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ABSTRACT

“Variability and Diversity Studies in Pea (Pisum sativum L.)”

By

MISS KATORE TRUSHNA DHANRAJ
A candidate for the degree of
Master of Science (Agriculture)
In
AGRICULTURAL BOTANY
(Cytogenetics and Plant Breeding)

Research Guide : Dr. P.A. Navale
Discipline : Agricultural Botany
Major Field : (Cytogenetics and Plant Breeding)

The investigation on “Variability and Diversity Usties in Pea
(Pisum sativum L.)” was undertaken to know the extent of genetic
variability, heritability, genetic advance and geéneéivergence among 50
genotypes of Pea collected from NBPGR, New Delhi.

The experiment was laid at Botany Farm, durlRebi 2004 at
College of Agriculture, Pune. The material waslea#ed in randomized
block design with three replications.

Observations were recorded on 9 quantitative ahdjdalitative
characters. In quantitative characters, days requwor flowering ranged
from 45.33 to 59.67 days, days required for maturdnged between
100.67 to 127.67 days, plant height varied betwkkedA7cm to 128.53cm,
number of branches per plant ranged from 6.47 t634rumber of pods

per plant varied between 27.07 and 57.73, pod hemghged from
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3.43cm to 8.13cm, number of seeds per pod ranged 8.20 to 6.47,
100-seed weight ranged between 6.0g to 19.53g eedl Weld per plant
ranged between 10.85g and 41.01g

In case of qualitative characters, foliage colexhibited three
types of colouwiz., yellowish, green and faint green, stem colour sftbw
three types of colouviz, yellow, green and faint green, flower colour
recorded only two types of colour i.e. purple anditey pod shape
recorded two types of shape i.e. inflated and cmbedl.

Likewise, there were two types of pod position egillary and
terminal position recorded by pod, cotyledon colexhibited yellow,
white and green colour, seed colour exhibited wigitey brown and grey
colour of seeds, there were only two types of seddgpe recorded i.e.
round and wrinkled and two types of growth halat viny and non viny.

The treatment mean sum of squares were signifi¢antall
characters, indicating good amount of variabilioy ¥/arious characters
studied.

The estimates of phenotypic coefficient of vaaati(PCV) and
genotypic coefficient of variation (GCV) were ofghimagnitude for 100-
seed weight, followed by seed yield per plant, pemgth, number of
branches per plant and plant height at harvest. e Tiaximum
magnitudinal difference between PCV and GCV wasenlexl for seed
yield per plant, followed by days to flowering andmber of seeds per
pod, indicating the role of environment in the eqmion of these
characters.

The characters 100-seed weight (98.84 per caipwfed by plant
height at harvest (93.57 per cent), number of bras@er plant (87.49
per cent), seed yield per plant (84.77 per cemtmber of seeds per pod
(84.07 per cent), number of pods per plant (83.68 gent), days to
maturity (77.41 per cent) and days to flowering.2®1per cent) showed
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high heritability estimates however the charactweese coupled with
varied genetic advance.

In correlation studies the seed yield per plans significantly and
positively correlated with 100-seed weight, podglén number of seeds
per pod, days to maturity and days to floweringjaating dependency of
seed yield per plant for these characters. padlysis revealed that 100-
seed weight, number of seeds per pod and pod lemdtibited high
direct effects along with highly significant com&bn, indicating the true
and perfect relationship between these characteds saggesting that
direct selection for these traits will help in ylemprovement.

Diversity analysis revealed presence of appreeiaohount of
diversity among the genotypes studied® Balues ranged between
8.838946 to 1510.318. All the 50 genotypes stuaiede grouped into
20 clusters. Cluster | emerged as the largestearlusith 6 genotypes,
followed by cluster Il, lll and cluster IV and VCluster XV, XVI, XVII,
XVII, XIX and XX were monogenotypic. Maximum irgcluster
distance was observed for cluster XIV(® 52.24) followed by cluster
XIIl (D? = 51.67) and cluster | @= 51.21). Whereas, maximum inter-
cluster distance was observed between clusterd X} (D%= 1215.38)
indicating wide divergence between these clustditse 100-seed weight
followed by number of seeds per plant and plangliteat harvest were
major contributors towards divergence.

Based studies following ten potent genotypes weentified for

tentative breeding programme.

1) EC -398604 5) IC- 356172 8) IC — 267161
2) EC -387113 6) IC- 356332 9) IC-356337
3) IC — 267142 7) IC — 381861 10) IC-296677
4) IC - 267169

Page 1- 92




1. INTRODUCTION

India is the largest producer and consumer ofgsuis the world,
accounting about 25 per cent of global productiod @7 per cent of
consumption. PeaP{sum sativum L.) is one of the popular vegetables
grown in India, belonging to family leguminoseaedasubfamily
papilionaceae. Ethiopia is main center of origif.wo speciesviz,
garden peaR. sativum sub spp. hortense) and field pé&a gativum sub.
Spp. arvense) are commonly being cultivated througkhe world. 1t is
also called as pois proteagineux in French, piselltallian and Matar in
Hindi.

Field pea is the third most important crop at gldlevel after dry
pea Phaseolus vulgaris ) and chick peaGicer arietinum L.). The field
peas are distributed in Asia, Africa, Europe, N.e&kiwa and Australia.
In India, field pea occupies on area of 0.62 milliba with an annual
production of 0.56 million tonnes. The average piaithn is 906 kg/ha.
The major field pea growing states are Uttar Pradbsadhya Pradesh,
Bihar and Maharashtra. Besides these statesalgascultivated in Delhi,
West Bengal, Punjab, Haryana and Himachal PradeSihe area,
production and productivity of pea in importanttetafor year 2001-2002
is given in Table 1.1 (Anonymous, 2004).

Table 1.1  Area, production and productivity of peain important
states during 2001-2002

Sr. States Area Production | Productivity

No. (lakh ton) (kg ha™)

1 Uttar pradesh 4104 540.1 1316

2 Madhya pradesh 186.8 76.5 410

3 Orrisa 32.4 20.2 623

4 Maharashtra 121 7.9 603

5 Assam 28.4 17.2 606
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Pea is very rich in protein, carbohydrate, vitasiand C, calcium
and phosphorous and the nutritive value of freskegrpeas has been
presented as under. The protein concentratioreafrange from 15.5 to
39.7% (Davie®t al, 1985, Bressani and Elias, 1988).

Composition of pea (100 g of edible portion)

Calories 44
Protein 6.29
Fat 049
Carbohydrate 16.9 g
Calcium 32 mg
Phosphrous 102 mg
Potassium 350 mg
Ascorbic acid 27 mg

Dried peas contain 22.9% protein, 1.4% fat, 60.&®achydrate,
1.4% crude fibre, and 2.7% Ash, (Duke, 1981; Hul€94). An average
amino acid composition, reported in terms of grgras 100 grams of
protein : 6.9 to 8.2 lysine, 1.4 to 2.7 methionineystine, 3.9 threonine,
0.9 treptophan, 0.8 to 1.7 cystine (Huisman and dan poel, 1994).
Methionine and Cystine are the main limiting amamds. Pea hay (at
88.6% DM) contains 10.7 to 21.6% crude protein,t&.8.7% fat, 41.9 to
50.6% N-Free extract (Duke, 1981).

Pea is an excellent food for human consumptionnadther as a
vegetable or in soup. Large proportion of peaspmoeessed (Canned,
frozen on dehydrated) for consumption in the ofisss. pea straw is
nutritious fodder. Pea is very rich in protein, rifere, very valuable for
the vegetarians.

Garden peas are harvested in an immature condgitidrcooked at

fresh or canned for subsequent uses. The fieldspganerally grown for
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dry seeds, which are used for a variety, for pragan of snacks and Dal.
Pea is an important legume vegetables, as it fB@g40 kg N/ha
(Sekhoret al. 1990).

Pea is self pollinated crop with chromosome nungerl4. It is
an annual herbaceaceous plant with well developpdraot and many
slender lateral branches. Stem is angular or rodistylar and non-
pigmented leaves are compound , having 1-3 Pinofateral shape of
25-50 mm length with micronate tips .Inflorescenarillary, long
peduncled, receme with 1-2 flowers having 10 Ardheerd diadulphous
conditions. Pods are of variable length and breaditved or straight
having 4-10 seeds per pod.

Though pea is important crop in India, very litherk has been
done in Maharashtra to study the varietal characed to improve the
guality of pods and yield. Therefore, necessargttaly the variability
and diversity in 50 lines (Exotic and Indigenous}eaived from NBPGR,
New Delhi. There is good scope for increasing podida by developing
high yielding varieties looking to the present ssatind low productivity
of the crop. There is need to develop and idersifgerior genotypes by
exploiting the available variation, simulteneoudly understand the
association between various yield contributing abtars with their
degree of divergence.

Correlation studies are helpful in determining theeld
components, but don’t provide an exact picturehefrelative importance
of direct and indirect influence of each of the gmment characters
towards yield, path analysis splits correlationfioent into measures of
direct and indirect effects and measures the diract indirect
combination of various independent variables ondépendent variable
(Dewey and Lu, 1959).
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Indirect selection for the component fruit with i@w to improve
yield is possible by path analysis. A greater yieddponse is obtained
when the character for which indirect selectiorpiacticed has a high
heritability and a high correlation with yield.

The extent of genetic variability available in crigpa prerequisite
for its improvement due to the fact that the eéfiy of selection mainly
depends on it. Multivariate analysis by means ofhManobis B
statistics is a powerful tool in quantifying the gdee of divergence
among genotypes. The distance between two clustefee measure of
the degree of diversification.Genotypes can be mgduinto different
clusters by following Tocher’'s method (Rao, 1992jnciple component
(canonical) analysis provided relative contributiohdifferent traits to
the total variation (Singh and Chaudhary, 1977).

Keeping in view the above aspects, present invasbigs were
undertaken to study the path analysis and genetersity in pea, with
the following objectives:

1) To study the variability for yield and vyield comtuting
characters.

2) To study the association between different characteith
direct and indirect effects.

3) To measure genetic divergence among various gesmgiaes.



2. REVIEW OF LITERATURE

Success of breeding programme depends on effeséiaxtion.
The efficient selection depends upon the knowledife genetic
architexure of quantitative traits. In present dbapttempt is being made
to review the result obtained on pea by earliehang so that we could
have a sound knowledge on their findings. Thesaltesre reviewed
under the following heads.
2.1 Genetic variability
2.2 Heritability and Genetic Advance
2.3 Correlation and path analysis

2.4 Genetic divergence

2.1 Genetic variability

Johannsen (1909) demonstrated the destination betgenotype
and phenotype and proof by Nilsson — Ehle (1909l Bast (1916) that
guantitative characters were inherited accordingMendels laws. It
becomes clear that variability is resulted from jbmt action of the
genotype and environment (Fisher, 1930). CharlelsSmith (1939) and
Poweret al. (1950) partitioned genetic variance from totaliamace by
use of estimated of environmental variance from nlo@-segregating
population. This work made possible to use genotygmefficient of
variance (GCV) as a relative magnitude on genetierdity present in
the material and helps to compare the genetic hititia present for
different characters.

Hutchinson (1940) provided means to compare gengtiiability

present in population of various traits. The st&i@$ method to calculate
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the genetic component of variance was given by Kelafi947), Burton
(1952) and Panse and Sukhatme (1985).

Singh and Saklani (1973) studied quantitative aldlity in eight
characters i.e. Days to flowering, Days to firstkmg, length of pod
(cm), Number of seeds per pod, Number of pods pantpshelling
percentage 100- seed weight and green seeds \eelglant in garden
pea. A wide range of variability was observed inchhracters except the
pod length and number of pods per plant. The higaed lowest GCV
was found in Green seed yield per plant (57.31d)Mummber of pods per
plant (7.65).

Kalloo et al. (1976) studied variability and correlation in nine
characters of 64 varieties of pea. The highest R&YGCV was found in
50 per cent flowering i.e. 69.56 and 34.74. ThedstWPCV and GCV
was found in pod length which is 16.73 and 7.7%rr€lation studies
indicated positive association of yield with numleébranches, number
of pods and number of clusters. Number of pods wagatively
associated with length of pods.

Singh et al. (1977) observed variability, heritability and geoet
advance in seven characters of pea. Node numblerfivat pod exhibited
highest PCV (21.6) and GCV (19.8). Number of sgeetspod exhibited
lowest PCV (6.6) and GCV (4.9). Heritability andngtic advance was
high for all characters except number of seedppdr

Jermyn and Slinkard (1977) studied variabilitypafr cent protein
and its relationship to seed yield and seed shaggli00 lines of peas
from the USDA world pea collection. The rangestfue lines were 85.1
to 118.7 per cent of the population mean for proteercent, 34.7 to
172.4 per cent for seed yield, 33.7 to 165.55 fotgin yield and 29.9 to
273.4 per cent for seed weight. There were higidyificant negative

correlations between percent protein and seed ,yiedremely high
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correlations between seed yield and protein yiétinkled seeded lines
were significantly higher in per cent protein angéed weight,

significantly lower in seed yield but not differemt protein yield than
smooth-seeded lines.

Hobbs and Mahon (1982) studied seven quantitatared
physiological characters i.e. photosynthetic ;Cé&xchange rate (CER),
specific leaf weight, B (C;H,) fixation, growth duration and relative
growth rate in 25 genotypes of pea. Genetic caefitcof variation for
physiological characters varied from 2 to 13 pemtceThe CER was
correlated with these physiological characters.

Singh and Joshi (1982) studied variation in siragations (B P,
F1, i, By and B) of five yellow round seeded field pea for chaeast
such as pods per plant, pod length, seeds perlfiddseed weight and
seed yield. They revealed the additive gene actia® more important
than non additive gene action for pods per planotimer of seeds per
pod, 100-seed weight and seed yield.

Kuksal et al., (1983) revealed genetic variability in 14 exotiape
varieties under U.P. hills Agroclimatic conditiori$ie genetic coefficient
of variation varied from 4.70 to 71.80 for variotlsaracters. Pod length
had the highest value 71.80 which was followed @anipheight (33.27)
and number of pods per plant (30.80).

Guptaet al., (1983) studied variability, heritability and gereti
advance in physiological and yield traits in péée highest and lowest
GCV value was found in 100-seed weight (38.12Q) dagk to maturity
(5.86). The highest and lowest PCV value was foimbdranches per
plant (38.82) and days to maturity (6.23). Bothhhheritability and high
genetic advance were observed in case of seed tdiggt fruiting
weight and length of fruiting zone which may beriatited to additive

gene effect.
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Rastogiet al., (1987) evaluated genetic analysis of yield in pea.
The variance for general and specific combininditsghin F, and k were
significant in both the generations, indicatingtthath additive and non-
additive gene action were playing role in the imagce of pod yield but
the values were higher for gca, showing the impmeaof additive
genetic variance. gca value in &d F, was 610.95 and 642.62. sca
value in i and ;, was 410.09 and 262.57.

Korla and Singh (1988) revealed genetic variabdihd Genotype
x Environment interaction in thirty diverse cultrgaof pea. A wide range
of variability was observed for all characters. eTiighest range was in
case of yield per plant (12.61 to 66.87 g) followdy weight of 15
pods (64.44 to 126.00 g). The Genotype x Envirortimateraction
components were less than the genotypic variattwméimber of pods
per axil, number of grains per pod, shelling petaga and yield per
plant. Whereas, it was higher than genotypic vaeafor weight of 15
pods and pod length.

Awasthi (1989) studied 12 varieties of co-ordindatearital trial
(CVT) and 14 varieties of state varietal trial (SVTThey analysed seed
yield, protein-N, Albumin and PER in different pearieties, which
ranged from 11.15-15.63 g/ha, 3.178-3.954, 3.94-p<r cent and 1.38-
2.39 during 1975-76 and 14.04-30.19 g/ha, 3.13853.98.94-5.37 per
cent and 1.38-2.34 in 1976-77 in CVT whereas, 12.837 g/ha, 3.402-
3.878, 3.80-5.44 per cent and 1.19-2.4 in 1975® B4.63-21.0 g/ha,
3.227-3.845, 4.1-5.1 per cent and 1.54-2.29 in 1B76in SVT
respectively.

Singh and Singh (1990) reported genetic analyisi®@uantitative
characters in pea. The variance due to gca andwsza highly
significant for all the characters in both Bnd F generations. The

magnitude of additive component was comparativaiye dor all the
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characters except number of pods, primary bran@resyield per plant.

Yield showing higher proportion of the non-additigenetic variance,

while the yield components such as pods per plaots,length, seeds per
pod and test weight had relatively higher estimafabe additive genetic

variance.

Dumoulinet al., (1994) reported that yield in peas highly depend
on seed number. The periods of seed set and dlaagliere studied in
field for two years at two sowing dates. Seed watentent at the
beginning of the seed filling and at physiologica&turity correspondent
to 0.85 and 0.55 g gfresh weight, respectively. The delimitation eed
set period showed genetic variability for the begig of period
depending upon the first reproductive node numhbdrits duration.

Singhet al., (1997) studied genetic variation of seven quamtgat
traits in fifteen lines of crossed with two testars peas, significant
estimates of both Additive (D) and Dominance (Hmpmnents were
observed for all the characters except for podgtlen The k value was
positive and significant for days to flowering, pleheight and pods per
plant. Seed weight, seed yield per plant showsogdirectional nature of
dominance.

Narayanet al. (1999) observed genetics of yield and quality
components from six generations of crosses Boneewl Lincoln,
Bonneville x Solan Nirog, Bonneville x Kinnauri,ridoln x Solan Nirog
and Lincoln x Kinnauri. Significant positive vaki®f additive effects
were observed for pod yield per plant in all thesses except Bonneville
x Lincoln. All the five crosses showed significgmisitive dominance
effects for shelling percentage, while for proteamtent, no cross showed
significant positive dominance effect.

Bhardwajet al. (2001) in their studies on generation mean reported

the values for sugar, days to 50 per cent flowersegds per pod, pods



10

per plant, and pod yield per plant as 49.98, 383768.31, 361-80 and
7972.56 respectively. Inheritance of all the cheaes except sugar
content was associated with additive, dominance amistastis
components of genetic variation.

Rameshet al. (2002) reported that considerable amount of PCV
and GCV in most of characters such as number of ped plant, weight
of pods per plant, internode length, plant heighéan pod weight and
weight of seeds per pod.

Sharma and Kalia (2002) studied genetic analysipdd yield and
its contributing traits in garden pea. The Haymsageénetic component
analysis indicates that gene action for most oitstraad significant
additive (D) and non additive ¢ genetic variance with the
preponderance of the latter in both &hd kL generations. However, D
components was found to be non-significant for pmdd per plant and
pods per plant infand TSS in bothfand F, generations.

Tyagi and Shrivastava (2002) reported a wide rasfgeariability
in twenty varieties of pea comprising of lines (kSgster (5) evaluated at
two dates of sowing, normal and late. The phenotgmd genotypic
coefficient of variability was higher for normalwo as compared to late
sown crop. The higher values of PCV and GCV wemirded for plant
height 30.55 and 30.07, pods per plant 29.99 anb28nd for biological
yield per plant 25.86 and 24.88, respectively fornmal and late sown
cultivars.

Belimov et al., (2003) reported genetic variability in tolerance to
cadmium and accumulation of heavy metal in 99 witdieties of pea.
The coefficients of variation between pea genotyfmesheavy metal
concentration were high varying from 23 to 39 petcdepending on
metal. The distribution patterns for varietiesdzhen cd tolerance (sand

culture) and HM concentration (soil culture) werba@cterized by
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positive skewness coefficients, suggesting thah lagnetic variability
exists in pea with regards to cd tolerance andyhasatal concentration.

Chaudhari and Sharma (2003) studied genetic \btyab
correlation and path analysis is for green poddyaid its components in
10 characters of garden pea. Significant genetr@tion was observed
among the Fhybrids for all the characters. Plant height, bemof pods
per plant and first flowering node recorded theatgst phenotypic
coefficient of variation.

Kumar et al. (2003) studied variability, heritability and gelget
advance in 36 pea cultivars. The GCV was highpfadl yield per plot,
plant height, number of primary branches and poajte The highest
PCV was observed for seed yield per plot.

Sharmaet al. (2003) studied genetic variability, heritability can
character association in 63 genotypes of pea. ciAdlracters exhibited
significant variability. The GCV and PCV were hagt for seed yield
per plant, followed by pods per plant and biolotjygald per plant.

Singh et al. (2003) studied genetic variation, heritability and
genetic advance for 8 traits in 10 pea cultivar§he magnitude of
variability was higher for pod length and numberpofis per plant inF
population, and these traits were moderately imiteel by non-additive

gene action.

2.2 Heritability and Genetic Advance

Heritability is the relative role of heredity in gression of
phenotypes (Falconer, 1960 and Allard, 1961). Mspecifically, it
could be also defined as the proportion of totalality that is due to
genetic cause. Knowledge of heritability of a cletgais heritability of a
character is important to the breeder since itcaii the possibility and

extent to which improvement is possible througles@n (Robinsoret
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al. 1949). The genetic advance is a product of helittabphenotypic
standard deviation as a standardized selectiorrdiifial (Burton and
Devane, 1953). This is a measure of expected iggmetgress based on
selection procedure.

Lush (1949) classified heritability estimates ii@aategoriewiz.,
Low (5-10 per cent) medium (10 to 30 per cent) biigh (above 30 per
cent).

Robinsonet al. (1951) proposed that expected genetic advance is
the variable traction of selection differentialarsingle generation.

On the basis of above concepts different workensdisd
heritability and genetic advance in pea eludicételdw.

Singh and Singh (1970) reported high heritab#isgimates for all
the traits except shelling percentage and seed.y@&tnetic advance was
high for number of branches and pods per plantl@@d seed weight.

Srivastraveet al. (1972) studied heritability and genetic advance in
pea. The heritability ranged from 13.14 per cgigld per plant), 84.48
per cent (days to flower) and genetic advance f80é6 per cent (yield
per plant) to 25.61 per cent (number of seeds p&y).p

Nandpuri et al. (1973) revealed that high heritability was
associated with high genetic advance and high gpiotoefficient of
variation for yield per hectare, yield per plandamumber of pods per
plant. Heritability was low for weight of pod. pected genetic advance
and coefficient of genotypic variation were alsw lor this character.

Singh and Saklani (1973) concluded that heritgbiéstimates
were high for all the characters except length ofl pand shelling
percentage. High values of heritability were agged with high values
and genetic advance in case of yield per plant,barmof pods per plant

and 100- seed weight.
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Srivastava and Sachan (1974) reported that hdityapercentage
was maximum for shelling percentage and minimum f00- seed
weight. High heritability value in conjunction Wwihigh genetic advance
as percentage of mean was observed for branchgdgmtrand seeds per
pod.

Narsinghaniet al. (1977) reported that the heritability estimates
were high for 100 -seed weight followed by heighptant and pods per
plant. The value of genetic advance was high tonlmer of branches and
pods per plant.

Kuksal et al. (1983) reported that high heritability was
accomplished by genetic advance in number of paispfant and pod
yield per plant showing additive gene effects, wihgbd length and seeds
per pod had high heritability but low genetic adw@anshowing non
additive gene effects.

Singhet al. (1986) reported heritability in a 10 x 10 diallél 10
varieties of field pea. Heritability estimates wdrigh for seeds per pod
(68.93 per cent) followed by pods per plant (58p5 cent). Lowest
heritability was found in protein content (12.92 pent).

Dubey and Lal (1988) concluded that narrow sereséafility for
yield per plant and other characters ranged fra@n®72.5 per cent. The
highest heritability was for days to flowering ad®0- seed weight.
Genetic advance was highest for 100- seed weighipad length. High
heritability with moderate to high genetic advamees observed for yield
per plant, seeds per pod and shelling percentage.

Rastogi (1988) studied broad and narrow sensabéity in green
seeds of pea. Narrow sense heritability jrafd F generation was 0.28
and 0.22 per cent and broad sense heritability @ F, generation was

0.92 and 0.95 per cent respectively.
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Rastogiet al. (1989) reported genetic analysis of protein conitent
pea seed. Narrow sense heritability inalRd F, generation was 0.07 and
0.08 per cent and broad sense heritability iraRd F, generation was
0.91 and 0.98 per cent respectively.

Baswana and Tewatia (1994) studied variabilityritakility and
genetic advance in pea under dry land conditioreritability was high
for number of pods per plant ( 89.82 per cent) lawdfor pod yield per
plant( 61.60 per cent). Genetic advance was hogimimber of pods per
plant ( 96.20 per cent )and low for plant heigl(3 per cent).

Sharmaet al. (1997) studied genetic variability, heritability can
genetic advance for yield and its contributingtgran pea. Highest and
lowest heritability was found in plant height (98.8er cent) and number
of seeds per pod (5.10 per cent) and highest amédslogenetic advance
was found in plant height (39.07 per cent) and nemdd seeds per pod
(0.11 per cent) respectively.

Dixit (1998) studied heritability for certain yelcontributing traits
in grass pea, heritability was highest for pods plant 45.1 per cent
followed by seeds per pod 14.57 per cent and loi@sinumber of
primary branches 3.97 per cent.

Sharmaet al. (2003) studied gene action and combining ability
studies for earliness in pea. The narrow sens&hgity was quite high
for earliness in pea. i.e. ranging from 54.90 t@14er cent.

Venkateswarlu and Singh (1982) studied narrow eséwesitability
in F, and K generations of ten parents diallel in pea and nepgothat
both additive and non additive components wereifsoggmt for all the
character except yield. The number of alleles I@ieagroup showing
dominance (h/H,) was more than one for plant height, secondary
branches, pods per plant and seed yield. Heiitalwvhlues for all the

characters except seed weight were lower ith&n F, generation.
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2.3 Correlation and path analysis

The yield is a complex character in inheritance degends on
many other attributes of plant. The correlationdsts helps in under
studying the association between such traits andkingaefficient
selections.  The chief cause of correlation isioplepy and linkage
(Falconer, 1960). So it became difficult to get thetual idea about
positive or negative effects of segregating gefdd® path coefficient
analysis is the most probable solution to such lprab as it measures
direct as well as indirect effects of various sain yield.

Robinsonet al. (1951) observed that the correlation values are of
potential importance, since selection is usuallgossned with changing
two or more traits. Dewey and Lu (1959) used theserelation
coefficient first time in plant for path analysis/ Bollowing Wright
(1921).

Chaudhary and Singh Arya (1971) studied genotypiad
phenotypic correlation coefficient in 13 varieties pea for yield and
yield contributing characters. The yield per plasais found to be highly
and positively correlated with the number of po@s plant, number of
seeds per pod and 100- seed weight but was nafisagrly correlated
with height of the plant. The length of the pod viasnd to be positively
correlated with the breadth of pod.

Wlakankaret al. (1974) studied correlation in 32 varieties of pea
and concluded that pod number and 100- seed weigte significantly
and positively correlated with green pod vyield. iBes but non —
ssignificant correlations were observed between pochber and pod
length.

Pande and Gritten (1975) revealed that the plaight often
positively correlated with pods per plant, seeds glant and yield per

plant, indicating superior yielding ability of tafl plants.
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Korla and Rastogi (1977) studied the correlatior80 varieties of
pea. Number of pods per cluster showed positiveifsignt correlation
with pod yield and negative significant correlatioith days taken to first
picking.

Narsinghaniet al. (1978) studied correlation and path analysis in
65 diverse varieties of pea and revealed that the® maximum direct
effect on yield by number of seeds per plant, fe{d by 100- seed
weight, number of days to maturity, height and gimtpercentage and
other components had negative direct effects. Mbstharacters had an
indirect effectvia number of seeds per plant.

Teotia et al. (1983) studied correlation and path analysis in 42
genotypes of garden pea for 12 characters. Yietb \positively
associated with number of seeds per pod, pod leamgihnumber of pods
per plant at both genotypic and phenotype lev&lsimber of seeds per
pod had positive and significant correlation wittddength at phenotypic
level only. The yield components except 100- seegight were
positively correlated with each other.

Singh (1985) studied correlation in 30 varietiefs pga for 8
characters and reported that the days to 50 per ftmmering, plant
height, pods per plant and branches per plant wes#ively associated
with seed yield.

Singhet al. (1985) studied correlation and path analysis;iramkd
F, progenices for 10 quantitative characters i.e. ayflowering, plant
height, branches per plant, pods per plant, seedsqal, pod length, days
to maturity, 100- seed weight, Harvest index andtgin content with
seed vyield in pea. Considering direct effect ofheaharacter on seed
yield, pods per plant had highest positive effedlofved by 100- seed
weight, seeds per pod and harvest index in bgthrd F generations.

Days to flowering, plant height, branches per pkamd harvest index had
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high positive correlation with seed yield and lowasfiive effect in both
the generations, while number of seeds per podMead association with
seed yield and exhibited considerable positivecatiedfect in both the
generations.

Singhet al. (1987) studied genotypic and phenotypic corretatio
coefficient between 11 characters ipdnd F, generations of 10 parent
diallel cross in pea. Seed yield per plant wasetared positively with
pods per plant, plant height, branches per plamysdo flowering and
days to maturity in both the generations. Seeddywehs not associated
with seeds per pod, pod length and protein content.

Solankiet al. (1987) studied correlation and path analysis in 27
genotypes of pea. The number of seeds per pod haxinmam
contribution to pod yield followed by days to matyirand number of
primary braches per plant and indirect negativliarfce through number
of seeds per pod.

Ramesh and Tewatia (2002) studied correlation @atd analysis
in 36 genotypes of garden pea, pod weight per plastsignificantly and
positively associated with number of pods per pl@709), number of
seeds per pod (0.484), mean pod weight (0.383gyhweif seeds per pod
(0.363), plant height (0.329) and length of pod328). The number of
pods per plant had highest positive contributiomaimls pod weight per
plant (0.908).

Chaudhary and Sharma (2003) studied correlatiod path
analysis for green pod yield and its componentganden pea. The
genotypic correlation coefficient were higher th@renotypic correlation
coefficient. Pod yield per plant showed positivaretion coefficient
with pod length, number of seeds per pod, numbgroads per plant and

shelling percentage. They revealed that numbereefls per pod, pod
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length, number of pods per plant and 1000 seedhwe@d greatest direct
effect on pod yield per plant.

Kumar et al. (2003) studied correlation and path analysis ia. pe
Pod vyield per plant exhibited significant and pesitcorrelation with
number of pods per plant (0.752), mean pod weig23), weight of
edible seeds per pod (0.397 g), days to first pigKi0.375), number of
edible seeds per pod (0.359), internodel lengtl32@®.cm), shelling
percentage (0.286) and number of branches per g@aa9). Path
coefficient analysis indicated that the number ofig per plant exerted
highest positive direct effect on pod yield perrpléD.8799) followed by
mean pod weight (0.446 g).

Pathaket al. (2002) studied variability and correlation analyigi®
traits of garden pea. The genotypic correlatiorffaaents were generally
higher than the corresponding phenotypic correfatioefficients. At the
phenotypic level, pods per plant was positivelyrelated with number of
pods per plant, plant height and average pod weRyditive associations
were also observed between days to 50 per cenefiogy and days to
maturity, pods per plant and plant height, pod flkerand seeds per pod
and average pod weight and number of seeds peapddaverage pod

weight.

2.4  Genetic diversity

Genetic diversity is the genetic differences asoled between the
individual or genetic stocks with respect to indival traits or an array of
traits. It is a result of inherent genetic variagso present in the
germplasm. The knowledge of nature and degree rdtgedivergence is
useful in selecting the desirable parents for brepghrogramme. The
selections based on the genetic divergence hasdueerssfully utilized

by different workers in various corps.
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Mahalanobis (1936) described 2 Dstatistics as a tool for
guantitative estimate of genetic divergence betwibenpopulation. Rao
(1952) suggested more flexible method which woué&place the
measurements on large number of characters allvkiieh contribute in
some degree towards discrimination by relatively feeasurements.

Mahalanobist al. (1949) applied Bstatistics in detailed statistical
study of anthropometric data of Uttarpradesh, India

Moll et al. (1962) found that the genetic diversity is noteaféd
due to geographic distribution and genetic diveraid its reflection in
expression of heterosis.

Narsinghaniet al. (1978) studied the genetic divergence in peas.
Nine variables were evaluated in respect of 65eti@s of diverse
genotype and geographical origin. Multivariate gsal by the DB
statistics and vector analysis showed that the sesq plant height and
days to maturity were the most important factorsitdgbuting to the
genetic divergence. The grouping pattern of vasetivas random,
indicating that the geographical and genetic ditiesswere not related.

Kalloo et al. (1980) studied the genetic divergence in gardem pe
Significant differences revealed between 56 vaefior 9 characters.
There was no consistant relationship between gemnbtiergence and
geographical distribution but the result sugge#ed the crosses between
selected varieties from widely separated clustersevinost likely to give
desirable recombinents.

Chandel and Joshi (1981) studied genetic divemsi80 genotypes
of yellow seeded Indian field pea for 8 yield cdmiting characters.
They grouped these 30 genotypes into 10 clustens. genotypes in
cluster Il produced maximum number of branchesster 1V, V, VI, VII
and VIII had maximum number of pods per plant amd earing

penduncles, cluster VI was earliest to flower aadédst seeds per pod
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(3.75) and cluster X had maximum seeds per pod4)5.8aximum
genetic diversity was between cluster Ill and Vd aninimum diversity
between cluster 11l and 1V and also between Il ¥nd

Dobhal and Ram (1985) reported the genetic divergdor yield
and yield attributes through multivariate analyisis32 indigeneous and
exotic lines of pea which were grouped into 11 ahtar. Cluster I
showed high green pod yield (77.149), primary bhasc(2.31) and
shelling percentage (49.09). The highest numbereén pods per plant
(30.56) was in cluster V while, cluster VI had thighest value for seeds
per pod (6.92) with high green pod vyield. Genetigethence was
maximum between cluster | and VIl (39.81) followky VII and VIII
(35.52) and I and IV (33.22).

Singh and Tripathi (1985) studied the genetic g in 100 pea
germplasm lines and grouped them into 14 clusférsy reveled that the
maximum intercluster distance was observed betwéester | and XIV
followed by VIl and XIV. Cluster XI was more divar than others.

Singh and Ram (1988) studied genetic diversitygingermplasm
lines for two years and grouped them into fifte@rsiers. The maximum
intercluster distance was observed between cluBfeasd VIl and V and
VII. Days to flowering (12.6 per cent), 100 greeodpweight (17 per
cent), pod length (8 per cent) and plant heighigBcent) were important
contributors towards divergence.

Shinde et al. (1995) reported the genetic diversity among 73
varieties of pea obtained form different eco-gepgreal regions of India.
D? value ranging form 1.46 to 940.64. Yield, daysflmwering and
crude protein content ranging from 28.4 to 95 g4 to 58.0 and 3.7
to 19.2 per cent respectively.

Dixit et al. (2002) studied genetic diversity in 53 genotypetaid

pea and grouped them into 11 different clustersntPheight contributed
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maximum to genetic diversity. Intracluster distamaes highest in cluster
lIl followed by clusters | and Il. Inter cluster siaince was maximum
between cluster IV and X followed by cluster IV aktland minimum
between clusters X and XI, IV and VIII and Il aid

Singh and Singh (2003) studied genetic divergeagwng 50
genotypes of pea. Genotypes were grouped into 0étets and observed
maximum intra-cluster value in cluster IX (2.47)ldaved by cluster VI
(2.17) and cluster VIII (1.73). Maximum inter—clestD? values were
observed between cluster Il and IX.

Tiwari et al. (2004) evaluated the genetic diversity in 34 ggpes
of pea and grouped them into six clusters. Tha-Hotaster distance was
minimum (11.84) between cluster Il and VI and waaximum (41.77)
between cluster | and Il. Thus there was much diyein population of
34 genotypes of cluster I, II, Il and IV. They ddube exploited for
hybridization.

Sureja and Sharma (2001) studied genetic divesggngarden pea
(Pisum sativum L. sub. Spp. hortense asch and graebn) of 30 gee®ty
They revealed that cluster | showed maximum inlster value (11.11)
and cluster 1l showed minimum intra-cluster val(&28). At inter-
cluster level, minimum Bvalues was obtained between cluster Il and IV
(13.71) indicating, close relationship among gepegyincluded in these
clusters. Minimum inter-cluster Dvalues were observed between cluster
| and Il (30.38) and cluster | and Il (29.93) whighdicated that

genotypes included in these clusters had maximuwergience.
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MATERIAL AND METHODS

The present investigation on variability and dsigrstudies in pea
(Pisum sativum L.)” was carried out at Botany farm, College of
Agriculture, Pune durindgrabi, 2005. The details of the material and
methods used to carry out the experiment and ttafisprocedures

followed are described in this chapter.

3.1 Material
The experimental material consist 50 germplasmslinbtained
from NBPGR (IARI campus), New Delhi 110012 (Indid)he list of

germplasm lines used for the study is given inl@a&nol.

3.2 Methods
3.2.1 Experimental Design

The experiment was conducted in Randomized Blockiddewith
three replications. Each plot consist of a singke of 4.5 m length with
spacing of 45 cm between rows and 15 cm betweartglaithin rows.
One border row was sown at both the sides of blockvoid the border
effects.
3.2.2 Sowing and cultural practices

The land was prepared by ploughing followed by taimss
harrowings. The dose of 25kg N and 50 k@Pper ha. was applied
before sowing. The remaining half dose of Nitrogeas applied at the
interval of 30 days after sowing.

The sowing of pea experiment was carried ofi Ottober 2005.

The thinning and Gap filling operations were cafraat after 20 days of
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sowing. The usual cultural practices like weedimggation etc were

carried out at regular intervals.

Table 3.1 The list of Exotic and Indigenous linesised for
present study
Sr. No. | Genotypes Sr. No.| Genotypes Sr.Nq. Geypes
1 EC-341782 | 18 IC-212393 35 IC-31083¢4
2 EC-381866 19 IC-24272% 36 IC-332113
3 EC-381897 20 IC-242733 37 IC-332118
4 EC-384139 | 21 IC-243334 38 IC-347185
5 EC-384890 | 22 IC-267127 39 IC-356144
6 EC-385247 23 IC-267142 40 IC-35614/
7 EC-387113 24 IC-267151 41 IC-35617R
8 EC-389374 | 25 IC-26715% 42 IC-356268
9 EC-398604 | 26 IC-267161 43 IC-35627p
10 EC-398611 27 IC-267169 44 IC-356274
11 EC-398612 | 28 IC-267182 45 IC-356310
12 EC-412882 | 29 IC-268254 46 IC-356332
13 EC-412883 | 30 IC-268275 47 IC-356337
14 IC-207167 31 IC-268276 48 IC-356373
15 IC-208368 32 IC-279120 49 IC-356378
16 IC-208384 33 IC-296677 50 IC-381861
17 IC-208391 34 IC-310833
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3.2.3 Harvesting

The crop was harvested after the physiological ntgtwf the
pods. The following symptoms were considered far ghysiological
maturity of pea.

a. Yellowing of foliage
b.  The mature pods developed yellowish brown colow seed
becomes hard.
3.2.4 Observations recorded

Following observations were recorded on five raniyoselected
plants from each treatment in each replication aretrages were worked
out.

3.24.1 Days to flowering (Nos.)

Number of days required for flowering of each ola@onal plant
was recorded from the date of sowing.
3.2.4.2 Days to maturity (Nos.)

Number of days required from sowing till the physgcal
maturity of the last fruit on the observational milavas considered as
days to maturity.
3.2.4.3 Plant height at harvest (cm)

Plant height was recorded from ground level to tipof plant in
centimeters at maturity on selected observationallpnts.

3.24.4 Number of branches per plant

Number of branches produced on the stem of each

observational plant were counted and recorded.
3.2.45 Number of pods per plant
Total number of pods on each observational plant ere

counted and recorded at maturity after harvesting.
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3.2.4.6 Pod length (cm)

Length of pods was measured from base (without pexl) to
the tip of pod for five randomly selected pods ofach observational
plant.
3.2.4.7 Number of seeds per pod

Number of seeds per pod were counted from each tie five
randomly selected pods of observational plants andheir average
value was estimated.
3.2.4.8 Seed yield per plant (g)

Seed vyield per plant was recorded by taking the tal seed
weight of randomly selected observational plants.
3.2.4.9 Weight of 100 seeds (Q)

Weight of randomly selected hundred seeds was reced in

grams.

3.3 Statistical analysis

The mean value of randomly selected observationglants for
nine different traits were used for statistical andysis.

The following statistical measures/ parameters wer calculated
for presentation of data on different quantitative attributes.
3.3.1 Analysis of variance (ANOVA)

The analysis of variance was done as suggested Pgnse and
Sukhatme (1985) in the following form

Source of DF MSS Expected mean
variation square
Replication (r-1) MSr o’ + o
Treatment (t-1) MSt o’e + Ior
Error (r-1) (t-1) MSe o’e
Total (rt-1)
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Where,
r = Number of replications
t = Number of treatments
3.3.2 Estimation of mean and range
The mean value for each character was workedyusing
following formula
B n
& = (L) EXI)
i=1
Where,
> Xi = Sum total of the each character
n= Number of observations
The lowest and the highest values from mean ch ednaracter
were recorded as range.
3.3.3 Estimation of standard error of mean, standat error of
difference and critical difference
The SE of mean difference was calculated as
) SE of mean [SE(m)] = \o%elr
i) The standard error of difference between two measas
calculated as
SE difference = SE (m) ¥ 2
i)  The critical difference between only two means was
calculated as
CD =SE (d) x ‘t’ error d.f.
3.3.4 Estimation of components of variation
The phenotypic and genotypic variances were &ied by
utilizing the respective mean square values (Jaheisal. 1955).

i)  Environmental Variancesfe) = MSe
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i)  Genotypic Variancedfg) = (MSg-MSe)/r
i)  Phenotypic Variancestp) = o°g + c%e
Where,
M Sg = Genotypic mean sum of squares
M Se = Error mean sum of squares
r = Number of replications
3.3.5 Estimation of coefficient of variation
The genotypic and phenotypic coefficients of a@on were
calculated by following Burton and Devane (1953)
)] Phenotypic coefficient of variation (PCV)
PCV=\/c’/ & x 100
Where,
o’p = Phenotypic variance
13 = General mean of the character

i) Genotypic coefficient of variation (GCV)

GCV = \Vao%g/ & x 100
Where,
0°g = Genotypic variance

& = General mean of the character

3.3.6 Estimation of heritability percentage
Heritability percentage in broad sense was es@ichdor various

characters as per the formulae suggested by Hahsbr(1956).

o%g
h?(b.s.)=—— x 100
o’p

Where,

0°g = Genotypic Variance

o°p = Phenotypic Variance
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3.3.7 Estimation of Genetic Advance
The genetic advance was calculated in per centhbyformulae
suggested by Johnsehal. (1955).
G A=0%g/c’pxopxK
or
G A=K x ¥ (b s) xa’p

GA
G A as percentage of mean =— x 100

&
Where,

0°g = Genotypic variance

o’p = Phenotypic variance

o p = Phenotypic standard deviation

K = Selection differential at 5 per cent séilen intensity (i.e.

2.06)

i (b.s.) = Heritability (broad sense)

¢ = Mean of the character.
3.3.8 Correlations

To understand the association between the cleasagjenotypic
and phenotypic correlation coefficients were worlaa by following
Singh and Chaudhary (1977).

)] Phenotypic correlation coefficient (rp)

It is derived by
(coy 1.2

Mh 1.2=
T Ny . @)

Where,
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12 = Phenotypic correlation between character 12and

cowpi12 = Phenotypic co-variance between character 12and

o’p. and o°p, = Phenotypic variance of character | and 2,
respectively.

i) Genotypic correlation coefficient (rg)

It is derived by

(coy12)
g 1.2= 5 5
vV §91) . (0°0)
Where,
fg.1.2 = Genotypic correlation between charadteand 2

Coy.12 = Genotypic co-variance between characterdl2an
o°g1ando?g, = Genotypic variance of character 1 and 2, respsygt
The significance of the phenotypic and genotyparelation

coefficients were tested by ‘t’ test (Panse andh@trke, 1985)

t =N /(n—2)/1—2r

Where,

r = Correlation coefficient

n = Total number of observations

The calculated ‘t' value was tested with tablé value for
respective (n-2) degree of freedom for signifi@anc
3.3.9 Path analysis

Path coefficient analysis was done according ht® procedure
suggested by Dewey and Lu (1959). If 'y’ is theeetfand ‘X’ is the
cause, the path coefficient for the path from caxys® the effect y is
0x1/0y. Direct and indirect effects were worked outusig genotypic

correlations as below:
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Direct effect of xon y = Px.y

Where,

Px = Path coefficient of xon y. Similarly, direct effects of other
attributes on yield were calculated.

Indirect effects of xvia x; ony = px%. y X rx;. Xz
Where,

Px.y = Path coefficient of the component charactesrxy.

rx;.X, = Genotypic correlation betweenand %

Similarly, indirect effect on all possible comhtions were
calculated for all component characters. The tedickffect (R) was

calculated as below

R = [1- (PxY. rXyy)-(PXy.rxsy) ...... (Pxy. rxny)]l/z

Where,

Pxy, Py, ------ , Pxy = Direct effects of respective character on
seedlgie

Rxy, rxoy, ------ , Iy = Correlation coefficient between

respective characters and yield.
3.3.10 Mabhalanobis generalized distance ¢p
The generalized distance between two populatiodeiined by
Mahalanobis (1936) as’> Ai.j. di. dj.

Where,
A = Reciprocal matrix to the common dispersiontmxa
d = difference between the mean values of two
populations fol"i character
d = difference between the mean values of two

populations for'] character
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Estimation of B values from the above formula is very
complicated in the present study, since it requttes inversion of a
nineth order determinant and then the evaluatid®(®+2)/2 terms whose
sum is O. It was found convenient to work with a set of omelated
characters constructed from the original measurénedf with such
transformed variables reduced to the evaluatiosiraple sum of squares.
Transformation was done by using pivotal condearathethod (Singh
and Chaudhary, 1977). The coefficient for the tiamsation were
obtained by dividing the first row of the reducedtnx by the square
root of the corresponding pivotal condensation elis
3.3.11 Determination of gene constellation

Tocher's method as described by Rao (1952) wdswvied for
cluster formation. No formal rules can be laid dotam finding the
clusters because a cluster is not well defined .tefhee only criteria
appeared to be that any two groups belonging tsdmee cluster should
at least on an average show a smalfetHan those belonging to the two
different clusters. A simple device suggested b.KTocher is to start
with the two closely associated groups and fintiedtgroup which has
the smaller B from the two. Similarly, the fourth is chosentave the
smaller F from the first three and so on. If at any stageaterage Bof
a group form those already listed appears to bie Aigen this group does
not fit in the former groups and is therefore, talaitside the former
cluster. The group of first cluster are then omditéad the rest are treated
similarly. It is also useful to calculate the charin average Dwithin a
cluster due to inclusion of an additional group.tlile changes are
appreciable, then newly added group has to be @eredd as outside the
cluster.

3.3.12 Average intra and inter cluster Band D Values

3.3.12.1 Average intra cluster B
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D?>=3 Di?/n

Where,
‘Di’ is sum of distances between all possible cambons (n) of
the population included in a cluster.
3.3.12.2 Average inter clustefD
D? = X Distances between the population of cluster 1 arjdni nj
Where,
ni = Number of populations in the cluster i
nj = Number of populations in the cluster j

3.3.12.3 Average intra and inter - cluster distance

D= \/ ¥
Cluster means were calculated for individual charater on the

basis of mean performance of the genotypes includénl that cluster.
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4. EXPERIMENTAL RESULTS

The results obtained in the present investigadinrvariability and
diversity studies in peaP{sum sativum L.) on various quantitative and

gualitative characters are described in the chapter

4.1 Analysis of variance

The analysis of variance (Table 4.1) revealed liigignificant
differences among genotypes for all charactersesiudThe mean sum of
squares for plant height at harvest, days to ntgfiseed yield per plant
and number of pods per plant were of high magnitcm®mpared to the

other characters.

4.2 Mean performance

The mean performance of nine characters in 50tgpas of pea is
presented in Table 4.2.

4.2.1 Days to flowering (Nos.)

The days required for flowering ranged from 45t83%9.67 days
respectively. The genotypes IC-296677, IC-2123@3242733, IC-
268275, 1C-279120, 1C-310834, 1C-243334 and IC-FR18lowered
earlier i.e. in less than 46 days. While, the dggm® EC-341982 was very
late to flower (59.67). Out of 50 genotypes, twefibyvered earlier than
the population mean (52.21) days.

4.2.2 Days to maturity (Nos.)

Days required for maturity ranged between 100a3B27.67. The
genotype 1C-242733 was earlier to mature (100.38lowed by
genotypes 1C-208384, IC-332118, 1C-310834, IC-2433-356274,
IC-381861, EC-398611 and IC268275. While, the tygye1C-208391
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Table 4.1 Analysis of variance (MSS) for 9 charders in pea
Mean sum of square
Sr.
Characters Replications | Treatment Error
No.
3) (50) (150)
1. | Days to flowering 23.6562 57.90181 10.0682
2. | Days to maturity 24.6250 203.3214*  18.0281
3. | Plant height at harvest (cm)  169.6250*  1420.755031.8176
4. | No. of branches per plant 0.51074 20.2284* 1g20
5. | No. of pods per plant 137.6875% 180.5612* 11a3p
6. | Pod length (cm) 10.1208 17.3381¢ 10.8024
7. | No. of seeds per pod 0.0514 2.8216¢ 0.16765
8. | 100-seed weight (g) 1.3750* 37.0732F 0.1446
9. | Seed yield per plant (g) 99.4922% 124.5169* 403

* Significant at 5 per cent level
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was most late to mature (127.67 days). Out of &fbyypes, twenty two
matured earlier than the population mean (110.17).
4.2.3 Plant height at harvest (cm)

Plant height varied between 44.47 cm and 128.53 cmThe
genotype EC-398604 was tallest (128.53) followed bB$-268275, IC-
356332, IC-310834, IC-267142, 1C-356337 and IC-26@L The
genotype EC-412883 was dwarfest (44.47) followed HyC-412882.
Twenty four genotypes recorded more plant height tan population
mean (88.89).

4.2.4 Number of branches per plant (Nos.)
The variation for number of branches per plant eahffom 6.47 to
14.53. The genotype IC-356172 produced maximunb@)4anumber
of branches per plant followed by IC-267182, IC-3349, IC-347185,
IC-267169, IC-356332, IC-356272, IC-268276, IC-3%61and IC-
268275. The genotype EC-341782 recorded lowed¥(Ghumber of
branches per plant followed by EC-384139 and IC&3386 Twenty
three genotypes recorded more number of brancheglpat than
population mean (10.39).

4.2.5 Number of pods per plant

Number of pods per plant varied between 27.07 antl7.73. The
genotype 1C-356332 recorded highest (57.73) numbef pods per
plant followed by IC-356172, 1C-243334, IC-212393(C-267127 and
IC-356337. However, the genotype EC-381866 recodielowest
number of pods per plant followed by IC-208391 andeEC-341782.
Among the genotypes studied, twenty five recorded aximum
number of pods per plant than the population mean44.12).

4.2.6 Pod length (cm)

Pod length ranged from 3.43 cm to 8.13 cm. The gyatype IC-

267169 had highest pod length (8.13 cm) followed b§-267142, IC-
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356172, 1C-356378, EC-384139, EC-384890 and IC-3883 While,
the genotype IC-356147 had lowest (3.43 cm) pod tgh. Twenty one
genotypes recorded highest pod length than populat mean (5.03).
4.2.7 Number of seeds per pod

The range of 3.20 to 6.47 was observed for numbef seeds per
pod. The genotypes IC-267142, IC-267169 and IC-3bR2 had
maximum number of seeds per pod (6.47) followed biC-208368,
EC-384139, IC-381861 and IC-356378. The genotyp€-B56274
recorded lowest number of seeds per pod. Twenty twgenotypes
recorded greater number of seeds per pod than popation mean
(4.65).

4.2.8 100-seed weight (g)

The variation for 100-seed weight ranged between.® g to
19.53 g. The genotype EC-387113 had highest 10@deveight (19.53
g) followed by EC-381866, EC-385247, EC-341782, 398612, IC-
332113 and EC-412883. The genotype IC-212393 reded lowest
100-seed weight (6.0 g). Twenty genotypes gave geralO0-seed
weight than population mean (11.44 g).

4.2.9 Seed yield per plant (g)

Seed yield per plant ranged between 10.85 g and.@1 g. The
genotype IC-267142 recorded highest (41.01 g) seedight per plant
followed by I1C-267161, EC-385247, IC-356172, IC-2635, EC-
387113 and IC-267169. The genotype IC-267151 reded lowest
(10.85 g) seed yield per plant. Twenty eight gengigs showed high
seed yield per plant than population mean (22.39 g)

4.3 Parameters of Genetic variability



37

The parameters of genetic variabilityviz., Range of variability,
PCV, GCV, Heritability (bs), and Genetic advance a& summarized
in Table 4.3. The important findings are describedelow.

4.3.1 Coefficient of variation

The magnitude of PCV was higher than GCV for all me
characters under study. The magnitude of PCV wasighest for 100-
seed weight (30.8591) followed by seed yield pemapt (30.3539), pod
length (28.008) and number of branches per plant 0993). While,
the magnitude of PCV was medium for plant height atharvest
(25.0237) followed by number of seeds per pod (22&b) and number
of pods per plant (18.6377) and magnitude of PCV wgalow for days
to flowering (9.7681) and days to maturity (7.9637)

The magnitude of GCV was highest for 100-seed wiig
(30.6794) followed by seed yield per plant (27.94y&nd pod length
(27.8578). The magnitude of GCV was medium for nuber of
branches per plant (24.4125) followed by plant helg at harvest
(24.2057), number of seeds per pod (20.2067) andnmoer of pods per
plant (17.0343). While, days to flowering (7.6476and days to
maturity (7.006) recorded lowest GCV estimates.

The maximum difference between PCV and GCV magnittie
was observed for seed yield per plant followed byays to flowering,
number of branches per plant and number of seeds pgod. The
PCV and GCV was of same magnitude for days to matity, plant
height at harvest, pod length and 100-seed weight.

4.3.2 Heritability (bs)

The medium (10 to 30 per cent) and high (above 3fer cent)
heritability was recorded for all characters studial. The character
100-seed weight exhibited highest heritability (984) followed by
plant height at harvest (93.57), number of brancheper plant (87.49),
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seed yield per plant (84.77), number of seeds peog (84.07), number
of pods per plant (83.53), days to maturity (77.41and days to
flowering (61.29). The medium and lowest magnitudef heritability
(bs) was recorded for pod length (16.78).
4.3.3 Genetic advance

The plant height recorded highest genetic advancetZ.8761)
followed by days to maturity (14.2438), number of pds per plant
(14.1493) and seed yield per plant (11.8692). Hovesy pod length
gave lowest magnitude of genetic advance (1.2456)lléwed by
number of seeds per pod (1.7765), number of brancheper plant
(4.8883), days to flowering (6.44) and 100-seed glei (7.1854).

The highest heritability and genetic advance wasecorded in
plant height at harvest, seed yield per plant, numér of pods per
plant and days to maturity. While, pod length anddays to flowering

recorded lowest heritability and genetic advance.

4.4 Correlation

The simple correlation between yield and yield canbuting
characters in pea is presented in Table 4.4.
4.4.1 Association between seed yield and its aorapts

The characters 100- seed weight (0.675) recordedet highest
significant positive correlation with seed yield pe plant followed by
pod length (0.636), number of seeds per pod (0.6Q0dpys to maturity
(0.483) and days to flowering (0.404). However, thassociation
between seed yield and number of pods per plant waggative and
non significant. Number of branches and plant heigt were
associated non significantly.

4.4.2 Association between other component chamsacter
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Days to flowering recorded the highest significantpositive
correlation with days to maturity (0.755) followed by 100- seed
weight (0.551). While, plant height at harvest (-@56) was
significantly and negatively correlated with daysto flowering
followed by number of pods per plant (-0.521) and umber of
branches per plant (-0.525).

Days to maturity recorded the highest significantpositive
correlation with 100-seed weight (0.566) followed yb pod length
(0.364) and number of seeds per pod (0.307). Howeyvikss association
was significantly negative with number of pods pemlant (-0.504)
followed by number of branches per plant (-0.372).

Plant height at harvest recorded the highest sigficant positive
correlation with number of branches per plant (0.63) followed by
number of pods per plant (0.500), however, its assi@ation was
significantly negative with 100-seed weight (-0.2883

Number of branches per plant was significantly andoositively
correlated with number of pods per plant (0.598), bwever, its
association was significantly negative with 100-seéeaveight (-0.401).

Number of pods per plant was significantly and negfively
correlated with 100-seed weight (-0.627) followedytnumber of seeds
per pod (-0.304) and pod length (-0.302).

Pod length had highest significant positive corraition with

number of seeds per pod (0.874).

4.5 Path analysis
The path analysis suggested by Dewey and Lu (1959)used to
reveal the direct and indirect contribution of eachcharacter to yield.

The path analysis on yield contributing componentsvere carried out
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to have a clear view of individual characters conibution to seed
yield per plant.

The direct and indirect effects of nine characteron seed yield
per plantis presented in Table 4.5.

4.5.1 Direct effect

Looking to data on direct effects in path analysigTable 4.5) it
was observed that the character 100- seed weight quuced the
highest direct effect (0.94958) followed by numbenf pods per plant
(0.54602), number of seeds per pod (0.46048) and dpdength
(0.25386). The correlation coefficient of these chacters with seed
yield were positively significant except number ofpods per plant
which was positively and non significantly correlaéd with seed yield.

Pod length recorded medium direct effect and its arrelation
with seed yield was positively significant.

Number of branches per plant recorded magnitudindly low
direct effect with yield and was positively non sigificant.

Days to flowering recorded low direct effect andts correlation
with yield was positively significant, however, day to maturity
showed low and negative direct effect and its corlation with yield
was positively significant.

Plant height at harvest recorded negative and lovet direct
effect and its association with seed yield was naignificant.

4.5.2 Indirect effects

Looking to the indirect effects of various charactes it was
observed that days to flowering contributedvia 100- seed weight and
number of seeds per pod positively and number of @3 per plant
negatively. Days to maturity contributed indirectly via 100-seed

weight and number of seeds per pod positively.
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The attribute plant height at harvest contributedindirectly via
number of pods per plant, number of seeds per pogiod length and
number of branches per plant positively and 100-see weight
negatively. The trait number of branches per planthad maximum
positive indirect effectvia number of pods per plant and number of
seeds per pod and maximum negative indirect effedhrough 100-
seed weight.

The number of pods per plant showed indirect effdcvia
number of branches per plant and days to maturity sitively and
100-seed weight and number of seeds per pod negali. Pod length
exhibited maximum positive indirect effectvia number of seeds per
pod and 100-seed weight and maximum negative indice effect via
number of pods per plant.

Likewise, number of seeds per pod showed maximumnopitive
indirect effect through pod length and 100-seed weght and
maximum negative indirect effect through number ofpods per plant.
The 100-seed weight showed indirect effesta number of seeds per
pod and pod length positively and number of pods peplant

negatively.

4.6 Genetic divergence

Genetic divergence in 50 lines was measured by foNing
Mahalanobis D? statistics. The F values between all possible pair of
50 lines ranged between 8.8389 (genotypes 19 and) 24 1510.31
(genotypes 2 and 20).
4.6.1 Cluster formation

The cluster formation was done as per Tocher's metid as
suggested by Rao (1952). The 50 genotypes were gred into twenty

clusters. Cluster | was the largest and comprises aximum of 6
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genotypes, followed by cluster Il and Il with 5 g@&otypes each.
Likewise, cluster IV and V accommodated 4 genotypesach, cluster
VI and VII with 3 genotypes each, Cluster VIII, 1X, X, XI, XIlI, XIII
and XIV were with 2 genotypes each and cluster XVXVI, XVII,
XV, XIX, and XX were monogenotypic.

Table 4.6 Distribution of 50 Genotypes into differat clusters

Cluster Number of Genotypes
number genotypes
included
EC-398611, IC-208384, IC-268254,
! ° IC- 332118, IC-356274, IC-356373
EC-389374, IC-20167, IC-242725,
! > IC-242733, IC-267151
IC-243334, 1C-310834, IC-356144
! > IC-356272, 1C-356332
EC-412882, EC-412883, IC-267155,
v : IC-310833
IC-267182, IC-268275, IC-268276,
v 4 IC-2996677
VI 3 EC-381897, EC-384890, IC-356378
Vil 3 IC-267127, 1C-356310, IC-356337
VIII 2 EC-385247, EC-387113
IX 2 EC-398604, IC-267169
X 2 IC-27912, IC-356147
Xl 2 EC-341782, 1C-208391
Xl 2 IC-332113, IC-347185
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XII 2 IC-356268, IC-381861
XV 2 EC-381866, IC-267161
XV 1 EC-384139

XVI 1 EC-398612

XVII 1 IC-208368
XVIII 1 IC-2123933

XIX 1 IC-267142

XX 1 IC-356172

4.6.2 Intra and Inter cluster formation

The intra and inter cluster distances were workedout by D?
solutions. The mean B values of cluster elements were used as
measure of intra and inter cluster distance (Table.7b).

The maximum intra cluster distance was found in elster XIV
(D? = 52.24) followed by cluster Xlll (O = 51.67), cluster | (B =
51.21), cluster XII (D7 = 48.92), cluster X| (3 = 48.24), cluster V (B
= 45.58), cluster X (B=45.48), cluster IV (O = 43.33), cluster Il (I =
38.15), cluster Ill (D* = 34.39), cluster VI (B = 33.00), cluster IX (B
= 26.58 ) and cluster VIl had B = 26.65. The clusters XV, XVI, XVII,
XVIII, XIX and XX being monogenotypic, recorded no intracluster
distance. The minimum intracluster distance was aterved for
cluster VIII (D = 10.40).

The maximum inter-cluster distance was found betwen cluster
Il and XIV (D ? = 1215.38) followed by cluster XIV and XVIII (D? =
1046.43) and cluster Il and XIX (F = 1016.93). The inter-cluster
distance between cluster VIl and XVI (O = 42.34) was minimum.

The cluster | showed the maximum inter-cluster digance with
cluster XIV (D? = 632.23) followed by cluster VIl (F = 431.67). The

cluster | was closer to cluster X (B = 72.59).
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The maximum inter-cluster distance of cluster Il vas observed
with cluster XIV (D? = 1215.38) followed by cluster XIX (B =
1016.93). While, cluster Il was closer to clusteX (D* = 81.40).

The cluster Il was most distant from cluster XV O? = 664.97)
followed by cluster XVII (D? = 463.25) and closer to cluster XX (b=
67.78).

The cluster IV was most distant from cluster XVIIl (D? =
369.14) followed by cluster XIX (O = 314.14) and closer to cluster
XVI (D?=67.73).

The cluster V was most distant from cluster XIV (3 = 619.45)
followed by cluster VIII (D% = 472.21) and closer to cluster VIl (B=
91.77).

The cluster VI was most distant from cluster XIX 0% = 496.22)
and closer to cluster XVII (D? = 63.89).

The cluster VII showed the maximum inter-cluster dstance
with cluster XIV (D ? = 475.56) followed by cluster XV (B = 401.41).
The cluster VIl was closer to cluster XX (3 = 80.30).

The cluster VIII was most distant from cluster XVIIl (D? =
793.88) followed by cluster XV (B = 750.88) and closer to cluster
XVI (D ?=42.34).

The cluster IX was most distant from cluster XV (3 = 684.17)
followed by cluster XVII (D? = 445.18) and closer to cluster XIX (B=
62.17).

The cluster X was most distant from cluster XIV (3 = 870.13)
followed by cluster XIX (D? = 644.34) and closer to cluster XVIII (B
= 69.24).

The cluster XI was most distant from cluster XVIII (D? =
400.67) followed by cluster XV (B = 392.40) and closer to cluster
X1l (D ?=77.68).
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The cluster XIl was most distant from cluster XV O? = 686.24)
followed by cluster XVII (D? = 583.95) and closer to cluster XlIl (B
= 106.43).

The cluster XlIl was most distant from cluster XV (D? =
494.73) followed by cluster XVIII (D? = 327.20) and closer to cluster
XVI (D?=116.69).

The cluster XIV was most distant from cluster XVIIl (D? =
1046. 43) followed by cluster XV (B = 978.36) and closer to cluster
XVI (D?=115.16).

The cluster XV was most distant from cluster XIX P? =
891.26) followed by cluster XX (B = 573.87) and closer to cluster
XVII (D %= 96.76).

The cluster XVI was most distant from cluster XVIIl (D? =
572.62) followed by cluster XVII (F= 444.56) and closer to cluster
XIX (D ?=184.83).

The cluster XVII was most distant from cluster XVIIl (D? =
648.48) followed by cluster XX (B = 419.85) and closer to cluster
XVIII (D ?=207.89).

The cluster XVIII was most distant from cluster XIX (D? =
676.97) and closer to cluster XX (B= 299.27).

The cluster XIX was most distant from cluster Il ©? = 1016.93)
and closer to cluster IX (¥ = 62.17).

The cluster XX was most distant from cluster Il (F = 615.01)
followed by cluster XV (D? = 573.87) and cluster XVII (I = 419.85).

The cluster XX was closer to cluster Ill (F = 67.78).
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4.7 Cluster means

The cluster mean for nine characters studied areigen in Table
4.8. There mean values for individual characters r@ described
below.

4.7.1 Days to flowering (Nos.)

The genotypes in cluster XVIII were earliest to flavering
(45.67) followed by cluster V (48.08), cluster | @22), cluster Ill
(48.47) and cluster XIIl (49.33). However, genotygs in cluster Xl
(57.83) flowered late.

4.7.2 Days to maturity (Nos.)

Based on the cluster means, it was observed théiet genotypes
in cluster XIII were earliest to mature (104.17) fdélowed by cluster |
(104.67), cluster XII (105.00), cluster Xlll (105.3) and cluster Il
(105.99). Genotypes in the cluster Xl were very latto mature
(124.33) followed by cluster VIII (122.33) and clusr XVI (120.67).
4.7.3 Plant height at harvest (cm)

Cluster IX included the tallest genotypes (119.73pllowed by
cluster XIX (117.00) and cluster Il (111.99). Clgter XV included
dwarf genotypes (51.87).

4.7.4 Number of branches per plant

Cluster XX exhibited the highest number of branche per plant
(14.53) followed by cluster V (14.02), cluster 11(13.63) and cluster
IX (13.13). While, cluster XV had lowest number ofbranches per
plant (6.73) followed by cluster XI (7.10) and cluer XVI (7.27).

4.7.5 Number of pods per plant

Cluster XX exhibited maximum number of pods per plant
(56.80) followed by cluster XVIII (54.80), clusterlll (53.16), cluster
VII (52.59) and cluster V (50.97). The cluster Xl ehibited lowest
number of pods per plant (31.40) followed by clusteX1V (33.63).
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4.7.6 Pod length (cm)

Cluster XIX exhibited maximum length of pods (7.96)ollowed
by cluster XVII (7.15), cluster IX (6.93) and cluser XX (6.87). The
cluster XVIII (3.54) exhibited lowest length of pod.

4.7.7 Number of seeds per pod

Cluster XVII (6.53) exhibited highest number of seds per pod
followed by cluster XIX and XX exhibited the same nmber of seeds
per pod (6.47) followed by cluster XV (6.20). Thelaster XVl (3.40)
exhibited lowest number of seeds per pod followedybcluster Xl
(3.70).

4.7.8 100-seed weight (g)

The genotypes in the cluster VIII (19.32) had maxaum 100-
seed weight followed by cluster XIV (17.53) and chier XVI1 (17.50).
The cluster XVIII exhibited minimum weight of 100-seeds (6.00)
followed by cluster V (7.3) and cluster Il (7.68).

4.7.9 Seed yield per plant (g)

A wide range of variation was observed for this chracter. The
cluster XIX (41.01) exhibited highest seed yield pgplant followed by
cluster XIV (31.22), cluster XX (30.78), cluster VI (30.99) and
cluster IX (28.24). The cluster XVIII exhibited lowest seed yield per
plant (11.79) followed by cluster Il (13.12) and cister X (16.33).

4.8 Per cent contribution of various charactersatols divergence
The 50 lines of pea were studied for nine charaate and the
data collected were used to determine the contribign of individual
character towards genetic divergence (Table 4.9). @ of nine
characters studied 100- seed weight (36.98 per cerbntributed the
highest for divergence followed by number of seedger pod (18.12

per cent) and seed yield per plant (14.61 per centHowever,
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contribution of plant height at harvest (9.14 per ent), number of
pods per plant (6.86 per cent) and days to maturitf5.14 per cent)
were of a moderate magnitude. The number of branclseper plant
(2.94 per cent) contributed the lowest for divergece followed by days
to flowering and pod length i.e. 3.10 per cent.

Table 4.9 Percent contribution of various chagexto

divergence in pea

Sr. Characters Percent
No. contribution
1 | Days to flowering 3.10
2 | Days to maturity 5.14
3 | Plant height at harvest (cm) 9.14
4 | No. of branches per plant 2.94
5 | No. of pods per plant 6.86
6 | Pod length (cm) 3.10
7 | No. of seeds per pod 18.12
8 | 100-seed weight (g) 36.98
9 | Seed yield per plant (g) 14.61

Total 100

4.9 Morphological character variation in pea

The morphological character variation was recordedn all the
50 genotype lines on 10 qualitative characters arplesented in Table
4.10.
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4.9.1 Foliage colour

Looking to the foliage colour variation among 50 gnotypes, 27
genotypes exhibited yellowish foliage colour and wgafollowed by
green (22) and faint green (1).
4.9.2 Stem colour

The 50 genotypes were grouped in three stem coloussz,
green (30), yellow (18) and faint green (2).
4.9.3 Flower colour

There were only two types of flower colour variatios
recorded. Of the 50 genotypes, 26 exhibited purplower colour and
24 were white in flower colour.
4.9.4 Pod shape

There were only two types of pod shape variationsecorded. Of
the 50 genotypes, 38 exhibited inflated pod shapené 12 were
constricted in pod shape.
4.9.5 Pod position

There were only two types of pod position variatins. Of the 50
genotypes, 26 exhibited axillary and 24 were termal in pod position.
4.9.6 Cotyledon colour

Looking to the cotyledon colour variation among 5@enotypes,
33 genotypes exhibited yellow cotyledon colour andas followed by
white (12) and green (5).
4.9.7 Seed colour

Looking to the seed colour variation among 50 gengpes, 29
genotypes exhibited white seed colour was followday grey brown
(17), green (2) and grey (2).
4.9.8 Seed shape

There were only two types of seed shape variationecorded.
Of the 50 genotypes, 42 exhibited round shape andv@ere wrinkle
shaped.
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4.9.9 Growth habit

There were only two types of growth habit variatimns recorded.
Of the 50 genotypes, 31 exhibited viny habit and 1®ere non-viny in
habit.

4.9.10 Natural incidence of pest and disease

Powdery mildew diseases was recorded only in 9 gappes of
pea.
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5. DISCUSSION

Success of any breeding programme mainly dependsvailable
variability and intensity of selection imposed. Bietrical genetics
offered various analytical techniques to assessattalable variability.
Genotypic and phenotypic coefficient of variatiestimates the extent of
variability present in material under investigatiowhile heritability
suggests the relative role of genetic factors ipression of phenotypes
(Falconer, 1960) and also an index of transmissitof particular trait to
its offspring. However, the knowledge of heritalyilalone does not help
in formulating breeding programme. Genetic advaraieng with
heritability helps to ascertain the possible geneatontrol for any
particular trait. All these genetic parameters sasggd breeding technique
to be adopted. Whereas, the association, analysispath coefficient
explain the nature of dependency of yield and yielohtributing
characters on each other. Thé dlatistics as suggested by Mahalanobis
(1936) and clustering Rao (1952) helps to searadletigally diverse types
for hybridization programme.

In the present investigation entitled “Variabilignd Diversity
studies in pea’ Risum sativum L.) attempts were made to study the
variability and diversity for 9 quantitative and l1Qualitative
morphological characters among the 50 genotypes, absociation
between the dependent and independent variablag alih their direct
and indirect effects and also the genetic diversitgong them. The
results obtained are discussed in the chapter utiderfollowing sub
headings.

5.1 Mean performance

5.2 Components of genetic variation
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5.3 Heritability and genetic advance
5.4 Correlations

5.5 Path analysis

5.6 Genetic divergence

5.7 Morphological character variation
5.1 Mean performance

Based on analysis of variance for various charadtee mean sum
of squares due to treatments were significant fiotha nine characters
indicating the presence of good amount of varigbilior all the
characters studied. The earlier findings of Singid &aklani (1973),
Singh et al. (1977), Kuksalet al. (1983), Korla and Singh (1988),
Bhardwajet al. (2001) and Singlet al. (2003) were similar to present
results.

Looking to the range of variation for various caers, good
amount of differences were observedpar se performance for various
characters studied.

The variation for seed yield ranged between 10.8541.01 g per
plant with a population mean of 22.39 g. The gepetyC-267142
recorded highest seed vyield per plant (41.01gp¥adld by 1C-267161,
EC-385247, 1C-356172, IC-267155, EC-387113 and 6189 (Table
4.3). These lines exhibited more than 29.00g ofdsgeld per plant
indicating their high yielding potential. The praseesult confirm the
findings of Guptaet al. (1983), Korla and Singh (1988), Awasthi (1989)
and Tyagi and Srivastava (2002).

In respect of components characters, genotype®98677, IC-
212393, 1C-242733, 1C-268272, 1C-279120, IC-3108®8%4243334 and
IC-381861 exhibited early flowering i.e. less thhdays. The lines IC-
242733, 1C-208384, 1C-332118, IC-310834, 1C-243384356274, IC-
381861, EC-398611 and IC-268275 matured earliebeéore 104 days.
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The earlier findings of Guptat al. (1983) and Tyagi and Srivastava
(2002) were similar to present results.

Similarly, genotypes EC-398604, IC-268275, IC-35B3 IC-
310834, IC-267142 and IC-356337 were taller i.erenthan 118cm.
Genotypes 1C-356172, 1C-267182, IC-310834, IC-34/1K-267169
and IC-356332 had high number of branches per plhtle, genotypes
IC-356332, 1C-356172, 1C-243334, 1C-212393 and BFP27 had
maximum number of pods per plant. The genotype@Ti69, IC-
267142, 1C-356172, IC-356378 and EC-384139 hadtgrgeod length.
Number of seeds per pod were greater in genoty@e26¥142, IC-
267169, IC-356172, IC-208368 and EC-384139. The-sH#d weight
were highest in genotypes EC-38113, EC-381866, &%287, EC-
341782 and EC-398612. The seed yield per plant weghest in
genotypes 1C-267142, 1C-267161, EC-385247, IC-326lahd IC-
267155. The present results confirm the findingskofla and Singh
(1988) for yield per plant and weight of 15 podsl @hardwajet al.
(2001) for days to 50 per cent flowering.

The variability studied between 50 genotypes iagid the
presence of good amount of variation for all niferacters studied.
Variability observed for seed yield per plant rashdeetween 10.85 g to
41.01 g. Likewise, other characters also showetkwnange of variability
as, days to flowering (45.37 to 59.67 days), daysaturity (100. 33 to
127.67 days), plant height at harvest (44.47 t0.32&m), number of
branches per plant (6.47 to 14.53 cm), number dégaer plant (27.07 to
57.73), pod length (3.43 to 8.13 cm), humber ofdseger pod (3.20 to
6.47) and 100-seed weight (6.0 to 19.53 g).

Among the 50 genotypes studied, genotype IC-29667 early
flowering, 1C-242733 for early maturity, EC-3986@2r plant height at
harvest, 1C-356172 for number of branches per pl&et356332 for
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number of pods per plant, IC-267169 for pod lend@267142, IC-
267169 and 1C-356172 for number of seeds per pB@-387113 for
100-seed weight and IC-267142 for seed yield pantptecorded the

highestper se performance for respective characters.

5.2 Components of genetic variation

Looking to GCV and PCV the indices of variability was
observed that PCV estimates were magnitudinallatgrethan GCV for
all nine characters revealing the role of environtna phenotypic
expression of these traits. This also suggestedaittethat in variability
studies one should not rely upon phenotypes alibrie.always better to
consider PCV and GCV together with heritability.

The character 100-Seed weight recorded higheshituag of PCV
and GCV followed by seed yield per plant, pod lenghumber of
branches per plant and plant height at harvestesiigg the presence of
good amount of variability for these traits. Thassults confirm the
earlier findings of Kallocet al. (1976), Kuksalkt al. (1983), Guptaet al.
(1983), Tyagi and Shrivastava (2002), Chaudhary 8hdrma (2003),
Kumaret al. (2003), Sharmat al. (2003) and Singht al. (2003).

The GCV and PCV estimates were of moderate madmifor
number of seeds per pod and number of pods pet. pldhnereas, the
characters days to flowering and days to matusy low PCV and GCV
estimates, suggesting narrow range of variatiorifese characters in the
50 genotypes evaluated. These results were in mgrewith those
obtained by Kallocet al. (1976), Gupteet al. (1983) and Rames#t al.
(2002).

In the studies on magnitudinal differences betwe@v and GCV
it was observed that the magnitudinal differencevben PCV and GCV

were very high for the traitgz, seed yield per plant, days to flowering,
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number of seeds per pod, number of branches pat atad number of
pods per plant, indicating the role of environmanthe expression of
these characters. The result of the present rdseardirmed the earlier
finding of Singhet al. (1977) for node number with first pod and number
of seeds per pod and Tyagi and Shrivastava (2@3)dds per plant and
biological yield per plant.

The magnitudinal difference between PCV and GCWdays to
maturity, plant height at harvest, pod length af@-deed weight were
low, suggesting a little role of environment in eagsion of these traits.
These results confirm the earlier finding of Kuksalal. (1983) and
Ramestet al. (2002).

5.3 Heritability and Genetic Advance

Heritability is the resemblance between parents taeir progeny
(Falconer, 1960) while, genetic advance provideswiadge about
expected genetic gain for particular trait aftdesgon. In general in self
pollinated crops characters with high heritabilitysses genetic advance
of higher magnitude but phenotypic variation in fhepulation is low,
genetic advance also tends to be low and vice vdtsa indicated the
importance of variation and heritability in breegliprogramme.

When heritability is moderate to high with highmagnitude of
expected genetic advance for a particular traiicetes the additive gene
action and if the results are reversed and eithéreoconditions like high
heritability coupled with low genetic advance issetved for any given
trait, then presence of non-additive gene actioy beasuspected.

The medium to high heritability was recorded fdir characters
under study. The maximum per cent of heritabiligsvobserved for 100-
seed weight (98.84) followed by plant height atvieat (93.57), number
of branches per plant (87.49), seed yield per p{84t77), number of
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seeds per pod (84.07), number of pods per planb333days to maturity
(77.41) and days to flowering (61.29). Among thebaracters, plant
height at harvest, seed yield per plant, numbgroaois per plant and days
to maturity with high magnitude of expected geneiilvance suggested
existence of additive gene action. These resuliacme with those
obtained by Singh and Singh (1970), Singh and %aki®73), Singlet
al. (1986), Dubey and Lal (1988) for days to floweriagd 100-seed
weight, Baswana and Tewatia (1994) and Dixit (1988)pods per plant.

High heritability coupled with moderate geneticvadce was
observed for characters 100-seed weight, daysoteefing and number
of branches per plant. These results were in agraenwith those
recorded by Dubey and Lal (1988) for yield per plaeeds per pod and
shelling percentage.

The charactergiz, 100-seed weight, number of seeds per pod and
days to flowering had high heritability with low getic advance and pod
length showed moderate heritability coupled witlv Igenetic advance.
This situation suggested the presence of non-aédjenetic variation for

expression of these traits.

5.4 Correlation

Correlation coefficient is a statistical measutgch is used to find
out the degree (strength and direction of relahgndetween two or
more variables). The information on the inter-relaship among the
traits facilitated the choice of breeding methodbéoapplied and selecting
the parents for crop improvement.

In the present investigation, the character seiett yper plant
showed significant positive association with 108eseveight, pod length,
number of seeds per pod, days to maturity and dayflowering,

suggesting dependency of yield on these charad¢iensever, seed yield
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was significantly and negatively correlated withnrher of pods per
plant. Similar findings were reported by Chaudhetrgl. (1971) for 100-
seed weight and number of seeds per pod, SinglbjI0B8days to 50 per
cent flowering, Singhet al. (1985) for 100-seed weight, seeds per pod
and days to flowering and Sing al. (1987) for days to maturity and
days to flowering.

In association between component characters, tayowering
recorded the highest significant positive correlatwith days to maturity
and 100-seed weight. The days to maturity recosiguificant positive
correlation with 100-seed weight, pod length andnber of seeds per
pod. While, pod length had significant positive retaition with number
of seeds per pod. These results suggested thelepemdency of these
characters on each other. These results coincitheweotiaet al. (1983)

for pod length with number of seeds per pod.

5.5 Path analysis

Path coefficient analysis is simply a standardigadial regression
coefficient which splits the correlation coeffictanto direct and indirect
effects. In present investigation, path analysiss waorked out by
following Dewey and Lu (1959) to estimate the magphe and direction
of direct and indirect effects of various yield agkld contributing
characters. Correlation coefficient along with pagffects together
provides reliable information which can be betwemmsal factor and
direct effect is more or less of equal magnitutiexplains the true and
perfect relationship between the traits and disstection through these
traits will be rewarding. However, if the corretati coefficient is positive
and the direct effect is negative or negligible theéirect causal factors

are to be considered in simultaneous selectiorgfSamd Kakar, 1977).
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5.5.1 Direct effects

In the present investigation path coefficient gsial was
calculated. This was done to ascertain a clear Wwgwhich individual
traits contributed to yield. It was observed tha tharacter 100-seed
weight (0.94958) produced the highest direct effetitbwed by number
of pods per plant (0.54602), number of seeds pdr(pat6048) and pod
length (0.25386).

Along with the direct effect of these characters yweld, the
correlation coefficient between seed yield with -s@@d weight, number
of seeds per pod and pod length were significgmdlsitive indicating the
true and perfect association between these chasacte

The days to flowering recorded low direct effecsd its
correlation with yield was significantly positivdhe days to maturity
also produced magnitudinally low and negative direffect but its
association with seed yield was significantly negat

Similar results were obtained by Narsinghenal. (1978), Teotia
(1983), Singh (1985), Singtt al. (1985), Chaudhary and Sharma (2003)
and Pathalet al. (2002).

However, the direct effect of number of pods p&mt showed
negative correlation with seed yield per plant slipg these characters
do not contribute directly but may influence theelgi via other
component characters.

5.5.2 Indirect effects

Among the various characters days to flowering trdioumted
indirectly through 100-seed weight and number oédse per plant
positively and number of pods per plant negativéhays to maturity
contributed indirectly through 100-seed weight anber of seeds per
pod positively. Pod length contributed indirectigrough 100-seed

weight positively and through number of pods panphegatively.
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Likewise, number of seeds per pod showed positigigect effect
through pod length and 100-seed weight and negatg&ect effect
through number of pods per plant. The 100-seedweigowed positive
indirect effect through number of seeds per pod pad length and
negatively through number of pods per plant.

From the above results, it is implicated that éase in the
performance of these traits which contributed iactly and positively,
ultimately leads to increase in seed yield pertplan

The residual effects determines how best the tafsaors
accounted for the variability of dependent facicesseed yield per plant.
In the present study, the residual effect was 0229ndicating that
besides the characters studied, there are some attidutes which

contributed to the yield.

5.6 Genetic Divergence

The most important and difficult task is initiati@f hybridization
programme by selecting genotypes with hpghse performance for yield
and vyield contributing components with suitable ejen divergence
among them. From the genetic variability estimatesould be possible
to identify desirable genotypes but unless we hswend knowledge
about average between them its difficult to expmey extra ordinary
results from their progeny.

D? statistics a concept developed by Mahalanobis (1936
important tool to plant breeder. It is useful tdaolstudy the degree of
divergence between biological population at geniotigvel and to asses
the relative contribution of different componeridhe total divergence at
both intra and inter-cluster level. Rao (1952)grsied the application of

this technique for the assessment of genetic diyamsplant breeding.
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5.6.1 Intra and Inter-cluster distances

The basic idea behind formation of clusters is &b the intra and
inter-cluster distances. This serves as indexsébection of parents with
diverse origin. The intra and inter-cluster valaes means derived from
D? values of cluster elements. The crossing betwengenotypes
placed in clusters with large inter cluster distandll be more correct
approach to get desirable results.

In the present investigation the 50 lines wereugea into 20
clusters. The genotypes EC-381866 and IC-24273& wenetically
distanced as they show maximurf &lues (1510.31) between them and
were placed in different clusters. While, genoty/p€-242725 and IC-
267151 were most closely related?(B8.8389) and placed in same
cluster. This indicated the relationship betweenajypes and individual
distances from each other with clustering pattern.

The 20 different clusters formed in the presemtlgtindicated that
the available genotypes possess variability foe rdifferent characters
under study. The cluster | had larger number géBotypes followed by
cluster Il and lll with 5 genotypes each, clusi¢éraind V had 4 genotypes
each, cluster VI and VII with 3 genotypes eachstdu VIII, XI, X, XI,
XIl, X1, X1V with 2 genotypes each and cluster XXVI, XVII, XVIII,
XIX, XX were monogenotypic. Wide range of diveysitvas also
reported by Chandel and Joshi (1981) who groupedes@types into 10
clusters, Dhobal and Ram (1985) grouped 32 genstype 11 clusters,
Singh and Tripathi (1985) grouped 100 germplasnts ¥ clusters,
Dixit et al. (2002) grouped 53 genotypes into 11 clusters andhSand
Singh (2003) grouped 50 genotypes into 11 clusters.

The maximum intra cluster distance was observed tfe
genotypes falling in cluster XIV (b= 52.24) followed by cluster XIII
(D?=51.67) and | (B= 51.21). This implies that cluster XIV, XIII arid
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have the genotypes with varied genetic architectwrele the genotypes
falling in the cluster VIII (B = 10.40) exhibited minimum intra cluster
distance, impling that genotypes falling in the stén VIII were
genetically resembling to each other and might lamae from common
gene pool, while the cluster XV, XVI, XVII, XVIIIXIX and XX showed
zero intracluster distance due to monogenotypiareat

Genotypes falling between cluster Il and XIV extad maximum
inter-cluster distance (D= 1215.38), cluster XIV and XVII (B =
1046.43) and cluster Il and XIX (& 1016.93) indicating that genetic
makeup of genotypes falling in this clusters mayemirely different
from one another. While, the cluster VIII and XVécorded lowest
distance (B = 42.34) followed by cluster IX and XIX (b= 62.17)
suggesting that genotypes in these clusters weretigally close to each
other.
5.6.2 Mean performance

Based on the cluster means for a characters (T&Bleit was
observed that cluster XIX recorded highest seettl yper plant (41.01)
and was characterized as comparatively larger nummbseeds per pod,
pod length and plant height at harvest. The cluxtér VIIIl and IX
showed medium seed vyield per plant as most of talel yomponents
were intermediary in nature. The cluster XVIII waast yielder among
the clusters, which was mainly due to early flowgyrishorter pods, less
number of seeds per pod and less weight of 100sseed

Cluster mean for plant height at harvest was marinfior cluster
IX similarly, number of branches per plant, numbé&pods per plant for
cluster XX, pod length for cluster XIX, number oéesls per pod for
cluster XVII and 100-seed weight for cluster VIkhebited maximum

cluster mean.
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5.6.3 Relative contribution of characters towards tvergence

In present investigation 100-seed weight (g) shbweaximum
(36.98 per cent) relative contribution towards djence followed by
number of seeds per pod (18.12 per cent) and se&tper plant (14.61
per cent) indicating that these characters weresiderably responsible
for the total divergence in the material under gtud

Plant height at harvest, number of pods per p&arm days to
maturity contributed moderately for genetic diverge, while number of
branches per plant, days to flowering and pod lergntributed least for
genetic divergence.

The results obtained in the present investigatidicated that yield
indictors responsible for divergence varied sulisiiy and may be
attributed to differences in the genetic constitatof material and the
environment in which they were are grown.

5.6.4 Genetic divergence as a measure of choosinaegnt parent for
crossing

The success of any crossing programme lies pilynar the
selection of parents with high expression for ecnically important
characters. Since genetic make up of self pollthateops remains
constant, it is important to have divergent parewth good performance
for yield as well as other quantitative traits fofbridization to obtain a
desirable segregant through selection in the sulesgggenerations.
Among the different approaches of selecting paresgkection based on
diversity had its own merit. Therefore, in the s investigation
diversity among different genotypes was studiedgclvlyielded valuable
information that could be useful in suggesting potearents for
hybridization.

Bhatt (1970) advocated that the statistical distaof all possible

cluster combinations may be considered arbitramtya guideline and
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suggested that crosses belonging to different elssthowing an inter
cluster distance equal to mean statistical distamcenore might be
attempted.

Timothy (1963) had also suggested, genetic divergeas one of
the criteria for selecting the parents in plantebiag as a mean to
generate crosses which will segregate in later rg¢io@s into
transgressive segregants possessing performanieg thetn the parents
involved.

In the present investigation, attempts were madehe cluster
combinations into four divergence classes as pentbthod suggested by
Arunachalam and Bandopadhyay (1984). The statisttsiances (D)
given in table 4.7 represent the index of geneitterdity among cluster.
The mean (M) calculated for intra and inter clustestances was 15.39
with a standard deviation (S) of 8.52. The minim() and maximum
(Y) divergence class values were 3.225 and 34.&8pectively. The
divergence classes are presented in Table 5.1.

Arunachalam and Bandopadhyay (1984) reported thatses
between divergent classes p@nd DG will be more heterotic and
promising than other combinations. In the presemestigations, the
maximum clusters were included in P&hd DG. To reduce the risk
form the view point of heterosis, high yielding g&pes from the
clusters selection should be used. However, whalecting genotypes
from clusters other practical considerations, We&ld quality, resistance
to disease should be taken into account. The fi&0ogenotypes, which
deserve to be considered as a potent parentsdssing are as indicated

below.
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1 | EC-398604 IX |yield, 100-seed weight, pod length a
number of seeds per pod
2 | EC-387113 VIl | Maximum 100-seed weight and seiettly
Maximum seed yield, number of seeds
3 IC-267142 XIX | pod, 100-seed weight, pod length and p
height at harvest.
4 C.267169 X Maximum pod length, number of seeds
pod, seed yield and plant height at harve
Maximum number of seeds per pod, s
5 IC-356172 XX |yield, pod length and plant height
harvest
Maximum number of pods per plant, p
6 IC-356332 Il |length, seed yield and plant height
harvest.
Early flowering and maturity, maximui
7 IC-381861 XIII' | seed yield, pod length and number of se
per pod.
8 C.267161 Y High seed vyield, 100-seed weight, p
length and number of seeds per pod.
High seed yield, number of pods per pla
9 IC-356337 VIl | plant height and number of branches
plant.
Early flowering maximum pod length ar
10 | 1C-296677 \Y

nd

number of seeds per pod.
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Table 5.1: Distribution of different cluster combinations into four

divergence classes based on D values between them

3.225

DC.4

DCs

DG,

DCy

M-S M M+S Y
8.52 15.39 22.26 34.862

3.225

(X1, X1, (VIIL, XIV), (XVI, XV), (IV, XVI), (VI 11, XVI), (VI, XVII), (X,
XV, (IX, XIX), (1ll, XX).

8.52

(1), (1,0, (1, 1), (1, V), (I V), (1V, V), (1, VD, (L VI, (v, VD, (1,
VI, (111, VI, (1V, VI, (V, VID, (IV, VI, (L, 1X), (V. 1X), (V, 1X),
VI, 1X), (VI 1X), (1, X), (I, X), (V, X), ( V, X), (VI, X), (VII, (X), I,
X1), (11, X1), (IV, X1), (VI, XI), DC s(VII, XI), (VIII, XI), (IX, XI), (111, XII),
(v, XI1), (V, XI1), (VIL, X1, (VL X1, (X, X1, (X1, X1, (1, X1, (i,
X1, (1V, XU, (v, X1, (VI X0, (VI X, (X1, X, (X1, X,
(IX, XIV), (XII, XIV), (XIII, XIV), (I, XV), (X, XV), (VII, XVI), (IX, XVI),
(X1, XVI), (XII, XVI), (X, XVI), (XIV, XVI), (I, XVID), (I, XVII), (X,
XVID, (XV, XVIN), (I, XVII), (1, XVII), (v, XV 1), (VII, XVI),
(XVIL, XV, (1, XIX), (VI XIX), (VIII, XIX) -, (XI, XIX), (XII, XIX),
(X1, XIX), (XIV, XIX), (XVI, XIX), (I, XX), (V, XX), (VII, XX), (IX, XX),
(X1, XX), (XI1, XX), (XIII, XX), (XVI, XX), (XIX, XX).

15.39

(11, 1V), (1L, 1), (I, VI, (VL VI, (I VI (VI VI, @ VI, (v, VI
VI, VL), (VIL, VI, (1, 1X), (V1 1X), (1, X), (I, XD), (v, XI), (X, XI),
(1, X1, (1, X1, (V1, XI1), (X, XI1), (VI, XIy -, (X, X1, (11, XIV), (IV,
XIV), (VII, XIV), (I, XV), (IV, XV), (V, XV), (VIl , XV), (XI, XV), (I,
XVI), (I, XVI), (V, XVI), (VI, XVI), (X, XVI), ( XV, XVI), (11, XVII), (IV,
XVID, (V, XVII) (VI XVID, (IX, XVID), (XI, XV 1), (XII, XVII),
(XVI, XVID, (111, XV, (IV, XV, (VI, XVIE 1), (IX, XV, (X1, XVI),
(XI1, XV, (XH, XV, (XV, XV, (XVI, XV 1, (1, XIX), (IV, XIX),
(V, XIX), (IV, XX), (VI, XX), (VIII, XX), (X, XX), (XIV, XX), (XVII, XX),
(XVIII, XX).

22.26

(11, 1), (1, VI, (VI X), (1, X, (11, X0, (1, XIV), (11, XIV), (V, XIV),
VI, XIV), (X, XIV), (I, XV), (VIII, XV), (IX, X V), (XII, XV), (XIIl, XV),
(XIV, XV), (I, XVI), (VI1, XVID), (X1, XVI), (- XIV, XV, (VIII, XVII),
(XIV, XVIIT), (1, XIX), (VI, XIX), (X, XIX), (XV, XIX), (XVIII, XIX), (
XVIIL, XIX), (I, XX), (XV, XX).

34.862



66

5.7 Morphological character variation

The observations on the ten qualitative charackB& germplasm
lines were reveled that they had limited morphadagvariation.

Foliage colour exhibited three types of coloim, yellowish, green
and faint green, stem colour showed three typewloiurviz, yellow,
green and faint green, flower colour recorded dawly types of colour
l.e. purple and white, pod shape recorded two typeshape i.e.
inflated and constricted.

Likewise, there were two types of pod position eillary and
terminal position recorded by pod, cotyledon colexhibited yellow,
white and green colour, seed colour exhibited wigitey brown and grey
colour of seeds, there were only two types of sawape recorded i.e.

round and wrinkled and two types of growth halat viny and non-viny.
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6. SUMMARY AND CONCLUSIONS

The present investigation entitled “Variabilitycadiversity studies
in pea Pisum sativum L.)” was undertaken with following objectives.
1. To study the variability for yield and vyield cortuting
characters.
2. To study the association between different characteith
direct and indirect effects.

3.  To measure genetic divergence among various gesmgiaes.

In the present investigation 50 indigenous andtiexgenotypes
were planted on 1 Oct. 2005 with 45 cm x 15 cm spacing in
randomized block design with three replicationse Tdenotypes were
evaluated for nine diverse guantitative charactereave clear view of
yield contributing components of seed yield pemplather characters
viz, days to flowering, days to maturity, plant heiglhtharvest, number
of branches per plant, number of pods per pland, lpagth, number of
seeds per pod and 100- seed weight and ten gi&itatharactersiz.,
foliage colour, stem colour, flower colour, pod pba pod position,
cotyledon colour, seed colour, seed shape, growithit and Natural
incidence of pest and disease.

The treatment mean sum of squares were signifi¢antall
characters studied, suggesting the presence of waraability for various
characters studied in genotypes evaluated. Follpwne some important
genotypes which showed the best performance fdan eddhe various
characters under studyz, Among the 50 genotypes studied, IC-296677
for early flowering, 1C-242733 for early maturitiz,C-398604 for plant
height at harvest, IC-356172 for number of brangerplant, IC-356332
for number of pods per plant, IC-267169 for podgtbn 1C-267142 , IC-
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267169 and IC-356172 for number of seeds per [i€k387113 for 100-
seed weight and IC-267142 for seed yield per platorded the highest
per se performance for respective characters.

The variability studied between 50 genotypes ingidathe
presence of good amount of variation for all nifearacters studied.
Variability observed for seed yield per plant rashdetween 10.85 g to
41.01 g. Likewise, other characters also showetkwnange of variability
as, days to flowering (45.37 to 59.67 days), daysmaturity (100. 33 to
127.67 days), plant height at harvest (44.47 t0o.32&m), number of
branches per plant (6.47 to 14.53), number of gmetsplant (27.07 to
57.73), pod length (3.43 to 8.13 cm), number ofdseger pod (3.20 to
6.47) and 100-seed weight (6.0 to 19.53 g).

The estimates of PCV and GCV were of high magnitiaatel00-
seed weight followed by seed yield per plant, patgth and number of
branches per plant indicating, the presence of goodunt of variability
for these characters. Whereas, plant height aesaand number of seeds
per pod exhibited moderate PCV and GCV values.

The magnitudinal difference between PCV and GCVewegh for
seed vyield per plant and days to flowering indiugti the role of
environment in phenotypic expression of these draitowever, it was
low for the characters, days to maturity, plantgheiat harvest, pod
length and 100- seed weight suggesting a little i environment in
expression of these traits. The characters 100-sesdght (98.84 per
cent), plant height at harvest (93.57 per centimler of branches per
plant (87.49 per cent), seed yield per plant (84&7 cent), number of
pods per plant (83.53 per cent), days to maturity41 per cent) and days
to flowering (61.29 per cent) showed high herit@pilestimates.
However, theses characters showed varied expeaadtig advance.

Plant height at harvest, seed yield per plant, raermobpods per plant and
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days to maturity showed the high estimates of genatlvance,
suggesting the role of additive gene effects faséhcharacters. While,
100-seed weight, number of seeds per pod, daytwerfing and pod
length showed low estimates of expected genetiarazk, suggesting the
role of non — additive gene effects for these ottara.

Seed yield per plant had positive and significamtredation with
100-seed weight, pod length, number of seeds pey ghys to maturity
and days to flowering, this indicating the deperuyeaf seed yield on
these characters.

The path coefficient analysis revealed that the-d€¥d weight,
number of pods per plant, number of seeds per pat pd length
recorded high magnitude of direct effects on seeldl yper plant. Among
them 100 seed weight, number of seeds per pod atdemgth showed
significantly positive correlation with seed yielthdicating true and
perfect relationship between yield and these charsavith seed yield
suggesting, the fact that the one can rely uposetleharacters while,
making selections for high yielding genotypes ia.pe

The 50 genotypes studied in the present investigatere grouped
into twenty clusters by Danalysis as suggested by Rao (1952). The
Tochers clustering method was used to have genstalmtions. The
maximum ¥ value (1510.31) was observed between the genoffes
381866 and 1C-242733, while lowest was observedvéen IC-242725
and IC-267151 (8.8389). This suggested that, geestyfeC-381866 and
IC-242733 were most apart genetically. While, ggpes 1C-242725 and
IC-267151 were most close to each other genetic#limong twenty
clusters formed, cluster | comprised maximum nunddegenotypes i.e.
6, Cluster Il and Il had 5 genotypes each, clustérand V had 4

genotypes each, likewise, cluster VI and VII hadehotypes each and
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VI, 1X, X, X, XII, XIll and XIV had 2 genotypeseach. while, cluster
XV, XVI, XVII, XVIII, XIX and XX were monogenotype.

The intra cluster distance was maximum for clu3tBf, while it
was minimum for cluster VIII. The inter cluster @isce was maximum
between cluster Il and XIV, while it was minimumtiween VIII and
XVI.

The variance of cluster means information that gleeotypes in
cluster XVIII were earliest to flowering. Likewisgenotypes in cluster
XIII were earliest to mature, genotypes in clus¥emere tallest for plant
height at harvest, genotypes in cluster XX numbepads per plant,
genotypes in cluster XIX exhibited maximum lengthpods, genotypes
in cluster XVII exhibited highest number of seeds pod, genotypes in
cluster VIl had maximum 100-seed weight and gepesyin cluster XIX
exhibited highest seed yield per plant.

The 100-seed weight showed highest percentage mtfilsation
towards divergence followed by number of seedspper and seed yield
per plant. Plant height at harvest, number of pmelsplant and days to
maturity contributed moderately for genetic diverge.

Looking to the morphological character variatiomli&ge colour
exhibited three types of colowiz, yellowish, green and faint green,
stem colour showed three types of coleiar, yellow, green and faint
green, flower colour recorded only two types ofoewli.e. purple and
white, pod shape recorded two types of shape n#ated and
constricted.

Likewise, there were two types of pod position eillary and
terminal position recorded by pod, cotyledon colexhibited yellow,
white and green colour, seed colour exhibited wigitey brown and grey
colour of seeds, there were only two types of sawape recorded i.e.

round and wrinkled and two types of growth halat viny and non viny.
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Conclusions

1.

The significant treatment difference for 50 genotyps indicated
good amount of variability for all the characters sudied.
Following are some important genotypes which shotestper se
performance for each of the various characters usitelyviz., I1C-
296677 for early flowering, 1C-242733 for early mudty, EC-
398604 for plant height at harvest, IC-356172 farmber of
branches per plant, 1C-356332 for number of pods ant, IC-
267169 for pod length, IC-267142, IC-267169 and386172 for
number of seeds per pod, EC-387113 for 100- sesghivand IC-
267142 for seed vyield per plant recorded the highes se
performance for respective characters.

In the present investigation 100 -seed weight, seeld per plant,
pod length, number of branches per plant and plaight at harvest
recorded high magnitude of PCV and GCV, indicatimg presence
of good amount of variation for these character mgngenotypes
studied. The highest heritability and genetic adeawas recorded
for plant height at harvest, seed yield per plamtt days to maturity.
While, pod length and days to flowering recordeddst heritability
and genetic advance.

The characters 100-seed weight, number of seedpqukand pod
length produced the highest direct effect on seeld yer plant. The
correlation coefficient of these characters witbdsgield per plant
was positively significant, indicating the true goerfect association
between these characters. This suggested the dapmndf seed
yield on these characters.

The 100-seed weight contributed maximum to thel witzergence.

The total number of 50 genotypes were grouped entyclusters.
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The maximum intra cluster distance was observecchaster XIV
and inter cluster distance was maximum betweeriarllisand XIV.
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Table4.1l : Analysis of variance (MSS) for 9 charactersin pea

Sr. Characters Mean sum of square
No. Replications | Treatment Error
©) (50) (150)
1. | Daysto flowering 23.6562 57.9018* 10.0682
2. | Daysto maturity 24.6250 203.3214* 18.0281

3. | Plant height at harvest (cm) | 169.6250¢ | 1420.7550% | 31.8176

4. | No. of branches per plant 0.51074 20.2284* 0.92014
5. | No. of pods per plant 137.6875* 180.5612* 11.1320
6. | Pod length (cm) 10.1208 17.3381* 10.8024
7. | No. of seeds per pod 0.0514 2.8216* 0.16765
8. | 100-seed weight (g) 1.3750* 37.0732* 0.1446
9. | Seed yield per plant (g) 99.4922* 1245169 | 7.0341

*, ** Significant at 5 per cent and 1 per cent level




Table49 Per cent contribution of various charactersto
divergencein pea

Sr. Characters Per cent
No. contribution
1 Daysto flowering 3.10
2 Days to maturity 5.14
3 Plant height at harvest (cm) 9.14
4 No. of branches per plant 2.94
5 No. of pods per plant 6.86
6 Pod length (cm) 3.10
7 No. of seeds per pod 18.12
8 | 100-seed weight () 36.98
9 Seed yield per plant (g) 14.61
Tota 100




Table 4.6 Digribution of 50 Genotypesinto different clusters

Cluster Number of Genotypes
number genotypes
included
I 6 EC-398611, 1C-208384, |C-268254,
IC- 332118, IC-356274, |C-356373
Il 5 EC-389374, 1C-20167, IC-242725,
|C-242733, IC-267151
1 5 1C-243334, 1C-310834, 1C-356144
1C-356272, 1C-356332
IV 4 EC-412882, EC-412883, 1C-267155,
IC-310833
\Y 4 IC-267182, IC-268275, 1C-268276,
IC-2996677
VI 3 EC-381897, EC-384890, 1C-356378
VII 3 IC-267127, 1C-356310, |C-356337
VIII 2 EC-385247, EC-387113
IX 2 EC-398604, 1C-267169
X 2 IC-27912, IC-356147
Xl 2 EC-341782, 1C-208391
XII 2 IC-332113, IC-347185
X111 2 1C-356268, 1C-381861
X1V 2 EC-381866, IC-267161
XV 1 EC-384139
XVI 1 EC-398612
XVII 1 |C-208368
XVIII 1 1C-2123933
XIX 1 |C-267142
XX 1 IC-356172




Table3.1

Thelist of Exotic and Indigenous lines used for

present study

Sr. | Genotypes Sr. | Genotypes | Sr. | Genotypes
No. No. No.

1 |EC-341782 |18 |I1C-212393 |35 | 1C-310834
2 |EC-381866 |19 |IC-242725 |36 |I1C-332113
3 |EC-381897 |20 |I1C-242733 |37 |I1C-332118
4 |EC-384139 |21 |1C-243334 |38 |1C-347185
5 |EC-384890 |22 |IC-267127 |39 |1C-356144
6 EC-385247 23 |1C-267142 |40 |1C-356147
7 EC-387113 24 |1C-267151 |41 | 1C-356172
8 |EC-389374 |25 |IC-267155 |42 |1C-356268
9 |EC-398604 |26 |IC-267161 |43 |I1C-356272
10 | EC-398611 27 | 1C-267169 |44 | 1C-356274
11 |EC-398612 |28 |IC-267182 |45 |I1C-356310
12 | EC-412882 |29 |IC-268254 |46 | 1C-356332
13 | EC-412883 |30 |IC-268275 |47 |1C-356337
14 | 1C-207167 31 |1C-268276 |48 |1C-356373
15 |1C-208368 32 | I1C-279120 |49 |1C-356378
16 |1C-208384 33 | I1C-296677 |50 |1C-381861
17 | 1C-208391 34 | 1C-310833
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Table 4.10 Morphological character variation in 3 Germplasm lines of pea
Germ- Foliage Stem Flower Pod shape Pod Cotyledon | Seed colour| Seed Growth | Natural
plasm colour colour colour position colour shape habit incidence
No. of pest
and
disease
1 Green Green White Inflated Terminal | Yellow White Round viny
2 Green Green White Inflated Terminal | White White Round nonviny
3 Yelowish | Yellow White Inflated Terminal | Yellow White Wrinkled | nonviny | P.M.
4 Green Faint green | White Inflated Terminal | Yellow Gray Wrinkled | nonviny
5 Yelowish | Yellow White Inflated Terminal | White White Round nonviny
6 Green Green White Inflated Termina | White White Round viny
7 Green Green White Inflated Terminal | White White Round nonviny | P.M.
8 Green Green White Inflated Termina | White White Round nonviny
9 Yelowish | Yellow White Inflated Terminal | White White Round viny
10 Yelowish | Yellow Purple Constricted | Axillary Yellow Green Round viny P.M.
11 Green Green White Inflated Terminal | Yellow Gray brown | Round nonviny
12 Faint green | Faint green | White Inflated Terminal | Yellow White Wrinkled | nonviny
13 Green Green White Inflated Terminal | Yellow Green Round nonviny
14 Yelowish | Yellow Purple Inflated Axillary Yellow White Round viny
15 Green Green White Inflated Terminal | Yellow White Round viny
16 Green Green Purple Constricted | Axillary Yellow White Wrinkled | viny P.M.
17 Green Green White Constricted | Terminal | Yellow White Round nonviny
18 Yelowish | Yellow Purple Constricted | Axillary Yellow Gray brown | Round viny
19 Green Green Purple Inflated Axillary Yellow Gray brown | Round nonviny
20 Green Green Purple Constricted | Axillary Yellow Gray brown | Round nonviny
21 Yelowish | Yellow Purple Inflated Axillary Yellow Gray brown | Round viny
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22 Yelowish | Yellow Purple Inflated Axillary Yellow White Round viny P.M.
23 Green Green White Inflated Terminal | White White Round viny P.M.
24 Y dlowish Yéellow Purple Congtricted Axillary Yellow White Round nonviny

25 Green Green White Inflated Terminal | Yelow White Round nonviny

26 Green Green White Inflated Terminal | Yellow White Round nonviny

27 Green Green White Inflated Terminal | Yelow White Round viny

28 Y dlowish Yéelow Purple Inflated Axillary Yellow White Round viny

29 Yelowish | Yellow White Constricted | Terminal | Yellow Gray brown | Round nonviny

30 Y dlowish Yéelow Purple Congtricted Axillary Yellow White Round viny

31 Yelowish | Yellow Purple Inflated Axillary Yellow Gray brown | Wrinkled | viny

32 Y dlowish Yéelow Purple Congtricted Axillary Yellow Gray brown | Wrinkled | viny P.M.
33 Y dlowish Green Purple Inflated Axillary Yellow White Round viny

34 Green Green White Constricted | Terminal | White White Round nonviny

35 Yelowish | Green Purple Inflated Axillary Yellow Gray Round viny

36 Green Green Purple Inflated Axillary Green Gray brown | Round viny

37 Yelowish | Green Purple Inflated Axillary Green Gray brown | Round viny

38 Green Green Purple Inflated Axillary Green Gray brown | Round nonviny

39 Yelowish | Yellow Purple Inflated Axillary White White Round viny

40 Yelowish | Green Purple Constricted | Axillary White White Round viny P.M.
41 Y dlowish Green White Inflated Terminal | Green Gray brown | Round viny

42 Yelowish | Yellow Purple Inflated Axillary Yellow White Round viny

43 Green Green Purple Inflated Axillary Yellow White Round viny

44 Yelowish | Yellow Purple Constricted | Axillary Yellow Gray brown | Round viny

45 Yelowish | Green Purple Inflated Axillary Yellow Gray brown | Round viny

46 Y dlowish Yéellow Purple Inflated Axillary Green Gray brown | Wrinkled | viny

47 Green Green White Inflated Termina | White White Round viny

48 Y dlowish Green Purple Inflated Axillary White White Round viny P.M.
49 Yelowish | Green White Inflated Terminal | Yellow Gray brown | Round nonviny

50 Yelowish | Green White Inflated Terminal | Yellow Gray brown | Wrinkled | viny
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Table 4.3 Components of genetic variation in 50ggmplasm lines of pea for various characters
Characters L :
St No. Range General .y cev Her|2tab|I|ty Genetic
mean h<(bs) advance
1. Days to flowering 45.37- 59.67 52.21 9.7681 7.6476 61.29 6.44
2. Days to maturity 100.33-127.67 112.17 7.9637 7.006 7741 14.2438
3. Plant height at harvest (cm) 44.47-128.53 88.89 25.0237 | 24.2057 93.57 42.8761
4, No. of branches per plant 6.47-14.53 10.39 26.0993 | 24.4125 87.49 4.8883
5. No. of pods per plant 27.07-57.73 4412 18.6377 | 17.0343 83.53 14.1493
6 Pod length (cm) 3.43-8.13 5.03 28.008 | 27.8578 16.78 1.2456
7. No. of seeds per pod 3.20-6.47 4.65 22.0385 | 20.2067 84.07 1.7765
8. 100-seed weight (g) 6.0-19.53 11.44 30.8591 | 30.6794 98.84 7.1854
9. | Seed yield per plant (g) 10.85-41.01 22.39 30.3539 | 27.9476 84.77 11.8692
PCV = Phenotypic coefficient of variance, GCV = Genotypic coefficient of variance, h?(b.s) = Broad sense




Table4.5 Direct (diagonal) and indirect (above ad below diagonal) path effects of different charaers towards
yield in pea
Character Days to Days to Plant height | No. of No. of pods | Pod No. of seeds | 100-seed Seed
flowering maturity at harvest branches | per plant length per pod weight (g) yield
(cm) per plant (cm) per
plant(g)
Daysto flowering | 0.00724 | -0.00506 | 0.00106 | -0.01858 | -0.28458 | 0.06682 0.11375 052343 | 0.404**
Daysto maturity | 0.00547 | -0.00670 | 000080 | -0.01318 | -027516 | 0.09244 0.14147 053748 | 0.483**
Plant height
ant heignt at -0.00258 | 000180 | -0.00298 | 002234 | 027290 | 002634 | 003305 .0.27333 | 0078
harvest (cm)
No. of branches
e plent -0.00380 | 000249 | -000188 | 0.03541 | 0.32628 | 001699 0.03075 -038078 | 0.025
F'\):Z'n?f podsper | 100377 | 000338 | -000149 | 002116 | 054602 | -007665 | -0.13983 -0.59560 | -0.247
Pod length (cm) | 000191 | -0.00244 | -000031 | 0.00237 | -0.16486 | 0.25386 | 0.40239 014310 | 0.636**
g';'l of seedsper | 00179 | 000206 | -0.00021 | 000236 | -016581 | 022184 | 0.46048 008840 | 0.607**
(15)0'986(1 weght | 100399 | 000379 | 000086 | 001420 | -0.34247 | 003826 0.04287 0.04958 | 0.675**
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Residual effect = 0.2290258
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Table 4.4  Simple correction coefficient between énharacters in pea
Sr. No. | Characters| Daysto Days to Plant No. of No. of Pod No. of 100-seed | Seed yield
flowering maturity height at | branches | pods per length seeds per| weight (g) per
harvest per plant plant (cm) pod plant(g)
(cm)

DayS to * % * * %k *%* *%* *%*

1 . 1.000 0.755 -0.356 -0.525 -0.521 0.263 0.247 0.551 0.404
flowering

o | Daysto 1.000 0268 | -0.372** | -0504** | 0.364* 0.307* | 0566** | 0.483**
maturity
Plant

3 | heightat 1.000 | 0631** | 0500** | 0104 0072 | -0.288* 0.078
harvest
(cm)
No. of

4 branches 1.000 0.598+** 0.067 0.67 -0.401** 0.025
per plant

5 | No.of pods 1000 | -0302¢ | -0304* | -0.627** & -0247
per plant

g | Podlength 1.000 | 0874** | 0151 | 0.636**
(cm)
No. of

7 seeds per 1.000 0.093 0.607**
pod

g |100-seed 1.000 | 0675
weight (g)
Seed yield

9 per plant 1.000
(9)

*, ** Significant at 5 per cent and 1 per cent probability respectively.




Table 4.7 (b) : Average intra (diagonal) and inteabout diagonal) clusters Bvalues in 20 clusters of 50 genotypes of pea

0 Flasingioa 1uswnoog

c1 c2 c3 ca Cc5 Ccé6 c7 ce co Cc10 c11 c13 c13 c14 c15 Cc16 c17 c18 c19 c2d
1 | 51.21| 20826 | 164.15 | 152.24 84.33 135.62 91.07 | 43167 | 23731 72.59 172.83 | 247.71 | 137.77 632.23 25874 | 27122 | 14515 96.77 40122 | 194.22
2 38.15 | 61380 | 364.97 | 35349 | 120.48 | 401.93 | 93586 | 729.99 81.40 47877 | 72947 | 517.11 | 121538 | 10005 | 64352 | 11422 | 179.19 | 1016.93 | 615.01
3 3439 | 250.89 90.25 431.05 8132 | 30626 | 97.81 31244 | 21609 | 9466 | 105.43 428.08 664.97 | 14519 | 46325 | 25437 | 175.24 | 67.78
4 4333 | 23239 | 12952 | 15526 | 17327 | 21596 | 21599 8599 | 172.03 | 121.83 297.75 260.76 67.73 25443 | 369.14 | 314.14 | 239.80
<5 4558 | 274.70 9177 | 47221 | 18023 | 14354 | 239.05 | 20855 | 143.75 619.45 43456 | 32040 | 27259 | 101.00 | 349.93 | 102.25
&6 33.00 | 239.03 | 49622 | 417.79 94.71 190.60 | 449.20 | 266.85 708.03 65.21 189.60 63.89 255.63 608.24 | 401.67
;?7 26.65 | 28931 | 13099 | 17804 | 12811 | 151.48 | 11231 475.56 40141 | 19638 | 261.20 | 182.87 211.40 | 80.30
gs 10.40 | 190.86 | 639.83 | 150.24 | 129.78 | 181.83 67.01 750.88 4234 68351 | 793.88 147.85 | 319.23
Tl 26.58 | 41983 | 117.25 | 12380 | 6227 276.46 684.17 | 16111 | 44518 | 432.46 62.17 93.38
€10 45.48 | 28752 | 42257 | 280.60 870.13 141.86 | 410.37 94.8 69.24 64434 | 312.99
©11 48.24 | 191.91 | 77.68 306.05 392.40 83.65 255.43 | 400.67 190.42 | 222.08
%iz 48.92 | 106.43 192.82 686.24 | 109.85 | 58395 | 455.33 152.67 | 132.10
©13 51.67 296.38 49473 | 11669 | 31418 | 327.20 14431 | 142.97
£14 52.24 978.36 | 11516 | 93690 | 104643 | 221.11 | 402.58
15 0.00 478.90 96.76 351.29 | 89126 | 573.87
€16 0.00 44656 | 572.62 184.83 | 227.81
gu 0.00 207.89 64848 | 419.85
18 0.00 676.97 | 299.27
% 19 0.00 157.55
0.00

WOD"YSOPNOYEs
o
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Table 4.2 Mean performance of 50 germplasm linesf Pea for various characters
Sr. No. Germ- Days to Days to Plant No. of No. of pods Pod No. of 100-seed | Seed yield
plasms flowering | maturity | heightat | branches | per plant length seeds per | weight (g) | per plant
harvest | per plant (cm) pod (9)
(cm)
1 EC-341782 | 59.67 121.00 96.87 6.47 31.53 5.90 4.60 18.03 25.87
2 EC-381866 | 57.67 120.33 59.53 9.47 27.07 5.44 5.13 19.43 26.95
3 EC-381897 | 57.00 119.33 69.60 7.40 35.80 4.67 4.07 12.17 17.66
4 EC-384139 | 56.00 117.67 51.87 6.73 43.00 6.67 6.20 10.00 26.47
5 EC-384890 | 54.33 120.00 69.60 7.13 35.40 6.36 5.40 12.23 23.36
6 EC-385247 | 54.33 117.67 66.07 147 35.93 5.07 4.60 19.11 31.48
7 EC-387113 | 58.00 127.00 68.73 7.67 34.53 4.83 4.00 19.53 30.50
8 EC-389374 | 55.67 125.33 71.13 8.00 37.53 4.19 3.53 8.87 11.81
9 EC-398604 | 55.33 120.33 128.53 12.40 36.73 5.73 5.47 12.83 26.90
10 EC-398611 | 48.00 102.67 97.87 10.47 44 53 3.90 3.73 9.77 15.18
11 EC-398612 | 55.67 120.00 66.53 1.27 36.93 3.97 5.07 17.50 26.36
12 EC-412882 | 55.33 119.67 47.40 8.00 37.00 4.45 4.47 13.87 22.93
13 EC-412883 | 57.67 120.33 44 .47 1.27 35.80 4.33 3.67 15.43 20.25
Mean 55.74 119.33 72.16 8.13 36.29 5.0 4.61 14.%52 23.51
14 |C-207167 54.67 102.67 84.13 7.53 43.40 4.55 5.33 8.83 17.95
15 | C-208368 54.00 112.00 100.07 7.53 37.60 7.15 5.53 10.23 25.40
16 |C-208384 48.33 101.00 106.33 10.87 49.00 4.37 5.27 8.63 21.31
17 |C-208391 56.00 127.67 97.00 7.73 31.27 5.72 5.40 14.43 24.54
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18 1C-212393 | 45.67 105.33 108.93 12.40 54.80 3.54 3.40 6.00 11.79
19 1C-242725 | 55.33 104.00 65.27 7.93 46.60 3.69 3.67 7.50 12.07
20 1C-242733 | 45.67 100.33 69.33 8.27 49.93 4.45 3.73 6.90 12.92
21 1C-243334 | 46.00 102.00 109.93 12.93 56.20 3.59 3.33 12.03 22.50
22 1C-267127 | 56.67 116.00 99.13 10.93 54.80 5.05 4.33 11.20 26.96
23 1C-267142 | 52.67 116.67 117.00 12.13 42.87 7.96 6.47 14.83 41.01
24 1C-267151 | 48.67 104.33 65.13 9.40 45.20 4.46 3.80 6.30 10.85
25 1C-267155 | 53.67 115.00 80.10 8.67 41.47 5.62 5.20 14.03 30.41
26 1C-267161 | 56.00 121.00 94.27 11.87 40.20 5.87 5.80 15.63 35.48
27 1C-267169 | 54.00 116.00 110.93 13.87 39.80 8.13 6.47 11.16 29.57
28 1C-267182 | 47.00 105.00 103.93 14.33 51.13 5.47 4.93 743 18.28
29 1C-268254 | 46.67 116.67 79.07 9.33 47.87 3.85 3.73 11.37 19.24
30 1C-268275 | 45.67 103.33 124.60 13.00 53.00 4.17 3.80 8.73 27.69
31 1C-268276 | 54.33 108.33 94.20 13.53 53.53 4.18 4.47 6.67 15.96
32 1C-279120 | 45.67 107.33 79.13 11.60 48.67 5.76 5.07 6.60 16.33
33 1C-296677 | 45.33 114.33 109.60 14.20 46.20 5.35 5.60 6.47 16.06
34 IC-310833 | 55.67 117.00 73.27 10.53 36.33 5.01 4.93 11.73 21.10
35 1C-310834 | 45.67 101.67 117.60 14.27 50.73 5.28 4.47 11.00 24.90
36 1C-332113 | 54.00 106.33 84.53 10.87 46.27 4.08 3.47 15.57 24.80
37 1C-332118 | 46.67 101.00 81.73 11.87 43.20 5.17 4.00 9.27 15.95
38 1IC-347185 | 47.33 103.67 12.67 14.07 51.73 451 3.93 10.60 22.90
39 1C-356144 | 49.67 104.67 110.80 13.47 52.93 421 3.80 10.07 19.31
40 1IC-356147 | 54.33 111.00 88.87 8.47 48.13 3.43 3.53 9.73 16.33
41 1IC-356172 | 56.00 118.67 109.73 14.53 56.80 6.87 6.47 9.00 30.78
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42 1C-356268 | 52.67 105.67 104.73 11.60 36.67 3.53 3.73 12.63 18.48

43 1IC-356272 | 47.00 103.33 103.20 13.67 48.20 441 4.67 943 21.21

44 1C-356274 | 50.33 102.00 110.40 8.47 52.07 3.56 3.20 10.80 18.07

45 IC-356310 | 51.00 118.00 98.53 8.40 49.20 4.19 3.67 14.00 25.48

46 1C-356332 | 54.00 118.00 118.40 13.80 57.73 431 4.20 9.63 23.25

47 IC-356337 | 57.33 124.67 116.47 11.40 54.07 6.29 5.20 11.17 29.55

48 1IC-356373 | 49.33 104.67 90.27 11.47 43.00 5.44 5.07 10.39 24.27

49 1IC-356378 | 57.00 115.00 69.70 7.07 36.00 6.85 6.00 10.40 22.69

50 1C-381861 | 46.00 102.67 97.40 10.93 37.47 5.99 6.13 12.63 28.46
Mean 48.68 105.01 105.62 12.65 51.95 5.03 4.69 683 21.27
Population mean 52.21 110.17 88.89 10.39 44.17 35.0 4.65 11.44 22.39
S.E. 2.59 3.46 4.60 0.78 2.72 2.68 0.33 031 2.1¢
C.D. at5% 5.07 6.79 9.02 1.53 5.33 5.25 0.65 0.60 4.24
CV.% 6.07 3.78 6.34 9.23 7.56 6.20 8.79 3.37 11.8
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Table 4.8 Cluster means performance for 9 charaets in pea
Characters
Daysto |Daysto |Plant height| No. of No. of Pod No. of 100-seed Seed
Cluster | flowering | maturity | at harvest | branches | pods per |length |seeds per | weight |yield per
No. (cm) per plant | plant (cm) pod (9) plant (g)
I 48.22 104.67 94.28 10.40 46.61 4.38 4.17 10.04 19.00
I 52.00 107.33 71.00 8.23 44.53 4.27 4.01 7.68 13.12
1l 48.47 105.93 111.99 13.63 53.16 4.36 4.09 10.43 22.23
\% 55.58 118.00 61.31 8.62 37.65 4.85 4,57 13.77 23.67
V 48.08 107.75 108.08 14.02 50.97 4.79 4.70 7.33 17.00
\4 56.11 118.11 69.63 7.20 35.73 5.96 5.16 11.60 21.23
VII 55.00 119.56 104.71 10.24 52.69 5.18 4.40 12.12 27.33
VIII 56.17 122.33 67.40 7.57 35.23 4.95 4.30 19.32 30.99
IX 54.67 118.17 119.73 13.13 38.27 6.93 5.97 12.00 28.24
X 50.00 109.17 84.00 10.03 48.40 4.60 4.30 8.16 16.33
Xl 57.83 124.33 96.93 7.10 31.40 5.81 5.00 16.23 25.21
XII 50.67 105.00 78.60 12.47 49.00 4.30 3.70 13.08 23.85
X1l 49.33 104.17 101.07 11.27 37.07 4.76 4.93 12.63 23.47
X1V 56.83 120.67 56.90 10.67 33.63 5.66 5.47 17.53 31.22
XV 56.00 117.67 51.87 6.73 43.00 5.95 6.20 10.00 26.47
XVI 55.67 120.00 66.53 7.27 36.93 3.97 5.07 17.50 26.36
XVII 54.00 112.00 100.07 7.53 37.60 7.15 6.53 10.23 25.40
XVIII 45.67 105.33 108.93 12.40 54.80 3.54 3.40 6.00 11.79
XIX 52.67 116.67 117.00 12.13 42.87 7.96 6.47 14.83 41.01
XX 56.00 118.67 109.73 14.53 56.80 6.87 6.47 9.00 30.78
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Table 4.7(a) Average intra (diagonal) and inte(Above) diagonal clusters D values in 20 clusterd 60 genotypes of

pea

C1 c2 C3 c4 C5 Cc6 c7 Cc8 Cc9 C10 Cl1 C12 C13 C14 C15 C16 C17 C18 C19 C20
C1 7.156 14431 12812 12.339 9.183 11.646 9.543 20.777 15.405 8.520 13.147 15.739 11.738 25.144 16.086 16.469 12.048 9.837 20.031 13.936
c2 6.177 24775 19.104 18.801 10.976 20.048 30.592 27.018 9.022 21.881 27.009 22.740 34.862 10.003 25.368 10.687 13.386 31.889 24.7899
C3 5.864 15.839 9.500 20.762 9.018 17.500 9.890 17.676 14.700 9.729 10.268 20.690 25.787 15.659 21.523 15.949 13.238 8.233
Cc4 6.582 15.244 11.381 12.460 13.163 14.696 14.697 9.273 13.116 11.038 17.256 16.148 8.230 15.951 19.213 17.724 15.486
C5 6.752 16.574 9.580 21.730 13.425 11.981 15.461 14.441 11.989 24.889 20.846 17.900 16.510 10.050 18.706 10.112
C6 5.745 15.460 22.276 20.440 9.732 13.806 21.194 16.336 26.609 8.075 17.018 7.993 15.988 24.663 20.042
c7 5.162 17.009 11.445 13.343 11.318 12.308 10.598 21.807 20.035 14.014 16.162 13.523 14.540 8.961
Cc8 3.225 13.887 25.295 12.257 11.392 13.485 8.186 27.402 6.507 26.144 28.176 12.159 17.867
Cc9 5.156 20.490 10.828 11.127 7.891 16.627 26.157 12.693 21.099 20.796 7.885 9.663
C10 6.744 16.956 20.556 16.751 29.498 11911 20.258 9.725 8.231 25.384 17.692
C11 6.946 13.853 8.814 17.494 19.809 9.146 15.982 20.017 13.799 14.902
C12 6.994 10.317 13.886 26.196 10481 24.165 21.338 12.356 11.494
C13 7.188 17.216 22.243 10.802 17.725 18.089 12.013 11.957
C14 7.228 31.279 10.731 30.609 21.349 14.870 20.064
C15 0.000 21.884 9.837 18.743 29.854 23.956
C16 0.000 21.132 23.930 13.595 15.93
C17 0.000 14.418 25.465 20.490
C18 0.000 26.019 17.299
C19 0.000 12.552
C20 0.000
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Table 4.8 Cluster means performander 9 characters in pea
Characters

Daysto |Daysto |Plant No. of No. of | Pod No. of | 100-seed| Seed
Cluster flowering | maturity | height | branches | pods length | seeds | weight yield per
No. at per plant | per (cm) per pod | (9) plant (g)

harvest plant
(cm)

I 48.22 104.67 94.28 10.40 46.61 4.38 4.17 10.04 19.00
] 52.00 107.33 71.00 8.23 44 .53 4.27 4.01 7.68 13.12
1 48.47 105.93 111.99 13.63 53.16 4.36 4.09 10.43 22.23
A\ 55.58 118.00 61.31 8.62 37.65 4.85 4.57 13.77 23.67
V 48.08 107.75 108.08 14.02 50.97 4.79 4.70 7.33 17.00
VI 56.11 118.11 69.63 7.20 35.73 5.96 5.16 11.60 21.23
VIl 55.00 119.56 104.71 10.24 52.69 5.18 4.40 12.12 27.33
VIl 56.17 122.33 67.40 7.57 35.23 4.95 4.30 19.32 30.99
IX 54.67 118.17 119.73 13.13 38.27 6.93 5.97 12.00 28.24
X 50.00 109.17 84.00 10.03 48.40 4.60 4.30 8.16 16.33
XI 57.83 124.33 96.93 7.10 31.40 5.81 5.00 16.23 25.21
Xl 50.67 105.00 78.60 12.47 49.00 4.30 3.70 13.08 23.85
X1l 49.33 104.17 101.07 11.27 37.07 4.76 4.93 12.63 2347
XIV 56.83 120.67 56.90 10.67 33.63 5.66 5.47 17.53 31.22
XV 56.00 117.67 51.87 6.73 43.00 5.95 6.20 10.00 26.47
XVI 55.67 120.00 66.53 1.27 36.93 3.97 5.07 17.50 26.36
XVII 54.00 112.00 100.07 7.53 37.60 7.15 6.53 10.23 25.40
XVIII 45.67 105.33 108.93 |12.40 54.80 3.54 3.40 6.00 11.79
XIX 52.67 116.67 117.00 |12.13 42.87 7.96 6.47 14.83 41.01
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