars (%) 5.07 3.53 1.50* 1.74* 0.08 0.15 

Reducing sugars (%) 0.35 0.10 0.84* 0.57* 0.06 0.14 

Starch content (%) 9.71 4.95 34.17* 36.97* 2.83 3.52 

"•Significant at P < 0.05 
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Table 4.2 Pooled anal 
garden pea 

lysis of variance over years for difl ferent « characters in 

Characters Mean sum ofsquares F-Test (Test 

Source Genotypes Environments Genotype x 
Environment 

(GxE) 

Pooled 
error 

of 
Homogeniety) 

df 40 1 40 160 

Morphological traits 

Days to first flower 32.87* 15648.13 11.61* 6.39 4.28* 

First flower node 1.97 0.03 1.46* 0.57 13.50* 

Days to 50% flowering 62.40* 4122.00 13.09* 6.67 1.52 

Days to first picking 28.60* 8301.00 8.55 7.79 1.90* 

Number of branches 0.55 61.09 0.39* 0.07 13.44* 

Intemodal length (cm) 3.04* 7.68 1.01* 0.09 1.23 

Nodes per plant 6.37* 512.30 2.74* 0.86 57.75* 

Plant height (cm) 470.00* 1615.75 94.56* 9.33 1.26 

Yield and yield contributing traits 

Pod length (cm) 7.89* 1.56 0.50* 0.21 4.98* 

Seeds per pod 4.60* 6.81 0.64* 0.17 2.04* 

Shelling (%) 26.69 112.63 17.74* 5.39 1.05 

Pods per plant 37.15* 1358.72 13.90* 1.59 2.20* 

Pod yield per plant (g) 759.10* 20509.84 214.37* 15.72 1.07 

Total biomass (g) 221.58* 830.50 89.48* 4.90 2.47* 

Seed yield per plant (g) 43.84* 105.71 9.37* 1.01 3.25* 

Harvest index (%) 179.82* 31.22 111.39* 6.79 3687.81* 

100-seed weight (g) 39.14* 197.64 4.25* 1.60 1.61 

Quality traits 

Total soluble solids (°brix) 3.06* 46.29 1.29* 0.70 29.34* 

Ascorbic acid (mg) 14.13* 2.45 1.57* 0.70 16.02* 

Protein content (%) 16.56* 112.13 3.12* 1.24 57.14* 

Total sugars (%) 1.74 0.60 1.50* 0.11 3.52* 

Reducing sugars (%) 0.59 2.72 0.82* 0.10 5.44* 

Starch content (%) 44.08* 23.83 27.07* 3.17 1.55 

* Significance at P < 0.05 
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The F-test of homogeneity over years (Table 4.2) showed significant differences 

for majority of the traits i.e. 16 out of 23, thereby suggesting that interpretation of the 

results on the basis of pooled over years would not provide clear picture. Hence, the 

results of the individual years along with pooled over years have been discussed in this 

chapter. Gupta et al. (1992) also stressed the importance of G x E interactions while 

pooling over enviroimients. 

4.1.2 Mean performance of genotypes 

The variation in the performance of 41 genotypes for different traits during 2009-

10, 2010-11 and pooled over years, respectively (Appendix I), ranged from 73-82, 88-101 

and 81-90 days to first flower; 13.20-14.18, 11.40-16.60 and 12.30-15.70 for first flower 

node; 82-96, 92-106 and 89-100 days to 50% flowering; 112-124, 126-135 and 119-129 

days to first picking; 1.00-1.73, 1.47-3.33 and 1.27-2.53 for number of branches; 2.72-

6.64, 2.59-6.77 and 2.66-6.52 cm for intemodal length; 13.87-17.80, 16.07-22.07 and 

15.47-19.87 for nodes per plant; 30.07-82.07, 38.26-85.43 and 34.51-81.67 cm for plant 

height; 6.18-13.25, 6.67-13.44 and 6.59-13.35 cm for pod length; 3.87-8.10, 3.97-8.63 

and 3.92-8.37 for seeds per pod; 36.76-49.98, 35.89-47.87 and 39.10-48.93 for shelling 

(%); 2.91-15.03, 6.86-18.01 and 4.89-16.52 for pods per plant; 10.27-52.33, 18.00-80.17 

and 14.13-66.25 g for pod yield per plant; 8.67-40.33, 11.00-41.33 and 9.83-40.83 g for 

total biomass; 1.57-15.62, 3.80-16.67 and 2.68-16.14 g for seed yield per plant; 18.08-

43.76, 19.40-54.63 and 21.04-49.02% for harvest index; 12.33-26.33, 13.33-24.33 and 

12.83-25.33 g for 100-seed weight; 14.53-19.60, 15.13-18.47 and 15.03-18.93Vix for 

total soluble solids; 13.14-17.43, 11.62-20.19 and 12.38-18.82 mg for ascorbic acid; 

11.24-18.85, 10.06-18.51 and 10.65-18.68% for protein content; 5.80-8.40, 5.50-9.01 and 

5.93-8.57% for total sugars; 2.28-4.61, 2.54-4.14 and 2.84-4.03% for reducing sugars; 

and 18.15-30.15, 18.30- 30.60 and 18.90-30.15% for starch content while powdery 

mildew incidence varied firom 0.91-89.09% (resistant to susceptible) during 2009-10. It 

has also been observed that performance of majority of the genotypes for different traits 

varied during 2009-10 and 2010-11 indicating thereby the role of environment in that 

particular season in determining the performance of a particular genotype for different 

traits. 
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2009-10 (Flowering stage) 
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2010-11 (Initial stage after seed germination and plant growth) 

Plate 1: General view of the crop 
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Earliness is a highly desirable trait in garden pea as the market prices are 

invariably high early in the season. The days to flower, first flower node and days to first 

picking of a particular genotype are the indicators of earliness. Accordingly, the standard 

check 'Punjab-89' observed to be the earliest on the basis of days to 50% flowering and 

first picking during both the years and pooled over years. However, the performance of 

different genotypes varied over the years indicating the role of environment in 

determining the inheritance of these traits. The lines 'DPPMFWR-20', 'DPPM-64' and 

'VP-215' during 2009-10, 'DPPMFWR-1', 'DPPMFWR-5', 'DPPMFWR-ll', 

'DPPMFWR-12', 'DPPMFWR-20', 'DPPMFWR-27', 'DPPMFWR-30-1', 'DPPM-73', 

'DPPM-74', 'DPPM-64', 'DPPMR-09-9', 'DPP-89' and 'VP-215' during 2010-11, and 

'DPPMFWR-20', 'DPPMR-09-9' and 'DPP-89' in pooled over years took statistically 

similar number of days to flowering and first picking to that of 'Punjab-89'. The 

differences in the genotypes for days to flowering and first picking have also been 

reported by Singh and Saklani (1973), Singh (1985), Ramesh et al. (2002 b), Chaudhary 

and Sharma (2003), Singh and Dhillon (2004), Mehta et al. (2005), Gupta et al. (2006), 

Rana and Jamwal (2007), Kumar (2008) and Nawab et al. (2008) in the respective 

genetic material and locations of studies. 

'DPPM-72' produced maximum number of branches which were significantly 

higher over all the four standard checks during 2009-10 and pooled over years and at par 

with the best performing check 'Punjab-89' during 2010-11. In addifion, the genotypes 

'DPPMFWR-4', 'DPPMFWR-ll', 'DPPMFWR-29', 'DPPM-64', 'DPPM-65', 'DPPM-

74', 'DPPM-07-4', 'DPPM-07-9', 'DPPMR-09-9', 'DPP-3-1' and 'DPP-11-2' were 

statistically at par with checks 'Lincoln', 'Palam Priya' and 'Punjab-89' for number of 

branches during both the years and with the best check 'Punjab-89' in pooled over years. 

Singh and Dhillon (2004) and Rathi and Dhaka (2007) have also observed wide variation 

for branches per plant. 

Intemodal length determines the height and nodes per plant. Besides having 

minimum intemodal length, it is important to have more number of pod bearing nodes 

per plant. The significant minimum intemodal length was observed for 'DPP-25G' over 

all the genotypes irrespective of years and pooled over years. Besides, 'DPPMFWR-2', 
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DPP-25G 
(Glossy leaves and dwarf growth habit) 

DPPMFWR-29 
(Purple flowers) 

Plate 2: Genotypes with different plant characteristics 
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'DPPMFWR-12', 'DPPM-07-9' and 'DPP-3-1' which also revealed significantly short 

intemodal length in comparison to the best check 'Palam Priya' during both the years 

while in addition to these, 'DPPMR-09-1' and 'DPPMR-09-9' also had short intemodal 

length in pooled over years. Variation for intemodal length has also been observed by 

Sureja and Sharma (2000) and Singh and Dhillon (2004). None of the genotypes could 

surpass the best check 'Palam Priya' for nodes per plant during 2009-10. However, the 

genotypes 'DPPMR-09-r, 'DPPMFWR-12', 'DPPMFWR-8', 'DPPMFWR-3' and 

'DPP-89' during 2010-11 and 'DPPMR-09-1', 'DPPMFWR-12' and 'DPPMFWR-8' in 

pooled over years had significantly more number of nodes per plant over the best check 

'Palam Priya'. 

The desirable plant type in garden pea is the one that has dwarf growth habit 

which does not need staking and results in saving resources both in terms of money and 

labour. On the basis of plant height, 'DPP-25G' and 'DPPMFWR-29' were observed to 

be the dwarfest and the tallest genotypes, respectively during both the years and pooled 

over years. 'DPPMFWR-2' showed plant height at par with 'DPP-25G' while 'DPP-3-1' 

and 'DPPM-72' had plant height similar to that of 'DPPMFWR-29' during 2010-11. On 

the same line, 'DPPMFWR-l', 'DPPMFWR-3', 'DPPMFWR-12', 'DPPMFWR-30-2', 

'DPPM-22', 'DPPM-74', 'DPPMR-09-2', 'DPPMR-09-3', 'DPPMR-09-5' and 'DPP-89' 

revealed plant height at par with the best check 'Palam Priya' in pooled over the years. It 

has been observed that plant height of majority of the genotypes during 2010-11 was 

comparatively more which may be due to favorable temperature and prolonged growing 

season. High temperature, particularly, at flowering and pod development stage during 

Feb-March, 2009-10 resulted in early cessation of growth. Amongst the check varieties, 

'Azad P-l ' had the maximum plant height while 'Punjab-89' and 'Palam Priya' showed 

the minimum plant height during 2009-10 and 2010-11, respectively. Further, genotypes 

namely, 'DPPMFWR-12', 'DPPM-22', 'DPPM-74', 'DPPMR-09-3', 'DPPMR-09-5', 

'DPP-89' and 'DPP-168' showed statistically similar plant height to that of 'Punjab-89' 

and 'Palam Priya' during the respective years of 2009-10 and 2010-11. Wide variation in 

plant height of different genotypes has also been noticed by Singh and Dhillon (2004), 

Kalloo et al. (2005) and Mehta et al. (2005). 
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DPPM-74 
rtft^t^ 

DPPM-72 DPPM-73 
Plate 3: The best performing genotypes at vegetative and flowering stage 
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Under Indian conditions, consumers prefer well filled long and green pods and 

accordingly the genotype 'DPPM-64' (13.25, 13.44 and 13.35 cm) found to have 

significantly the maximum pod length during both the years and pooled over years in 

comparison to all other genotypes including checks. Amongst the checks, 'Punjab-89' 

(10.81, 9.98 and 10.40 cm) had the maximum pod length which was statistically at par 

with the lines 'DPP-3-1' and 'DPP-17-2' during 2009-10, 'DPPM-07-4', 'DPPM-73', 

'DPP-3-1', 'DPPM-r, 'DPPMFWR-r, 'DPPMFWR-20', 'DPPM-72', 'DPPM-65', 

'DPP-17-2' and 'Green Pearl' during 2010-11 and 'DPP-3-1' and 'DPPM-07-4' in 

pooled over years. Both 'DPPM-64' and 'Punjab-89' contained significantly highest. 

number of seeds per pod during both the years and pooled over years than rest of the 

genotypes, though 'DPPM-73' also exhibited similar performance to these lines for seeds 

per pod during 2009-10. 

The highest shelling (%) was observed for 'DPPMFWR-12' which was 

statistically at par with the best check variety 'Punjab-89' during both the years and 

pooled over years. Besides, the genotypes 'DPPMFWR-4', 'DPPMFWR-5', 

'DPPMFWR-8', 'DPPMFWR-ir, 'DPPMFWR-20', 'DPPMFWR-27',' 'DPPM-64', 

'DPPM-72', 'DPPM-73', 'DPPM-74', 'DPPMR-09-9' and 'DPP-100' also had shelling 

(%) at par with the best check during both the years and pooled over years. In general, a 

wide range of variability for the performance of different genotypes for pod length, seeds 

per pod and shelling (%) was observed, which substantiated the findings of Sharma et al. 

(2003), Mehta et al. (2005), Jan et al. (2007) and Nawab et al. (2008) for pod length and 

seeds per pod and that of Mehta et al. (2005) and Jan et al. (2007) for shelling (%). 

High yield is the basic objective of all crop improvement programmes. It is of 

immense importance to develop a genotype which has a potential to surpass a 

commercially adopted/adapted cultivar(s) otherwise the genotype will be of no 

significance even if it has excellent performance for other traits. Number of pods per 

plant has a direct bearing on the total productivity of garden pea crop. Keeping this in 

view, the highest number of pods per plant were found in 'DPPM-74' (15.03, 18.01 and 

16.52) which was significant over rest of the genotypes including checks during 2009-10 

and pooled over years though at par with the best check 'Palam Priya' and lines 
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Plate 4: The best performing genotypes at pod bearing stage 
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The longest pod genotype 'DPPM-64' 
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Plate 5: Pod characteristics of the best performing genotypes 
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'DPPMFWR-ir, 'DPPMFWR-12', 'DPPMFWR-5' and 'DPPM-72' during 2010-11. 

Likewise, 'DPPM-74' produced significantly maximum pod yield per plant (52.33, 80.17 

and 66.25 g) over all the four recommended check varieties over the years and pooled 

over years. In addition, 'DPPM-1', 'DPPM-64', 'DPPM-07-9' and 'VP-215' also 

performed statistically at par with those of 'Palam Priya' and 'Punjab-89' during 2009-10 

whereas the performance of 'DPPMFWR-11', 'DPPM-64', 'DPPMFWR-20', 

'DPPMFWR-5', 'DPPM-72' and 'DPPM-07-4' during 2010-1 land 'DPPM-64', 

'DPPMFWR-1 r and 'DPPM-72' in pooled over years was statistically similar to the best 

check variety 'Punjab-89'. Singh and Dhillon (2004), Mehta et al. (2005), Gupta et al. 

(2006), Rana and Jamwal (2007), Chaddha et al. (2008) and Nawab et al (2008) have 

also observed significant differences for pods per plant and pod yield per plant with 

different sets of genotypes and environmental conditions. 

'DPPM-74' outperformed all the genotypes including checks in the respective 

years and pooled over years for total biomass (40.33, 41.33 and 40.83 g) and seed yield 

per plant (15.62, 16.67 and 16.14 g). Also, the genotypes 'DPPM-73' (39.67 g), 'DPPM-

72' (36.67 g), 'DPPM-07-4' (36.00 g), 'DPPM-22' (35.67 g), 'DPPMR-09-9' (34.67 g), 

'DPPMFWR-30-2' (34.00 g), 'DPPM-1' (33.00 g) and 'VP-215' (33.00 g) in 2009-10, 

'DPPMR-09-2' (39.67 g), 'Green Peari' (38.33 g), 'DPPMFWR-3' (37.33 g) and 

'DPPMFWR-12' (37.33 g) in 2010-11 and 'DPPMFWR-12'(37.00 g), 'DPPM-73'(35.50 

g) and 'DPPM-72' (35.17 g) on pooling of data were statistically at par with the best 

check 'Palam Priya' (36.00, 39.00 and 37.50 g) for total biomass. Further, it was 

observed that 'Punjab-89' had significantly less total biomass than 'Palam Priya' but 

resulted in maximum seed yield per plant at par with 'Palam Priya'. The genotypes 

'DPPMFWR-30-2', 'DPPM-07-4', 'DPPM-1' and 'DPPM-73' during 2009-10 and 

'DPPM-07-4' in pooled over years significantly outperformed 'Punjab-89' for seed yield 

per plant. In addition, the performance of 'DPPM-64', 'VP-215', 'DPPMFWR-30-1', 

'DPPMR-09-1' and 'DPPMFWR-27', 'DPPMR-09-2', 'DPPM-07-4' and 'DPPM-64', 

and 'DPPM-64', 'DPPM-73' and 'DPPMFWR-30-2' was at par with that of 'Punjab-89' 

and 'Palam Priya' for seed yield per plant in the respective years and pooled over years. 

The differences in performance of genotypes for fresh and seed yield per plant in the 

present study might be attributed to pods per plant, seeds per pod and 100-seed weight. 
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'Punjab-89' along with 'DPPMFWR-11' during 2009-10 and 'DPPM-07-4' during 2010-

11 outperformed all other genotypes for harvest index. The significant highest 100-seed 

weight was observed for 'DPPMR-09-2' over all the genotypes and check varieties over 

the years and pooled over years. Besides 'DPPMFWR-3', 'DPPM-22', 'DPPM-64', 

'DPPM-74', 'DPPMR-09-1', 'DPPMR-09-3', 'DPPMR-09-5', 'DPPMR-09-9' and 'VP-

215' during both the years and pooled over years, 'DPPMFWR-27' and 'Green Pearl' 

during 2009-10, and 'DPPM-07-4', 'DPP-lOO', 'Lincoln' and 'Punjab-89' during 2010-

11 had statistically similar 100-seed weight to that of the best check 'Palam Priya'. These 

findings are in consonance with those of earlier workers who have also revealed wide 

variation in their breeding material for seed yield per plant (Sureja and Sharma 2000; 

Rathi and Dhaka 2007; Kumar 2008), for harvest index and 100-seed weight (Sharma et 

al 2003; Rathi and Dhaka 2007; Kumar 2008). 

Among the quality traits, 'DPP-3-r and 'DPP-17-2' had significantly maximum 

total soluble solids over all four checks during 2010-11 and pooled over years along with 

'DPP-168' during 2010-11. However, it was observed that majority of the genotypes had 

total soluble solids statistically at par with the best check 'Lincoln' except 'DPPMFWR-

3' and 'DPPMFWR-29' during 2009-10, and 'DPPMFWR-4' and 'DPPMFWR-29' 

during pooled over years. The genotypes 'DPPMFWR-1', 'DPPM-73', 'DPPM-64', 

'DPPM-07-4' and 'DPP-lOO' had also similar total soluble solids to that of the best 

performing genotypes 'DPP-3-1' and 'DPP-17-2' during 2010-11. On the other hand, all 

the genotypes, irrespective of year had significantly low ascorbic acid than that of check 

varieties 'Lincoln', 'Azad P-1' and 'Punjab-89'. The genotypes 'DPPM-64', 'DPPM-74' 

and 'DPPMFWR-27' contained significantiy higher protein content over all the 

genotypes and checks during 2009-10. Similarly, 'DPPM-64' showed protein content at 

par with those of 'DPPMFWR-29', 'Punjab-89', 'DPPMFWR-27', 'DPPMFWR-30-2' 

and 'Green Peari' during 2010-11, and 'DPPMFWR-20' in pooled over years. 

Genotype 'DPPM-64' significantly resulted in maximum total sugars over the 

four check varieties in the respective years and pooled over years. In addition, 'DPPM-

07-9' during 2009-10 and 'DPPM-72', 'DPPM-22', 'DPPMFWR-30-2' and 

'DPPMFWR-27' during 2010-11 also had significant high total sugars than the checks. 
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With respect to reducing sugars, 'DPPM-74', 'DPPMR-09-3', 'DPP-25G', 'DPPM-72', 

'DPPM-07-9' and 'DPPMFWR-27' had significantly higher reducing sugars than the 

check varieties during 2009-10, whereas 'Punjab-89' recorded maximum reducing sugars 

at par with 'DPPMFWR-4', 'Palam Priya', 'DPP-89', 'DPPM-07-4', 'Lincoln', 'DPP-

100', 'Green Pearl', 'DPPMFWR-30-2', 'DPPMFWR-11', 'DPPM-22' and 'DPPM-64' 

during 2010-11. On the other hand, pooling of data revealed that 'DPPMFWR-4' 

contained maximum reducing sugars then checks though at par with 'DPPM-74', 'DPP-

250', 'DPP-89', 'DPPMFWR-11', 'DPP-lOO', 'DPPM-22', 'DPPMR-09-2' and 

'DPPMR-09-3'. The significant minimum starch content over the check varieties was 

found in 'DPPMR-09-2' and 'Green Pearl' during 2009-10, 'DPP-3-1', 'DPPMFWR-1', 

'DPPMFWR-29', 'DPPM-65', 'DPP-17-2', 'DPPMFWR-12', 'DPPM-1', 'DPPM-07-4' 

and 'DPPM-22' during 2010-11, and 'DPP-3-r, 'DPPMFWR-l', 'DPPMFWR-29', 

'DPPMR-09-2' and 'DPPMFWR-3' in pooled over years. 

A wide variation in the performance of different genotypes for quality traits was 

also observed by earlier workers for total soluble solids (Mehta et al. 2005), ascorbic acid 

(Avakimova 1972; Kaur et al. 1976), protein content (Kaur et al. 1976; Krarup 1977), 

total sugars (Kaur et al. 1976; Haeder 1989; Ramesh et al. 2002a; Nair and Khare 2009), 

reducing sugars (Ramesh et al. 2002a; Mehta et al. 2005; Nair and Khare 2009) and 

starch content (Hybl et al. 1998). 

Powdery mildew disease is one of the major constraints in pea production which 

affect total yield and pod quality. In this regard, the genotypes namely, 'DPPM-64', 

'DPPMR-09-1', 'DPPMR-09-2', 'DPPMR-09-9', DPP-25G' were found to be resistant, 

whereas 'DPPMR-09-3', 'DPP-11-2', 'VP-215', 'Punjab-89', 'DPP-3-1' and 'DPP-17-2' 

were moderately resistant to powdery mildew disease during 2009-10. However, disease 

escaped during 2010-11 on account of prevailing low temperature conditions in the 

months of March and April. Earlier workers have also reported different genotypes 

resistant to powdery mildew disease (Tyagi et al. 1978; Kalia 1985; Thakur and Verma 

1988; Thakur era/. 1996). 

It can be concluded that the genotypes 'DPPM-74', 'DPPM-64', 'DPPM-73', 

'DPPM-72', 'DPPMFWR-11' and 'DPPM-07-4' appear to be promising on the basis of 

pod characters and yield. 
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4.1.3 Parameters of genetic variability 

The knowledge of phenotypic coefficient of variation (PCV) and genotypic 

coefficient of variation (GCV) is helpful in predicting the amount of variation present in 

the given genetic stock which in turn helps in fonnulating an efficient breeding 

programme. The estimates of PCV were higher than corresponding GCV for all 

characters studied (Tables 4.3 and 4.4) which indicated that the apparent variation is not 

only due to genotypes but also due to the influence of environment. Therefore, caution 

has to be exercised in making selection for these characters on the basis of phenotype 

alone as environmental variation is unpredictable in nature. Singh and Dhillon (2004), 

Sirohi et al. (2006) and Chadha et al. (2008) also found high PCV than the corresponding 

GCV. 

PCV and GCV were high for pods per plant, pod yield per plant, total biomass 

and seed yield per plant during 2009-10, and for pod yield per plant during 2010-11. 

These high estimates indicated that there is substantial variability ensuring ample scope 

for improvement of these traits through selection. Kumar et al. (1998), Gupta et al. 

(2006), Kumar (2008), Nawab et al. (2008), Guleria et al. (2009), Sharma et al. (2009) 

and Kumar et al. (2010) have also reported high PCV and GCV for pods per plant and 

pod yield per plant whereas Sharma et al. (2003), Rathi and Dhaka (2007) and Guleria et 

al. (2009) reported the same for total biomass and/or seed yield per plant. Contrary to 

these reports, Sharma et al. (2007) reported moderate PCV and GCV for pods per plant 

and pod yield per plant which could be due to differences in genetic material and growing 

conditions. High PCV and moderate GCV were recorded for seed yield per plant during 

2010-11, and pod yield and seed yield per plant in pooled over years. 

The moderate estimates of PCV and GCV were recorded for number of branches, 

intemodal length, plant height, pod length, seeds per pod, harvest index, 100-seed weight, 

protein content and starch content in both the years and pooled over years, pods per plant, 

total biomass and ascorbic acid during 2010-11 and pooled over years, and total sugars 

and reducing sugars during 2009-10. The moderate estimates suggest that direct selection 
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for these traits should be considered cautiously. These moderate estimates have also been 

reported by Kuksal et al. (1983) and Guleria et al. (2009) for pod length and seeds per 

pod, Ramesh et al. (2002 b) and Guleria et al. (2009) for intemodal length and plant 

height, and Kumar (2008) for seeds per pod and 100-seed weight. On the other hand, 

Sharma et al. (2007) reported high PCV and GCV for plant height. The rest of the traits 

namely days to first flower, first flower node, days to 50% flowering, days to first 

picking, nodes per plant, shelling (%), total soluble solids showed low PCV and GCV 

over the years and pooled over years in addition to ascorbic acid and total sugars during 

2009-10 and pooled over years, respectively. The low estimates for days to first picking 

were also observed by Pathak and Jamwal (2002) and Sharma et al. (2007). 

4.1.4 Heritability and genetic advance 

The coefficient of variation alone cannot be used to partition the heritable 

components of variation (Burton 1952). This suggested that genetic coefficient of 

variation together with heritability estimates would give the best picture of the amount of 

advance to be expected from selection. The information on heritability estimates is 

helpful in studying the inheritance of quantitative characters as well as for planning 

breeding programmes with desired degree of expected general progress. Heritability in 

broad sense is of tremendous significance to the breeders as its magnitude indicates the 

reliability with which a genotype can be recognized by its phenotypic expression (Lush 

1940). 

In the present study, high heritability estimates (>60%) were observed for 

intemodal length, plant height, pod length, seeds per pod, pods per plant, pod yield per 

plant, total biomass, seed yield per plant, harvest index, 100-seed weight, ascorbic acid, 

total sugars and starch content during both the years and pooled over years, protein 

content during 2009-10 and pooled over years, nodes per plant and total soluble solids 

during 2010-11 and days to 50% flowering during 2009-10 (Tables 4.3 and 4.4). The 

high heritability estimates for these characters revealed the lesser influence of 

environment and greater role of genetic component of variation. Earlier workers also 

revealed high heritability estimates for days to 50%) flowering (Singh 1985; Sharma et al. 

2003), intemodal length (Sureja and Sharma 2000; Ramesh et al. 2002b), plant height 

(Dev et al. 1993; Sureja and Sharma 2000; Ramesh et al. 2002b; Sharma et al. 2003; 

Sharma et al. 2007), pod length (Pathak and Jamwal 2002; Sharma et al. 2003), seeds per 
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pod (Dev et al. 1993; Sharma et al. 2003; Chadha et al. 2008), pods per plant (Sureja and 

Sharma 2000; Pathak and Jamwal 2002; Sharma et al. 2003; Chadha et al. 2008), pod 

yield per plant (Korla and Singh 1988; Dev et al. 1993; Sureja and Sharma 2000), total 

biomass (Sharma et al. 2003), seed yield per plant (Sureja and Sharma 2000; Sharma et 

al. 2003), harvest index (Sharma et al. 2003; Kumar 2008), 100-seed weight (Chaudhary 

and Sharma 2003; Sharma et al. 2003; Nawab et al. 2008) and ascorbic acid (Pathak and 

Jamwal 2002). 

Heritability was moderate for the characters namely, days to first flower, first 

flower node and shelling (%) during both the years, days to first picking, number of 

branches, total soluble solids during 2009-10, and days to 50% flowering, protein content 

and reducing sugars during 2010-11. Pooling of data revealed moderate heritability 

estimates for days to first flower, days to 50% flowering, days to first picking, number of 

branches, nodes per plant, shelling (%), total soluble solids and reducing sugars. Nodes 

per plant, days to first picking and first flower node exhibited low heritability estimates 

during 2009-10, 2010-11 and pooled over years, respectively. Low heritability indicated 

that the character is highly influenced by environmental factors and genetic improvement 

through selection will be difficult due to masking effects of the environment on the 

genotypic effects. 

For an effective selection programme, knowledge of estimates of heritability 

alone is not sufficient and it is therefore usefiil to study genetic advance along with 

heritability. Genetic advance may or may not be in proportion to genetic variability and 

heritability estimates because both high heritability and high genetic variability are 

important to obtain higher genetic gain (Kumari 2010). 

In the present study, the results revealed that the response to selection for different 

characters which showed high heritability need to be given due emphasis for effective 

selection as these characters were under genetic control. However, the high heritability 

does not necessarily mean high genetic gain and is insufficient alone to make 

improvement through simple phenotypic selection. The heritability estimates become 

more beneficial when used to estimate genetic advance (Johnson et al. 1955 a) and hence, 

the genetic advance provides an edge over heritability as a guiding factor to breeders in 

various selection programmes (Guleria et al. 2009). 
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The high expected genetic advance expressed as % of mean (>30%) was observed 

for pods per plant, pod yield per plant, total biomass, seed yield per plant and harvest 

index during both the years and pooled over years, plant height during both the years, and 

number of branches and intemodal length during 2010-11 (Tables 4.3 and 4.4). Earlier 

workers have also reported high genetic advance for plant height (Kumar et al. 1998; 

Chaudhary and Sharma 2003; Gupta et al. 2006; Sharma et al. 2007), pods per plant 

(Kumaran et al. 1995; Kumar et al 1998; Ramesh et al 2002b; Chaudhary and Sharma 

2003; Sharma et al. 2003; Kumar et al 2010), pod yield per plant (Dev et al. 1993; 

Kumaran et al. 1995; Kumar et al. 1998; Gupta et al. 2006), total biomass (Sharma et al. 

2003; Gupta et al. 2006; Rathi and Dhaka 2007), seed yield per plant (Sureja and Sharma 

2000; Sharma et al. 2003; Rathi and Dhaka 2007; Kumar 2008), number of branches 

(Sureja and Sharma 2000; Singh and Dhillon 2004; Gupta et al. 2006), and intemodal 

length (Sureja and Sharma 2000; Ramesh et al. 2002b). 

These estimates were moderate for pod length, seeds per pod, 100-seed weight, 

ascorbic acid, protein content, total sugars, reducing sugars and starch content over the 

years and pooled over years, number of branches and intemodal length during 2009-10 

and pooled over years, nodes per plant during 2010-11, and plant height during pooled 

over years. Singh and Saklani (1973) and Chadha et al (2008) for seeds per pod, Rathi 

and Dhaka (2007) for 100-seed weight, and Ramesh et al. (2002 b) for reducing sugars 

have also reported moderate estimates of genetic advance. All the remaining characters 

viz., days to first flower, first flower node, days to 50% flowering, days to first picking, 

shelling (%) and total soluble solids during both the years and pooled over years along 

with nodes per plant during 2009-10 and pooled over years exhibited low estimates for 

genetic advance. The low estimates of genetic advance have also been reported by earlier 

workers for days to flowering (Srivastava et al. 1972; Singh 1985), days to first picking 

(Singh and Saklani 1973; Singh 1985; Pathak and Jamwal 2002) and shelling percentage 

(Singh and Saklani 1973; Korla and Singh 1988). 

Based on the present study, high heritability coupled with high genetic advance 

was observed for pods per plant, pod yield per plant, total biomass, seed yield per plant 

and harvest index during both the years and pooled over years along with plant height 

over the years, and number of branches and intemodal length during 2010-11 (Tables 4.3 

and 4.4). The results suggested the importance of additive gene action for the inheritance 
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of these characters and improvement could be brought about by phenotypic selection. 

The earlier researchers have also reported similar findings for plant height (Chaudhary 

and Sharma 2003; Kumar et al. 2004; Gupta et al. 2006; Sharma et al. 1^01; Guleria et 

al 2009), pods per plant (Chaudhary and Sharma 2003; Sharma et al 2003; Kumar et al. 

2004; Nawab et al. 2008), pod yield per plant (Chaudhary and Sharma 2003; Kumar et al 

2004; Singh and Dhillon 2004; Gupta et al 2006; Chadha et al 2008; Nawab et al 

2008), total biomass/biological yield (Sharma et al 2003; Kumar 2008), seed yield per 

plant (Sharma et al 2003; Kumar 2008), number of branches (Singh and Dhillon 2004; 

Gupta et al 2006) and intemodal length (Guleria et al 2009). However, Sharma et al 

(2009) observed moderate heritability and genetic advance for pods per plant and pod 

yield per plant. 

High heritability along with moderate genetic advance was observed for pod 

length, seeds per pod, 100-seed weight, ascorbic acid, total sugars and starch content 

during both the years and pooled over years, intemodal length, protein and reducing 

sugars during 2009-10, nodes per plant during 2010-11, and intemodal length and plant 

height during pooled over years, which may be attributed to non-additive gene effects. 

High heritability coupled with moderate genetic advance was reported by Ramesh et al 

(2002 a) for reducing sugars, and for pod length and 100-seed weight by Singh et al 

(2011). 

On the other hand, days to first flower and shelling (%) over the years and pooled 

over years, days to first picking, nodes per plant and total soluble solids during 2009-10 

and pooled over years, first flower node over the years, and days to 50% flowering in 

pooled over years had shown moderate heritability coupled with low genetic advance. 

Korla and Singh (1988) also reported similar findings for shelling (%). While days to first 

picking and protein content revealed these estimates in the range of low and moderate, 

respectively during 2010-11. Moderate estimates of heritability and genetic advance were 

also noticed for reducing sugars in pooled over years. These estimates indicated the role 

of dominance and epistasis and hence these traits could be improved through 

hybridization/recombination breeding. Rana and Jamwal (2007) also suggested 

improvement through recombinant breeding for days to flowering and first harvest. 

Besides this, the breeder's interest lies in assessing the performance of an 

individual genotype with respect to economic traits under selection. In the present 

investigation, genotypes 'DPPM-74', 'DPPM-64', 'DPPM-07-4', 'DPPM-72' and 
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'DPPMFWR-ir were fovind to have high yield potential and other desirable economic 

traits. The superior performance of these genotypes for pod length, pods per plant, 100-

seed weight, total biomass and harvest index might have resulted in high yield since these 

traits also exhibited high to moderate PCV and GCV along with high heritability and high 

genetic advance. Hence, these traits can be improved by selection (Kumaran et al. 1995; 

Sureja and Sharma 2000; Sharma et al. 2003; Jan et al. 2007). 

4.2 Correlation coefficient analysis 

After understanding the nature of variation for pod yield and related traits, it 

would be desirable to know the nature and magnitude of associations among these 

characters in order to bring out improvement in a complex character like yield. 

Knowledge of association between traits serves two main purposes for breeders, i.e., (1) 

selection of characters which are not easily observed or genotypic values of which are 

modified by environment effects, and (2) provides information about the nature and 

extent, and direction of selection pressure among different traits. 

The effectiveness of any breeding or selection programme depends upon the 

nature of association between yield and other component characters, as more directly a 

character is associated with yield in the desirable direction, more will be the success of 

the selection progranune. Therefore, after getting the knowledge on the nature and 

magnitude of genetic variation, it is also important to gather information on association of 

yield with other characters and among themselves, and their basis to identify characters 

for increasing the efficiency of both direct and indirect selection and thereby defining an 

ideal plant type. 

In the present study, in general, the genotypic correlation coefficients were of 

higher magnitude than the corresponding phenotypic ones (Tables 4.5, 4.6 and 4.7) which 

revealed that though there is a strong inherent association between various characters, the 

phenotypic expression of the correlation gets reduced xmder the influence of envirormient. 

Pathak and Jamwal (2002), Chaudhary and Sharma (2003), Kumar et al. (2004), Singh 

and Singh (2005), Patel et al. (2006), Singh (2007) and Dhama et al. (2010) also 

reported that genotypic correlation coefficients were higher than their respective 

phenotypic correlation coefficients for most of the characters. The effective 
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yield improvement would be achieved through the characters which have significant and 

positive/desirable correlation with each other. Genotypic correlation provides measures 

of genetic association between characters and is more reliable than phenotypic correlation 

and thus, helps to identify the characters to be utilized in breeding programmes. 

In the present study, pod yield per plant had shown a positive and significant 

correlation at both phenotypic and genotypic levels with pods per plant, seeds per pod, 

pod length, intemodal length, plant height, shelling (%) and ascorbic acid during both the 

years and also with nodes per plant during 2009-10, and with number of branches, total 

sugars and reducing sugars during 2010-11 (Tables 4.5 and 4.6). Pooling of data over 

years also revealed positive associations of pod yield per plant with all these characters 

except nodes per plant (Table 4.7). Selection on the basis of these traits might lead to 

higher yield. Earlier reports of many research workers have also indicated significant and 

positive association for pod yield per plant with pods per plant (Katiyar and Ram 1987; 

Sharma and Kalia 1998; Bhardwaj and Kohli 1999; Ramesh and Tewatia 2002; Kumar et 

al. 2003; Mehta et al 2005; Kumar and Sharma 2006; Singh 2006; Sharma et al. 2007; 

Sharma et al. 2009), seeds per pod (Katiyar and Ram 1987; Sharma and Kalia 1998; 

Ramesh and Tewatia 2002; Kumar et al. 2003; Mehta et al. 2005; Sharma et al 2007), 

harvest index (Katiyar and Ram 1987), pod length (Ramesh and Tewatia 2002; Kumar et 

al. 2003; Kumar et al. 2004; Mehta et al 2005; Singh 2006; Kaur et al. 2007; Sharma et 

al. 2007), 100-seed weight (Kumar et al 2004), shelling percentage (Bhardwaj and Kohli 

1999, Chaudhary and Sharma 2003; Mehta et al 2005; Kaur et al. 2007), plant height 

(Sharma and Kalia 1998; Ramesh and Tewatia 2002; Kumar et al 2003; Kumar and 

Sharma 2006; Sharma et al 2009 ), first flower node (Bhardwaj and Kohli 1999; Kumar 

and Sharma 2006; Sharma et al 2009) and number of branches (Kumar et al. 2003; Kaur 

et al 2007) with different breeding materials at different locations thereby, suggesting 

improvement of yield by giving special focus to these traits. 

Pod yield per plant had revealed negative association at both genotypic and 

phenotypic levels with days to 50% flowering and days to first picking during both the 

years and pooled over years and that of with nodes per plant and days to first flower 

during 2010-11. Days to first flower also showed negative association with pod yield in 



78 

pooled over years. Teotia et al. (1983) and Gupta and Singh (2006) have also reported 

negative correlation of pod yield per plant with days to first picking and days to first 

flower, respectively. 

Seed yield per plant also revealed positive association with intemodal length, 

plant height, pod length, seeds per pod, pods per plant, pod yield per plant, total biomass, 

harvest index and 100-seed weight during both the years at phenotypic and genotypic 

levels while it had positive association with first flower node and nodes per plant at 

genotypic level during 2009-10, and shelling (%) and number of branches at both levels 

in the respective years (Tables 4.5 and 4.6). A significant positive correlation for all these 

characters with seed yield per plant except first flower node and nodes per plant had also 

been observed on pooling of data over years at both genotypic and phenotypic levels 

(Table 4.7). In addition, total sugars at both levels over the years and pooled over years, 

ascorbic acid during 2010-11 and pooled over years, and protein content and reducing 

sugars at genotypic level during 2010-11 and pooled over years also showed positive 

associations with seed yield per plant. Many research workers have also reported positive 

association of seed yield per plant with various traits (Singh et al. 1987; Tiwari et al. 

2001; Singh and Mishra 2002; Arya et al. 2004a; Singh and Singh 2005; Singh and 

Yadav 2005; Patel et al. 2006; Mahajan et al. 2007; Singh 2007; Usmani and Dubey 

2007; Singh et al. 2008; Togay et al. 2008; Guleria et al. 2009; Devi et al. 2010; Dhama 

etal 2010; Kumars/a/. 2010; Awasthie?^/. 2011; Singh e/«/. 2011). 

Among the growth parameters, days to first flower had significant positive 

association with days to 50% flowering and days to first picking at phenotypic and 

genotypic levels during both the years; with nodes per plant and total soluble solids at 

genotypic level during 2009-10; with first flower node and 100-seed weight at phenotypic 

level during 2010-11; and with first flower node, starch content, ascorbic acid, reducing 

sugars, nodes per plant and 100-seed weight at genotypic level during 2010-11. Kumar 

and Sharma (2006) also reported significant positive correlation of days to first flower 

with days to first picking. Also, it showed negative association with pod length, seeds per 

pod and number of branches during 2009-10 and seeds per pod, pods per plant and 

shelling (%) during 2010-11 at both phenotypic and genotypic levels. Pooled data over 
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years revealed significant positive association of days to first flower with first flower 

node, days to 50% flowering, days to first picking and nodes per plant at both levels, and 

ascorbic acid at genotypic level while, it had negative association with seeds per pod and 

shelling (%) at both levels along with pods per plant and number of branches at 

phenotypic and genotypic levels, respectively. 

First flower node revealed significant positive association with plant height, nodes 

per plant, protein content and intemodal length at phenotypic level, and with nodes per 

plant, plant height, protein content, shelling (%), intemodal length, starch content, pods 

per plant and harvest index at genotypic level during 2009-10 whereas, it showed positive 

association with 100-seed weight, days to 50% flowering and nodes per plant, and days to 

50% flowering, 100-seed weight and days to first picking at phenotypic and genotypic 

levels, respectively during 2010-11. Pooling of data over years revealed positive 

association of first flower node with days to 50% flowering, nodes per plant, plant height 

and 100-seed weight at both the levels and days to first picking, total biomass and 

reducing sugars at genotypic level only. Kalloo et al. (2005) also noticed positive and 

significant correlation of first flower node with days to 50% flowering and plant height. 

Days to 50% flowering and days to first picking had significant positive 

association with days to first picking and nodes per plant, respectively at both phenotypic 

and genotypic levels over the years. While, both these characters besides having positive 

association between themselves had also shown positive association with nodes per plant 

in pooled over years at both genotypic and phenotypic levels. Earlier workers namely, 

Kumar et al. (2003), Kumar et al (2004) and Sirohi et al. (2006) have also reported 

positive and significant correlation of days to 50%) flowering with days to first picking. 

On the contrary, days to 50% flowering showed negative association with seeds per pod, 

pod length, number of branches, intemodal length and 100-seed weight during 2009-10, 

and seeds per pod, shelling (%) and pods per plant during 2010-11 at both levels, whereas 

days to first picking had negative correlation with seeds per pod, pod length, intemodal 

length, seed yield per plant, harvest index and shelling (%) during both the years at both 

levels except shelling (%) and intemodal length during 2009-10 and 2010-11, 

respectively at phenotypic level. A negative association with days to first picking and 
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seed yield per plant has also been noticed by Rathi and Dhaka (2007). Contrary to the 

present findings, positive association of days to 50% flowering with pod length has been 

noticed by Srivastava et al (1972). Similar association of days to first picking has also 

been reported by earlier workers with various characters namely, pod length (Korla and 

Rastogi 1977; Teotia et al. 1983; Srivastava and Singh 1989), seeds per pod (Korla and 

Rastogi 1977; Teotia et al. 1983; Kumar et al. 2003), shelling percentage (Korla and 

Rastogi 1977), and 100-seed weight (Kumar et al. 2003). 

Number of branches exhibited positive association with total biomass, pods per 

plant, starch content and reducing sugars during 2009-10, with plant height, pods per 

plant, intemodal length, harvest index and pod length during 2010-11, and intemodal 

length, plant height, pod length, pods per plant, total biomass and harvest index in pooled 

over years at both phenotypic and genotypic levels. However, total sugars and reducing 

sugars at phenotypic level and seeds per pod, shelling (%), ascorbic acid and starch 

content at genotypic level also showed positive association with number of branches in 

pooled over years. A positive association of branches per plant have been reported 

earlier by various researchers with plant height (Sirohi et al. 2006), pod length and pods 

per plant (Kumar et al. 2003; Sirohi et al. 2006), seed yield per plant (Singh et al. 1987), 

and seeds per pod and 100-seed weight (Kumar et al. 2003). Significant positive 

correlation of intemodal length was observed with plant height, seeds per pod, pod 

length, harvest index, total biomass and pods per plant at both phenotypic and genotypic 

levels during both the years except harvest index during 2010-11, and pods per plant at 

genotypic level during 2009-10, although all these characters showed positive association 

at both levels on pooling of data over years. In addition, positive correlation of ascorbic 

acid and total sugars at both levels, and 100-seed weight and protein content at genotypic 

level with intemodal length was also found. Similarly, nodes per plant was positively 

associated with plant height at both levels and years, besides had positive association 

with pods per plant at both levels and that with shelling (%) and total biomass at 

genotypic level during 2009-10. In pooled over years, plant height and total biomass had 

positive associations with nodes per plant at both the levels, while, it showed the same 

association with shelling (%) and pods per plant at phenotypic and genotypic levels, 

respectively. 



81 

A positive association of plant height was recorded with pod length, harvest 

index, seeds per pod, total biomass, pods per plant and shelling (%) at phenotypic and 

genotypic levels over the years and pooled over years except shelling (%) and harvest 

index at phenotypic level during 2009-10 and 2010-11, respectively. Earlier reports of 

various workers with their respective genetic materials and locations have also revealed 

similar association of plant height with pod length (Kumar et al. 1998; Sirohi et al. 2006), 

shelling percentage (Kumar et al. 2004), pods per plant (Pandey and Gritton 1975; 

Narsinghani et al. 1978; Kumar et al. 2003; Sirohi et al. 2006), and harvest index (Kumar 

et al. 2003; Sirohi et al. 2006). In contrary, Nandpuri et al. (1973) reported negative 

correlation of plant height with seeds per pod. 

Pod length showed positive association with seeds per pod, 100-seed weight, 

harvest index, and protein content during both the years at genotypic and phenotypic 

levels; with total biomass and total sugars during 2009-10 and 2010-11, respectively at 

both the levels; with shelling (%) over the years and total soluble solids during 2009-10 

at genotypic level alone. Similarly, on pooling of data over the years, it revealed positive 

association with seeds per pod, total biomass, harvest index, 100-seed weight, total 

soluble solids, protein content and total sugars at both the levels, along with shelling (%) 

and ascorbic acid at genotypic level. Earlier workers have also found similar association 

of pod length with seeds per pod (Srivastava et al. 1972; Teotia et al. 1983; Kumar et al. 

2003), shelling percentage (Korla and Rastogi 1977) and 100-seed weight (Kumar et al. 

2004). 

Similarly, seeds per pod had positive association with harvest index, total 

biomass, shelling (%), ascorbic acid and pods per plant over the years and pooled over 

years except pods per plant at phenotypic level during 2009-10, and that with 100-seed 

weight during 2009-10, and total sugars and protein content during 2010-11 and pooled 

over years at both genotypic and phenotypic levels. Contrary to 2010-11, reducing sugars 

showed negative association with seeds per pod during 2009-10. Shelling (%) revealed 

positive correlation with pods per plant and total biomass during both the years and 

pooled over years except total biomass during 2009-10 at both genotypic and phenotypic 

levels. In addition, it had positive association with reducing sugars at phenotypic level, 
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and harvest index, ascorbic acid, protein content and total sugars at genotypic level in 

pooled over years. However, negative association between seeds per pod and protein 

content have been observed by Peshin (1975) and that of shelling (%) and pods per plant 

by Nandpuri et al. (1973) and Kumar and Shamia (2006). 

A significant positive association was noticed for pods per plant wdth total 

biomass and harvest index, and total biomass with 100-seed weight during 2009-10, 

2010-11 and pooled over years at both phenotypic and genotypic levels. Besides, a 

positive association of pods per plant with ascorbic acid and total sugars, and total 

biomass with harvest index and total sugars was also found on pooling of data over the 

years at genotypic level. These findings are in consonance with those of earlier workers 

who found positive association of pods per plant with total biomass (Kumar and Sharma 

2006) and harvest index (Kumar et al. 2003). Besides, both these traits had shown 

negative association with total sugars during 2009-10. Contrary, total biomass had 

positive association vsdth total sugars during 2010-11. 

A positive association at both genotypic and phenotypic levels was also observed 

for traits viz., harvest index ^vith ascorbic acid and 100-seed weight, ascorbic acid with 

protein content, and reducing sugars with starch content (except at phenotypic level, 

2009-10) during both the years and pooled over years; 100-seed weight with reducing 

sugars and ascorbic acid during 2009-10 and pooled over years, and that of protein 

content wdth total sugars during 2010-11 and pooled over years, and harvest index with 

starch content and reducing sugars during 2010-11. Moreover, positive correlations were 

also found for harvest index with protein content and total sugars during 2010-11 and 

pooled over years along with 100-seed weight with protein content and total sugars, total 

soluble solids with total sugars, and protein content with reducing sugars in pooled over 

years at genotypic level. A negative association was noticed for ascorbic acid with 

reducing sugars during 2009-10 and that of total soluble solids with protein content in 

2010-11 and pooled over years at both genotypic and phenotypic levels. Total soluble 

solids also revealed negative association with protein content and ascorbic acid during 

2009-10 and with ascorbic acid in pooled over years at genotypic level. 
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On the basis of correlation studies and their coefficients of determination, it can 

be concluded that the selection for pods per plant, pod length, seeds per pod, plant height, 

total biomass and harvest index will be effective for isolating plants with higher fresh pod 

yield and seed yield. A significant and positive correlation between seed yield and fresh 

pod yield per plant is of significance as it indicated the possibility of development of dual 

purpose pea variety. 

4.3 Path coefficient analysis 

Yield is a complex character with polygenic inheritance and depends upon series 

of processes viz., phenological, canopy development, biomass production etc. that are 

driven by environment influences. The performance of a genotype is ultimately 

determined by the integrated effect of genotype and environment. The end product, yield 

has often been described as the product of its component traits which show inter

dependence (Wilson 1987). The path coefficient analysis allows partitioning of 

correlation coefficients into direct and indirect effects of various traits towards dependent 

variable and thus, helps in assessing the cause-effect relationship as well as effective 

selection. It plays an important role in determining the degree of relationship between 

yield and its component effects and also permits critical examination of specific factors 

that provide a given correlation. The effects of yield components via path analysis were 

examined only for significant correlated traits with yield (fresh and seed). 

The present study revealed that the direct effects obtained at genotypic level were 

markedly different from those at phenotypic level. These differences might be due to 

varying degree of influence of environment on various traits studied, which were also 

observed from the results of component variance analysis and correlation studies. In few 

cases, the direct effects were observed to be of opposite sign (positive to negative and 

vice-versa) at corresponding phenotypic and genotypic levels like first flower node, days 

to first picking, plant height, pod length, protein content and total sugars on fresh pod 

yield (Table 4.8) and that of days to first flower, days to 50% flowering, intemodal 

length, pod length, seeds per pod, shelling (%), pods per plant, 100-seed weight, total 

soluble solids and reducing sugars on seed yield per plant during 2009-10 (Table 4.11) 

while the same contrasting effects were revealed for days to first flower, nodes per plant, 
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plant height and total soluble solids on fresh pod yield and that of first flower node, days 

to 50% flowering, days to first picking, number of branches, nodes per plant, plant 

height, pod length, pods per plant, pod yield per plant and 100-seed weight on seed yield 

per plant during 2010-11 (Table 4.9). 

Pooling of data over years at genotypic and phenotypic levels also revealed 

contrasting effects with positive to negative and vice-versa on the direct effects of days to 

first picking, number of branches, seeds per pod, shelling (%) and reducing sugars on pod 

yield per plant (Table 4.10) and that of days to first flower, days to 50% flowering, days 

to first picking, intemodal length, plant height, pod length, seeds per pod, pods per plant, 

pod yield per plant, ascorbic acid, reducing sugars and starch content on seed yield per 

plant (Table 4.13). Such a change in direction and magnitude of direct and indirect effects 

might be due to environmental factors influencing various traits. This indicates that the 

path analysis at the phenotypic level may not provide a true picture of direct and indirect 

causes and therefore, it would be advisable to understand the contribution of different 

traits towards the fresh pod yield and seed yield per plant, respectively at the genotypic 

level. Fresh pod yield per plant and seed yield per plant were taken as dependent variable 

and all other traits used for correlation were used as causal variables. 

Direct and indirect effects of different traits on pod yield per plant 

Pods per plant and pod length had maximum positive direct effects on fresh pod 

yield per plant during both the years at phenotypic level and only at genotypic level 

during 2010-11 (Table 4.8 and 4.9). At genotypic level during 2009-10, the high positive 

direct effects on pod yield per plant were due to seeds per pod followed by nodes per 

plant, pods per plant, days to first picking, first flower node and ascorbic acid. Besides, 

seeds per pod, ascorbic acid, nodes per plant, number of branches and plant height at 

phenotypic level during 2009-10, and reducing sugars, nodes per plant, ascorbic acid, 

intemodal length and total sugars at genotypic level during 2010-11 had also appreciable 

direct contribution to the total association with fresh pod yield per plant. At phenotypic 

level during 2010-11, reducing sugars, total sugars, ascorbic acid, intemodal length and 

days to first flower had also contributed directly to some extent on the total association 
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with pod yield per plant. The direct effects of remaining traits were low. Pooled data over 

years (Table 4.10) indicated the maximum direct effects of pods per plant and pod length 

at phenotypic level and that of pod length followed by pods per plant, days to first 

picking, intemodal length and shelling (%) at genotypic level on pod yield per plant. 

Earlier researchers have also reported direct and positive effects of pods per plant 

(Wakankar et al 1974; Kalloo and Dhankar 1977; Singh and Singh 1985; Kumar et al. 

1995; Ramesh and Tewatia 2002; Chaudhary and Sharma 2003; Singh et al. 2005; Kaur 

et al. 2007; Rathi and Dhaka 2007; Sharma et al. 2007; Nawab et al. 2008), pod length 

(Singh and Ram 1988; Kaur et al. 2007; Rathi and Dhaka 2007; Sharma et al. 2007), 

seeds per pod (Singh and Ram 1988; Kumar et al. 1995; Chaudhary and Sharma 2003; 

Kaur et al. 2007; Rathi and Dhaka 2007; Nawab et al. 2008), first flower node (Kaur et 

al. 2007), days to first picking (Narsinghani et al. 1978; Ramesh and Tewatia 2002), 

number of branches (Kaur et al. 2007), nodes per plant (Ramesh and Tewatia 2002), 

plant height (Chandel and Joshi 1976; Narsinghani et al. 1978; Nawab et al. 2008), and 

total sugars (Ramesh and Tewatia 2002) on the total association with pod yield per plant. 

Further, it was also observed that indirect effect of pods per plant substantially 

enhanced the magnitude of total correlation of number of branches, intemodal length, 

nodes per plant, plant height and shelling (%) at phenotypic level during both the years, 

and at genotypic level during 2010-11 except nodes per plant at both levels during 2010-

11 (Table 4.8 and 4.9). At genotypic level during 2009-10, indirect effects via seeds per 

pod and nodes per plant canceled the negative direct effects of intemodal length, plant 

height and shelling (%) and resulted in positive association with fresh pod yield per plant, 

and also enhanced the extent of association of pods per plant. Indirect contributions of 

both pod length and seeds per pod to each other at phenotypic level during 2009-10 and 

that of pod length to seeds per pod at genotypic and phenotypic levels during 2010-11, 

and seeds per pod to pod length at genotypic level during 2009-10 build up their 

correlation levels with pod yield per plant. Indirect contribution of pods per plant further 

added to increase the magnitude of total association of seeds per pod at both levels over 

the years and also resulted in significant association of ascorbic acid and reducing sugars 

wdth fresh pod yield per plant at both levels during 2010-11. Joshi and 
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Narsinghani (1992) also suggested pods per plant as the most reliable component in 

breeding programme in pea for increased yield potential. Pod length had also contributed 

indirectly to the total association of plant height and total sugars both at phenotypic and 

genotypic levels and that of intemodal length, number of branches, shelling (%) and 

ascorbic acid only at genotypic level during 2010-11. 

Similarly, pooled data over years indicated that the indirect contribution of pods 

per plant and pod length increased the total association of number of branches, intemodal 

length, plant height, seeds per pod and ascorbic acid at both phenotypic and genotypic 

levels (Table 4.10). The magnitude of these characters was so high that they nullified the 

negative direct contribution of number of branches, seeds per pod and plant height at 

genotypic level. In addition, intemodal length, nodes per plant and shelling (%) also 

added substantially through their indirect contribution to number of branches, pod length 

and seeds per pod along with contribution of shelling (%) and intemodal length to pods 

per plant at genotypic level. 

Direct and indirect effects of different traits on seed yield per plant 

Path analysis for seed yield per plant revealed that total biomass and harvest index 

had maximum positive direct effects at both genotypic and phenotypic levels during 

2010-11 and pooled over years (Tables 4.12 and 4.13) and only at phenotypic level 

during 2009-10 (Table 4.11). The direct contribution of pods per plant at genotypic level 

in pooled over years was also of high magnitude followed by pod length. On the other 

hand, pod yield per plant and total biomass had the maximum positive direct effects on 

seed yield per plant at genotypic level during 2009-10 (Table 4.11). In addition, 

intemodal length, plant height, shelling (%), harvest index, pod length, days to first 

picking and total sugars during 2009-10 and that of pods per plant, pod length, protein 

content, seeds per pod and intemodal length during 2010-11 had also contributed directly 

to some extent towards seed yield per plant at genotypic level. On the other hand, at 

phenotypic level, pods per plant, plant height, pod yield per plant, days to first picking, 

seeds per pod and 100-seed weight during 2009-10 and that of pod yield per plant, 100-

seed weight, seeds per pod, intemodal length and plant height during 2010-11 had also 
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ô S ( N • ^ 5S 
— 2 •V 

— 
rM 0 

0 •̂ ^ ° 0 0 

-. 0 
0 9 9 d d 9 d 

O O O O 1 i i 9 9 9 d d 

l ? l l i 
O so O OS O S 9 S H 

0 0 0 0 — 0 9 0 0 

9 9 9 0 0 9 9 9 9 9 9 9 

(N O ^ O — , 
0 0 0 0 0 , 

s 2 ; : ?; «? 

d 9 d 9 9 d d d d 9 d 9 9 ' 
3 § S o oc o 

d 9 9 
§ 2 

d 9 

o c o — 
0 0 9 0 9 0 0 0 0 

iilililil 
o o o ^ o o o r s o o o o o o o o o o 

iliiiiiili 
Q . O e i - O a . O f t . O a . O o , O c - O o . O a . O a . O i a . O o - O a . O c L O a - O c L O c i . O e . O a . O a , O Q , O a . O 

^ -s 

III; lllIJl I I J i l l I liLLii III II k it J 

o 

§ s 
9 8 
^ c 
O .2 
<N 

!-0 0 
0 

ft. ̂  •n C 0 
0 0 

« VI 
S ft. 
> « TJ 
C S 
« 0 

u. 
X a c 
D 



91 

o 
a 
bl) 

& 

O 

s 
a 
a 
C3 

I 
1 
e 
o 

I 
o 

o 
"3 I—I 

« >-* 
fll I 

( M O 

U DC 
ix a 

& s 

o .S 

S i i 

ti O 

1—1 

IS 
H 

.is 

I f 

J-s. 

': S)E 

= •8 

? ? -̂  ^ 2 K = 
o o 9 <? 2 2 

(^ f̂  <s (^ , a « a ? °. s a n vi o\ >o 
o d tf> o O O 9 O O 

>0 >0 VO M f^ V 

•e o w-1 o - -
o o o o o iii|iiii||i?i||?|i.,.,o,. 

o o o o o o o o o o o o o o o o o o o o o o o o o o o 
o o o o' o o o o o o o o o o o 

o o o o o o o o o o o o g o o o o o 
o c o o o o o o o c o o o o o o o o 

^ ^ "3- O ̂  ŵ  
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direct contribution to certain extent towards seed yield per plant. Earlier reports have also 

indicated the importance of direct effects of biological yield (Togay et al. 2008), harvest 

index (Singh and Mishra 2002; Singh 2007), pods per plant (Singh and Mishra 2002; 

Arya et al 2004a; Singh et al. 2005; Singh and Yadav 2005; Singh 2007; Singh et al. 

2008; Togay et al. 2008; Esposito et al. 2009; Guleria et al. 2009; Sharma et al. 2009; 

Awasthi et al. 2011; Singh et al. 2011), seeds per pod (Joshi and Narsinghani 1992; 

Singh 2007; Esposito et al 2009), pod length (Singh and Yadav 2005; Singh 2007) and 

plant height (Arya et al 2004a) on the total association of seed yield per plant and were 

suggested as the most reliable components in pea breeding programmes. 

The maximum indirect contribution via total biomass resulted in the significant 

positive association with seed yield per plant for the characters viz., plant height, pod 

length, seeds per pod, shelling (%), pods per plant, pod yield per plant and 100-seed 

weight during 2009-10 at phenotypic level, and intemodal length, plant height, pods per 

plant, pod yield per plant and total sugars at both phenotypic and genotypic levels during 

2010-11 (Table 4.11 and 4.12). The total biomass at phenotypic level had also nullified 

the negative direct effects of pod length and shelling (%) during 2009-10 and that of pods 

per plant and total sugars during 2010-11, whereas at genotypic level during 2010-11, it 

had negated the negative direct effects of plant height, pod yield per plant and total 

sugars. Contrary to total biomass, maximum indirect effect via pod yield per plant 

resulted in the total association of first flower node, intemodal length, nodes per plant, 

plant height, pod length, seeds per pod, shelling (%), pods per plant, total biomass, 

harvest index and 100-seed weight with seed yield per plant at genotypic level during 

2009-10 and had also canceled the negative direct effects of first flower node, nodes per 

plant, seeds per pod, pods per plant and 100-seed weight. In addition, harvest index had 

maximum indirect contribution on intemodal length at phenotypic level during 2009-10, 

and number of branches, pod length, seeds per pod, 100-seed weight and ascorbic acid at 

phenotypic and genotypic levels during 2010-11 along with protein content and reducing 

sugars at genotypic level during 2010-11. 

Pooled data over years showed the significance of total biomass and harvest index 

by their maximum indirect contribution to the total association of number of branches, 

intemodal length, plant height, pod length, seeds per pod, shelling (%), pods per plant, 
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pod yield per plant, 100-seed weight and ascorbic acid on seed yield per plant at both 

phenotypic and genotypic levels (Table 4.13). Both these traits also had significant 

indirect contribution for quality traits viz., protein content, total sugars and reducing 

sugars at genotypic level. The negative direct effect of pod yield on seed yield per plant 

was cancelled by the high magnitude of indirect contribution of total biomass and harvest 

index. In addition, pods per plant had also contributed indirectly to total biomass, shelling 

(%), harvest index, plant height, ascorbic acid and intemodal length at genotypic level to 

increase the magnitude of total association with seed yield per plant. Indirect 

contribution of plant height, branches per plant, seeds per pod, pod length and harvest 

index on seed yield per plant had also been observed by Singh and Singh (2005) and that 

of biological yield and harvest index by Usmani and Dubey (2007). 

The low magnitude of unexplained variation in the respective years of 2009-10, 

2010-11 and pooled over years at genotypic levels (0.08, -0.01 and 0.01 for fresh pod 

yield and -0.002, 0.005 and 0.005 for seed yield per plant) indicated that the traits 

included in the present investigation accounted for the greater part of the variation 

present in the dependent variable (Tables 4.8-4.13). 

In view of the direct and indirect contribution of component traits, selection on 

the basis of pods per plant, pod length, seeds per pod and nodes per plant for fresh pod 

yield per plant and that of total biomass, pod yield per plant, pods per plant and harvest 

index for seed yield per plant would be a paying preposition for evolving high yielding 

genotypes. Patel et al. (2006) also emphasized the importance of pods per plant and 

harvest index in the improvement of seed yield of garden pea. 

4.4 Genetic divergence studies 

The extent of genetic diversity plays an important role in varietal improvement 

programme of a particular crop. D^ statistic is a powerfiil tool for estimating genetic 

diversity among different genotypes and to identify the parents for hybridization to obtain 

desirable recombinants. The assessment of genetic divergence helps in reducing the 

number of breeding lines from the large germplasm and the progenies derived from 

diverse parents are expected to show a broad spectrum of genetic variability and provide 

better scope to isolate superior recombinants. 
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4.4.1 Test of significance 

The technique of multivariate analysis was used for grouping of genotypes into 

clusters. Test of significance based on Wilk's criterion for each pair of population were 

found to be significant in 2009-10, 2010-11 and pooled over years which implies that the 

populations in the respective years differ significantly vnth respect to mean values. The 

'D^' values obtained for a pair of population taken as the calculated value of 5̂  and were 

tested against the tabulated value of %̂ . Most of the D^ values, with a few exceptions were 

found to be significant in both the years and pooled over years. 

4.4.2 Grouping of genotypes into clusters 

On the basis of D^ values for all possible pairs, 41 genotypes of garden pea were 

arranged into 8, 13 and 5 clusters in 2009-10, 2010-11 and pooled over years, 

respectively (Table 4.14) following Tocher's procedure (Rao 1952) and also depicted 

through dendrograms (Figures 2, 3 and 4), indicating thereby different clustering patterns 

over the years. Different clustering patterns in garden pea were also reported by earlier 

workers viz., Kumar et al. ('1994), Sureja and Sharma (2001), Singh and Singh (2003), 

Arya et al. (2004 b), Tiwari et al. (2004), Yadav et al (2004), Gupta and Singh (2006), 

Kumar et al. (2006), Singh and Singh (2006), Kumar et al. (2007), Singh et al. (2007), 

Singh and Mishra (2008), Sharma et al (2009), Yadav et al (2009) and Devi et al 

(2010). The composition of clusters on the basis of D^ statistic differed between years 

which showed inconsistent clustering behaviour of some of the genotypes due to the 

influence of environmental variations. Such differences in clustering pattern over years 

have also been reported by Gupta et al. (1992), Partap et al (1992) and Vikas and Singh 

(1999). 

In both the years and pooled over years, cluster I was the largest one. Vikas and 

Singh (1999), Arya et al (2004 b) , Gupta and Singh (2006)), Kumar et al. (2006), 

Kumar et al. (2007), Singh and Mishra (2008) and Devi et al (2010) also arranged 

genotypes into different clusters and reported cluster I as the largest one. In the year 

2009-10, out of the 8 clusters of 41 genotypes, the largest cluster I comprising of 

53.66% genotypes ('DPPMFWR-20', 'DPPMR-09-9', 'DPPMFWR-1', 'DPP-89', 
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Table 4.14 Cluster compositions in garden pea following multivariate analysis in 
2009-10,2010-11 and pooled overyears  

Cluster 
number 

II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 

1 

No. of 
genotypes 

Genotypes 

22 

II 1 
III 1 
IV 1 
V 9 

VI 5 
VII 1 
VIII 1 

26 

2009-10 
DPPMFWR-20, DPPMR-09-9, DPPMFWR-1, DPP-89, DPPMFWR-12, 
DPP-3-1, DPPM-07-30, DPPMFWR-5, DPPMR-09-5, Palam Priya, DPP-
100, DPPMR-09-2, DPP-11-2, VP-215, DPPMFWR-3, Azad P-1, DPP-
168, DPP-17-2, Lincoln, DPPM-65, DPPMFWR-8, DPPMFWR-2 
DPPMR-09-1 
DPPMFWR-27 
DPPMFWR-30-1 
DPPM-1, DPPM-07-4, DPPMFWR-3 0-2, DPPMFWR-4, DPPM-74, 
Green Pearl, Punjab-89, DPPMFWR-11, DPPM-64 
DPPM-22, DPPM-72, DPPM-07-9, DPPMR-09-3, DPPMFWR-29 
DPPM-73 
DPP-25G 

2010-11 
DPPM-65, DPPM-72, DPPM-73, DPPMFWR-11, DPPMFWR-5, Azad P-
1, DPPMFWR-30-1, DPPM-1, DPPMFWR-4, Green Pearl, DPPMFWR-
27, DPP-100, DPPMF^VR-30-2, Palam Priya, DPPM-22, DPP-17-2, DPP-
168, DPPMR-09-3, DPPMR-09-5, DPPM-07-30, DPP-89, DPPM-07-4, 
Lincoln, DPPMFWR-1, DPPMFWR-8, DPP-3-1 
DPPMFWR-12 
DPPMFWR-20 
DPPM-07-9, DPPMR-09-9, DPPMR-09-2 
DPPM-74 
Punjab-89 
VP-215 
DPPMFWR-3 
DPPMR-09-1 
DPPMFWR-2, DPP-25G 
DPPMFWR-29 
DPPM-64 
DPP-11-2 

Pooled over years 
DPPM-1, DPPM-65, DPPM-72, DPP-17-2, DPPM-07-30, DPP-3-1, 
DPPMFWR-5, DPPMFWR-4, DPPMFWR-20, DPPMFWR-11, VP-215, 
DPPMFWR-30-1, DPP-168, DPPMFWR-27, DPPM- 07-4, DPPMFWR-
30-2, DPP-100, DPP-89, Azad P-1, DPPMR-09-9, DPPMR-09-1, 
DPPMFWR-8, DPPMFWR-3, DPPMFWR-1, DPPMR-09-5, Green Pearl, 
DPPM-22, Lincoln, Palam Priya, DPPMR-09-3, DPPM-07-9, 
DPPMFWR-12, DPPM-74, DPP-11-2, DPPM-73, DPPMR-09-2, Punjab-
89 
DPPMFWR-2 
DPP-25G 
DPPMFWR-29 
DPPM-64 

37 

II 1 
III 1 

rv 1 
V 1 
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Fig. 2 Dendrogram showing grouping of 41 garden pea genotypes generated using 
D^ cluster analysis (Tocher's method) during 2009-10 
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Fig, 3 Dendrogram showing grouping of 41 garden pea genotypes generated using 
D^ cluster analysis (Tocher's method) during 2010-11 
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'DPPMFWR-12', 'DPP-3-1', 'DPPM-07-30', 'DPPMFWR-5', 'DPPMR-09-5', 'Palam 

Priya', 'DPP-lOO', 'DPPMR-09-2', 'DPP-11-2', 'VP-215', 'DPPMFWR-3',' AzadP-1', 

'DPP-168', 'DPP-17-2', 'Lincoln', 'DPPM-65', 'DPPMFWR-8' and 'DPPMFWR-2') 

followed by cluster V with 9 genotypes ('DPPM-1', 'DPPM-07-4', 'DPPMFWR-30-2', 

'DPPMFWR-4', 'DPPM-74', 'Green Pearl', 'Pimjab-89', 'DPPMFWR-11' and 'DPPM-

64') and cluster VI with 5 genotypes ('DPPM-22', 'DPPM-72', 'DPPM-07-9', 'DPPMR-

09-3' and 'DPPMFWR-29'). The remaining five clusters namely, II ('DPPMR-09-1'), III 

CDPPMFWR-27'), IV CDPPMFWR-30-r), VII CDPPM-73') and VIII CDPP-25G') 

were monogenotypic, i.e. contained only one genotype. 

On the other hand, in the year 2010-11, all these 41 genotypes were grouped into 

13 clusters (Table 4.14). Similar to previous year, the cluster I was the largest consisting 

of 26 genotypes with 63.41% constitution ('DPPM-65', 'DPPM-72', 'DPPM-73', 

'DPPMFWR-11', 'DPPMFWR-5', 'Azad P-1', 'DPPMFWR-3 0-1', 'DPPM-1', 

'DPPMFWR-4', 'Green Pearl', 'DPPMFWR-27', 'DPP-lOO', 'DPPMFWR-30-2', 

'Palam Priya', 'DPPM-22', 'DPP-17-2', 'DPP-168', 'DPPMR-09-3', 'DPPMR-09-5', 

'DPPM-07-30', 'DPP-89', 'DPPM-07-4', 'Lincoln', 'DPPMFWR-l', 'DPPMFWR-8'and 

'DPP-3-r) followed by cluster IV with 3 genotypes ('DPPM-07-9', 'DPPMR-09-9' and 

'DPPMR-09-2') and cluster X with 2 genotypes ('DPPMFWR-2' and 'DPP-25G'). 

Clusters II, III, V, VI, VII, VIII, IX, XI, XII and XIII contained one genotype each viz., 

'DPPMFWR-12', 'DPPMFWR-20', 'DPPM-74', 'Punjab-89', 'VP-215', 'DPPMFWR-

3', 'DPPMR-09-1', 'DPPMFWR-29', 'DPPM-64' and 'DPP-11-2', respectively 

suggesting that these genotypes diverged most from others. 

Pooling of data showed that the genotypes were arranged into 5 clusters with 

cluster I representing 90.24% i.e. 37 genotypes (Table 4.14). Clusters II, III, IV and V 

were monogenotypic, comprising of genotypes 'DPPMFWR-2', 'DPP-25G', 

'DPPMFWR-29' and 'DPPM-64', respectively. Partap et al. (1992), Vikas and Singh 

(1999), Arya et al. (2004 b), Singh and Singh (2006), Singh and Mishra (2008) also 

observed clusters with one genotype only and also suggested that such genotypes 

diverged most from others. 
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The clustering of the genotypes was random and indicating that there was no 

parallelism between clustering pattern and geographical diversity as different clustering 

patterns were formed during the respective years and pooled over years. However, 14 

genotypes from cluster I ('DPPM-65', 'DPPMFWR-5', 'Azad P-1', 'DPP-lOO', 'Palam 

Priya', 'DPP-17-2', 'DPP-168', 'DPPMR-09-5', 'DPPM-07-30', 'DPP-89', 'Lincoln', 

'DPPMFWR-r, 'DPPMFWR-8' and 'DPP-3-1') and the best performing genotype 

'DPPM-74' from cluster V showed consistency in clustering pattern by remaining in the 

same group over both the years. Beside, 'DPPMR-09-r also showed consistency by 

maintaining monogenotypic cluster over the years. Similarly, Gupta et al. (1992) and 

Vikas and Singh (1999) also observed consistency in clustering pattern of genotypes over 

enviroimients. Pooled data over years implies that all the 14 genotypes which showed 

consistency over the years, had maintained the same pattern, while 'DPP-25G' and 

'DPPM-64' showed consistency to some extent by maintaining monogenotypic cluster in 

one of the year and pooled over years. 

The clustering pattern revealed that the genotypes of same geographical 

distribution fall into different clusters which indicated the influence of genetic 

constitution of the genotypes in the clustering pattern. This suggests that genetic diversity 

is not always related to geographical diversity (Partap et al. 1992; Kumar et al. 1994; 

Sureja and Sharma 2001; Tiwari et al. 2004; Kumar et al. 2006; Kumar et al. 2007). 

4.4.3 Average intra and inter-cluster distances 

The intra-cluster distance ranged from 0 to 3.46 with the highest in cluster VI 

(3.46) followed by cluster I (3.32) and cluster V (3.22) in the year 2009-10. The clusters 

II, III, IV, VII and VIII were constituted by a single genotype each and hence, their intra-

cluster distance was zero (Table 4.15). In the year 2010-11, the intra-cluster distances 

were comparable in cluster IV (2.90), cluster I (2.76) and cluster X (2.63), while for 

clusters II, III, V, VI, VII, VIII, IX, XI, XII and XIII, the intra-cluster divergence was 

zero (Table 4.16). Similarly, the intra-cluster distance varied from 0 to 1.75 with the 

highest in cluster I and the remaining monogenotypic clusters had zero distance in pooled 

over years (Table 4.17). Vikas and Singh (1999), Singh and Singh (2003), Yadav et al. 

(2004), Kumar et al. 2006, and Sharma et al. (2009) also observed maximum intra-cluster 
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variation among genotypes. Since the intra-cluster distance was low, the chances of 

developing good segregants by hybridization among parents within cluster would be low. 

Therefore, it is logical to attempt crosses between genotypes falling in different clusters 

based on inter-cluster distance. 

Table 4.15 Average intra and inter-cluster distances in garden pea during 2009-10 

Clusters I II III IV V VI VII VIII 

1 11.05 
(3.32) 

12.84 

(3.58) 
13.83 
(3.72) 

13.56 
(3.68) 

18.20 
(4.27) 

17.04 
(4.13) 

13.11 
(3.62) 

24.29 
(4.93) 

II 0.00 
(0.00) 

6.04 
(2.46) 

6.20 
(2.49) 

9.77 
(3.13) 

23.53 
(4.85) 

11.22 
(3.35) 

32.29 
(5.68) 

III 0.00 
(0.00) 

7.62 
(2.76) 

9.52 
(3.09) 

24.34 
(4.93) 

11.68 
(3.42) 

32.68 
(5.72) 

IV 0.00 
(0.00) 

9.94 
(3.15) 

24.89 
(4.99) 

13.88 
(3.73) 

32.55 
(5.71) 

V 10.39 
(3.22) 

29.40 
(5.42) 

16.21 
(4.03) 

37.63 
(6.13) 

VI 11.95 
(3.46) 

19.03 
(4.36) 

15.90 
(3.99) 

VII 0.00 
(0.00) 

28.29 
(5.32) 

VIII 0.00 
(0.00) 

Values in bold figures are mtra-cluster distances 
Values in parenthesis are VD^= D values 

The inter-cluster distance ranged from 6.04-37.63, 7.18-16.43 and 3.02-8.35 

during 2009-10, 2010-11 and pooled over years, respectively (Tables 4.15, 4.16 and 

4.17). The maximum inter-cluster genetic divergence was recorded between clusters V 

and VIII (37.63) followed by clusters III and VIII (32.68), clusters IV and VIII (32.55) 

and clusters II and VIII (32.29) suggesting wide diversity among genotypes of the two 

clusters due to different genetic constitution in 2009-10. Therefore, genotypes within 
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Table 4.16 Average intra and inter-cluster distances in garden pea during 2010-11 

Clusters I II III IV V VI VII VIII IX X XI XII XIII 

i 7M 9^68 8!79 SS7 s l s 10.59 8.80 924 9^39 10.85 10.31 10.86 11.94 

(2.76) (3.11) (2.96) (2.99) (2.98) (3.25) (2.97) (3.04) (3.06) (3.29) (3.21) (3.30) (3.46) 

II 0.00 8.81 11.27 8.21 15.75 13.10 7.27 10.76 12.02 9.56 15.45 15.80 

(0.00) (2.97) (3.36) (2.87) (3.97) (3.62) (2.70) (3.28) (3.47) (3.09) (3.93) (3.97) 

III 0.00 8.21 7.18 11.92 10.55 11.15 12.38 11.51 12.72 12.32 16.32 

(0.00) (2.87) (2.68) (3.45) (3.25) (3.34) (3.52) (3.39) (3.57) (3.51) (4.04) 

IV 8.40 10.03 12.33 10.64 10.06 11.36 10.45 12.55 12.15 15.36 
(2.90) (3.17) (3.51) (3.26) (3.17) (3.37) (3.23) (3.54) (3.49) (3.92) 

V 0.00 10.93 9.99 10.22 11.71 13.57 12.81 11.07 15.18 

(0.00) (3.31) (3.16) (3.20) (3.42) (3.68) (3.58) (3.33) (3.90) 

VI 0.00 7.76 15.27 13.24 14.75 15.13 7.99 12.35 
(0.00) (2.79) (3.91) (3.64) (3.84) (3.89) (2.83) (3.51) 

VII 0.00 11.74 10.97 12.43 12.07 10.74 9.99 
(0.00) (3.43) (3.31) (3.53) (3.47) (3.28) (3.16) 

VIII 0.00 9.24 10.99 9.16 14.66 13.64 

(0.00) (3.04) (3.32) (3.03) (3.83) (3.69) 

IX 0.00 9.72 10.48 13.64 10.04 
(0.00) (3.12) (3.24) (3.69) (3.17) 

X 6.94 12.80 15.87 15.03 

(2.63) (3.58) (3.98) (3.88) 

XI 

XII 

XIII 

Values in bold figures are intra-cluster distances 
Values in parenthesis are VD^= D values 

0.00 16.43 11.24 
(0.00) (4.05) (3.35) 

0.00 14.82 

(0.00) (3.85) 

0.00 
(0.00) 
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Table 4.17 Average intra and inter-cluster distances in garden pea in pooled over 
years 

Clusters I II III IV V 

II 

III 

IV 

V 

3.08 4.16 5.10 4.72 5.30 
(1.75) (2.04) (2.26) (2.17) (2.30) 

0.00 3.02 5.06 7.74 
(0.00) (1.74) (2.25) (2.78) 

0.00 5.51 8.35 
(0.00) (2.35) 

0.00 
(0.00) 

(2.89) 

7.80 
(2.79) 

0.00 
(0.00) 

Values in bold figures are intra-cluster distances 
Values in parenthesis are VD^= D values 

clusters might not be selected rather selected from different clusters for further 

hybridization among themselves. The cluster II and III (6.04) had the minimum inter-

cluster distance. On the other hand, in 2010-11, the highest genetic divergence at inter-

cluster level was observed between clusters XI and XII (16.43) followed by clusters III 

and XIII (16.32), clusters X and XII (15.87), clusters II and XIII (15.80) and clusters II 

and VI (15.75). The inter-cluster proximity was the maximum between clusters III and V 

(7.18). Similarly, in pooled over years, the highest inter-cluster genetic divergence was 

found in clusters III and V (8.35) followed by clusters IV and V (7.80), and clusters II 

and V (7.74) while clusters II and III (3.02) showed maximum inter-cluster proximity. 

This clearly indicates that the genotypes included in the clusters wdth high inter-

cluster distance showed sufficient genetic diversity and selection of parents from these 

diverse clusters would be useful in hybridization programme for improving yield and 

other desirable horticultural traits. The crosses involving the diverse genotypes would be 

expected to manifest maximum heterosis and release of desirable recombinants in 
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segregating generations. Based on inter-cluster distance, the earlier workers also 

suggested selection of parents from diverse clusters for utilization in hybridization 

programme to obtain desirable transgressive segregants (Gupta et al. 1992; Partap et al. 

1992; Vikas and Singh 1999; Singh and Singh 2003; Arya et al. 2004b; Tiwari et al. 

2004; Kumar et al. 2006; Singh and Singh 2006; Singh et al. 2007; Singh and Mishra 

2008; Yadav et al. 2009). 

4.4.4 Cluster means and contribution of individual character towards genetic 
divergence 

The composition of cluster means for different characters showed considerable 

differences among the clusters for each character during both the years and pooled over 

years (Tables 4.18, 4.19 and 4.20). In 2009-10, cluster I was observed to be important for 

desirable minimum intemodal length while had moderate to low values for the remaining 

characters (Table 4.18). The cluster II exhibited the highest nodes per plant (17.67) and 

100-seed weight (21.33 g), while cluster VI had maximum number of branches (1.49). 

Maximum ascorbic acid (15.47 mg) and protein content (17.98%) were represented by 

cluster III along with genotypes for early maturity manifested by days to first flower 

(76.00) and days to first picking (117.00). The cluster IV showed maximum mean values 

for pods per plant (10.77) and total sugars (7.38%) along with genotypes for dwarf plant 

growth habit (less plant height) and desirable low starch content (22.35%). The most 

economic traits viz., pod yield per plant (41.32 g) and harvest index (41.48%) were 

represented with higher means by cluster V along with earliness for days to 50% 

flowering. Cluster VII represented maximum cluster means for six characters namely, 

pod length (9.85 cm), seeds per pod (7.61), shelling percentage (46.50%), total biomass 

(39.67 g), seed yield per plant (13.00 g) and total soluble solids (19.07°brix), whereas 

cluster VIII had maximum cluster mean for reducing sugars (4.44%). 

In 2010-11, cluster V was observed to be important with maximum cluster means 

for the most valuable traits (Table 4.19) viz., pods per plant (18.01), pod yield per plant 

(80.17 g), total biomass (41.33 g) and seed yield per plant (16.67 g), while cluster III 

had maximum mean values for harvest index (54.63%), ascorbic acid (20.14 mg) and 
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reducing sugars (4.04%) along with minimum days to first picking (126.33). Cluster II, 

IX and XI represented the highest cluster means for shelling percentage (47.87%), nodes 

per plant (22.07) and number of branches (3.13), respectively. Similarly, cluster XII 

symbolized six characters with maximum cluster means for pod length (13.44 cm), seeds 

per pod (8.63), 100-seed weight (22.00 g), total soluble solids (17.87°brix), protein 

(18.51%) and total sugars (9.01%). Cluster X represented with minimum desirable 

intemodal length (3.20 cm) and plant height (38.61 cm), while cluster VIII had the 

minimum days to first flower (88.00) and days to 50% flowering (93.67), respectively. 

Pooled data over years (Table 4.20) indicated that cluster V observed to be the 

most imperative with the highest cluster means for majority of the traits namely, pod 

length (13.35 cm), seeds per pod (8.37), shelling percentage (45.94%), pod yield per 

plant (57.33 g), total biomass (29.33 g), seed yield per plant (12.66 g), harvest index 

(43.22%), 100-seed weight (22.67 g), ascorbic acid (16.20 mg), protein content (18.68%) 

and total sugars (8.57%) followed by cluster IV with maximum cluster means for number 

of branches (2.27), nodes per plant (18.52) and pods per plant (10.20) along with 

minimum starch content (20.03%). Cluster II and cluster V showed importance for 

earliness with minimum cluster means for days to first flower (84.17) and first flower 

node (12.30), and days to 50% flowering (91.67) and first picking (121.33), respectively. 

While, cluster III had minimum cluster means for intemodal length (2.66 cm) and plant 

height (34.51 cm) exhibiting desirable bush type growth habit along with maximum 

cluster means for reducing sugars (3.99%). Cluster II had also revealed maximum cluster 

mean for total soluble solids (17.87°brix) whereas cluster I represented with moderate 

cluster means for all the traits. Hence, different clusters of genotypes on the basis of 

means revealed divergence for different characters and can be utilized as indicators for 

selecting diverse parents for hybridization programmes (Singh and Singh 2003; Yadav et 

al. 2004; Gupta and Singh 2006; Sharma et al. 2009; Devi et al. 2010). 

The contribution of individual characters to divergence has been worked out in 

terms of number of times it appeared first (Table 4.21). Harvest index (73.17%) 

contributed maximum towards total genetic divergence in 2009-10 followed by total 

sugars (6.59%), pod length (3.17%), protein content (3.17%), total biomass (2.93%), 
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reducing sugars (2.07%), starch content (1.95%), plant height (1.83%)), seed yield per 

plant (1.59%.) and 100-seed weight (1.34%). On the other hand, total biomass (14.51%), 

nodes per plant (14.02%), pods per plant (12.44%)), plant height (9.15%)), pod yield per 

plant (8.90%), ascorbic acid (8.78%), intemodal length (7.44%)), starch content (5.73%), 

total sugars (5.24%), pod length (4.02%), 100-seed weight (3.17%), total soluble sohds 

(2.56%) and seed yield per plant (1.59%) contributed more towards genetic divergence in 

2010-11. On the basis of pooled analysis of data, 100-seed weight (16.83%), pod length 

(16.46%) and ascorbic acid (15.98%) contributed maximum towards total genetic 

divergence followed by protein content (7.20%), pod yield per plant (6.10%), pods per 

plant (5.73%)), seeds per pod (5.73%), intemodal length (5.37%)), starch content (5.24%o), 

plant height (4.27%)) and seed yield per plant (2.68%o). Therefore, it could also be used as 

parameters based on specific trait (s) in selecting genetically diverse parents for 

hybridizing to create variability in the population. On the other hand, earlier reports 

revealed that early yield per plant (Gupta and Singh 2006), plant height (Tiwari et al. 

2004; Kumar et al. 2007) and pods per plant (Sharma et al. 2009) contributed maximum 

towards total genetic divergence. 

The critical study of cluster means for different characters indicated that cluster 

VII was desirable for pod length, seeds per pod, shelling (%)), total biomass and seed 

yield per plant, cluster V for pod yield per plant and harvest index, and cluster IV for 

pods per plant during 2009-10, while clusters V (pods per plant, pod yield per plant, total 

biomass and seed yield per plant), XII (pod length and seeds per pod) and VI (harvest 

index) during 2010-11, and cluster V for majority of the traits in pooled over years were 

desirable. It is, therefore, suggested that the genotypes namely, 'Punjab-89', 'DPPM-74', 

'DPPM-64', 'DPPM-73', 'DPPMFWR-4', 'DPPMFWR-30-2' and 'DPP-25G' will show 

greater potentiality as a breeding stock by virtue of desirable characters as well as 

maximum inter-cluster distance and could be used as parents in hybridization for 

expecting transgressive segregants for further exploitation in garden pea improvement 

programme (Kumar et al. 1994; Kumar et al. 2006; Kumar et al. 2007). 
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5, SUMMARY AND CONCLUSIONS 

The present investigation entitled, "Genetic variability for yield and horticultural 

traits in garden pea {Pisum sativum L.)" was undertaken at the Experimental Farm of the 

'Department of Vegetable Science and Floriculture', College of Agriculture, CSKHPKV, 

Palampur during winters 2009-10 and 2010-11. The experimental material comprising of 

41 genotypes of garden pea including four checks namely, 'Lincoln', 'Azad P-l' , 'Palam 

Priya' and 'Punjab-89' was evaluated in randomized complete block design with three 

replications to assess the nature of genetic variability, association of various traits with 

yield and their direct and indirect effects for effective selection, and to study the extent of 

genetic diversity among genotypes through multivariate analysis. Data were recorded on 

23 characters viz., days to first flower, first flower node, days to 50% flowering, days to 

first picking, number of branches, intemodal length (cm), nodes per plant, plant height 

(cm), pod length (cm), seeds per pod, shelling (%), pods per plant, pod yield per plant (g), 

total biomass (g), seed yield per plant (g), harvest index (%), 100-seed weight (g), total 

soluble solids (°brix), ascorbic acid (mg), protein content (%), total sugars (%), reducing 

sugars (%) and starch content (%) in addition to powdery mildew disease incidence (%). 

The observations were recorded on 10 competitive plants taken at random in each entry 

over the replications. The data analysis was done as per the standard statistical procedures 

for parameters of genetic variability, correlation and path-coefficients, and genetic 

diversity in the respective years. 

The analysis of variance revealed the presence of sufficient genetic variability for 

all morphological, yield and yield contributing, and quality traits during both the years 

2009-10 and 2010-11 except for days to first picking in the year 2010-11. The pooled 

analysis over the years exhibited the presence of G x E interactions for all the traits 

except days to first picking indicating that performance of genotypes was greatly 

influenced by environments. On the basis of mean performance, 'DPPM-74' was 

significantly superior for fi-esh pod yield per plant over all the four recommended check 

varieties during both the years and pooled over years. In addition, 'DPPM-l', 
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'DPPM-64', 'DPPM-07-9' and 'VP-215' also performed statistically at par with best 

performing checks 'Palam Priya' and 'Punjab-89' during 2009-10 whereas the 

performance of 'DPPMFWR-11', 'DPPM-64', 'DPPMFWR-20', 'DPPMFWR-5', 

'DPPM-72' and 'DPPM-07-4' during 2010-11 and 'DPPM-64', 'DPPMWFR-11' and 

'DPPM-72' in pooled over years was statistically similar to the best performing check 

variety 'Punjab-89'. The superior performance of these genotypes for fresh pod yield per 

plant was mainly attributed to number of branches, plant height, pod length and pods per 

plant. Similarly, 'DPPM-74' outperformed all the genotypes including checks for total 

biomass and seed yield per plant over the years and pooled over years. Also, genotypes 

'DPPMFWR-30-2', 'DPPM-07-4', 'DPPM-1' and 'DPPM-73' during 2009-10 and 

'DPPM-07-4' in pooled over years significantly outperformed 'Punjab-89' for seed yield 

per plant. On the other hand, 'DPPM-64', VP-215', 'DPPMFWR-30-1', 'DPPMR-09-1' 

and 'DPPMFWR-27', 'DPPMR-09-2', 'DPPM-07-4' and 'DPPM-64', and 'DPPM-64', 

'DPPM-73' and 'DPPMFWR-30-2' performed at par with 'Punjab-89' and 'Palam Priya' 

for seed yield per plant in the respective years and pooled over years. The superior 

performance of these genotypes for number of branches, plant height, pod length, pods 

per plant, total biomass, harvest index and 100-seed weight might have resulted in higher 

seed yield. 

The estimates of PCV and GCV were high for pods per plant, pod yield per plant, 

total biomass and seed yield per plant during 2009-10, and for pod yield per plant during 

2010-11 indicating substantial variability and ensuring ample scope for improvement 

through selection. High PCV and moderate GCV were recorded for seed yield per plant 

during 2010-11 and for pod yield and seed yield per plant in pooled over years. On the 

other hand, moderate estimates of PCV and GCV were recorded for number of branches, 

intemodal length, plant height, pod length, seeds per pod, harvest index, 100-seed weight, 

protein content and starch content over the years and pooled over years; pods per plant, 

total biomass and ascorbic acid during 2010-11 and pooled over years; and reducing 

sugars and total sugars during 2009-10, suggesting that direct selection for these traits 

should be considered cautiously. 
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High heritability coupled with high genetic advance was observed for pods per 

plant, pod yield per plant, total biomass, seed yield per plant and harvest index during 

both the years and pooled over years along with plant height over the years, and number 

of branches and intemodal length during 2010-11 suggesting the importance of additive 

gene action for the inheritance of these characters and improvement could be brought 

about by phenotypic selection. High heritability along with moderate genetic advance 

was observed for pod length, seeds per pod, 100-seed weight, ascorbic acid, total sugars 

and starch content over the years and pooled over years; intemodal length, protein 

content and reducing sugars during 2009-10 and pooled over years; nodes per plant 

during 2010-11; and ascorbic acid, total sugars and starch content in pooled over years, 

which may be attributed to non-additive gene effects. 

In general, the genotypic correlation coefficients were of higher magnitude than 

the corresponding phenotypic ones indicating the inherent association among the various 

traits. Fresh pod yield per plant showed a positive and significant correlation at both 

phenotypic and genotypic levels with pods per plant, seeds per pod, pod length, 

intemodal length, plant height, shelling (%) and ascorbic acid during both the years and 

pooled over years. Similarly, seed yield per plant had positive association with intemodal 

length, plant height, pod length, seeds per pod, pods per plant, pod yield per plant, total 

biomass, harvest index and 100-seed weight over the years and pooled over years at 

phenotypic and genotypic levels. Selection on the basis of these traits might lead to 

higher yield. 

Path coefficient analysis revealed high positive direct effects of pods per plant and 

pod length on fresh pod yield per plant during both the years and pooled over years at 

phenotypic level and only at genotypic level during 2010-11. Seeds per pod, nodes per 

plant and pods per plant during 2009-10 and that of pod length, pods per plant, days to 

first picking, intemodal length and shelling (%) in pooled over years had the maximum 

direct effects on pod yield per plant at genotypic level. On the other hand, total biomass 

and harvest index had maximum positive direct effects on seed yield per plant at both 

levels during 2010-11 and pooled over years, and only at phenotypic level during 2009-

10 whereas, pod yield per plant and total biomass had contributed maximum positive 
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direct effects on seed yield per plant at genotypic level during 2009-10. Pods per plant, 

seeds per pod, pod length and nodes per plant had maximum indirect contribution for 

enhancing the magnitude of association for majority of the traits with fresh pod yield per 

plant while total biomass, harvest index, pods per plant and pod yield per plant had the 

same indirect contribution for seed yield per plant. Therefore, pods per plant, pod length, 

seeds per pod and nodes per plant for fresh pod yield per plant, and total biomass, pod 

yield per plant, pods per plant and harvest index for seed yield per plant could be 

considered reliable selection parameters for evolving high yielding genotypes. 

The multivariate analysis revealed considerable genetic diversity present in the 

genotypes. All the 41 genotypes of garden pea were arranged into 8, 13 and 5 clusters in 

2009-10, 2010-11 and pooled over years, respectively. Maximum genotypes were placed 

in cluster I over the years and pooled over years. However, 14 genotypes from cluster I 

showed consistency in clustering pattern while the best performing genotype 'DPPM-74' 

along with 'DPPM-64', 'DPPMR-09-1' and 'DPP-25G' showed uniformity to certain 

extent on the basis of monogenotypic clusters in one of the years and pooled over years. 

The clustering pattern revealed that the genotypes of same geographical distribution fall 

into different clusters which indicated that the clustering pattern and geographical 

distribution were independent of each other. The maximum intra-cluster distance were 

observed in cluster VI, cluster IV, and cluster I in 2009-10, 2010-11 and pooled over 

years, respectively. The maximum inter-cluster genetic divergence was recorded between 

clusters V and VIII, clusters XI and XII, and clusters III and V in 2009-10, 2010-11 and 

pooled over years, respectively suggesting wide diversity among genotypes of the two 

clusters due to different genetic constitution. Harvest index, total biomass, and 100-seed 

weight contributed maximum towards total genetic divergence in 2009-10, 2010-11 and 

pooled over years, respectively. Selection of genotypes as superior and diverse parents 

for hybridization programme should be based on diverse clusters and accordingly 

genotypes 'Punjab-89', 'DPPM-74', 'DPPM-64', 'DPPM-73', 'DPPMFWR-4', 

'DPPMFWR-30-2' and 'DPP-25G' offer promise as a breeding stock to be used in 

hybridization for obtaining transgressive segregants for ftirther exploitation in garden pea 

improvement programme. 
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Conclusions: 

Sufficient genetic variability was observed for all morphological, yield and yield 

contributing, and quality traits during both the years of 2009-10 and 2010-11. Genotypes 

'DPPM-74', 'DPPM-64', 'DPPM-73', 'DPPM-72', 'DPPMFWR-20' and 'DPPM-07-4' 

were observed to be promising on the basis of pod characters and yield. High heritability 

coupled with high genetic advance was observed for pods per plant, pod yield per plant, 

total biomass, seed yield per plant and harvest index which revealed the importance of 

additive gene action and phenotypic selection would be effective for improvement in the 

early generations (Jan et al. IQQl). Based upon correlation and path coefficient analysis, 

pods per plant, pod length, seeds per pod and nodes per plant for fresh pod yield per 

plant, and total biomass, pod yield per plant and harvest index for seed yield per plant 

could be considered as the reliable selection parameters for evolving high yielding 

genotypes (Sharma et al. 2007). The multivariate analysis revealed considerable genetic 

diversity present in the 41 genotypes studied. The genotypes viz., 'DPPM-64', 'DPPM-

74', 'DPP-25G' and 'DPPMR-09-r showed consistency in clustering pattern to certain 

extent along with 14 other genotypes. On the basis of genetic divergence, genotypes 

'Punjab-89', 'DPPM-74', 'DPPM-64', 'DPPM-73', 'DPPMFWR-4', 'DPPMFWR-30-2' 

and 'DPP-25G' offer greater potentiality as a breeding stock to be used in hybridization 

for the isolation of transgressive segregants in garden pea (Kumar et al. 2007). 
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Appendix-n 

Mean weekly weather data 2009-10 

Temperature (°C) 

Max. Min. 

Rainfall (mm) Relative 
humidity (%) 

Sunshine 
hours 

Nov 1-7 24.70 9.56 0.00 47.43 8.90 

Nov 8-14 20.13 8.31 4.34 61.29 5.79 

Nov 15-21 18.64 6.67 5.57 52.00 6.43 

Nov 11-1% 20.21 6.07 0.00 48.57 8.40 

Nov 29-Dec 5 20.34 7.24 0.00 59.86 6.57 

Dec 6-12 19.29 7.09 0.03 49.86 5.74 

Dec 13-19 17.41 5.50 0.00 55.00 4.43 

Dec 20-26 17.03 3.17 0.00 54.50 6.08 

Dec 27-Jan 2 16.04 3.07 0.00 52.00 6.57 

Jan 3-9 17.49 4.53 2.49 58.86 7.93 

Jan 10-16 17.03 3.96 0.80 52.57 6.71 

Jan 17-23 19.63 5.56 0.00 47.29 7.43 

Jan24-30 18.86 6.49 0.31 40.71 5.50 

Jan31 -Feb 6 17.86 4.67 0.43 57.67 8.29 

Feb 7-13 14.49 5.54 14.71 71.71 1.93 

Feb 14-20 18.33 4.94 0.00 71.57 7.86 

Feb 21-27 20.81 8.74 2.09 56.57 6.79 

Feb 28-Mar 6 21.53 10.21 2.26 52.14 5.07 

Mar 7-13 22.56 9.04 0.00 45.00 8.07 

Mar 14-20 26.03 12.20 0.00 39.80 9.98 

Mar 21-27 29.50 16.75 0.00 27.00 8.50 

. Mar 28-Apr 3 28.27 13.73 1.46 27.71 9.29 

Apr 4-10 29.43 14.69 0.00 25.57 10.50 

Apr 11-17 31.70 16.39 0.01 27.43 9.07 

Apr 18-24 29.96 16.34 3.51 37.00 4.67 

Apr 25-May 1 30.79 17.23 0.43 28.86 7.43 
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Mean weekly weather data 2010-11 

Temperature ("C) Rainfall (mm) Relative 
humidity (%) 

Sunshine 

Max. Min. 

Rainfall (mm) Relative 
humidity (%) hours 

. Nov 5-11 24.51 10.59 0.00 50.29 9.37 

Nov 12-18 23.94 9.76 0.17 37.14 9.46 

Nov 19-25 21.17 8.40 0.57 50.57 7.03 

Nov 26-Dec 2 20.26 7.17 0.00 57.57 8.43 

Dec 3-9 19.60 5.77 0.00 40.57 8.71 

Dec 10-16 17.70 4.74 0.00 55.00 7.00 

Dec 17-23 18.91 4.14 0.00 37.57 8.64 

Dec 25-31 16.80 4.60 13.03 52.57 6.14 

Jan 1-7 15.70 2.93 0.83 50.71 8.53 

Jan 8-14 17.14 4.67 0.00 44.14 7.03 

Jan 15-21 12.00 2.44 8.31 60.14 4.17 

Jan 22-28 16.09 3.51 0.00 48.57 8.64 

Jan 29-Feb 4 18.06 6.49 0.14 50.29 5.00 

Feb 5-11 19.11 7.64 3.29 48.83 4.00 

Feb 12-18 14.29 6.53 15.54 70.57 2.00 

Feb 19-25 16.83 5.86 0.14 58.57 4.50 

Feb 26-Mar 4 15.07 6.06 5.54 71.71 2.29 

Mar 5-11 19.46 7.56 1.10 43.71 7.14 

Mar 12-18 24.41 11.24 0.00 42.29 8.79 

Mar 19-25 24.79 11.66 0.00 35.00 8.00 

Mar 26-Apr 1 25.89 12.20 0.77 39.57 8.21 

Apr 2-8 22.73 10.50 0.71 45.17 6.14 

Apr 9-15 24.43 12.64 0.80 50.71 5.86 

Apr 16-22 24.03 11.83 11.44 49.71 7.14 

Apr 23-29 28.67 17.01 0.00 45.71 10.50 

Apr 30-May 6 31.61 19.21 1.43 46.14 9.71 
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