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Abstract   Three field experiments were conducted

during kharif 2013-14 to study the genetic variability

analysis for plant selection on various yield and yield

related components. Findings of analysis of variance

revealed significant mean squares due to genotypes

for all the traits in all three environments under the

study indicated the existence of sufficient genetic

variability for the traits. The highest GCV and PCV

estimates were observed for seed yield per plant in

environment I, number of pod clusters per plant in

environment II and number of pods per plant in envi-

ronment III. The high genetic advance in environ-

ment I, II and III were observed for number of pods

per plant. High heritability coupled with high genetic

advance as percentage of mean was found for num-

ber of pods per plant in all the three environments.

The indicated the role of additive genetic variance in

their expression. Hence, selection of genotypes for

these characters may be beneficial for possible im-

provement in the crop under respective environments.

In this study total seed yield per plant, number of pod

per plant and number of pod clusters per plant have

been identified as selection criteria for obtaining good

parental lines in a pigeonpea breeding program.

Keywords    Pigeonpea, GCV, PCV, Genetic advance,

Heritability.

Introduction

Pigeonpea [Cajanus cajan (L.) Millsp. ]  is one of the

most important food legumes grown in over 82 coun-

tries across the globe, it ranks as the world’s fifth

most important pulse crop. The crop is cultivated in

an estimated area of 4.92 million hectares in the world

with an average of 898 kg/ha [1].  India with a total

area of 2.65 million tones with average yield of 741 kg/

ha [1] produces nearly 92% of the world’s entire

pigeonpea crop, though the average seed yields are

relatively low, the crop can yield 1600-2900 kg/ha un-

der favorable management [2]; while an exceptional

yield of over 8,000 kg/ha of dry has been reported in

the first harvest in Australia by [3], pigeonpea as field

crop was grown on 4.36 ha, with a production of 3.24

million tones and an average productivity of 0.74 [4].

The success of recombination breeding depends on

parental variability or diversity to obtain progressive

segregates. Crop yield is one of the complex charac-

ters controlled by several interacting genotypic and

environmental factors. There are quite few yield com-

ponents which are less complex, highly inherited and

less influenced by the environmental changes [5].

Determination of genetic variability of any given crop
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species is necessary for improvement of the crop be-

cause it generates baseline data to guide selection of

parental lines and design of breeding scheme. In the

present study, the genetic variation among pigeonpea

genotypes was studied, for improvement  of the crop

yield based on the available breeding strategies  for

selection of parental lines in different environments.

Materials and Methods

The field experiment was conducted during the kharif

2012-13 and 2013-14 at Department of Genetics and

Plant Breeding at Research cum Instructional Farm,

Indira Gandhi Krishi Viswavidyalaya, Raipur, CG.  In

hybridization program 5 male parents were crossed to

each of the 7 female to generate a set of hybrids in a

line × tester fashion as proposed by Kempthorne [6].

A  total of 35 hybrids were synthesized by hand  emas-

culation and pollination. Sufficient numbers of hand

pollinated seeds were produced during 2012-13 rainy

season. The experimental material consisted 12 geno-

types (Lines ICP7004, ICP7373, ICP7376, ICP7382,

ICP7391, ICP7393, ICP7406 and testers ICPL 87119,

BDN-2, UPAS-120, ICPL-87, JKM-189) and their 35

crosses (ICP7004 × ICPL 87119, ICP7004 × BDN-2,

ICP7004 × UPA-120, ICP7004 × ICPL-87, ICP7004 ×

JKM-189, ICP7373 × ICPL 87119, ICP7373 ×BDN-2,

ICP7373 × UPAS-120, ICP7373 × ICPL-87, ICP7373 ×

JKM-189, ICP7376 × ICPL 87119, ICP7376 × BDN-2,

ICP7376 × UPAS-120, ICP7376 × ICPL-87, ICP7376 ×

JKM-189, ICP7382 × ICPL 87119, ICP7382 × BDN-2,

ICP7382 × UPAS-120, ICP7382 × ICPL-87, ICP7382 ×

JKM-189, ICP7391 × ICPL87119, ICP7391 × BDN-2,

ICP7391 × UPAS-120, ICP7391 ×ICPL-87, ICP7391 ×

JKM-189, ICP7393 × ICPL 87119, ICP7393 × BDN-2,

ICP7393 × UPAS-120, ICP7393 × ICPL-87, ICP7393 ×

JKM-189, ICP7406 × ICPL 87119, ICP7406 ×BDN-2,

ICP7406 × UPAS-120, ICP7406 × ICPL-87 and ICP7406

× JKM-189. The experiment was laid out in a random-

ized complete block design (RCBD) with three repli-

cations during kharif 2013-14. The material was sown

in single rows of 4.0 m length and 60 cm apart with 20

cm plant to plant spacing.  Sowing of material 12 par-

ents and 35 crosses was done in three dates viz; first

week of July, August and September. Recommended

dose of fertilizer of 20:50:20 kg per ha of NPK was

applied in the rows before sowing. All the recom-

mended package of practices were followed to raise a

healthy crop. Five plants were randomly selected and

tagged in each genotype per replication for recording

the observations for the 13 characters viz: days to

flowering initiation, days to 50% flowering, days to

maturity, plant height, number of primary branches

per plant, number of pod clusters per plant, number

of pods per cluster, number of pods per plant, pod

length, number of seeds per pod, 100 seed weight,

seed yield per plant and protein content. The statisti-

cal analysis for genetic variability was done as per

the method given by Burton [7]. Heritability in broad

sense was calculated by Hanson et al. [8]. Whereas

genetic advance was calculated by the method given

by Johnson et al. [9].

Results and Discussion

Variability parameters

Analysis of variance indicated that the mean sum of

squares due to genotypes were highly significant for

all the characters in all three environments present in

Table 1. Thus, indicating that there was considerable

genetic variability present in parents and crosses. The

measurement of existing variability in genetic mate-

rial has been the basic requirement of a breeding pro-

gram. The wide range of variability was observed for

nearly all the traits viz., number of pods per plant,

seed yield per plant, number of pod clusters per plant,

plant height, days to flowering initiation, days to

maturity and days to 50% flowering in environment

I,. number of pods per plant, number of pod clusters

per plant, plant height, seed yield per plant, days to

maturity, days to flowering initiation and days to 50%

flowering in environment II and plant height, number

of pods per plant, number of pod clusters per plant,

days to flowering initiation, days to 50% flowering,

number of primary branches per plant, seed yield per

plant and protein content in environment III. Similar

findings were also reported earlier [1, 10]. The total

gene pool, indicating the existence of sufficient vari-

ability among the genotypes for the traits.

Genotypic and phenotypic coefficient of

variation under different environments

The genotypic and phenotypic coefficients of varia-

tions (GCV and PCV) were worked out for all the 13
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Table 1.  Analysis of variance for seed yield and its components in pigeonpea under three environments (E-I, E-II and E-III).

*Significant at 5% probability level,**Significant at 1% probability level.

                                                                                    Mean sum of squares

Source variation             DF                    Days to flowering initiation                                  Days to 50% flowering

                                                       E-I                   E-II                 E-III   E-1         E-II                E-III

Replication 2 9.45 12.65 2.13 3.51 2.43 4.09

Treatment 46 172.60** 28.88** 35.27** 211.77** 24.80** 17.39**

Error 92 6.57 7.44 5.26 9.21 6.87 3.99

Total 140

Table 1. Continued.

                                                                                    Mean sum of squares

 Source of variation         DF               No. of primary branches per plant                        No. of pod clusters per plant

                                                       E-I                  E-II                  E-II                     E-I                  E-II                 E-III

Replication 2 0.55 0.56 0.31 8.57 6.79 1.48

Treatment 46 12.45** 9.90** 2.57** 1048.25** 844.15** 42.77**

Error 92 0.68 0.54 0.25 7.09 8.51 1.72

Total 140

Table 1. Continued.

                                                                                     Mean sum of squares

Source of variation          DF                Pod length (cm)                 No. of seeds per pod              100 seed weight (g)

                                                   E-I         E-II           E-III          E-I           E-II          E-III           E-I         E-II       E-III

Replication 2 0.02 0.07 0.03 0.02 0.00 0.06 0.23 0.12 0.00

Treatment 46 0.30** 0.20** 0.41** 0.09** 0.04** 0.08** 2.44** 2.22** 1.79**

Error 92 0.06 0.06 0.06 0.04 0.02 0.04 0.11 0.14 0.11

Total 140

Table 1. Continued.

                                                                                      Mean sum of squares

Source of variation         DF                              Days to maturity                                     Plant height (cm)

                                                       E-I                     E-II                   E-III                E-I                   E-II               E-III

Replication 2 10.48 1.94 0.99 3.33 11.82 5.04

Treatment 46 181.49** 29.89** 6.46* 618.43** 486.39** 249.09**

Error 92 14.90 9.44 4.29 8.65 9.40 17.43

Total 140

Table 1. Continued.

                                                                                     Mean sum of squares

Source of variation          DF                           No.of pods per cluster                                   No. of pods per plant

                                                         E-I                   E-II                  E-III                E-I                   E-II               E-III

Replication 2 0.04 0.07 0.05 14.57 1.69 1.63

Treatment 46 0.41** 0.48** 0.47** 6787.71** 3875.71** 207.96**

Error 92 0.04 0.04 0.12 17.89 14.40 4.12

Total 140

Table 1. Continued.

                                                                                          Mean sum of squares

Source of variation             DF                          Seed yield per plant (g)                              Protein content (%)

                                                         E-I                       E-II                E-III                  E-I                E-II                E-III

Replication 2 18.72 2.06 0.26 0.26 0.05 1.46

Treatment 46 884.26** 541.78** 13.77** 12.49** 21.49** 13.89**

Error 92 6.79 4.72 1.22 0.82 0.22 0.84

Total 140
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Table 2.  Estimates genetic parameters of variations for seed yield and its components in pigeonpea under three environments

(E-I, E-II and E-III).

                                                                                                                                                                                Genetic

                                                                                                                                                                              advance as

Sl.                                         Environ-      Grand                 Range                                      Heritability    Genetic      % of

No.  Parameters characters     ment        mean (X)      Min          Max       GCV       PCV          (%)          advance      mean

1 Days to flowering E-I 123.53 104.00 135.00 6.02 6.37 89.40 14.49 13.73

initiation E-II 103.84 97.00 109.00 2.57 3.68 49.00 3.85 3.71

E-III 89.20 79.33 95.33 3.54 4.38 65.50 5.27 5.91

2 Days to 50% flowering E-I 139.58 121.33 151.00 5.89 6.27 88.00 15.88 11.38

E-II 116.64 111.33 121.67 2.09 3.07 46.50 3.43 2.94

E-III 99.17 92.33 104.33 2.13 2.93 52.80 3.16 3.19

3 Days to maturity E-I 192.95 174.67 204.67 3.86 4.35 78.80 13.63 7.06

E-II 177.02 171.33 184.67 1.48 2.78 41.90 3.48 1.97

E-III 161.28 158.00 163.67 0.52 1.39 14.40 0.66 0.41

4 Plant height (cm) E-I 147.51 120.45 181.50 9.67 9.87 95.90 28.76 19.50

E-II 117.37 88.20 141.57 10.74 11.06 94.40 25.24 21.51

E-III 78.93 62.93 102.83 11.13 12.33 81.60 16.35 20.71

5 No. of primary branches E-I 10.77  6.47 15.33 18.38 19.92 85.20 3.77 34.95

per plant E-II  9.65  6.00 12.41 19.48 21.12 85.10 3.36 37.02

E-III  6.02  4.31 7.92 14.61 16.84 75.20 1.57 26.10

6 No. of pod clusters per E-I 67.69 28.17 94.60 27.52 27.80 98.00 37.99 56.12

plant E-II 46.31 16.33 87.35 36.03 36.58 97.00 33.87 73.13

E-III 15.32 8.80 25.14 24.15 25.62 88.80 7.18 46.88

7 No. of pods per clusters E-I 3.91 3.08 4.80 9.05 10.47 78.90 0.63 16.14

E-II 3.41 2.58 4.32 11.13 12.69 76.90 0.69 20.10

E-III 2.23 1.67 3.17 15.19 22.11 47.20 0.48 21.48

8 No. of pods per plant E-I 163.06 86.87 290.83 29.13 29.24 99.20 97.47 59.78

E-II 119.59 63.93 187.37 29.99 30.17 98.90 73.50 61.46

E-III 34.00 25.27 57.47 24.24 24.97 98.30 16.49 48.49

9 Pod length (cm) E-I 6.02 5.37 6.55 4.67 6.25 55.80 0.43 7.19

E-II 5.65 5.07 6.33 3.80 5.85 42.30 0.29 5.10

E-III 5.25 4.29 5.94 6.54 7.98 67.20 0.58 11.04

10 No of seeds per pod E-I 4.07 3.77 4.80 2.92 6.17 22.50 0.12 2.86

E-II 3.93 3.67 4.20 1.94 4.21 21.20 0.07 1.84

E-III 3.76 3.17 4.07 3.00 6.43 21.80 0.11 2.89

11. 100 seed weight (g)` E-I 10.25 8.46 12.61 8.60 9.19 87.50 1.70 16.57

E-II 9.99 8.30 11.98 8.34 12.73 82.80 1.56 25.42

E-III 8.93 7.39 10.51 8.37 9.17 83.20 3.93 15.72

12. Seed yield per plant (g) E-I 52.99 24.59 96.25 32.27 32.64 97.70 34.83 65.72

E-II 40.71 21.27 73.91 32.86 33.29 97.40 27.21 66.82

E-III 15.29 12.23 20.56 13.38 15.21 77.40 3.70 24.24

13. Protein content (%) E-I 21.74 17.91 26.08 9.07 9.98 82.50 3.69 16.96

E-II 40.71 21.27 73.91 32.86 33.29 97.40 27.21 66.82

E-III 21.02 17.47 25.82 9.92 10.84 83.70 1.40 18.71

characters studied (Table 2) . The phenotypic coeffi-

cient of variation in general was slightly higher than

the genotypic coefficient of variation for all the char-

acters.

The highest GCV and PCV was estimated for seed

yield  per plant (32.27% and 32.64%) followed  by

number of pod per plant (29.13% and 29.24%), num-

ber of pod clusters per plant (27.52% and 27.80%),

number of primary branches per plants (18.38% and

19.92%), protein content (9.07%  and 9.98%), plant

height (9.67% and 9.87%), number of pods per cluster

(9.05% and 10.47%) and 100 seed weight (8.60% and

9.19%) in environment I. The environment II highest

GCV and PCV was observed for number of pod clus-

ters per plant (36.03% and 36.58%)followed by seed

yield per plant (32.36%  and 33.29%), number of pods
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per plant (29.99% and 30.17%), number of primary

branches per plant (19.48% and 21.12%), protein con-

tent (12.53% and 9.16%), number of pods per cluster

(11.13% and 12.69%), plant height (10.74% and

11.06%) and 100 seed weight (8.34% and 12.73%).

The highest GCV and PCV was observed for number

of pods per plant (24.24% and 24.97%) followed by

number of pod clusters per plant (24.15% and 25.62%),

number of pods per cluster (15.19% and 22.11%), num-

ber of primary branches per plant (14.61% and

16.84%), seed yield per plant (13.38% and 15.21%),

plant height (11.13% and 12.33%), protein content

(9.92% and 10.84%) and 100  seed weight  (8.37%  and

9.17%)  in  environment III.

The results on genotypic and phenotypic coeffi-

cient of variation clearly indicated that the pheno-

typic coefficients of variation in general were slightly

higher than the genotypic coefficients of variation

for all the characters indicating the substantial influ-

ence of environment in the expression of the charac-

ters.  The high value of genotypic and phenotypic

variation suggest that there is good scope for yield

improvement through selection for seed yield per

plant, number of pod per plant and number of pod

clusters per plant in environment I, number of pod

clusters per plant, seed yield per plant, number of

pods per plant and in environment II and number of

pods per plant number of pod clusters per plant, num-

ber of pods per cluster, number of primary branches

per plant and seed yield per plant in environment III.

These findings are in agreement with other reports

earlier [11–13], suggested the techniques for  estima-

tion of components of genetic variability.

Heritability under different environments

The highest heritability estimates (Table 2) was ob-

served for number of pods per plant (99.20%) fol-

lowed by number of pod clusters per plant (98.00%),

seed yield per plant (97.70%), plant height (95.90%),

days to flowering initiation (89.40%), days to 50%

flowering (88.00%), 100 seed weight (87.50%), num-

ber of primary branches per plant (85.20%) and pro-

tein content (82.50%) in environment I, environment

II highest heritability observed for number of pods

per plant (98.90%) followed by seed yield per plant

(97.40%), number of pod clusters per plant (97.00%),

protein content (96.90%), plant height (94.40%), num-

ber of primary branches per plant (85.10%), 100 seed

weight (82.80%) and number of pods per cluster

(76.90%) and environment III highest heritability was

observed for number of pods per plant (94.30%) fol-

lowed by number of pod clusters per plant (88.80%),

protein content (83.70%), 100 seed weight (83.20%),

plant height (81.60%), seed yield per plant (77.40%),

number of primary branches per plant (75.20%), pod

length (67.20%) and days to flowering initiation

(65.50%).  The above findings are in conformity with

the earlier reports [11–15]. In this study, number of

pods per plant, number of pod clusters per plant and

seed yield per plant environment I, number of pods

per plant, seed yield per plant and number of pod

clusters per plant in environment II and number of

pods per plant, number of pod clusters per plant and

protein content in the environment III has been iden-

tified as selection criteria for obtaining good parental

lines in a pigeonpea breeding program.

Genetic advance under different environments

Genetic advance all three environments present in

Table 2. In environment I the highest genetic advance

was observed for number of pods per plant (97.47)

followed by number of pod clusters per plant (37.99),

seed yield per plant (34.83), plant height (28.76)  and

days to 50% flowering (15.88), environment II the high-

est genetic advance was observed for number of pods

per plant (73.50) followed by number of pod clusters

per plant (33.87), seed yield per plant (27.21) and plant

height (25.24) and environment III the highest ge-

netic advance was observed for number of pods per

plant (16.49) followed by plant height (16.35), number

of pod clusters per plant (7.18), days to flowering

initiation (5.27), 100 seed weight (3.93) and seed yield

per plant (3.70).

Genetic advance as percentage of mean

under different environments

Genetic advance as percentage of mean all three en-

vironments present in Table 2. In environment I of

mean was observed for seed yield per plant (65.72%)

followed by number of pods per plant (59.78%), num-

ber of pod clusters per plant (56.12%), number of pri-

mary branches per plant (34.95%), plant height

(19.50%), protein content (16.96%), 100 seed weight



2484

(16.57%) and number of pods per cluster (16.14%),

environment II the highest genetic advance as per-

centage of mean was observed for number of pod

clusters per plant (73.13%) followed by seed yield per

plant (66.82%), number of pods per plant (61.46%),

number of primary branches per plant (37.02%), 100

seed weight (25.42%), plant height (21.51%), number

of pods per cluster (20.10%) and protein content

(15.62%) and environment III the highest genetic ad-

vance as percentage of mean was observed for num-

ber of pods per plant (48.49%) followed by number of

pod clusters per plant (46.88%), number of primary

branches per plant (26.10%), seed yield per plant

(24.24%), number of pods per cluster (21.48%), plant

height (20.71%), protein content (18.71%), 100 seed

weight (15.72%) and pod length (11.04%). The ge-

netic advance and genetic advance as percentage of

mean. Similar results are also reported earlier [11, 15–

17].

The high heritability coupled with high genetic

advance as percentage of mean were observed for

number of pods per plant I, II and III followed by

number of pod clusters per plant I and II plant height,

number of pod clusters per plant III. This indicated

the role of additive genetic variance in the expression

of these characters. Hence, selection of genotypes

for these characters may be beneficial for possible

improvement in the crop under respective environ-

ments. Other traits had high to moderate heritability

coupled with moderate to genetic advance as per-

centage of mean which is mainly due to the role of

non-additive genetic component in their expression

Green et al. [18] also reported that the maturity period

of pigeonpea lines ranges from 120-270 days and that

each specific maturity group is adapted to a specific

environment. The found that early, medium and late

maturing groups are suitable for areas with low, me-

dium and high rain fall respectively. Therefore, study-

ing the three groups at one location would favor the

group most adapted to that location. The medium

maturity groups (160-180 days) are best adapted to

Raipur conditions where the present investigation

was carried out.

Conclusion

The wide range genetic variability observed for most

of the characters as evidenced in three environments

by significant variances due to genotypes suggest-

ing that, it could be helpful in isolation of better par-

ents and crosses. An overall observation over the en-

vironments revealed that high heritability estimates

coupled with high genetic advance as percentage of

mean were noted for number of primary branches per

plant, number of pod clusters per plant, number of

pods per plant and seed yield per plant indicated the

role of additive genetic variance in their expression.
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