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Abstract   The investigation was carried out with 36
genotypes of French bean (Phaseolus vulgaris L.) to
know the genetic variability and diversity during 2015-
2016. The analysis of variance was significant (p=0.01)
for all characters indicated higher magnitude of vari-
ability. Moderate GCV and PCV were observed for
the traits. High heritability coupled with high genetic
advance was recorded for the pod width, number of
pods/plant, weight of ten pods, yield/plant, number
of root nodules/plant, dry mattet content of pods,
roots and protein content. It indicated the presence
of additive gene effects. Genetic diversity among the
genotypes was worked out using Mahalanobis D2

statistics. On the basics of Tocher’s method, these
genotypes were broadly grouped in to fiveclusters.
Cluster I was the largest having 24 genotypes fol-
lowed by cluster II (9), cluster III, cluster IV and clus-
ter V had solitary genotype each. The inter cluster D2

value was maximum (395.94) between cluster II and
cluster V indicating that these genotypes could be
used in hybridization program to obtain transgres-
sive segregants.Whereas, cluster I showed maximum
intra cluster distance.
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Introduction

French bean (Phaseolus vulgaris L., 2n = 2x = 22) is
an important legume vegetable belonging to family
Fabaceae. It has many synonyms like snap bean, kid-
ney bean, haricot bean and also called raj mash in
hindi. The primary center of origin of French bean is
Southern Mexico and Central America. It is originated
from wild species Phaseolus aborigineus L.Beans are
essential used for their tender green pods. The dried
pods are used as pulse and provide valuable protein
to the human diet. Immature pods are marketed fresh,
canned or frozen (Abate 2006). These pods are dried
and fried like potato chips and can be cooked. Green
pods can be used to strengthen diuretic, flushing of
toxins from the body and also infused in the treat-
ment of diabeties (Prajapati 2003).
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The nutritive value of the crop per 100 g of green
pod is 1.7 g protein, 0.1 g fat, 4.5 g carbohydrate, 1.8 g
fiber and is also rich in minerals and vitamins. French
bean possesses medicinal properties which are use-
ful against diabetes, certain cardiac problems and a
good  natural cure for bladder burn. It has both carmi-
native and reparative properties against constipation
and diarrhoea respectively.

The success of any crop improvement program
primarily dependent on the nature and magnitude of
genetic variability existing in the breeding material,
with which breeder is working. Further, variance in
any quantitative trait depends on additive variance
(heritable)and non-additive variance (non- heritable),
which include dominance and epistatis (non allelic
interaction). Therefore, it becomes necessary to par-
tition the observed phenotypic variability into geno-
typic (partly heritable) and environmental (non heri-
table) components with suitable parameters, such as
phenotypic and genotypic co-efficient of variation
and heritability in broad sense. Furthermore, genetic
advance can be used predict the efficiency of selec-
tion. Considering its use as a vegetable which fits
well in different cropping systems, there is need for
improvement and development of cultivars to spe-
cific agro ecological conditions.

Generally diverse plants of compatible texa are
expected to give high hybrid vigor and hence, it is
necessary to study the genetic divergence among
the existing varieties and germplasm collection for
identification of more diverse parents for hybridiza-
tion program. The information of genetic divergence
of various traits particularly of those that contribute
to yield and quality would be most useful in planning
the breeding program. The D2 statistics developed by
Mahalanobis (1936) provides a measure of magnitude
of divergence between two groups under compari-
son. Grouping of genotypes based on D2 analysis
will be useful in choosing suitable parent lines for
hybridization program.

Materials and Methods

The material consists of 36 bush type genotypes of
French bean collected from Indian Institute of Horti-

cultural Research, Hesaraghatta, Bangalore. The ex-
periment was conducted in a RCBD with two replica-
tions during rabi, 2015-2016 at Department of Veg-
etable Science, College of Horticulture, Bagalkot. Fifty
plants of each genotype were grown per replication
with a spacing of 60 cm between rows and 15 cm
between plants. About 25 tonnes of FYM per  hectatre
and recommended dose of fertilizers (63:100:75 NPK/
ha) were incorporated as per the package of practices
of UHS, Bagalkot. In each replication, five plants were
selected randomly for recording observation.  The
character viz., plant height, number of primary
branches per plant, plant spread, days to first flower-
ing, days to 50% flowering, days to first pod picking,
pod length, pod width, pod flesh thickness, number
of seeds per pod, number of clusters per plant, num-
ber of pods per cluster, number of pods per plant,
weight of ten pods, dry matter content of pods, pod
yield per plant and number of root nodules per plant.
Analysis of variance was carried out as per the pro-
cedure given by Panse and Sukhatme (1967). Geno-
typic and phenotypic coefficients of variations were
computed according to Burton and Devane (1953).
Broad sense heritability was estimated as the ratio of
genotypic variance to the phenotypic variance and
expressed in percentage (Falconer 1981). Genetic ad-
vance (GA) was computed using the formula given
by Robinson et al. (1949). Genetic advance as per-
centage over mean was worked out as suggested by
Johnson et al. (1955). The genetic divergence was
estimated using D2 statistics of Mahanalobis  and the
population was grouped into cluster by following the
method suggested by Toucher (Rao 1952). The intra
and inter-cluster distances were calculated by the
formula described by Singh and Choudhary (1979).

Results and Discussion

The analysis of variance (Table 1) indicated highly
significant (at p=0.01) difference among genotypes
for most of the traits viz., plant height, plant spread,
number of primary branches, days to first flowering,
days to 50% flowering, days to first pod maturity,
pod length, pod width, pod flesh thickness, number
of seeds per pod, number of clusters per plant, num-
ber of pods per cluster, number of pods per plant,
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Table 1. Analysis of variance (mean sum of squares) for growth, earliness and yield parameters in French bean genotypes. **-
Significant at p=0.01.

Sl.            Source of variation/                                                               Genotype                               CD @             CD
No.                 Character                                            Replication        (treatment)          Error             5%              @ 1%
              Degrees of freedom                                              1                     35                     35

A. Growth parameters

1. Plant height at 25 DAS (cm) 24.85 44.89** 7.82 5.67 7.61
2. Plant height at 50 DAS (cm) 105.12 77.57** 11.92 7.01 9.40
3. Number of primary branches at 50 DAS 0.21 1.03** 0.199 0.90 1.21
4. Plant spread (N-S) at 25 DAS 7.36 29.21** 3.21 4.51 6.06
5. Plant spread (N-S) at 50 DAS 62.94 40.69** 4.95 5.13 6.88
6. Plant spread (E-W) at 25 DAS 4.06 33.29** 3.52 4.88 6.26
7. Plant spread (E-W) at 50 DAS 1.30 33.70** 4.76 4.43 5.94

B. Earliness parameters

8. Days to first flowering 17.01 14.26** 2.87 3.43 4.61
9. Days to 50% flowering 22.89 26.47** 3.61 3.86 5.18
10. Days to first pod picking 24.15 30.56** 5.02 4.54 6.10

C . Yield parameters

11. Pod length (cm) 9.46 4.21** 0.94 1.97 2.64
12. Pod width (cm) 0.001 0.019** 0.001 0.08 0.12
13. Pod flesh thickness (cm) 0.005 0.010** 0.001 0.08 0.11
14. Number of clusters per plant 12.33 5.49** 0.94 1.97 2.64
15. Number of seeds/pod 0.22 0.70** 0.10 0.64 0.86
16. Number of pods per cluster 0.055 0.19** 0.04 0.41 0.56
17. Number of pods per plant 169.17 67.12** 13.09 7.34 9.86
18. Weight of ten pods (g) 90.74 103.92** 21.83 9.47 12.73
19. Yield per plant (g/plant) 8867.922 3481.91** 377.55 39.38 52.93
20. Yield per hectare (t/ha) 109.69 42.96** 4.64 4.37 5.87
21. Number of root nodules per plant 17.11 18.14** 1.43 2.43 3.26
22. Dry matter content of pod (g) 6.67 16.21** 2.546 3.23 4.34
23. Dry matter content of Leaves (g) 8.92 16.89** 2.82 3.41 4.58
24. Dry mater content of Stem (g) 15.35 100.41** 18.62 8.75 11.76
25. Drtmatter content of Roots (g) 0.01 2.99** 0.35 1.21 1.63

D. Quality parameters

26. Protein content (g/100g) 0.040 0.275** 0.001 5.47 4.07

weight of ten pods, pod yield per plant, pod yield per
ha, number of root nodules per plant, dry matter con-
tent (leaves, stem, pod and roots) and protein con-
tent. The results indicated that sufficient variability
existed for all the characters.

The estimates of range, mean, components of
variance, heritability and genetic advance for growth,
earliness and yield parameters in French bean geno-
types (Table 2). High (>20%) GCV and PCV were ob-
served for most of yield traits viz., yield per plant,

protein content in pods and yield per hectare. The
results indicated the existence of sufficient variabil-
ity in genetic stock studied and the traits are gov-
erned by additive genes. Hence, there exists ample
scope for improving these characters through direct
selection. The findings of Kumar et al. (2014), Singh
et al. (2014), Verma et al. (2014) and Jayprakash et al.
(2015) in French bean, Chaitanya et al. (2014) and
Prashanth and Sreelatha (2014) in dolichos bean are
in same line.
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Table 2. Estimates of range, mean, components of variance, heritability and genetic advancefor growth, earliness and yield
parameters in French bean. GV=Genotypic variance, PV=Phenotype variance, GCV=Genotypic coefficient of variance, GA=
Genetic advance, h2= Heritability (broad sense), PCV=Phenotypic coefficient of variance, GAM = Genetic advance (per cent
mean), DAS = Days after sowing.

Sl.                                                                                                                             PCV      GCV       h2                      GAM
No.     Character                                   Range          Mean±SEm      PV        GV         (%)       (%)       (%)         GA       (%)

A.    Growth parameters

1. Plant height at 25 DAS (cm) 18.75-37.90 29.83±1.97 26.35 18.53 17.20 14.43 70.33 7.43 24.93
2. Plan height at 50 DAS (cm) 31.50-53.50 44.87±2.44 44.75 32.82 14.90 12.76 73.35 10.10 22.52
3. Number of primary branches at   4.80-7.10   6.09±0.31   0.61   0.41 12.91 10.63 67.78 1.09 18.03

50 DAS
4. Plant spread (N-S) at 25 DAS 29.50-48.00 37.27±1.57 22.79 17.83 12.80 11.32 78.26 7.69 20.64
5. Plant spread (N-S) at 50 DAS 38.25-60.00 45.94±1.7 28.10 21.72 11.53 10.14 77.27 8.43 18.36
6. Plant spread (E-W) at 25 DAS 26.50-48.00 33.75±1.54 19.23 14.46 12.99 11.26 75.23 6.79 20.13
7. Plant spread (E-W) at 50 DAS 29.50-47.00 38.87±1.62 18.62 13.33 11.10 9.39 71.59 6.36 16.37

B. Earliness parameters

8. Days to first flowering 28.50-39.50 33.04±1.19 8.56 5.69 8.85 7.22 66.50 4.01 12.13
9. Days to 50% flowering 34.50-48.50 40.41±1.34 15.04 11.43 9.59 8.36 75.96 6.07 15.02
10. Days to first pod picking 43.50-59.00 51.62±1.58 17.79 12.77 8.17 6.92 71.77 6.23 12.07

C . Yield parameters

11. Pod length (cm) 8.25-15.50 13.39±0.68 2.57 1.63 11.99 10.00 63.32 2.09 15.64
12. Pod width (cm) 0.61-1.27 0.82±0.03 0.010 0.008 12.42 11.21 81.37 0.17 20.83
13. Pod flesh thickness (cm) 0.42-0.73 0.61±0.030 0.006 0.004 13.01 10.47 71.08 0.11 19.05
14. Number of seeds per pod 4.40-7.20 6.02±0.22  0.40 0.29 10.50 9.09 74.84 0.97 16.20
15. Number of clusters per plant 10.50-15.90 13.67±0.69 2.27 3.21 13.12 11.03 70.74 2.61 19.12
16. Number of pods per cluster 1.95-3.13 2.61±0.14 0.11 0.075 13.14 10.55 64.48 0.45 17.45
17. Number of pods per plant 20.93-46.29 35.77±2.56 27.01 40.11 17.70 14.52 67.35 8.78 24.56
18. Average pod weight 30.65-66.00 51.97±3.30 41.04 62.87 15.25 12.32 65.27 10.66 20.51
19. Yield per plant                         110.65-268.50 185.09±13.741552.18 1929.73 23.73 21.28 80.43 72.78 39.32
20. Yield per hectare 12.29-29.83 20.56±1.52 19.15 23.80 23.72 21.28 80.48 8.08 39.33
21. Number of root nodules per 11.40-22.60 16.16±0.84 9.79 8.35 19.38 17.87 85.36 5.50 34.02

plant
22. Dry matter content of pods 15.95-26.25 19.40±1.13 6.83 9.38 15.48 13.47 72.85 4.59 23.68
23. Dry matter content of Leaves 18.85-32.75 27.58±1.19 7.03 9.85 11.38 9.61 71.36 4.61 16.73
24. Dry matter content of Stem 60.60-86.50 71.45±3.05 40.89 59.52 10.79 8.95 68.71 10.91 15.28
25. Dry matter content of roots 7.15-11.75 9.54±0.42 1.31 1.61 13.57 12.03 78.68 2.09 21.99

D. Quality parameters

26. Protein content 0.94-2.42 1.62±0.03 0.1385 0.1365 22.88 22.72 98.56 0.75 46.46

Moderate (11-20%) GCV and PCV were observed
for plant height (25 and 50 days), no of primary
branches (50 days), pod width, pod flesh thickness,
number of clusters per plant, number of pods per clus-
ter, number of pods per plant, weight of ten pods,
number of root nodules per plant, dry matter content
in pods and roots. It implied equal importance of ad-
ditive and non additive gene action and substantial
amount of variability for these traits. These results

are in accordance with Kumar et al. (2014), Prakash
and Ram (2014), Prashanth and Sreelatha (2014), Singh
et al. (2014). Verma et al. (2014) and Jayprakash et al.
(2015) in French bean.

High heritability (>60%) along with high genetic
advance as per cent over mean (>20%) was recorded
for the plant height (25 and 50 DAS), pod width, num-
ber of pods per plant, weight of ten pods, yield per
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Table 3. Cluster composition based on D2 statistics in French
bean.

Cluster     Number of
number     genotypes                Name of the genotypes

I 2 4 IIHR-9, IIHR-23, IIHR-6, IIHR-7,
IIHR-40, IIHR-44, IIHR-34, IIHR-
245, IIHR-237, IIHR-119, Arka Anup,
IIHR-32, IIHR-234, IIHR-16, IIHR-
76, IIHR-67, IIHR-29, IIHR-36,
IIHR-35, Bagalkot local, IIHR-13,
IIHR-47, IIHR-87 and Arka Suvidha

II 9 IIHR-48, IIHR-62, IIHR-232, Arka
Arjun, IIHR-53, Arka Sharath, IIHR-
21, IIHR-27 and Arka komal

III I IIHR-37
IV I IIHR-67
V I IIHR-244

Table 4. Average intra and inter cluster D2 values for 5 clus-
ters for 21 characters formed by 36 genotypes of French
bean.

Clus-
ters         I               II              III IV V

I 69.06 146.06 116.20 127.39 241.08
II 48.21 223.39 171.48 395.94
III    0.00 133.13 102.98
IV     0.00 158.28
V     0.00

plant, yield per hectare, number of root nodules per
plant, dry matter content of pods and roots and pro-
tein content. These results suggested the presence
of additive gene effects. Thue, there is an ample scope
for improving these characters with direct selection.
Rai et al. (2010), Kunar et al. (2014), Prakash and Ram
(2014)  and Jayprakash et al. (2015) in French bean.
Islam et al. (2011) and Chaitanya et al. (2014) in

dolichos bean also indicated the same findings in their
research.

By following Tocher’s method, 36 genotypes
were grouped in to five clusters by treating estimated
D2 values as the square of the generalized distance.
The distribution of entries  into various cluster is
given in (Table 3). Among the five clusterts, cluster I
contained 24 genotypes followed by cluster II (9) and
remaining three had solitary genotype. Genotypes
usually didn’t cluster according to their geographical
distributions. The findings of Mishra et al. (2010),
Syed mudasir et al. (2012) and Gangadhara et al. (2014)
in French bean, Patel et al. (2011) and Salim et al. (2013)

Table 5. Mean values of 21 characters for 5 clusters formed by 36 genotypes in French bean.

                                                                                                                                        Clusters
Sl. No.                   Character                                                      I                   II                  III                IV               V

1. Plant height at 25 DAS (cm) 28.91 35.03 19.25 27.00 18.75
2. Plant height at 50 DAS (cm) 43.28 51.33 37.75 41.25 35.80
3. Number of primary branches at 50 DAS 5.94 6.65 5.00 7.05 4.85
4. Plant spread (N-S) at 50 DAS (cm) 44.52 51.46 41.50 40.25 40.75
5. Plant spread (E-W) at 50 DAS (cm) 37.61 43.83 34.80 34.00 33.50
6. Plant spread (N-S) at 25 DAS (cm) 35.74 42.93 32.45 33.50 29.00
7. Plant spread (E-W) at 25 DAS (cm) 32.21 39.17 30.00 30.50 29.00
8. Days to first flowering 34.15 30.28 35.50 31.00 31.00
9. Days to 50% flowering 41.50 36.48 41.50 43.50 45.50
10. Days to first pod maturity 52.91 48.52 48.50 49.75 54.00
11. Pod length (cm) 13.37 14.46 11.85 11.00 8.25
12. Pod width (cm) 0.81 0.80 0.88 0.91 1.28
13. Pod flesh thickness (cm) 0.62 0.65 0.55 0.54 0.43
14. Number of seeds per pod 5.94 6.44 6.30 5.50 4.40
15. Number of clusters per plant 13.64 14.27 10.50 12.75 11.63
16. Number of pods per cluster 2.52 2.80 3.13 2.00 3.10
17. Number of pods per plant 34.42 40.83 32.75 25.65 35.98
18. Weight of ten pods (g) 50.33 58.98 51.91 49.54 30.65
19. Dry matter content of pods (g) 18.30 23.10 16.75 18.25 16.65
20. Pod yield per plant (g/plant) 172.38 235.94 169.99 125.64 110.66
21. Number of root nodules per plant 14.86 19.46 13.55 21.40 15.35
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in dolichos bean, Panigrahi et al. (2014). In black gram
and Kutty et al. (2003) in cowpea were similar.

In general, intercluster distances were higher than
the intra cluster D2 values (Table 4). Maximum
intercluster distance was observed between cluster
II and cluster V (D2 395.94) This indicates that geno-
types can be further used as parents in hybridization
program to obtain superior segregants. The minimum
intercluster distance was noticed between cluster III
and cluster V. Cluster I showed higher intracluster
distance (D2 69.06). This indicated the existence of
wider genetic divergence among the constituent geno-
types.

A wide range of variation was observed in clus-
ter means for all the characters studied (Table 5).The
maximum mean values for plant height, plant spread,
pod length, pod flesh thickness, number of seeds per
pod, number of clusters per plant, number of pods

Fig. 1. Relative contribution of different characters to the
total divergence in French bean genotypes.  1. Plant height at
25 DAS (cm),  2.  Plant height at 50 DAS (cm), 3.  Number of
primary branches at 50 DAS, 4. Plant spread (N-S) at 50
DAS, 5. Plant spread (E-W) at 50 DAS, 6.  Plant spread (N-
S) at 25 DAS, 7.  Plant spread (E-W) at 25 DAS, 8. Days to
first flowering,  9. Days to 50%  flowering,  10. Days to  first
pod maturity, 11. Pod length, 12. Pod width, 13. Pod flesh
thickness, 14. Number of seeds per pod, 15. Number of clus-
ters per plant, 16. Number of pods per cluster, 17. Number of
pods per plant, 18. Weight of ten pods, 19. Dry matter  con-
tent of pods, 20. Pod yield per plant (g/plant), 21. Number of
root nodules per plant.

per cluster, number of pods per plant, weight of ten
pods, dry matter content of pods and pod yield per
plant was observed in cluster II  followed by cluster I.
Therefore, it would be logical  to attempt crossing
among the genotypes belonging to these cluster for
further improvement.

The selection and choice of parents mainly de-
pends upon contribution of characters towards di-
vergence (Fig. 1). i.e., number of pods (27.46%) con-
tributed maximum to the genetic diversity followed
by total yield per plant (13.97%), dry matter content
of pods (13.65%), pod width (8.57%), number of clus-
ters per plant (5.87%), number of pods per cluster
(5.45%), number of seeds per pod (3.65%), plant spread
(N-S) at 50 DAS (3.33%), number of root nodules
(2.70%), days to first pod maturity (2.54%), pod flesh
thickness (2.38%), days to 50% flowering (2.06%),
weight of ten pods (1.90%), days to first flowering
(1.59%) and pod length (1.43%). The findings of Syed
Mudasir et al. (2012) and in French bean, Chaitanya
et al. (2013) and Salim et al. (2013) in dolichos bean,
Panigrahi et al.(2014) in black gram are in accordance
with results.

Conclusion

From this genetic variability study can be concluded
that the characters like plant height (25 and 50 DAS),
pod width, number of pods per plant, weight of ten
pods, yield per plant, yield per hectare, number of
root nodules per plant, dry matter content of pods
and roots and protein content showed high heritabil-
ity (<60%) along with high genetic advance as per
cent over mean (>20%) could be effectively used in
selection indices and also to take up further crop im-
provement programs for the development of French
bean for better yield and quality characters. Where
as in diversity studies the genotypes having cluster
with maximum inter cluster distance are genetically
more divergent and these genotypes could be used
in hybridization program to obtain promising seg-
regants.

References

Abate G (2006) The market for fresh snap beans. Working
paper. The strategic marketing institute. Ethiopia pp
6–8.



935

Burton GW, Devane EM (1953) Estimating heritability in
tall fescue (Festuca arunidinacea) from replicated clonal
material. Agron J 45 : 478—481.

Chaitanya V, Reddy RVSK, Pandravada SR, Sujatha M (2013)
Genetic divergence in dolichos bean (Dolichos lablab L.
var Typicus prain) genotypes for yield and yield contrib-
uting traits. Elect J Pl Breed  4 (4) : 1340—1343.

Chaitanya V, Reddy RVSK, Arunkumar P (2014) Variability,
heritability and genetic advance in indigenous dolichos
bean (Dolichos lablab L.var Typicus) genotypes. Pl
Arch 14 (1) : 503—506.

Falconer DS (1981) Introduction to quantitative genetics.
Ed. Oliver and BOyd, Edinberg.

Gangadhara K, Jagadeesha RC, Anushma PI (2014) Genetic
divergence studies in French bean (Phaseolus vulgaris
L.). Pl Arch 14 (1) : 225—227.

Islam MS, Rahman MM, Mian AK (2011) Genetic variability,
heritability and correlation study in hyacinth bean
(Lablab purpureus L. Sweet). Bangladesh J Agric Res
36 (2) : 351—354.

Jayprakash Ram RB, Meena ML (2015) Genetic variation
and characters interrelationship studies for quantitative
and qualitative traits in French bean (Phaseolus vulgaris
L.) under Lucknow conditions. Leg Res 38 (4) : 425—
433.

Johnson HW, Robinson HF, Comstock RS (1955) Estimation
of genetic and environmental variability in soyabean.
Agron J 41 : 314—318.

Kumar AP, Reddy RVSK, Pandravada S, Durga RCV, Chaitanya
V (2014) Genetic variability, heritability and genetic
advance in pole type French bean (Phaseolus vulgaris
L.). Pl  Arch 14 (1) : 569—573.

Mahalanobis PC (1936) On the generalized distance in statis-
tics. Proc Nat Acad Sci 19 : 201—208.

Mishra S, Sharma KM, Singh M, Yadav SK (2010) Genetic
diversity of French bean (bush type) genotypes in north-
west Himalayas. Ind J Pl Genet Resour 23 (3) : 285—
287.

Panigrahi KK, Mohanty A, Baisakh B (2014) Genetic diver-
gence, variability and character association in landraces
of blackgram (Vigna mungo [L.] Hepper) from Odisha.
J Crop and Weed 10 (2) : 155—165.

Panse VG, Sukhatme PV (1967) Statistical methods for
agricultural workers. Ind Council of Agric Res, New

Delhi, pp 145.
Patel KL, Mehta N, Sharma GL, Sarnaik DA (2011) Genetic

divergence analysis in dolichos bean (Dolichos lablab
L.) for Chhattisgarh plains. Veg Sci 38 (2) : 241—242.

Prakash J, Ram RB (2014) Genetic variability, correlation
and path analysis for seed yield and yield related traits
in French bean (Phaseolus vulgaris L.) under Lucknow
conditions. Int J Innovative Sci Engg Tech 1 (6) In
press.

Prajapati ND (2003) A hand book of medicinal plant:  A com-
plete source book. Agrobios Jhodhpur, pp 538, 539 and
390.

Prashanth K, Sreelatha KI (2014) Variability and heritability
studies for pod yield and its component characters in
winged bean (Psophocarpus tetragonolobus L.). The
Bioscan 9 (4) : 1795—1797.

Rai N, Singh PK, Verma A, Yadav PK, Choubey T (2010)
Hierarchical analysis for genetic variability in pole type
French bean (Phaseolus vulgaris L.). Ind J Hort 67 :
150—153.

Rao CR (1952) Advanced statistical methods in biometrical
research. John Willey and Sons, New York, pp 357—
359.

Robinson HF, Comstock RE, Harvey PM (1949) Estimates
of heritability and degree of dominance in corn. Agron
J 41 : 353—359.

Salim M, Hossain S, Alam S, Rashid JA, Islam S (2013)
Estimation of genetic divergence in lablab bean (Lablab
purpureus L.) genotypes. Bangladesh J Agric Res 38 (1):
105—114.

Singh RK, Choudhary BD (1979) Biomedical methods in quan-
titative genetics analysis. Kalyani Publishers, New Delhi.

Singh BK, Deka BC, Ramakrishna Y (2014) Genetic variabil-
ity, heritability and interrelationships in pole-type French
bean (Phaseolus vulgaris L.).Proc Natl Acad Sci Ind 84
(3) : 587—592.

Syed mudasir SPA, Khan MN, Sofi NR, Dar ZA (2012)
Genetic diversity, variability and character association
in local common bean (Phaseolus vulgaris L) germplasm
of Kashmir. Elect J Pl Breed 3 (3) : 883—891.

Verma KA, Umajyothi K, Rao Dorajee AVD (2014) Genetic
variability, heritability and genetic advance studies in
dolichos bean (Lablab purpureus L.) genotypes. Elect
J Pl Breed 5 (2) : 272—276.


