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1. INTRODUCTION

French bean (Phaseolus wulgaris L., 2n= 2x= 22) is an important legume
vegetable belonging to family Fabaceae. It has many synonyms like snap bean, kidney
bean, haricot bean and aso called rgf mash in hindi. According to Vavilov (1950) the
primary centre origin of french bean is Southern Mexico and Central America, while
Peruvian-Ecuadorian-Bolivian area is considered to be secondary centre. It is
originated from wild species Phaseolus aborigineus L. and domesticated in Mexico,
Peru and Colombia about 8000 years ago. It has extensive geographical distribution in
the world.

Beans are essentially 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 treatment of diabetics (Prajapati, 2003).

The nutritive value of the crop per100 g of green pod is 1.7 g protein, 0.1 g fat,
4.5g carbohydrate, 1.8 g fiber and is aso rich in minerals and vitamins. French bean
possesses medicinal properties which is useful against diabetes, certain cardiac
problems and a good natural cure for bladder burn. It has both carminative and
reparative properties against constipation and diarrhoea respectively (Duke, 1981).
Beans are the “meat of the poor”, contribute essentia protein to the undernourished
people and it can be grown under different cropping patterns of hills and plains of
India

Being a short duration crop french bean can be grown under different cropping
patterns of hills and plains of India In Indig, it is mainly grown in Himachal Pradesh,
Punjab, Haryana, Uttar Pradesh, Bihar, Gujarat, Madhya Pradesh, Maharashtra,
Karnataka, Andhra Pradesh and Tamil Nadu. In India, french bean is grown over an
area of 1.36 lakh hawith annual production of 13.7 lakh tons (Anon., 2013).

French bean is a cool season vegetable widely cultivated in temperate and sub
tropical region and in many part of the tropics with a temperature around 21°C. The
optimum temperature for better growth is 16-24°C. It occupies the third position after
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soybean (Glycine max L.) and peanut (Arachis hypogea L.) among maor food
legumes in the world and stands second position in terms of bean vegetables
(Singh, 1999).

Considering its use as a vegetable which fits well in different cropping
systems, there is need for improvement and development of varieties to specific agro
ecologica conditions. Northern part of Karnataka has large area with arid climatic
conditions. Though, french bean has been under cultivation in smal area as a
vegetable, its potentiality is yet to be exploited. Therefore, there is a need for
identification or development of french bean genotypes suited for northern Karnataka.
This invites attention for evaluation of germplasm to know the variability for
identification of suitable genotypes and also to take up further crop improvement
programmes.

The success of any crop improvement programme largely dependent on the
nature and magnitude of genetic variability existing in the breeding material with
which breeder is working. The phenotypic expression of plant character is mainly
controlled by its genetic makeup of the plant and the environment, in which it is
grown and their interaction between the genotype and environment. Further, variance
in any quantitative traits depends on additive variance (heritable) and non- additive
variance (non- heritable), which include dominance and epistatis (non alelic
interaction). Therefore, it becomes necessary to partition the observed phenotypic
variability into genotypic (partly heritable) and environmental (non heritable)
components with suitable parameters, such as phenotypic and genotypic co- efficient
of variation and heritability in broad sense. Further, genetic advance can be used to
predict the efficiency of selection.

Yield is a complex character controlled by large number of contributing
characters and their interactions. A study of correlation between different quantitative
characters provides an idea of association that could be effectively exploited to
formulate selection strategies for improving yield and quality of a crop. In order to
have clear picture of yield components for effective selection programme, it would be
desirable to consider the relative magnitude of association of various characters with
yield. The path coefficient technique developed by Wright (1921) helps in estimating
direct and indirect contribution of various components in building up the tota
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correlation towards yield. On the basis of these studies, the quantum importance of
individual character is marked to facilitate the selection programme for better gains.

Generdly diverse plants of compatible texa are expected to give high hybrid
vigour (Harrington, 1940) and hence, it to study the genetic divergence among the
existing varieties and germplasm collection for identification of more diverse parents
for hybridization programme. 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 programme.

The D? statistics developed by Mahalanobis (1936) provides a measure of
magnitude of divergence between two groups under comparison. It considers the
variation produced by any character and their consequent effect that it bears on other
characters. Grouping of genotypes based on D? analysis will be useful in choosing
suitable parent lines for hybridization programme.

With this background, the present investigation to evaluate the genetic
variability of different characters to understand the scope for selection and diversity of
genotypes for identification of suitable parents for hybridization to improve the yield
and yield attributing characters is undertaken with following objectives.

1. To study the nature and extent of genetic variability in french bean germplasm
for productivity and quality traits.

2. To study the character association and path analysis for different traits in
french bean germplasm.

3. To study the extent of genetic diversity in french bean germplasm.



2. REVIEW OF LITERATURE

Vegetable breeder is primarily concerned with the improvement of both
guantitative and qualitative characters. Severa studies have been carried out for
improvement of various characters in french bean. The magnitude of such success
studies lies with the selection of the base material and its creative manipulation. The
research that has been done on genetic variability, heritability, genetic advance,
characters association, path coefficient analysis and genetic divergence has been very
useful in support of plant improvement activities in french bean. In this chapter,
attempt has been made to review the available relevant literature on french bean and
other legume vegetables.

21  Genetic variability, heritability and genetic advance
2.2  Correation studies and Path coefficient analysis

2.3  Genetic divergence
2.1 Geneticvariability, heritability and genetic advance

The success of breeding progranmme depends upon the magnitude of
variability existing in the germplasm. Variability may be defined as the amount of
variation present among the members of population or species for one or more
characters at genotypic or phenotypic levels. A comprehensive summary method for
estimating genetic variance was presented by Cockerham (1963) where phenotypic
variability is observable and includes both genotypic and environmental variation and
also called as tota variation, while genotypic variation refers to genetic or inherent
variability, which remains unaltered by environmental conditions. It is measured in
terms of genotypic variance and consists of additive, dominance and epistatic
components. Environmental variance is measured in terms of error mean variance.
Genotypic coefficient of variation (GCV) and phenotypic coefficient of variation
(PCV) are derived from standard deviation divided by mean and are used to assess the
extent of variation.

Heritability is the transmissibility of characters from parent to off-spring.
Heritability in broad sense is the ratio of genotypic variance to total phenotypic
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variance generally expressed in percentage. Effectiveness of selection of genotypes
depends on heritability. Genetic advance (GA) is the improvement over the base
population that can be potentially achieved from selection. It is a function of the
heritability of the trait the breeder uses. High heritability is accompanied with high
genetic advance and indicates predominance of additive gene effects and selection
may be effective. When low heritability is accompanied with low genetic advance, it
indicates predominance environmental effects and selection would be ineffective.
High heritability with low genetic advance indicates the importance of non-additive
gene action, the high heritability is being exhibited due to favourable influence of
environment rather than genotype and selection for such traits may not be rewarding,
while low heritability with high genetic advance, reveds that the character is
governed by additive gene effects. The low heritability is being exhibited due to high
environmental effects and selection may be effective in such cases.

Variability for growth, earliness, yield and its components in french bean has
been reported by several workers. The review of literature on variance and its
components, heritability, genetic advance and genetic advance over mean for various
characters are presented in tabular form as under (Table 1).

2.2 Correlation and path analysis

The correlation coefficient analysis measures the mutual relationship between
various characters and it determines the component traits on which selection can be
relied upon to effect the improvement. The correlation characters may be due to
genetic linkage or pleiotropy (Harland, 1939). There are three types of correlations
viz., phenotypic, genotypic and environmental correlations.

Phenotypic correlation is the observable correlation between two variables and
includes both genotypic and environmental effects. Genotypic correlation on the other
hand, is the inherent association between two variables may be either due to
pleiotropic action of genes or linkage, more likely both are developmental induced
relationships.

The path coefficient analysis was originally developed by Wright (1921), but
the technique was first used in plant breeding by Dewey and Lu (1957). It isatechnique



Table 1. Review of literature on mean, range, components of variance, heritability, genetic advance and genetic advance over mean in french bean

PCV | GCV h? GAM
S. No | Character | Mean Range PV GV (%) (%) (%) GA (%) Crop References
A. |Growth parameters
1. Plant 27.08 - 22.80 18.02 1763 | 15.67 | 79.04 | 777.4 - French bean | Raffi and Nath (2004)
height
(cm) 141.12 | 75.26- 210.13 | 807.13 | 806.72 | 20.13 | 20.12 | 99.95 | 58.49 | 41.45 |Dolicosbean | Gnanesh et al. (2006)
34.33 - 36.75 2740 | 17.66 | 1525 | 7458 | 09.31 | 27.12 |Frenchbean | Roy et al. (2006)
66.76 | 45.67- 132.67 - - 41.36 | 40.96 | 98.06 | 55.79 | 83.55 |Frenchbean |Kamaluddinand Ahmed
(2011)
91.32 | 31.51-161.50 | 1596.8 | 1425.97 | 43.76 | 41.35 | 89.30 - 80.51 |Pea Tyagi et al. (2012)
127.07 | 93.35-193.38 | 812.26 | 533.06 | 2243 | 18.17 | 65.60 | 38.53 | 30.32 |Dalicosbean |Chaudhari et al. (2013)
4.7 28.00- 78.00 - - 29.02 | 20.60 | 00.50 - 30.15 |Pea Dar et al. (2013)
- - 241.01 | 21447 | 1633 | 1540 | 88.99 | 2845 | 29.93 |Dolicosbean |Magalingam et al. (2013)
Sharma and Bora (2013)
59.97 | 38.00- 90.56 - - 2712 | 26.82 | 97.84 | 32.79 | 54.67 |Pea
Ahmad et al. (2014)
- - 9.863 8814 | 08.71 | 823 | 0.894 | 05.78 | 16.04 | Mung bean
Kumar et al.(2014)
- 110.99- 201.32 | 599.51 | 556.41 | 16.34 | 1574 | 92.81 | 46.81 | 31.24 |French bean




Table 1. Continued

Sl. | Character PCV | GCV | GAM
NO M ean Range PV GV %) | (%) h* (%) | GA (%) Crop References
A. |Growth parameters
1 Plant - - 13014.18 | 12314.3 | 47.44 | 46.14 | 94.00 | 222.36 | 92.48 |Dolicosbean |Chaitanyaet al. (2014)
height
(cm) 50.16 | 34.62- 129.16 - - 41.21 | 4058 | 97.00 | 4129 | 8231 |Frenchbean |Prakashand Ram
(2014)
- 551.33-813.33 | 5582.53 | 4285.13 | 11.03 | 09.66 | 76.75 | 118.14 | 17.44 |Winged bean |Prasanth and Sreelatha
(2014)
- - - - 2711 | 27.07 | 79.12 | 3445 | 5568 |Pea Singh et al. (2014a)
85.62 | 63.91-121.53 | 369.24 | 368.05 | 2244 | 2240 | 99.67 | 39.45 | 46.08 Doalicosbean |Vermaet al. (2014a)
171.6 | 102.64-282.00 - - 2362 | 23.42 | 00.98 - 47.84 |Frenchbean |Vermaet al. (2014b)
- - - - 34.69 | 3323 | 91.00 | 196.27 | 65.68 |Jack bean Lenkalaet al. (2015)
4954 | 3447-12821 | 4171 40.92 | 41.71 | 4092 | 96,50 | 40.98 | 82.72 Frenchbean |Jayprakashetal.(2015)
Kumar et al. (2015)
80.02 | 55.69- 109.02 - - 1754 | 1584 | 81.50 | 2358 | 29.46 |Cluster bean
2. No of Raffi and Nath (2004)
primary | 46.69 - 14.00 1065 | 08.01 | 06.99 | 76.07 | 586.3 - French bean
branches/ Gnanesh et al. (2006)
plant 3.68 2.40-6.33 0.49 0.48 19.07 | 1896 | 9890 | 143 38.86 | Dalicosbean
Tyagi et al. (2012)
273 1.72-3.79 0.29 0.22 19.88 | 17.17 | 75.80 - 30.80 |Pea
Magalingam et al.
- - 0.64 0.48 12.81 | 11.04 | 7427 | 123 19.60 |Doalicosbean |(2013)




Table 1. Continued

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h*(%)| GA G((';'\)A Crop Refer ences
A. |Growth parameters
2. I\_Io of 7.05 5.03-9.80 - - 1891 | 16,50 | 76.15 | 2.09 | 29.64 |Pea Sharma and Bora (2013)
b?[';gﬁg/ - 211-4.77 0.68 0.50 2434 | 20.85 | 7342 | 1.25 | 36.81 |Frenchbean |Kumar et al.(2014)
plan - - 0.328 0202 |17.81 | 1398 | 61.00 | 0.72 | 22.61 |Dolicosbean |Chaitanyaet al.(2014)
3.86 257-511 - - 19.85 | 1540 | 60.20 | 0.95 | 24.61 | Frenchbean |Prakash and Ram (2014)
- 6.33- 15.66 7.68 6.09 2419 | 21.54 | 79.32 | 453 | 39.52 |Winged bean | Prashanth and Sreelatha
1.63 1.33-2.27 0.09 0.05 18.72 | 13.77 | 54.00 | 0.34 | 20.85 |Pea (Szeg(lei)ena et al.(2014)
331 2.50-4.30 0.32 0.31 17.10 | 16.85 | 97.19 | 1.13 | 34.23 |Dolicosbean |Vermaet al.(2014a)
381 2.45-5.10 18.20 1462 | 18.20 | 14.62 | 6450 | 0.93 | 24.28 |Frenchbean |Jayprakash et al. (2015)
- - - - 36.65 | 3526 | 92 225 | 69.88 |Jack bean Lenkalaet al. (2015)
B. |Earlinessparameter
1 Days to 85.14 42.33-105 320.92 | 32047 | 21.04 | 21.02 | 99.86 | 36.85 | 43.28 |Dolicosbean | Gnanesh et al. (2006)
;;(r)vStvering 17.69 - 3760 | 3551 | 3466 | 33.68 | 94.43 | 11.93 | 67.42 |Bushbean |Roy et al. (2006)
104.8 47.6-136.3 428.88 | 422.00 | 19.76 | 19.60 | 98.39 | 42.20 | 40.26 |Dolicosbean |Idam et al. (2011)
55.46 39.8-67.53 - - 1297 | 12.75 | 0.97 | 14.38 | 25.92 |Frenchbean |Syed Mudasir et al. (2012)




Table 1. Continued....

PCV

GCV

GAM

NoO Character | Mean Range PV GV (%) (%) h?(%) | GA (%) Crop References
B. |Earlinessparameters
1 |Daystofirst| 67.06 | 58.66-76.33 | 19.47 | 1018 | 658 | 476 | 523 - 07.09 |Pea Tyagi et al. (2012)
flowering - 32- 60.33 3833 | 36.75 | 1536 | 15.04 | 95.89 | 12.23 | 30.35 |French bean Kumar et al.(2014)
- - 112.26 | 107.12 | 15.00 | 15.35 95 | 2082 | 30.18 |Dolicosbean Chaitanya et al.(2014)
36.84 | 30.33-43.50 - - 11.51 | 10.54 | 83.80 | 7.32 19.86 | French bean Prakash and Ram (2014)
- 75.05- 1788 | 853.91 | 799.98 | 25.72 | 24.88 | 93.68 | 56.39 | 49.62 |Winged bean Prashanth and Sreelatha
- - - - 14.36 | 14.20 | 80.25 | 1442 | 2894 |Pea g 2;:?& al. (2014a)
52.06 | 40.26-66.88 | 73.01 7242 | 1641 | 16.34 | 99.20 | 17.46 33.53 |Dolicosbean Vermaet al.(2014a)
37.72 | 28.05-42.00 - - 8.76 | 868 | 0.98 - 17.73 | French bean Vermaet al.(2014b)
36.56 | 29.67-4333 | 11.36 | 10.37 | 11.36 | 10.37 | 83.30 | 7.13 19.50 |Frenchbean Jayprakash et al. (2015)
- - - - 6.29 | 531 | 71.00 | 5.06 9.24 | Jack bean Lenkalaet al. (2015)
110.26 | 33.00-136.60 - - 18.30 | 1829 | 99.90 | 41.52 | 37.65 |Doalicosbean Rai et al. (2015)
2216 | 0.97-19.77 - - 648 | 3.60 | 30.90 | 091 410 | Cluster bean Kumar et al. (2015)




Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h?(%)| GA G((';'\)A Crop References
B. |Earliness parameters
2. | Daysto50 - - 16.130 | 15.74 | 8.180 | 8.081 | 97.59 | 8.074 | 16.445 |Dolicosbean |Magalingam et al. 2013)
f?oevrvgrei%tg 98.68 | 39.33- 147.33 - - 16.26 | 15.76 | 93.91 | 31.05 | 31.46 |Dolicosbean |Parmar et al. (2013)
34.64 | 29.33- 46.33 - - 15.09 | 1450 | 92.25 | 994 | 28.69 |Pea Sharma and Bora (2013)
- - 11.081 | 10573 | 7.64 | 746 | 0954 | 654 | 1502 |Mungbean |Ahmad et al. (2014)
- - 120.65 | 110.74 | 1497 | 1434 | 91 | 20.76 | 28.30 |Dolicosbean |Chaitanyaet al.(2014)
41.79 36- 48.50 - - 854 | 742 | 7550 | 555 | 13.28 |French bean Prakash and Ram (2014)
- 84.71- 187.23 | 987.94 | 954.39 | 25.11 | 24.67 | 96.60 | 62.55 | 49.95 |Winged bean |Prashanth and Sreelatha
34.64 | 29.33-47.33 - - 16.09 | 1450 | 82.25 | 8.94 | 28.69 |Frenchbean %8#3 et al. (2014)
67.10 | 53.67- 77.67 57.86 5483 | 11.34 | 11.04 | 95.00 | 14.85 | 22.13 |Pea Saxesena et al.(2014)
54.65 | 42.38- 68.90 79.30 7853 | 16.29 | 16.21 | 99.02 | 18.16 | 33.24 |Dolicosbean |Vermaet al. (2014)
4097 | 35334767 @ 850 702 | 850 | 7.02 | 68.00 | 4.88 | 11.91 |Frenchbean | Jay prakash et al. (2015)
- - - - 6.86 | 6.17 | 80.0 | 6.90 | 11.44 |Jack bean Lenkalaet al. (2015)
34.10 | 31.64- 37.79 - - 454 | 361 | 63.60 | 2.02 592 |Cluster bean |Kumar et al. (2015)

0T



Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h?(%)| GA G((';'\)A Crop References
B. |Earliness parameters
3. Days to | 133.29 | 91.66- 157.00 | 295.64 | 295.29 | 12.90 | 12.89 | 99.88 | 35.37 | 26.54 |Dolicosbean |Gnanesh et al. (2006)
f:arlitkﬁ?; 92.99 80-109.00 - - 828 | 823 | 986 | 1565 | 16.83 |Frenchbean |Rai etal. (2010)
127.87 | 67.00-148.00 | 457.70 | 439.86 | 16.73 | 16.40 | 96.1 | 429 | 33.55 |Dolicosbean |Idametal.(2011)
11543 | 71.81- 152.67 - - 16.45 | 16.30 | 0.97 | 3821 | 33.10 |Frenchbean |Syed mudasir et al. (2012)
79.36 | 64.95- 8862 | 78.14 2213 | 1114 | 593 | 2830 | 5.16 6.50 |Dolicosbean |Chaudhari et al. (2013)
72.60 | 55.97- 93.08 - - 852 | 711 | 0639 | 9.63 | 23.72 |Pea Karnwal et al. (2013)
97.86 49- 140.33 - - 1359 | 12.70 | 87.38 | 23.94 | 24.46 |Dolicosbean |Parmar et al. (2013)
62.66 56- 87.00 - - 1351 | 1323 | 2.76 | 95.80 | 16.71 |Pea Sharma and Bora (2013)
- 45.33- 76.33 | 48.96 4439 | 12.74 | 12.13 | 90.65 | 13.06 | 23.80 |Frenchbean |Kumar et al.(2014)
- - 14249 | 13157 | 1235|1187 | 92 | 2270 | 23.50 |Dolicosbean |Chaitanyaet al. (2014)
- 97.13- 192.67 | 724.03 | 688.97 | 19.64 | 19.16 | 95.15 | 52.74 | 38.50 |Winged bean |Prashanth and Sreelatha
7845 | 68.46- 90.16 | 59.69 58.57 984 | 9.75 | 98.12 | 15.61 | 19.00 |Dalicos bean S/zgrlr;‘r;et al. (20149)
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Table 1. Continued....

PCV

GCV

GAM

NO Character | Mean Range PV GV (%) (%) (%) GA (%) Crop References
3. [_)aysto - - - - 6.49 4.79 54 5.09 7.29 |Jack bean Lenkalaet al. (2015)
];Jlircsltdggd 141.82 55- 165 - - 12.03 | 12.00 99.4 34.95 | 24.64 Dolicosbean |Rai etal. (2015)
C. |Yidd parameters
1. Pod length | 9.41 - - - 1374 | 12.70 | 85.40 227 | 24.12 |Dolicosbean |Panetal. (2004)
em 7.93 - 2.30 1.84 19.12 | 17.10 | 80.00 | 249.9 - Frenchbean |Raffi and Nath (2004)
4,77 4.07-5.51 0.07 0.07 5.82 5.75 97.90 0.56 | 11.71 |Dolicosbean |Gnanesh et al. (2006)
12.48 | 8.89- 16.38 - - 1275 | 1271 99.4 324 | 2596 |Frenchbean |Ra et al. (2006)
9.25 - 254 2.37 17.21 | 1663 | 93.33 3.06 | 33.10 |Bushbean Roy et al. (2006)
9.96 7.20- 13.37 - - 1319 | 13.14 99.2 268 | 26.91 |Frenchbean |Ra etal. (2010)
12.73 | 10.33-15.0 - - 14.92 9.57 41.17 161 | 12.65 |French bean Kamaluddin and Ahmed
5.61 4.44-10.30 25 244 28.04 | 27.83 98.5 - 3.19 |Cluster bean (Rzglelt)al. (2012)
6.07 437-11.20 | 1.77 117 2190 | 17.84 | 66.40 1.82 | 29.96 |Dolicosbean |Chaudhari et al. (2013)
- - 2779 | 2626 | 21.475 | 20.87 | 9450 | 3.245 | 41.80 |Dolicosbean |Magalingam et al.( 2013)
8.83 6.92- 10.32 - - 9.47 8.14 74.69 1.28 | 14.49 |Pea Sharma and Bora (2013)
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Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h?(%)| GA G((';'\)A Crop References
B. |Yield parameters
Pod length - 7.76- 15.62 4.08 3.59 18.12 | 17.00 | 87.98 | 3.66 | 32.85 |Frenchbean kumar et al. (2014)
em - - 3085 | 293 |2372|2314| 95 | 344 | 46.48 Dolicosbean |Chaitanyaetal. (2014)
11.14 8.33-13.76 - - 16.42 | 14.67 | 79.80 | 3.01 | 27.01 |Frenchbean |Prakash and Ram (2014)
- 14.84-21.89 | 481 376 | 1161 | 10.25 | 7811 | 353 | 18.67 |Dolicosbean |Prashanth and Sreelatha
- - - - 812 | 802 | 79.12 | 143 | 16.24 |Pea g 2;:?& al. (2014a)
- - 5.26 467 | 18.00 | 16.97 | 88.85 | 420 | 32.95 Frenchbean |Singhetal. (2014b)
6.07 4.73- 8.55 1.46 1.34 1992 | 19.10 | 91.94 | 2.29 | 37.74 |Dolicosbean |Vermaet al. (20144)
11.01 8.14- 17.15 - - 16.55 | 16.38 | 0.98 - 33.37 |Frenchbean |Vermaet al. (2014b)
11.03 | 8.32-13.86 | 1612 | 1444 | 16.12 | 14.44 | 80.20 | 2.94 | 26.65 |Frenchbean |Jayprakash et al. (2015)
- - - - 1546 | 15.04 | 94 | 495 | 30.13 |Jack bean Lenkalaet al. (2015)
9.78 7.28-12.82 - - 14.05 | 14.02 | 995 | 2.82 | 28.83 |Dolicosbean |Rai etal. (2015)
5.72 4.52- 6.90 - - 1053 | 752 | 51.00 | 0.63 | 11.01 |Cluster bean |kumar et al. (2015)

el



Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h*(%)| GA G((';'\)A Crop Refer ences
B. |Yield parameters
2. | Podwidth | 1.21 0.78- 1.46 - - 1151 | 10.80 | 87.90 | 0.25 | 20.66 |Frenchbean |Rai etal.(2006)
em 111 0.92- 143 - - 11.17 | 897 | 646 | 0.17 | 1532 |Frenchbean Rai et al. (2010)
7.18 5.58- 10.17 0.66 0.7 | 1236 | 1092 | 894 - 127 |Clusterbean |Rai et al. (2012)
1.30 1.11-1.49 - - 745 | 7.09 | 90.74 | 10.19 | 13.92 |Pea Davendraet al. (2013)
- - 0.203 | 0.185 | 25.76 | 24.56 | 90.94 | 0.845 | 48.26 |Dolicosbean |Magalingam et al.( 2013)
- 7.76- 15.62 4.08 359 | 1812 | 17.00 | 87.98 | 3.66 | 32.85 |French bean Kumar et al. (2014)
- - 0.060 | 0.053 | 1345 | 12.71| 89 0.44 | 24.74 |Dolicosbean |Chaitanyaet al. (2014)
0.68 0.49- 0.95 - - 2064 | 1776 | 74 0.21 | 30.88 |Frenchbean |Prakash and Ram (2014)
- - - - 482 | 323 | 8771 112 | 445 Pea Singh et al. (2014a)
1.82 1.52- 2.08 041 0.03 | 11.19 | 10.00 | 79.86 | 0.33 | 1841 |Dolicosbean |Vermaetal. (2014a)
066 | 0.48-0.95 - - | 1934|1762 | 83 | 022 | 3333 |Frenchbean |Jayprakash et al. (2015)
- - - - 11.07 | 9.32 70 0.30 | 16.16 |Jack bean Lenkalaet al. (2015)
215 0.50- 3.23 - - 29.30 | 2867 | 95.8 | 1.25 | 58.03 |Dolicosbean |Rai etal. (2015)
5.97 5.70- 6.34 - - 567 | 053 | 9.00 | 0.01 0.16 |Cluster bean |Kumar et al. (2015)

VT



Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h*(%) GA G((';'\)A Crop Refer ences
B. |Yield parameters
3. No. of
seeds per 4.84 - - - 11.12 | 750 | 4558 | 0.50 | 10.53 |Dolicosbean |Panetal. (2004)
Pos 3.75 - 141 113 3172 | 28.36 | 79.90 | 1.96 | 52.21 |Bushbean Roy et al. (2006)
459 3-5.67 - - 1585 | 14.67 | 859 | 1.29 | 28.10 |Frenchbean Rai et al. (2010)
4.56 3.6- 587 0.28 0.20 11.6 9.8 714 | 087 | 19.07 |Dolicosbean |Idametal.(2011)
4.26 4-5.0 - - 10.86 | 9.98 | 8448 | 0.81 | 1891 |Frenchbean |Kamaluddinand Ahmed
4.58 3.33-5.56 - - 18.66 | 11.52 | 0.38 - 14.64 | Dolicos bean (sﬁigran et al. (2011)
6.37 5.30- 8.10 0.6 0.48 11.98 | 11.33 | 78 - 158 |Clusterbean |Raietal. (2012)
4.48 3.13- 6.67 0.61 0.35 1745 | 1325 | 57.70 | 0.93 | 20.74 |Dolicosbean |Chaudhari et al. (2013)
4.06 26-6.9 - - 13.71 | 13.26 | 0.93 - 26.75 |Pea Dar et al. (2013)
- 2.99-7.99 1.39 111 24.62 | 22.05 | 80.22 | 1.95 | 40.69 |Frenchbean kumar et al. (2014)
- - 0426 | 0361 | 1596 | 1468 | 84 | 1.138 | 27.81 |Dolichosbhean |Chaitanyaet al. (2014)
4381 3.64- 5.96 - - 1453 | 10.05 | 47.80 | 0.69 | 14.34 |Frenchbean Prakash and Ram (2014)
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Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h?(%)| GA G((';'\)A Crop References
B. |Yield parameters
3. |No.of seeds| - - - - 1242 | 1215 [ 86.70 | 1.94 | 2450 |Pea Singh et al. (2014a)
per pod - - 1.93 1.85 20.16 | 19.76 | 96.01  2.75 | 39.88 |French bean Singh et al. (2014b)
3.86 3.35-4.65 0.19 0.18 1140 | 11.24 | 97.09| 0.88 | 22.81 |Dolichosbean |Vermaetal. (2014a)
5.64 3.08-7.77 - - 25.03 | 2429 | 0.94 - 48.58 | French bean Vermaet al. (2014b)
4.76 3.58-5.72 | 13.46 7.36 1346 | 736 | 29.9 | 040 8.40 |French bean Jayprakash et al. (2015)
- - - - 21.39 | 2009 | 88 36.5 | 38.89 |Jack bean Lenkalaet al. (2015)
4522 | 3.67-5.67 - - 13.78 | 10.33 | 56.2 | 0.72 | 1592 |Dolichosbean |Rai etal. (2015)
6.72 5.93- 7.53 - - 8.57 575 | 45.00| 0.53 7.88 | Cluster bean Kumar et al. (2015)
4. No. of
clusersper | 28.19 | 12.80-49.67 | 96.5 82.47 3485 | 3222 | 855 - 17.3 | Cluster bean Rai et al. (2012)
plant - - 1.806 1.568 14.157 | 13.527 | 86.83 | 2.404 | 25.966 |Dolichosbean |Magaingam et al.
- - 0.288 0.199 8.89 7.38 | 0.689| 0.76 | 12.63 |Mung bean ,(Ai(rﬁgg et al. (2014)
5.56 4- 7.60 1.29 0.97 2031 | 1761 | 75.00 | 1.76 | 3147 |Pea Saxesena et al.(2014)
12.02 | 7.00- 31.13 - - 43.03 | 41.99 | 95.30 | 10.15 | 84.44 |Cluster bean Kumar et al. (2015)
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Table 1. Continued....

S. PCV | GCV | » GAM
NoO Character | Mean Range PV GV %) | (%) h (%) | GA (%) Crop References
B. |Yield parameters
5. |No. of pods
per cluster 723 | 540-1410 | 29 275 | 236 | 2294 | 89.7 - 3.32 | Cluster bean Rai et al. (2012)
942 | 576-19.66 | 9.50 876 | 3271|3140 | 9210  5.85 | 62.09 |Dolicosbean Chaudhari et al. (2013)
- - 5318 | 4.911 | 29.65| 28.49 | 92.35 | 4.387 | 56.416 | Dolicosbean Magalingam et al.( 2013)
7.01 | 3.66-12.93 - - 32.02 | 24.60 | 59.02 | 2.73 | 38.93 |Dalicosbean Parmar et al. (2013)
- - 0.153 | 0.133 | 1353 | 12.60 | 0.867 | 0.70 | 24.17 |Mung bean Ahmad et al. (2014)
791 | 2.93-21.47 62.31 | 61.52 | 97.50 | 9.90 | 125.15 | Cluster bean Kumar et al. (2015)
6. |No. of pods
per plant 5.23 - 1.97 1.08 | 26.75| 19.81 | 54.82 | 1585 - French bean Raffi and Nath (2004)
55.64 | 31.06-9453 | 195.64 | 1952 | 2513 | 25.11 | 99.79 | 28.75 | 51.67 |Doalicosbean Gnanesh et al. (2006)
19.58 6.14- 95 - - 64.16 | 63.38 | 97.6 25 1.27 | French bean Rai et al. (2006)
9.8 - 2251 | 2043 | 48.43 | 46.14 | 90.76 | 8.87 | 90.55 |Bushbean Roy et al. (2006)
39.95 | 13.33-79.67 - - 41.03 | 40.81 | 989 | 3341 | 83.63 |Frenchbean Rai et al. (2010)
256.6 122-425 | 6776.9 | 4736.2 | 32.08 | 26.82 | 79.88 | 132.58 | 51.66 | Dalicosbean Idam et al. (2011)
9.73 | 8.33-13.33 - - 2091 | 1883 | 43.74 | 1.83 18.84 | French bean Kamaluddin and Ahmed
(2011)
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Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h?(%)| GA G((';'\)A Crop References
B. |Yield parameters
6. | No. of pods
per plant | 117.53 | 75.50- 185.00 | 757.2 | 679.37 | 2341 | 2218 | 945 - 50.86 |Cluster bean |Rai et al. (2012)
8.80 5.14- 13.76 - - 23.00 | 1942 | 0.71 | 296 | 33.63 |Frenchbean |Syed mudasir et al. (2012)
1115 | 2.39-19.44 | 2149 | 19.00 | 4155 | 39.10 | 884 | - 75.71 Pea Tyagi et al. (2012)
65.68 | 18.33- 158.62 | 1164.8 | 1120.65 | 51.96 | 50.97 | 96.20 | 67.64 | 102.99 |Dolicosbean |Chaudhari et al. (2013)
7.39 5-10.13 - - 2190 | 12.03 | 0.30 - 13.16 |Pea Dar et al. (2013)
8.78 5.33-15 - - 2756 | 21.02 | 7828 | 3.36 | 38.28 |Pea Sharma and Bora (2013)
- - 19.495 | 18.605 | 24.57 | 24.00 | 0.954 | 8.68 | 48.30 |Mungbean |Ahmad et al. (2014)
12.90-104.03 | 344.28 | 329.00 | 43.22 | 42.25 | 95.56 | 36.52 | 85.09 |Frenchbean |Kumar et al.(2014)
- - 8219.7 | 1900.69 | 134.24 | 6455 | 23 | 43.18| 63.94 |Dolicosbean |Chaitanyaet al. (2014)
20.96 | 10.46- 30.22 - - 23.72 | 2294 | 93.60 | 9.58 | 45.70 |Frenchbean |Prakashand Ram (2014)
- 44.98- 154.49 | 13138 | 673.47 | 41.86 | 29.97 | 51.26 | 38.27 | 44.20 |Dolicosbean | Prashanth and Sreelatha
16.07 | 10.47-21.73 9.57 591 19.24 | 1512 | 62.00 | 3.94 | 2449 |Pea (Szeg(l;)enaet al.(2014)
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Table 1. Continued...

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h?(%) | GA G((';'\)A Crop References
B. |Yield parameters
6. No. of - - - - 20.82 | 20.68 | 87.60 | 13.37 | 42.32 |Pea Singh et al. (20144a)
pods per
plant - - 7.10 5.95 18.63 | 17.06 | 83.82 | 460 | 32.17 |Frenchbean |Singhetal. (2014b)
5843 | 20.50-93.12 | 547.05 | 546.60 | 40.02 | 40.00 | 99.92 | 48.14 | 82.38 |Doalichosbean |Vermaet al. (2014a)
French bean
15.61 5.30- 27.00 - - 4343 | 43.32 | 0.99 - 89.02 Vermaet al. (2014b)
French bean
20.75 | 10.11-29.87 | 2354 | 2291 | 2354 | 2291 | 9470 | 953 | 4592 Jayprakash et al. (2015)
Jack bean
- - - - 2156 | 20.92 | 94.00 | 10.27 | 41.80 Lenkalaet al. (2015)
Dolichos bean
231.57 | 45.33- 689.67 - - 64.04 | 63.99 | 99.9 | 305.0 | 131.73 |Cluster bean |Rai et al. (2015)
5.97 41.07- 76.73 - - 1520 | 1350 | 78.90 | 13.89 | 24.70 Kumar et al. (2015)
7. |Pod weight| 7.52 - - - 2412 | 2391 | 98.32 | 3.67 | 48.80 |Dolichosbean |Pan et al. (2004)
(9) French bean
63.88 | 23.37- 108.65 - - 3398 | 33.79 | 989 | 43.80 | 68.56 Rai et al. (2006)
Dolichos bean
8.26 1.47-12.30 4.66 4.15 26.13 | 24.66 | 89.05 | 4.12 | 49.9 |Doalichosbean | Idametal. (2011)
French bean
6.96 4.44-12.70 - - 28.12 | 26.93 | 0.91 - 53.14 Sankaran et al. (2011)
- 1.95-7.97 1.99 1.93 31.15 | 30.71 | 97.16 | 2.82 | 62.36 Kumar et al. (2014)
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Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h?(%)| GA G((';'\)A Crop References
B. |Yield parameters
7. |Pod weight - - 259 343 | 3608 3499 9 311 69.92 | Dolichosbean |Chaitanyaet al. (2014)
© 6.21 4.56- 7.94 - - 13.86 | 11.12 | 6440 | 114 18.35 |French bean Prakash and Ram (2014)
- 10.13-22.62 | 11.24 886 | 1555|1752 | 7879 | 544 | 28.43 |Dolichosbean |Prashanth and Sreelatha
- - 1151 | 11.31 | 43.87 | 4349 | 98.28 | 6.87 88.81 | French bean g 2;:11)& al. (2014b)
731 | 4.45-12.19 - - 28.60 | 28.29 | 0.98 - 57.65 |Frenchbean |Vermaet al. (2014b)
- - - - 2428 | 2350 | 93 7.19 46.89 | Jack bean Lenkalaet al. (2015)
8. |Podyiedd | 1524 |63.49-270.35| 1978.0 | 1977.4 | 29.17 | 29.16 | 99.97 | 91.59 | 60.07 |Dolichosbean | Gnanesh et al. (2006)
E’ge/|r prl’gtl; 92.76 | 5.13-388.11 | - - 68.80 | 68.74 | 99.8 | 130.15  140.3 |Frenchbean |Rai etal. (2006)
1229 | 57.74-222.3 | 1522.4 | 1319.9 | 31.73 | 29.55 | 86.7 - 69.69 |Cluster bean Rai et al. (2012)
- - 827.57 | 797.64 | 20.37 | 20.00 | 96.38 | 57.11 | 40.45 |Dolichosbean |Magalingam et al.( 2013)
66.74 | 25.00- 129.0 - - 3456 | 33.35 | 93.10 | 44.24 | 66.28 |Pea Sharmaand Bora (2013)
- 9665.5 | 8492.2 | 44.06 | 41.30 | 87 | 177.94 | 79.75 |Dolichosbean |Chaitanyaet al. (2014)
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Table 1. Continued....

ﬁ(‘) Character | Mean Range PV GV F(’(f/i‘)’ (?O/Co;/ h?(%) | GA G((';'\)A Crop References
B. |Yield parameters
8. |Podyield | 92.37 | 55.06- 149.11 - - 28.85 | 2755 | 91.20 | 50.05 | 54.18 |Frenchbean |Prakash and Ram (2014)
E’ge/|r pl?(l';rt]; - 696.6- 2703.3 | 434395.2 | 235907.6 | 42.33 | 31.19 | 54.30 | 737.3 | 47.36 |Dolicosbean |Prashanth and Sreelatha
10.70 7.62- 15.09 4.39 3.88 1958 | 1840 | 88.00 | 3.81 | 35.62 |Pea (Szeg(lei)enaet al.(2014)
190.49 | 86.30- 300.83 | 5434.42 | 5410.42 | 38.69 | 38.61 | 99.56 | 151.1 | 79.36 |Dolicosbean |Vermaet al. (20144)
68.68 | 22.52- 128.53 - - 41.36 | 33.63 | 0.66 - 56.35 |Frenchbean |Vermaet al. (2014b)
92.16 | 54.91-148.87 | 28.33 2721 | 2833 | 2721 | 92.30 | 49.62 | 53.84 |Frenchbean |Jayprakash et al. (2015)
- - - - 40.31 | 39.51 | 96.00 | 306.7 | 79.76 |Jack bean Lenkalaet al. (2015)
97.15 0.41-0.78 - - 1311 | 12.61 | 9250 | 24.28 | 24.99 |Cluster bean |kumar et al. (2015)
9. |Podyield | 13.89 9.02-19.29 8.6 8.08 21.12 | 20.47 | 93.90 - 5.68 |Cluster bean |Rai et al. (2012)
per plant
(t/ ha)
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Table 1. Continued....

Sl. PCV | GCV | > GAM
NO Character | Mean Range PV GV %) | (%) h (%) | GA (%) Crop References
B. |Yield parameters
10. | No of root - - 8135.59 | 8074.09 | 83.07 | 82.76 | 99.24 | 184.4 | 169.83 |Frenchbean |Singh et al. (2014b)
nodules
per plant
11. |Dry matter | 19.87 | 11.13- 30.83 - - 29.29 | 29.13 | 0.99 - 59.67 |Frenchbean |Vermaet al. (2014b)
content
per plant
(¢/ plant)
D. |Quality parameters
1 Protein 24,25 | 18.51- 28.14 5.07 4,92 929 | 9.15 | 97.03 | 450 | 1857 |Doalicosbean |Gnanesh et al. (2006)
content
per plant | 18.45 - 9.72 9.70 16.90 | 16.88 | 99.78 | 6.41 | 34.74 |Bushbean Roy et al. (2006)
(g9/ 100g)
21.36 | 17.13- 25.01 - - 950 | 768 | 0.70 | 281 | 13.15 |Frenchbean |Syed mudasir et al. (2012)
16.78 | 11.76- 21.73 9.42 8.90 18.29 | 17.78 | 9450 | 5.98 | 35.61 |Dolicosbean |Chaudhari et al. (2013)
- - 4313 4258 | 23.102 | 22.95 | 98.73 | 4.224 | 46.98 |Dolicosbean |Magalingam et al.( 2013)
19.84 | 16.26- 22.13 - - 730 | 712 | 95.09 284 | 25.32 |Dolicosbean |Parmar et al. (2013)
- 15.58- 34.74 24.25 22.19 19.67 | 19.15 | 94.78 | 9.61 38.41 |Frenchbean |Kumar et al. (2014)
23.35 | 17.15 30.53 - - 18.65 | 18.05 | 93.60 | 840 | 3597 |Frenchbean |Prakash and Ram (2014)
2321 | 17.74- 27.66 | 13.09 13.00 | 1558 | 1553 | 99.34 | 7.40 | 31.89 |Dolicoshean |Vermaet al. (2014a)

44
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used to find the relative contribution of component characters directly on the main
characters and indirectly through other characters to increase the efficiency in
selection programmes. The correlation between dependent and independent characters
is due to the direct effect of the characters, it reflects a true relationship between them
and selection can be practiced for such a character in order to improve dependent
variable. Otherwise, broadly speaking a breeder has to select for the later through
which the indirect effect is exerted.

Govanakoppa (2001) noticed that pod yield per plant was positively correlated
with plant height (0.191), number of primary branches (0.151) and number of
secondary branches (0.111). Plant height had significant and positive correlation with
number of pods per plant (0.330). Number of primary branches showed negative
correlation with plant height (-0.090), pod breadth (-0.109) and pod width (-0.015).
Number of secondary branches is significant and positively correlated with plant
height (0.223) and pod length (0.300) and pod width was negatively correlated with
plant height, number of primary branches and number of secondary branches at
genotypic level in French bean.

In dolicos bean Rai et al. (2003) found that pod yield per plant was significant
and positively correlated with no of pods per plant at both genotypic and phenotypic
levels. The path analysis revealed that number of pods per plant and weight of ten
pods showed maximum direct effect on pod yield per plant. Whereas, pod length
(0.469) followed by pod width (0.403) showed high positive indirect effect on pod
yield per plant.

Yadav et al. (2003) reported positive and significant association of green pod
yield per plant with plant height, pods per cluster, pod length, pods per plant, seeds
per pod and pod dry matter in Cowpea. The path analysis revealed that dry matter in
pod, pods per plant, seeds per pod and plant height are main components of green pod
yield per plant in cowpea.

Nath and Korla (2004) reported that, green pod yield per plant was negatively
correlated with plant height (-0.025), pod length (-0.521) and number of pods per
plant (-0.934) and days to first flowering was positively correlated with number of
green pods per plant (0.087) and negatively correlated with plant height (-0.456) at
genotypic level in 28 genotypes of french bean.
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Nigude et al. (2004) observed that green pod yield per plant was significantly
and positively associated with all the characters except pod length at both genotypic
and phenotypic levelsin cowpea.

Rai et al. (2004) reported that pod yield per plant showed significant positive
correlation with pod weight and pod length, whereas significant negative correlations
were observed in between pod width and number of pods per plant in french bean.

In dolicos bean Ali et al. (2005) reported pod weight at harvest showed
significant positive correlation with pod diameter and with yield per plant both at
phenotypic and genotypic levels. Similarly, pod length displayed positive significant
phenotypic and genotypic correlation with the yield per plant.

Singh et al. (2005) carried out correlation coefficient analysis in 24 advanced
cluster bean genotypes. High estimates of the phenotypic and genotypic coefficients
of variation were obtained for pod yield per plant, pods per plant, clusters per plant,
days to flowering and branches per plant.

Lovely and Radhadevi (2006) observed that pod yield per plant had strong
positive correlation with pods per cluster, pods per plant, pod weight, pod length, pod
breadth and seeds per pod. Path analysis revealed that the maximum positive direct
effect on pod yield was observed for pods per plant followed by pod weight, pods per
cluster, pod length, seeds per pod and pod breadth in yard long bean.

In french bean Rai et al. (2006) reported that genotypic correlations were
observed to be higher than the corresponding phenotypic correlation for al the
characters. Pod yield per plant was positively and significantly associated with pod
length and pod weight at both phenotypic and genotypic levels. The path analysis
revealed that pod weight and number of pods per plant exhibited maximum positive
direct effect on pod yield per plant.

Bhushan et al. (2007) reported that, days to 50 per cent flowering showed
negative non significant correlation with number of pods per plant (-0.041) and pod
length (0.038), while significant positive correlation with days to maturity (0.538) and
plant height (0.479). Pod length showed positive and significant correlation with plant
height (0.179), whereas positive but non- significant with days to maturity (0.0101) in
french bean.
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Nawab et al. (2008) revealed that, days to emergence showed a positive and
significant association with number of pods per plant (0.446), whereas negative and
significant correlation of days to emergence was observed with pod length (-0.402)
and green pod yield per plot (-0.489) in pea.

Anjani et al. (2009) reported that green pod yield per plant showed positive
and significant association with number of pods per plant and pod length in french
bean.

Usha Kumari et al. (2010) carried out the correlation studies in cowpea and
the results of genotypic correlation reveaed that days to fifty per cent flowering had
highly positive significant correlation with days to maturity. Plant height was highly
positively significant with branches per plant and pods per plant.

Aditya et al. (2011) opined that at genotypic and phenotypic level, yield per
plant showed highly significant positive correlation with number of pods per plant,
dry matter weight per plant, harvest index and number of primary branches per plant
in soya bean.

Isam et al. (2011) conducted correlation studies in 44 genotypes of french
bean and reported that there was positive correlation between pod yield with
individual pod weight, number of pods per plant and harvesting duration. And also
significant negative correlation was observed between days to first flower with
harvesting duration and number of pods per plant at phenotypic level.

Sharma et al. (2011) analysed 23 genotypes of dolicos bean for the correlation
study and reported that highly significant and positive correlation of pod yield per
plant was recorded with number of spikes per plant, days taken to first flowering, days
taken to 50 per cent flowering, days taken to first pod harvest, pod weight, pod length
and pod width, whereas negative and significant association was recorded with
number of flowers per cluster at both genotypic and phenotypic levels.

Singh et al. (2011) studied correlation and path analysis with seventy three
genotypes of dolicos bean. Pod yield per plant showed maximum positive significant
association with number of pods per plant (0.708) at both genotypic and phenotypic
levels. Path analysis resulted positive direct effect with number of pods per plant, pod
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length, pod width, while, days to first flowering had negative direct effect on pod
yield per plant.

Twelve genotypes of french bean were assessed for character association. Pod
yield per hectare had positive and highly significant association with pod yield per
plant, pod length, weight of pod, plant height, leaf area, leaf area index, ovule number
per pod and number of seeds per pod at both phenotypic and genotypic level (Angadi
et al., 2012).

In french bean Mehra and Singh (2012) carried out path analysis and reported
that pod yield per plant had highest (0.9225) direct effect on pod yield per hectare
followed by number of pods per cluster(0.1640), days to 50 per cent maturity
(0.0566), number of primary branches per plant(0.0461) and number of pods per
plant(0.0102). Pod length (-0.941), days to 50 per cent flowering (-0.0540) and plant
height (-0.0376) exhibited negative direct effect on pod yield per hectare.

A study conducted by Pal and Singh (2012) reveded that, days to maturity of
green pods had highest positive and direct effect (38.05) on green pod yield per plant
followed by pod width (6.466), number of primary branches per plant (4.666), daysto
first flower emergence (2.98). Days to 50 per cent flower emergence (-23.501) had
highest negative effect on green pod yield per plant followed by days to first pod set
(-13.438), pod length (-6.246), number of pods per plant (-4.189) at genotypic level in
pea.

Kamaluddin and Ahmed (2011) studied path analysisin 57 germplasm lines of
rgimash beans for yield and yield contributing traits. Significant variations were
observed for plant height, number of pods per plant and yield. They noticed that, days
to 50 per cent flowering, number of pods per plant and pod length had maximum
positive direct effect on yield, whereas plant height had negative direct effect on
yield.

Magalingam et al. (2013) evaluated 23 dolicos bean accessions and found that
pod yield per plant was positively and significantly associated with green pod width,
number of flowers per cluster, pod length and individual green pod weight at both
genotypic and phenotypic levels, whereas, negative correlation was observed for days

to 50 per cent flowering and days to maturity. Path analysis reveaed that individua
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green pod weight exhibited very high direct positive effect on pod yield per plant. In
addition, percent pod set, number of clusters per plant, pods per plant and flowers per
cluster and days to 50 percent flowering also showed very high direct positive effect
on pod yield.

Kumar et al. (2014) studied correlation and path analysis in 44 accessions of
french bean. Marketable pod yield per plant had highly significant and positive
association with length of inflorescence, number of inflorescence per plant, number of
flowers per inflorescence, pod length, pod weight, number of pods per plant, pod
width and number of seeds per pod. Path analysis for green pod yied per plant
revealed that traits like number of pods per plant and pod weight exhibited high
positive direct effects on green pod yield per plant.

Chaitanya et al. (2014) evaluated 48 dolicos bean genotypes for thirteen yield
and yield contributing characters and found that pod yield per plant showed positive
and significant correlation with number of pods per plant, days to last pod harvest,
number of inflorescences per plant, pod length, pod width, pod weight, number of
seeds per pod and protein content, whereas, significant negative correlation with days
to first flowering, days to 50 per cent flowering and days to first pod harvest at both
phenotypic and genotypic levels. Path analysis reveaed that number of pods per plant
exhibited high positive direct effect on pod yield per plant followed by pod weight at
both genotypic and phenotypic levels. The direct negative effects on pod yield were
observed by number of inflorescences per plant, pod length, pod width and protein

content.

In cluster bean Rai et al. (2014) reported the positive associations of pod yield
per hectare (t) with plant height (0.315, 0.309), pods per cluster (0.322, 0.298), pods
per plant (0.443, 0.389) and pod yield per plant (0.905, 0.787) at genotypic and
phenotypic levels respectively. The genotypic path analysis revealed that yield per
plant exhibited positive direct effect (1.138) and had strong positive association with
yield per hectare. Phenotypic path coefficient showed that yield per plant had high
positive direct effect (0.879) and strong degree of association (0.787) for pod yield

per hectare.



28

Singh et al. (2014b) carried out correlation and path analysis in evaluation
study of french bean genotypes and reported that pod yield per plant had significant
positive correlation with vine length, inter-nodal length, pod length, single pod
weight, number of seeds per pod, number of locules per pod and number of pods per
plant a genotypic levels. The path analysis revealed that positive direct effect on the
pod yield was highest for single pod weight followed by number of pods per plant,
inter-nodal length and nodule fresh weight while, pod length, days to 50 per cent
flowering, and vine length recorded a negative direct effect on pod yield.

In dolicos bean Ravinalk et al. (2014) reported pod yield per plant was
significant and positively correlated with plant height, number of branches per plant,
number of flowers per cluster, number of pods per cluster, average weight of pod, pod
length, pod width, number of seeds per pod and number of pods per plant at both
phenotypic and genotypic levels, but days to 50 per cent flowering showed negative
correlation with pod yield per plant. Path coefficient analysis revealed that pod yield
per plant had highest positive direct effect on number of flowers per cluster followed
by number of pods per cluster, pod width and days to 50 per cent flowering, whereas,
number of pods per plant, plant height, average weight of pod and number of seeds

per pod had negative effect on pod yield per plant at genotypic levels.

In french bean Verma et al. (2014b) observed that yield per plant was
positively correlated with all traits except days to 50 per cent flowering, pod diameter
and vitamin C content. Leaf length and pod length had negative direct effect on yield
per plant but its positive effect through number of pods per plant, average pod weight
and number of seeds per pod made its association with yield per plant significantly
positive. The path anaysis revealed that number of pods per plant exhibited
maximum direct effect followed by average pod weight and number of seeds per pod.

In french bean Jyotidevi et al. (2015) reported that pod yield per plant had
positive and significant correlation with days to flowering, average pod weight,
branches per plant, pods per plant and pod height. The path analysis study revealed
that the pods per plant and average pod weight have highest positive direct effect on
pod yield per plant.
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Injack bean Lenkala et al. (2015) evaluated 15 jackbean genotypes and found
that pod weight and number of pods per plant was positively and significantly
associated with pod yield per plant. While, the significant and negative association
was observed in days to 50 per cent flowering, plant height and days to first fruit set
on pod yield per plant.

Rai et al. (2015) carried out correlation and path analysis with 24 genotypes of
dolicos bean and indicated that pod length, number of seeds per pod, number of pods
per plant and pod yield per plant had positive and significant correlation with pod
yield. The Path analysis revealed maximum direct effect of days to 50 per cent
flowering, pod width, number of pods per plant and pod yield per plant on pod yield.

In dolicos bean Singh et al. (2015) reported pod yield per plant was positively
and significantly correlated with pod length, number of seeds per pod and number of
pods per plant at genotypic and phenotypic levels, while plant height negatively and
significantly correlated with pod yield. The path analysis reveaed that the traits like
pod yield per plant, number of pods per plant, pod width and days to 50 per cent
flowering exercised maximum direct effect on pod yield (g/ha) at genotypic and
phenotypic levels.

A study with dolichos bean by Verma et al. (2015) reveadled that number of
secondary branches per plant, number of inflorescences per plant, number of pods per
inflorescence, number of pods per plant, number of seeds per pod, pod width and days
to last harvest had the significant positive correlation with marketable green pod yield
per plant. The path analysis revealed true relationship between yield and number of
secondary branches per plant, number of pods per inflorescence and number of pods
per plant and direct selection for these traits will be rewarding for yield improvement
as correlation was due to direct effect of the characters.

2.3 Genetic divergence

The magnitude of divergence between two groups under consideration is
provided by D? statistic developed by Mahalanobis (1936).

The technique in the form of generalized distance was first used by
Mahalanobis in an anthropometric survey of the United Province in India. For the first
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time D? statistic was applied for biological population by Nair and Mukherjee (1960)
to classify the natural and plantation teak tree types. Its application was extended later
to taxonomic studies. Murthy and Pavate (1962) observed that D? analysis can be
extended to the situations where overlapping species need to be discriminated and
also when the discrimination at subspecies level is needed.

Severa methods of divergence analysis based on quantitative traits have been
proposed to suit various objectives, of which Mahalanobis generalised distance
technique (Mahalanobis, 1936) occupy a unique place in plant breeding. It is a very
sensitive and potent biometrical tool in quantifying the degree of divergence between
biological populations and aso to assess the relative contribution of different
components to the total divergence both at inter and intra cluster levels (Khanna and
Misra, 1977: Suyambhulingam and Jobarani, 1978). The concept of Mahalanobis D?
statistic is based on the technique of utilising the measurements in respect of
aggregate of characters.

Nandi et al. (2000) studied the genetic divergence in 28 genotypes of indian
bean for eight characters. On the basics of Mahalanobis's D? analysis the genotypes
were grouped into five clusters. Cluster | was the largest containing twenty two
genotypes followed by Cluster 111 with three genotypes. Remaining three Clusters (I1,
IV and V) had a single genotype each. Clusters Il and V showed maximum
divergence followed by Clusters | and V and clusters | and 1V. Minimum divergence
was observed between Clusters 11 and 111 followed by Clusters 1l and V. Cluster | had
higher intracluster D? value followed by Cluster II.

Govanakoppa et al. (2002) conducted genetic diversity study with 62 french
bean genotypes. From D2 statistic method, sixty two genotypes were grouped in to
eleven clusters. The maximum divergence was found between cluster X and cluster
X! (D? =130.15), while the minimum was recorded between cluster Il (21.04)
followed by cluster 111 (20.32) and cluster | (19.82). The green pod yield per plant
contributed highest towards genetic advance

Hanchinamani et al. (2003) reported genetic divergence in 80 genotypes of
cluster bean for seventeen characters. On the basics of Mahalanobis's D? analysis the
genotypes were grouped into 12 clusters. The cluster IX showed maximum intra
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cluster distance. The maximum inter cluster distance was observed between cluster 111
and |. Number of leaves per plant contributed maximum to genetic diversity followed
by vegetable pod yield per plant and plant height.

Ra et al. (2003) studied genetic divergence in 45 genotypes of indian bean.
On the basis of D? values, the genotypes were grouped in to 5 clusters. The maximum
genetic distance was observed between clusters | and cluster V followed by cluster |
and cluster 1V. Whereas, cluster 1l and cluster Il displayed lowest degree of
divergence. The maximum intra cluster distance was exhibited by cluster V followed
by cluster 111. The numbers of pod per plant followed by pod thickness contributed
maximum towards divergence.

Gnanesh et al. (2007) studied genetic divergence in 64 genotypes of field
bean. On the basis of Mahalanobis D? statistics, the genotypes were grouped into 11
clusters. Cluster | was the largest with 27 genotypes followed by cluster 1V, 111, IV
and IX with 12, 10, 7 and 2 genotypes, respectively and rest of the clusters- I1, V,VII,
VIII, X and XI contained a single genotype each. The maximum intracluster distance
was observed in cluster IV (46.10).Whereas, the minimum intracluster distance
observed in cluster IX (34.17). The maximum intercluster distance was recorded
between clusters IV and IX (159.09) followed by clusters X and XI (145.00). Based
on cluster mean values, the genotypes of cluster X1 exhibited superiority for plant
height, no. of inflorescence per plant, pod length and seeds per pod. Whereas the
genotypes of clusters I1l, VII and I1X showed superiority for pod yield per plant,
protein content and vitamin C content. Hence, pod yield per plant and plant height
were important traits contributing towards genetic divergence in field bean.

Golani et al. (2007) studied genetic divergence in 18 accessions of dolichos
bean. The genotypes were grouped into eight clusters. Among the eight clusters,
cluster I had maximum number of genotypes, cluster 1l to cluster V each had two
genotypes each, while cluster VI to VIII had solitary genotype. The maximum genetic
distance was observed between cluster 111 and cluster V followed by cluster V and
cluster VII. Cluster | and cluster VII exhibited lowest degree of divergence. The
maximum intra cluster distance was exhibited by cluster 1V followed by cluster V.
The cluster mean value for most of the traits was highest in cluster VIII. Pod width
followed by number of branches per plant, plant spread, number of seeds per pod
contributed higher towards total divergence
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Rai et al. (2009) studied genetic divergence in 37 dolichos bean genotypes for
fifteen characters. On the basis of D? statistic method, the genotypes were grouped
into three clusters. Cluster I, Il and |1l had 5, 18 and 14 genotypes respectively. The
intra cluster distance ranged from 103.93 (cluster I11) to 464.19 (cluster 1). The
maximum inter cluster distance was recorded between cluster 1l and cluster |
(4362.99) followed by cluster Il and cluster | (1645.55), whereas, the lowest
intercluster distance was observed between cluster 1l and Il (845.38). The
contribution of various characters towards genetic divergence indicated that number
of seeds per pod (26.05%), and number of fruit set (22.29%) contributed maximum

towards divergence.

Mishraet al. (2010) studied genetic divergence in 51 genotypes of french bean
for fourteen characters. By using D? values, the genotypes were grouped into 8
clusters. A very large majority of genotypes were found in cluster VII and VIII,
followed by cluster V and cluster 1V. The highest genetic divergence occurred
between clusters IV and V (D? = 86.56), followed closely by that between clusters V
and VI (D? = 84.560) and the lowest divergence was between clusters VIl and V111
(D? = 22.75). Cluster IV had maximum cluster mean performance to days to first
flowering, Number of pods per cluster and number of seeds per pod. Similarly, cluster
VI had genotypes with desirable number of pods per plant and days to marketable
maturity.

Patel et al. (2011) studied genetic divergence in 63 genotypes of dolichos
bean. On the basis of D? statistics, the genotypes were grouped in to six clusters.
Maximum number of genotypes (17) was retained by cluster 111 followed by cluster
VI (15) genotypes, cluster | and IV amost equal (11) genotypes, cluster V with 5
genotypes and cluster 1l with 4 genotypes. Among six cluster the maximum inter
cluster distance was observed between cluster 111 and | (4.984), followed by cluster 111
and V1 (2.585), cluster I1l and | (1.998), cluster IV and 11l (1.617), cluster V and Il
(1.781) and cluster VI and 11 (1.420). The genotypes 1S-02, 1S-04, 1S-28 and 1S-38
were highly divergent and used as parents in breeding programme.

Huque et al. (2012) studied genetic divergence in 13 yard long bean
genotypes. On the basis of D? statistics, the genotypes were grouped into four clusters.
Cluster 11l had the maximum (5) and cluster | had the minimum (1) number of
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genotypes. Cluster |11 (D? = 1.439) had highest intra-cluster distance and the lowest in
cluster | (D® = 0.000). The inter-cluster divergence ranged from 4.160 to 15.515
between clusters |1 and 111 and clusters | and 11, respectively.

Syed Mudasir et al. (2012) studied genetic divergence in 71 french bean
genotypes for ten characters. On the basis of D? statistics, the genotypes were grouped
into three clusters. The clustering pattern showed cluster 11 had 51 genotypes, cluster |
had 23 genotypes and the third cluster had only one genotype. Analysis of the traits
contributing maximum to the divergence in the pooled analysis revealed the traits like
days to maturity (22.52%), protein content (12.605), and days to 50 per cent flowering
(10.46%) to contributed maximum to the divergence.

Mahalanobis D? statistics was used to study the genetic divergence for 19
characters among 48 genotypes of Indian bean. Genotypes were grouped in to eight
clusters. The highest number of genotypes (14) appeared in cluster 111. The maximum
inter cluster distance was observed between cluster 1V and cluster VI followed by
cluster IV and VII1. The minimum inter cluster distance was observed between cluster
| and cluster V. Maximum intra cluster distance was in cluster V followed by cluster
I11. The mean cluster value for most of the traits was highest in cluster VIII. Among
the yield contributing characters, the maximum contribution towards divergence was
made by protein content followed by number of flowers per inflorescence, pod length
and number of pods per plant (Chaitanya et al., 2013).

Pawar et al. (2013) evaluated 58 genotypes of lablab bean. The genotypes
were grouped into seven clusters on the basis of relative magnitude of D? values. The
maximum genetic distance was observed between cluster 1V and cluster VII (45.798)
followed by cluster IV and cluster VI (42.723) and cluster 1l and cluster VII
(40.680). Cluster 1l and cluster 11l displayed lowest degree of divergence. The
maximum intra cluster distance was exhibited by cluster | (22.432) followed by
cluster VI (17.807) and cluster V (16.872), whereas minimum was recorded by cluster
I11. The maximum cluster mean value for grain yield per plant was recorded in cluster
I11 due to maximum number of inflorescences per plant. Protein content followed by
days to 50 per cent flowering and days to maturity contributed maximum towards

total divergence
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Salim et al. (2013) studied genetic divergence in 66 genotypes of lablab bean
for eleven characters. On the basis of D? statistics, the genotypes were grouped into
seven clusters. The highest number of genotypes 15 was included in cluster V
followed by cluster I1, which contained 13 genotypes. Cluster 111, I, VI, 1V and VII
contained 12, 11, 6, 5 and 4 genotypes, respectively. The highest amount of genetic
divergence within the cluster group was noticed in the cluster VII having only 4
genotypes. The inter-cluster D2 values varied from 2059.094 to 19302.6. The
distances between the cluster VII and V; VII and VI; VII and Il and VII and | were
comparatively high than the other inter-cluster distances. The intracluster distance
(8502.795) observed in cluster VII revedled maximum diversity among genotypes.
The number of pods per plant contributed maximum (34.033%) to the genetic
divergence followed by pod yield per plant.

Gangadhara et al. (2014) studied genetic divergence in 66 genotypes of french
bean for eleven characters. On the basis of D? statistics, the genotypes were grouped
into two clusters. Cluster 11 was the largest, consisting of forty eight genotypes, while
cluster | contained eighteen genotypes. Days to fifty per cent flowering (43.86%)
contributed maximum to the total genetic diversity among the genotypes followed by
green pod yield (11.79%), pod weight (11.04%) and pod length (6.71%). The
maximum inter cluster distance was recorded to be 148.840 between cluster | and
cluster I1. Cluster | showed maximum intra-cluster distance (122.419). Whereas, the
lowest intra cluster distance was in the cluster 1l (D? = 86.14). Cluster | having
maximum mean values for plant height, pod weight, pod length and green pod yield
per plant. Cluster 1l having maximum mean values for number of pods per plant,
number of seeds per plant and days to 50 per cent flowering.



3. MATERIAL AND METHODS

The investigation on variability and genetic diversity studies in french bean
was undertaken during the Rabi season of 2015-2016. The details of the experiment,
material used and techniques adopted in the present investigation are presented in this
chapter.

3.1 Experimental site

The experiment on variability and genetic diversity studies in French bean was
conducted at the Research Block of Vegetable Section in Sector No. 1 under the
University of Horticultural Sciences, Bagalkot (Karnataka). The soil of the
experimental site was medium black. The chemical properties of the soil are presented

in Appendix I.
3.2 Location and climate

Bagalkot is situated in Northern dry zone of Karnataka State at 16° 46’ North
latitude, 74° 59’ East longitude and an dtitude of 533.0 meters above the mean sea
level.

During crop period i.e., from November 2015 to January 2016 the rainfall
received was low (36 mm).Mean maximum and minimum relative humidity were
64.70 and 79.25 per cent, respectively. The minimum and maximum temperature was
18.33 and 30.33°C.The meteorological data recorded a8 MHREC, Bagalkot during
2015-2016 is presented in Appendix 11.

3.3 Experimental details
3.3.1 Experimental material

The experimental material comprised of 36 genotypes collected from Indian
Ingtitute of Horticulture Research, Hesaraghatta, Bangalore. The list of genotypes

with their sources of collection isgivenin Table 2.



Table 2. Details of French bean genotypeswith their sources

36

Sl. No Genotypes IC- No. Sl. No Genotypes IC- No.
1 IIHR- 6 525211 19. IIHR- 53 525258
2. IIHR- 7 525212 20. IIHR- 62 525267
3. IIHR- 9 525214 21. IIHR- 67 525272
4, IIHR- 13 525218 22. IIHR- 70 525275
5. IIHR- 16 525221 23. IIHR- 76 525281
6. IIHR- 21 525226 24. IIHR- 87 -

7. IIHR- 23 525228 25. ITHR- 119 -
8. IIHR- 27 525232 26. IIHR- 232 -
9. IIHR- 29 525234 27. IIHR- 234 -
10. | IIHR-32 525237 28. IITHR- 237 -
11. | IIHR-34 525239 29. IIHR- 244

12. | 1IHR-35 525240 30. IITHR- 245 -
13. | IIHR- 36 525241 3L Arka Komal -
14. | lIHR- 37 525242 32. Arka Anoop -
15. | IIHR- 40 525245 33. Arka Suvidha -
16. | lIHR-44 525249 34. Arka Sharath -
17. | lIHR- 47 525252 35. ArkaArjun -
18. | IIHR-48 525253 36. Bagalkot Local -




37

3.3.2 Layout of the experiment

Number of treatments : 36 genotypes
Experimental design : RCBD
Replications 2

Spacing 160X 15¢cm
Season : Rabi 2015
No of plants per row : B0 plants

3.4 Cultural operations
The cultural operations constituted the following sequence of work.
3.4.1 Preparation of experimental plot

The land was brought to afine tilth by repeated ploughing and harrowing. The
plot of requisite dimension was prepared as per the plan. A gap of 1.0 m between two
replications was provided for laying out the irrigation channels and working space.

3.4.2 Sowing and Gap filling

Seeds collected from different sources were used for sowing. The ridges and
furrows were opened at 60 cm and two to three seeds per hill were sown by dibbling
on one side of the ridge at 15 cm distance. The sowing was done on November 2™
2015 in rabi season and irrigation was given after the sowing. Thinning of excess
seedlings and gap filling was done one week after sowing.

3.4.3 Fertilizer application

Recommended dose (63:100:75 kg/ha, FY M-25 t/ha) of nitrogen, phosphorus
and potassium were applied in the form of urea, diammonium phosphate and muriate
of potash respectively at the time sowing, half the dose of N and full dose of P and K
were applied as basal dose and remaining half dose of N was applied as atop dress at
30 days after sowing.
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3.4.4 Weeding and irrigation

The plots were kept weed free by 3- 4 hand weeding. Irrigation was given at
an interval of 6-7 days during experimentation, depending on the soil moisture status
and climatic conditions.

3.4.5 Harvesting

French bean pods were harvested at tender stage. The pickings were done and
pod yield per plot of each treatment was recorded.

3.5 Observationsrecorded

For recording various observations, five plants in each experimental plot were
randomly selected by avoiding border plants. The selected plants were tagged for
taking observations on various growth and yield parameters.

3.5.1 Vegetative parameters
1. Plant height (cm)

The plant height was measured from ground level to the tip of the plant at 25
and 50 day after sowing. The plant height was measured with the help of meter scale
and average was computed and expressed in centimetres.

2. Plant spread (cm)

With the help of meter scale, the spread of plant was measured in centimetre
in North- South and East -West direction at 25 and 50 days after sowing.

3. Number of primary branches per plant

Number of primary branches arising from main stem were counted at 50 days
after sowing and the average was worked out.

3.5.2 Earliness parameters
1. Daystofirst flowering
The day on which the first flower appeared was noted on the five randomly

selected plants and the days to first flowering were counted from the date of sowing
and the average was calculated and expressed as days to first flowering.



Plate 1. General view

of experimental plot

6E
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2. Daysto 50 per cent flowering

Days to 50 per cent flowering was recorded from the five randomly tagged
plants and the average was worked out from date of sowing and expressed in days.

3. Daysto first pod picking

The days from the date of sowing to date of first vegetable pod picking were
counted and recorded.

3.5.3 Yield parameters
1. Pod Length

Pod length (cm) was measured on randomly selected ten pods at the time of
harvest and expressed in centimetres.

2. Pod width

The width of the ten selected pods was measured at the centre of pods and
average was worked out and expressed in centimetres.

3. Pod flesh thickness

The flesh thickness was measured in ten randomly selected pods by taking
cross section at centre and average was computed and expressed in centimetres.

4. Number of seeds per pod

Number of seeds per pod was taken as a mean number of seeds of ten
randomly selected pods at the time of harvest.

5. Number of pods per clusters

Number of pods produced on pod bearing cluster of tagged plants in each
experimental plot was counted and average was worked out.

6. Number of clusters per plant

The number of clusters produced by the tagged plants in each experimental
plot was counted and average was worked out.
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7. Number of pods per plant

The number of marketable green pods harvested in successive harvest were
pooled and expressed as total number of pods per plant.

8. Weight of ten pods

Ten green vegetable pods harvested from the tagged plants were selected
randomly and weight was recorded in grams.

9. Vegetable pod yield per plant

The weight of green vegetable pods harvested from the tagged plants was
recorded separately and the sum of all harvests was used to work out the vegetable
pod yield per plant and expressed as grams.

10. Vegetable pod yield per hectare (t/ha)

The vegetable pod yield per plot was computed by summing up pod yield of
all the harvests in each treatment and from these data yield per hectare in tonnes was
computed.

Yield /plot (kg) © 10,000

Yield /ha(t) = ----
Plot area” 1,000

Plot area= 4.50 square meter

11. Number of root nodules per plant

Number of nodules produced on roots of tagged plants in each experimental
plot was counted and average was worked out.

12. Dry matter in leaves, stem and roots (g/plant)

At the harvesting stage, five tagged plants were carefully uprooted in each
treatment and were separated into leaves, root and stem. The separated plant parts
were oven dried at a temperature of 65°C + 5° C for 24 hours after removing the soil
adhered to the root zone. The dried plant parts were cooled in the ambient conditions
for two hours. The dry weight was recorded the average was computed and expressed

asgrams.
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13. Dry matter in pods (g/plant)

The 100g fresh pod sample was collected from the pods harvested from tagged
plants. This sample was oven dried at a temperature of 65° + 5° C for 24 hours. The
dried pod sample was cooled in ambient conditions for two hours. The dry weight of
the sample was recorded. From this data the dry weight in pods (g) per plant was
worked by using the following formula.

Dry weight in Dry weight of 100 g sample x total weight of pods per plant
pods per plant (g) =

100

3.5.4 Quality parameters
1. Protein content in pods

Protein content of fresh pods from each variety was estimated as per the
Lowry’s method and expressed in g/100 g of pods.

2. Pod colour

The colour of the pod harvested for vegetable purpose was observed for
twelve varieties under natural day light and grouped into dark green, medium green
and light green.

3. Pod curvature

The pod curvature was observed and recorded at edible stage for all twelve
varieties and were grouped into straight, dightly curved and highly curved.

4. Pod shape

The pod shapes was observed and recorded at edible stage for al twelve
varieties and were grouped into circular and elliptic shapes.

5. Stringlessness

The pod stringlessness was observed by visually at edible stage for al the
twelve genotypes and grouped into stringness and stringlessness.
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3.6 Statistical and Biometrical analysis

The data collected from the experiment was subjected to various statistical
analysis to draw the suitable inference. The details of the statistical procedure
followed are given below.

3.6.1 Analysisof variance (ANOVA)

Analysis of variance was carried out as per the procedure given by Panse and
Sukhatme (1967). Using the mean values of randomly selected plants in each
replication from all treatments to find out the significance of treatment effects. The
details of analysis of variance are as follows

F rati
variation frge?(;r?]e?;ff) SS. M.SS. e a?_t;)
Replication (r-1) RSS Mr (M1) Mr/ Me
Genotype (g-D GSS Mg (M2) Mg/ Me
Error (r-1) (t-1) ESS Me (M3) -
Total (rt-1) - - -
Where,

r = Number of replication Mr= Mean sum of square of replication
g = Number of genotypes Mg = Mean sum of square of genotypes
Me = Mean sum of square of error.

Statistical significance of variation due to genotype was tested by comparing
caculated values to table F values at one per cent and five per cent level of
probability.

3.6.2 Estimation of genetic parameters
1. Genotypic and phenotypic variance

The genotypic and phenotypic variances were computed based on the expected
mean sum of squares from ANOVA table as follows:
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Genotype MSS (Mg) - Error MSS (Me)
Genotypic variance (s2 g) =

r
Phenotypic variance (s* P) = s’g + s%
Environmental variance (s* €) = Me

2. Coefficient of variations

Genotypic and phenotypic coefficients of variations were computed according
to Burton and Devane (1953) based on the estimate of genotypic and phenotypic

variances as follows.

3. Genotypic co-efficient of variation (GCV)

Sg
Genotypic coefficient of variation (GCV) = ---------- x 100
X
Sp
Phenotypic coefficient of variation (PCV) = ------- x 100
X

Where,
X = General mean
s g = Genotypic standard deviation
S p = Phenotypic standard deviation
GCV and PCV were classified as suggested by Sivasubramanian and Menon
(1973).
0- 10% :Low
10-20% : Moderate
20% and above : High
4. Heritability

Broad sense heritability was estimated as the ratio of genotypic variance to the
phenotypic variance and expressed in percentage (Falconer, 1981).

s’g
Heritability (h?) = ------------- x 100

s’p
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Where,
s2 g = Genotypic Variance
s2 p = Phenotypic Variance

Heritability percentage was categorised as demonstrated by Robinson et al.
(1949).

0-30% :Low
31-60% : Moderate
>60% : High

5. Genetic advance (GA)

Genetic advance (GA) was computed using the formula given by Robinson et
al. (1949).
GA =i.P.h2
Where,
i = Selection differential (2.06) at 5 per cent selection intensity
P = Phenotypic standard deviations

h2 = Heritability at broad sense
6. Genetic advance as per centage over mean (GAM)

Genetic advance as percentage over mean was worked out as suggested by
Johnson et al. (1955).

GA
GAM = - x 100

x|

Where,

GA = Genetic advance

X = Genera mean of the character
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The GAM was categorized as suggested by Johnson et al. (1955).

0-10% :Low
11-20% : Moderate
>20% : High
Correlation

The correlation co-efficient among all important character combinations at

phenotypic (rp) and genotypic (rg) level were estimated by employing formula given
by Al-Jibouri et al. (1958).

Where,

Cov »y (P)

Phenotypic correlation = ryy (P) = -
O[Vx(P)xV v (P)]

Cov 4 (G)

Genotypic correlation = ryy (G) =

O[VX (9) x VY (g)]

COVxy (P) = Phenotypic co-variance between X and Y characters
COVxy (G) = Genotypic co-variance between X and Y characters
V x(p) = Phenotypic variance of X characters

V x(g) = Genotypic variance of X characters

Vv (p) = Phenotypic variance of Y characters

Vv (g) = Genotypic variance of Y characters

The test of significance for association between characters was done by

comparing table ‘r' values at n-2 error degrees of freedom for phenotypic and

genotypic correlations with estimated values, respectively.
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3.6.4 Path co-efficient analysis

Path co-efficient analysis suggested by Wright (1921) and Dewey and Lu
(1957) was carried out to know the direct and indirect effect of the morphological
traits on plant yield. The following set of simultaneous equations were formed and
solved for estimating various direct and indirect effects.

ry=a+ rob+riC+ .o + I'yj

foy=a+rxa+ b+rpc+ .o + I

fay =rsa+ rab+C+ .o, + I3

ry=rnaa+ riob + r3C+ .o + |
Where,

ry to 1;y = Co-efficient of correlation between causal factors 1 to | with
dependent charactersy.

ri2 to ry = Co-€fficient of correlation among causal factors

a, b, c...i = Direct effects of characters‘a to ‘I’ on the dependent character 'y’

Residual effect (R) was computed as follows.

Residual effect (R)=1- O + b*+ "+ ......... i® + 2abri, + 2aCri3 + ...

Lenkaand Mishra (1973) have suggested scales for path coefficients analysis.
0.00-0.09  : Negligible
0.10-0.19 :Low
0.20-0.29 : Moderate
0.30-0.99  :High

>1.00 : Very high
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3.6.5 Genetic divergence
3.6.5.1 MahalanobisD2 analysis

Mahalanobis (1936) D? statistic was used for assessing the genetic divergence
between different populations. The D? analysis was carried out using the data
recorded on germplasms. Mahaanobis generalized distance (D?) between any two

populationsis given by the formula.
D*=4ls's!
Where,
D?= Square of generalized distance
| ¥ = Reciprocal of the common dispersal index
s'=nil- m2
s'=nj1-m2
m= General mean

Since, the formula for computation requires inversion of higher order
determinants, transformation of the original correlated unstandardised character mean
(X9) to standardise uncorrelated variable (Y s) was done to simplify the computational
procedure. The D2 vaues were obtained as the corresponding uncorrelated (YS)
values of any two uncorrelated genotypes (Rao, 1952).

3.6.5.2 Clustering of genotypes

Using al the n (n-1)/2D2 values were grouped into cluster using Toucher’s
method as described by Rao (1952).

3.6.5.3 Intraand inter-cluster distance

The intra and inter-cluster distances were calculated by following the formula
described by Singh and Choudhary (1976).
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SDi?

Square of intra-cluster distance = --------
N

Where,

Di? = Sum of distances between al possible combinations of the entries
included in the cluster

N = Number of al possible combinations
SDij?

Square of inter-cluster distance = --------
ninj

Where,

Dij? = Sum of distances between all possible combinations (n; n;) of the entries
included in the cluster

n; = Number of entriesin the cluster i

n, = Number of entriesin the cluster |



4. EXPERIMENTAL RESULTS

The present investigation on Variability and genetic diversity studies were
carried out using 36 genotypes of french bean (Phaseolus vulgaris L.) at the Research
Block of Vegetable Section in Sector No. 1 under the University of Horticultural
Sciences, Bagalkot during 2015-2016. The results obtained are presented in this
chapter.

4.1 Geneticvariability

4.1.1 Analysisof variance

The results of the analysis of variance for 27 characters under study are
summarised in Tables 3 and 4. The variance due to treatments (genotypes) was
significant for al 27 characters viz., plant height (25 and 50 DAS), plant spread (25
and 50 DAS), number of primary branches (50 DAS), days to first flowering, days to
50 per cent flowering, days to first pod picking, pod length, pod width, pod flesh
thickness, number of seeds per pod, number of clusters per plant, number of pods per
cluster, number of pods per plant, average pod weight, pod yield per plant, pod yield
per plot, pod yield per hectare, number of root nodules per plant, dry matter content
(leaves, stem, pod and roots) and protein content.

4.1.2 Genetic variability, heritability and genetic advance

The estimates of mean, range, genotypic variance (GV), phenotypic variance
(PV), genotypic coefficient of variance (GCV), phenotypic coefficient of variance
(PCV), heritability (), genetic advance (GA) and genetic advance as per cent over
mean (GAM) were worked out for 27 plant traits and are presented in Tables5 and 7.

4.1.2.1 Plant height

Plant height at 25 DAS (Tables 5 and 6) ranged from 18.75 cm (IIHR-244) to
37.90cm (Arka Sharath) with a mean value of 29.83 cm. The GV (18.53) was
moderate and PV (26.35) was high. The moderate GCV (17.20%) and PCV (14.43%)
were observed. High heritability (70.33%) along with high genetic advance over mean
(24.93%) was noticed for this trait.
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Table 3. Analysis of variance (mean sum of squares) for growth, earliness and yield
parametersin French bean genotypes

Sour ce of variation/

|\SI|O'_ Character Replication (tc: :;tor:]y;?) Error C5D0 /0@ @;B/O
Degr ees of freedom 1 35 35

A. | Growth parameters

1. |Pant height at 25 DAS (cm) 24.85 44.89** 7.82 5.67 7.61

2. |Pant height at 50 DAS (cm) 105.12 77.57** 11.92 7.01 9.40

3. | Number of primary branches at 0.21 1.03** 0199 | 090 @ 121
50 DAS

4. | Plant spread (N-S) at 25 DAS 7.36 20.21** 3.21 451 6.06

5. | Plant spread (N-S) at 50 DAS 62.94 40.69** 4.95 513 | 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. | Daysto first flowering 17.01 14.26** 287 343 | 461

9. | Daysto 50 percent flowering 22.89 26.47** 3.61 386 | 5.18

10. | Daysto first pod picking 24.15 30.56** 5.02 454 | 6.10

C. |Yield parameters

11. | Pod length (cm) 9.46 4.21%* 094 | 197 | 264

12. | Pod width (cm) 0.001 0.019** 0.001 | 008 | 0.12

13. | Pod flesh thickness (cm) 0.005 0.010** 0.001 | 008 | 0.11
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Table 4. Analysis of variance (mean sum of squares) for growth, earliness and yield
parametersin French bean genotypes

Sour ce of variation/

|\SI|0'_ Character Replication ('Sz;or;y;; Error CSDO /0@ @;l?/o
Degr ees of freedom 1 35 35
C. |Yield parameters
14. | Number of seeds pod 0.22 0.70** 0.10 0.64 0.86
15. | Number of clusters per plant 12.33 5.49** 0.94 1.97 2.64
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. | Average pod weight 90.74 103.92** | 21.83 9.47 12.73
19. |Yied per plant 8867.922 | 3481.91** | 377.55 | 39.38 | 52.93
20. |Yield per plot 22.16 8.70** 0.94 1.97 2.65
21. |Yield per hectare 109.69 42.96** 4.64 4.37 5.87
22. | Number of root nodules per 17.11 18.14** 1.43 243 3.26
plant
23. | Dry matter content of leaves 8.92 16.89** 2.82 341 4.58
24. | Dry matter content of stem 15.35 100.41** | 18.62 8.75 11.76
25. | Dry matter content of pod 6.67 16.21** 2546 | 323 4.34
26. |Dry matter content of roots 0.01 2.99** 0.35 121 1.63
D. |Quality parameters
27. |Protein content 0.040 0.275** 0.001 5.47 4.07

**_ Significant at P=0.01




Table 5. Estimates of range, mean, components of variance, heritability and genetic advance for growth, earliness and yield parameters in French

bean

I\S||d. Character Range Mean +SEm PV GV F();)\)/ (?O/Co;/ (;:) GA G((';; ';/I
A. |Growth parameters

1. |Pant height at 25 DAS (cm) 18.75-37.90 290.83+1.97 26.35 18.53 17.20 14.43 70.33 7.43 24.93
2. |Plant 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 50 DAS 4.80-7.10 6.09 £0.31 0.61 0.41 1291 10.63 67.78 1.09 18.03
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 33.75t1.54 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. |Earlinessparameters

8. |Daystofirst flowering 28.50-39.50 33.04+£1.19 8.56 5.69 8.85 7.22 66.50 4.01 12.13
9. |Daysto 50 percent flowering 34.50-48.50 40.41+£1.34 15.04 11.43 9.59 8.36 75.96 6.07 15.02
10. |Daysto first pod picking 4350-59.00 | 51.62+158 | 17.79 | 1277 | 817 692 | 7177 | 623 | 1207
C. |Yield Parameters

11. | Pod length (cm) 8.25-15.50 13.39+0.68 257 1.63 1199 | 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

GV = Genotypic variance PV = Phenotypic variance GCV = Genotypic coefficient of variance GA= Genetic advance h? = Heritability (broad sense)

PCV =Phenotypic coefficient of variance GAM = Genetic advance (per cent mean), DAS= Days after sowing.

€s



Table 6. Per se performance of french bean ( Phaseolus vulgaris)genotypesfor growth and earliness parameters

I\S||d. Character Range Mean +SEm PV GV F(’j/i\)’ (?O/Co;/ (;:) GA G((';; ';/I
C. |Yield parameters

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+13.74 | 1552.18 | 1929.73 | 23.73 21.28 80.43 72.78 39.32
20. |Yield per plot 5.53-13.43 9.25+0.69 3.88 4.82 23.74 21.29 80.43 3.63 39.32
21 |Yield per hectare 12.29-29.83 20.56+1.52 19.15 23.80 | 2372 21.28 80.48 8.08 39.33
22 | Number of root nodules per plant 11.40-22.60 16.16+0.84 9.79 8.35 19.38 17.87 85.36 5.50 34.02
23. | Dry matter content of leaves 18.85-32.75 27.58+1.19 7.03 9.85 11.38 9.61 71.36 461 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 pods 15.95-26.25 19.40+1.13 6.83 9.38 15.48 13.47 72.85 4.59 23.68
26. | Dry matter content of roots 7.15-11.75 9.54+0.42 131 161 1357 12.03 78.68 2.09 21.99
D. |Quality parameters

27. | Protein content 0.94-2.42 1.62+0.03 0.1385 |0.1365 |22.88 |22.72 98.56 0.75 46.46

GV = Genotypic variance PV = Phenotypic variance GCV = Genotypic coefficient of variance GA= Genetic advance h? = Heritability (broad sense)
PCV =Phenotypic coefficient of variance GAM = Genetic advance (per cent mean) , DAS= Days after sowing.

14°]
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Plant height at 50 DAS (Tables 5 and 6) ranged from 31.50 (IIHR-35) to 53.50
cm (I1HR-34) with a mean value of 44.87cm. The GV (32.82) and PV (44.75) were
high. The moderate GCV (12.76%) and PCV (14.90%) were observed. High
heritability (73.35) aong with high genetic advance over mean (22.52%) and
moderate genetic advance (10.10) were noticed for this trait

4.1.2.2 Plant spread (North-South)

Plant spread (N-S) at 25 DAS (Tables 5 and 6) ranged from 29.50cm (IIHR-
87) to 48.00cm (Arka Arjun)) with a mean value of 37.28 cm. The GV (17.83) was
moderate and PV (22.79) was high. The moderate genotypic coefficient of variation
(11.32%) and phenotypic coefficient of variation (12.80%) with high heritability
(78.26%) and low genetic advance (7.69) with high GAM (20.64%) were noticed for
thistrait.

Plant spread (N-S) at 50 DAS (Tables 5 and 6) ranged from 38.25cm (IIHR-
87) to 60.00cm (I1HR-29) with a mean value of 45.95 cm. The estimates of genotypic
variance (21.72) and phenotypic variance (28.10) were high. The moderate genotypic
coefficient of variation (10.14%) and phenotypic coefficient of variation (11.53%)
with high heritability (77.27%) and low genetic advance (8.43) with moderate GAM
(18.36 %) were recorded.

4.1.2.3 Plant spread (East-West)

The range for plant spread (E-W) at 25 DAS (Tables 5 and 6) was 26.50 cm
(I'HR-87) to 45.50 cm (Arka Arjun) with amean value of 33.75cm. The GV (14.46)
and PV (19.23) were moderate. The moderate genotypic coefficient of variation
(12.99%) and phenotypic coefficient of variation (14.46%) with high heritability
(75.23%) and low genetic advance (6.79) with high GAM (20.13%) were observed.

Plant spread (E-W) at 50 DAS (Tables 5 and 6) ranged from 32.50cm (IIHR-
87) to 47.00cm (IIHR-27) with a mean value of 38.87 cm. The moderate genotypic
variance (13.33) and phenotypic variance (18.62) were observed. The low to moderate
genotypic coefficient of variation (9.39%) and phenotypic coefficient of variation
(11.10%) with high heritability (71.59%) low Genetic advance (6.36) with moderate
GAM (16.37 %) were noticed for thistrait.
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4.1.2.4 Number of primary branches per plant

At 50 DAS (Tables 5 and 6) number of primary branches ranged from 4.80
(I'HR-13) to 7.10 (Arka Sharath) with a mean value of 6.09.The estimates of GV
(0.41) and PV (0.61) were very low. The estimates genotypic coefficient of variation
(10.63%) and phenotypic coefficient of variation (12.91%) were moderate. High
heritability (67.78%) with low genetic advance (1.09) and moderate GAM (18.03%)
were noticed for thistrait.

4.1.2.5 Daystofirst flowering

For appearance of first flower, the genotype IIHR-62 took least number of
days (28.50) and 11HR-70 took maximum number of days (39.50) with mean value of
days 33.04 (Tables 5 and 6). The estimates of genotypic variances (5.69) and
phenotypic variances (8.56) were low. The low GCV (7.22%) and PCV (8.85%) were
observed. The high heritability (66.50%) with moderate GAM (12.13%) was
observed.

4.1.2.6 Daysto 50 per cent flowering

The genotype IIHR-21 took least number of days (34.50) for 50 per cent
flowering, while Bagalkot local took maximum number of days (48.50), on an
average genotypes took 40.41 days for appearance of 50 per cent flowering (Tables 5
and 6). The estimates of genotypic variances (11.43) and phenotypic variances (15.04)
were moderate. The low genotypic coefficient of variation (8.36%) and phenotypic
coefficient of variation (9.59%) with high heritability (75.96%) and low genetic
advance (6.07) with moderate GAM (15.02%) were recorded.

4.1.2.7 Daystofirst pod picking

The genotype (IIHR-53) took least number of days (43.50) for 50 per cent
flowering, while (IIHR-16 and 11HR-36) took maximum number of days (59.00), on
an average genotypes took 51.62 days to reach first pod maturity (Tables 5 and 6).
The estimates of genotypic variance (12.77) and phenotypic variance (17.79) were
moderate. The low genotypic coefficient of variation (6.92%) and phenotypic
coefficient of variation (8.17%) with high heritability (71.77%) and low genetic
advance (6.23) with moderate GAM (12.07%) were observed.
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4.1.2.8 Pod length

Pod length (Tables 5 and 8) was maximum in IIHR-76 (15.50 cm) while it was
minimum in 1THR-244 (8.25 cm) to 15.50 cm (IIHR-76) with a mean value of 13.39
cm. The low genotypic variance (1.63) and phenotypic variance (2.57) were observed.
The low estimates of genotypic coefficient of variation (9.54%) with moderate
phenotypic coefficient of variation (11.99%) and high heritability (74.07%) and low
genetic advance (2.46) with moderate GAM (18.36%) were observed for this trait.

4.1.2.9 Pod width

Pod width (Tables 5 and 8) ranged from 0.62 cm (Arka Komal) to 1.27cm
(I"HR-244) with amean vaue of 0.82 cm. The estimates of GV (0.008) and PV (0.01)
were very low. The moderate genotypic coefficient of variation (11.21 %) and
phenotypic coefficient of variation (12.42%) with high heritability (81.37%) and low
genetic advance (0.17) with high GAM (20.83%) were noticed for this trait.

4.1.2.10 Pod flesh thickness

Pod flesh thickness (Tables 5 and 8) ranged from 0.43 cm (IIHR-244) to
0.74cm (11HR-234) with a mean vaue of 0.62 cm. The estimates of GV (0.004) and
PV (0.006) were very low. The moderate genotypic coefficient of variation (10.97%)
and phenotypic coefficient of variation (13.01%) with high heritability (71.08%) and
low genetic advance (0.11) with moderate GAM (19.05 %) were recorded.

4.1.2.11 Number of seeds per pod

Number of seeds per pod (Tables 7 and 8) ranged from 4.40 (IIHR-244) to
7.20 (I1HR-232) with a mean value of 6.03 cm. The estimates of GV (0.29) and PV
(0.40) were very low. The low genotypic coefficient of variation (9.09%) with
moderate phenotypic coefficient of variation (10.50%) was observed. High
heritability (74.84%) and low genetic advance (0.97) with moderate GAM (16.20%)

were noticed for number of seeds per pod.



Table 7. Estimates of range, mean, components of variance, heritability and genetic advance for yield parametersin French bean

_ Number of qus 50 per Daysto
Plant height primary Plant spread Plant spread tofirst first
Sl. No. | Genotypes branches flowering cent pod
J5DAS | 50DAS | 50DAS | 25DAS | 50DAS | 25DAS | 50DAS | Daysto | OVEN9 | picking

1 |IIHR-6 28.50 40.50 6.10 35.85 45.50 3175 36.75 30.00 36.00 50.00
2. [IHR- 7 29.00 42.50 5.40 34.60 46.25 34.75 38.00 32.00 37.50 51.00
3. [THR- 9 31.25 42.00 5.60 35.00 41.50 31.15 36.50 34.50 40.00 54.50
4. |lIIHR-13 30.25 49.50 4.80 32.00 38.50 21.75 37.00 34.00 39.50 53.00
5. [IHR- 16 24.75 39.75 5.90 35.00 41.50 31.75 37.00 37.00 42.00 59.00
6. [IHR- 21 34.00 52.20 5.80 41.13 52.00 37.50 44.50 29.00 34.50 49.00
7. |1IIHR-23 28.75 38.00 5.00 36.00 46.75 32.50 38.50 33.50 37.10 51.00
8. IIHR- 27 34.18 53.00 6.70 47.13 50.50 41.00 47.00 31.00 36.50 55.50
9. |IIHR-29 27.50 37.50 7.00 37.00 60.00 33.00 45.00 35.00 40.50 53.50
10. |1IHR-32 30.50 51.00 6.60 35.75 41.50 31.50 37.50 32.00 42.50 55.00
11. |lIIHR- 34 28.25 53.50 5.90 39.15 45.30 32.00 37.00 35.00 40.50 56.00
12. |IIHR- 35 21.50 31.50 5.10 37.60 43.65 34.50 39.35 37.00 45.00 57.50
13. |lIHR- 36 28.75 34.25 6.30 40.00 46.15 35.95 41.50 36.00 46.50 59.00
14. 1IHR- 37 19.25 37.75 5.00 32.45 41.50 30.00 34.80 35.50 41.50 48.50
15. | lIHR- 40 29.13 45.00 5.15 32.50 38.35 30.00 34.00 34.50 38.50 47.75
16. |IIHR- 44 29.00 48.00 5.40 38.00 43.00 35.00 35.50 36.00 40.50 52.50
17. |IIHR- 47 31.00 46.00 6.40 36.70 44.10 32.50 40.75 30.50 47.50 45.50
18. |lIIHR-48 35.50 53.25 6.30 41.50 49.35 38.65 43.00 29.50 37.50 47.75
19. |IIHR-53 3543 51.75 6.75 44.25 55.76 39.25 42.50 31.50 35.80 43.50
20. |lIHR- 62 28.50 43.75 6.60 43.00 51.50 39.00 44.00 28.50 36.50 50.00

89



Continued ....

Nur:)wfber Days Daysto

9. No. Genotypes Plant height orimary Plant spread Plant spread tof|r§t Daysto 50% first

branches flowering flowering _po_d
25DAS | 50DAS | 50DAS | 25DAS | 50 DAS | 25DAS | 50 DAS | Paysto picking

21. IIHR- 67 27.00 41.25 7.05 3350 | 4025 | 3050 | 3400 | 3100 4350 49.75
22. |IIHR-70 29.10 44.50 6.70 3175 | 4375 | 3025 | 3950 | 3950 4150 47.25
23. |IIHR-76 33.00 4850 5.5 3200 | 4550 | 2900 | 3300 | 3550 42.00 55.50
24. | IIHR- 87 28.75 4375 5.90 2950 | 3825 | 2650 | 3250 | 3100 38.00 57.00
25 |IIHR- 119 30.75 4275 6.90 3750 | 4400 | 3350 | 3950 | 3550 41.00 52.50
26. |IIHR- 232 36.75 51.75 6.95 4450 | 5050 | 37.25 | 4500 | 2950 35.50 49.40
27. | IIHR- 234 29.90 47.75 5.40 3879 | 4425 | 3550 | 4000 | 3050 40.00 53.00
28. |IIHR- 237 23.00 38.75 6.25 3515 | 4750 | 3150 | 3750 | 34.00 45.00 54.50
29. | IIHR- 244 18.75 35.80 4.85 3200 | 4075 | 2900 | 3350 | 3100 4550 54.00
30. | IIHR- 245 3025 43.00 6.25 3215 | 4350 | 3025 | 3715 | 3350 45.00 50.25
3. | A.Komd 37.50 51.75 6.65 3935 | 5025 | 3515 | 4150 | 3050 37.00 45.00
32. | A.Swidha 31.50 47.50 7.00 4150 | 4775 | 3750 | 4075 | 3550 41.00 49.00
33. |A.Anoop 33.88 47.75 6.30 3900 | 4865 | 3350 | 3350 | 3450 4050 51.00
34. | A.Sharath 37.90 53.00 7.10 3750 | 4975 | 3925 | 4100 | 3250 36.50 49.50
35. | A.Afjun 35.50 51.50 7.00 4800 | 5350 | 4550 | 4600 | 3050 3850 47.00
36. |Bagalkot Local 23.50 35.50 5.90 3525 | 4325 | 3150 | 3500 | 33.00 4850 54.50
Mean 29.83 44.88 6.09 3728 | 4595 | 3375 | 3883 | 3304 40.41 51.63

cv 9.37 7.69 7.32 5.97 5.50 6.46 591 5.12 470 4.34

SE 197 2.44 031 157 178 154 16 1.19 134 158

CD @ 5% 5.67 7.09 0.9 451 513 4.43 4.66 3.43 3.86 454

CD@ 1% 7.61 9.40 121 6.06 6.88 5.94 6.26 461 5.18 6.10
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Table 8. Per se performance of French bean ( Phaseolus vulgaris)genotypesfor yield parameters

P . :
Sl. No. Genotypes Ien%?h V\I/Dig(tjh Fh?gkai Qlegd(s)f/ clltlj(s)t.e?fs/ Egag No. of pods/| Average | Yield/plant Yield/ plot
(cm) (cm) (cm) pod plant cluster plant pod weight © (ko)

1 IIHR- 6 12.00 0.82 0.62 6.1 14.75 2.70 39.80 43.83 174.91 8.75
2. IIHR- 7 13.53 0.79 0.55 5.6 13.75 2.70 37.05 48.49 179.43 8.97
3. |lIIHR-9 12.15 0.82 0.63 6.2 12.25 2.88 35.24 52.85 187.42 9.37
4, IIHR- 13 15.00 0.80 0.51 55 13.25 2.60 34.50 44.15 148.17 7.41
5. IIHR- 16 13.68 0.78 0.58 4.8 14.25 2.75 39.18 50.40 197.44 9.87
6. |IIHR-21 14.93 0.89 0.72 5.9 12.75 2.95 37.80 57.16 225.33 11.27
7. |lIHR-23 11.75 0.75 0.64 5.7 13.50 2.70 36.50 51.81 188.92 9.45
8. |lIIHR-27 14.88 0.86 0.67 6.3 14.90 275 40.96 56.50 231.72 11.59
9. IIHR- 29 12.15 0.82 0.71 5.6 12.75 2.65 33.83 48.41 164.14 8.21
10. |lIHR- 32 14.55 0.89 0.59 5.9 15.50 2.45 37.95 44.03 167.07 8.35
11. |IIHR- 34 12.75 0.81 0.65 6.5 13.75 2.50 34.35 50.10 171.72 8.59
12. |lIHR- 35 13.15 0.84 0.52 5.7 13.80 3.00 41.84 37.88 160.25 8.01
13. |lIHR- 36 13.25 0.92 0.65 5.1 13.25 2.25 29.93 4851 145.29 7.26
14. |IIHR- 37 11.85 0.88 0.54 6.3 10.50 3.13 32.75 51.91 169.99 8.50
15. | IIHR- 40 13.63 0.81 0.53 5.3 12.15 2.30 28.05 48.82 135.69 6.78
16. |IIHR- 44 12.80 0.82 0.53 5.7 14.95 2.00 29.79 46.63 138.89 6.94
17. |IIHR- 47 12.85 0.89 0.70 55 15.90 2.35 37.38 52.43 196.19 9.81
18. |IIHR-48 14.10 0.82 0.62 6.7 15.10 275 41.39 64.26 247.50 12.38
19. |lIHR-53 13.63 0.82 0.61 6.6 15.75 2.95 46.29 54.06 250.27 1251
20. |lIHR- 62 13.55 0.82 0.71 6.5 15.15 2.75 41.72 65.75 268.50 13.43
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Continued ....

S.No.|  Genotypes Iei%?h V\Ilaigttjh tFr)ﬁgljrlwi Qlegd(s)f/ clltljge?fs/ T)Sa‘;f No. of pods/ | Average | Yield/plant | Yield/ plot
(cm) (cm) (cm) pod plant cluster plant pod weight @ (ko)
21. |lIHR-67 11.00 0.91 0.53 55 12.75 2.00 25.65 49.54 125.64 6.28
22. |IIHR-70 13.65 0.87 0.53 55 14.70 2.45 36.03 50.38 181.58 9.08
23. |IIHR-76 15.50 0.84 0.56 6.4 10.75 2.00 21.35 53.80 114.21 571
24. |lIIHR- 87 15.20 0.75 0.71 6.3 10.75 1.95 20.93 58.78 123.07 6.15
25. |IIHR- 119 12.75 0.85 0.59 7.1 15.50 2.50 38.80 56.02 217.53 10.88
26. |lIHR- 232 15.40 0.81 0.65 7.2 15.90 2.65 42.25 58.43 245.41 12.27
27. |lIHR-234 13.25 0.69 0.73 6.5 15.15 2.45 37.14 52.96 196.64 9.83
28. |lIHR- 237 13.20 0.72 0.61 6.3 15.70 2.50 39.28 49.94 196.28 9.81
29. |lIHR- 244 8.25 1.27 0.42 44 11.63 3.10 35.98 30.65 110.65 5.53
30. |IIHR- 245 12.55 0.81 0.68 6.1 12.00 2.50 30.20 51.78 156.44 7.82
A. Komd 13.10 0.62 0.54 6.0 13.48 2.85 42.47 49.63 210.86 10.54
A. Suvidha 14.05 0.84 0.70 6.5 14.40 2.80 37.44 51.83 194.00 9.70
A. Anoop 14.10 0.80 0.73 6.3 15.15 2.50 36.71 63.19 230.83 11.54
A. Sharath 15.15 0.78 0.68 6.3 11.00 2.90 32.00 59.00 185.24 9.26
A. Arjun 15.40 0.77 0.70 6.8 14.45 2.70 42.61 66.00 258.68 12.93
Bagalkot Local 13.35 0.80 0.69 6.2 11.00 3.00 32.80 50.97 167.23 8.36
Mean 13.39 0.82 0.62 6.03 13.67 2.61 35.77 51.97 185.09 9.25
cv 7.26 6.86 4.79 2.92 7.10 7.83 10.12 8.99 10.50 10.50
SE 0.68 0.03 0.02 0.12 0.69 0.14 2.56 3.30 13.74 0.69
CD @ 5% 1.97 0.09 0.06 0.36 1.97 041 7.34 9.47 39.38 1.97
CD@ 1% 2.65 0.12 0.08 0.48 2.64 0.56 9.86 12.73 52.93 2.65

T9
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4.1.2.12 Number of clusters per plant

Numbers of cluster per plant was maximum in genotype IIHR-47 and IIHR-
232 (15.90) followed by and it was minimum in [IHR-37 (10.50) with a mean value
of13.67. The estimates of GV (2.27) and PV (3.21) were very low. The moderate
genotypic coefficient of variation (11.03 %) and phenotypic coefficient of variation
(13.02%) were observed. High heritability (70.74%). with high genetic advance over

mean (19.12%) was noticed for thistrait.

4.1.2.13 Number of pods per cluster

Number of pods per plant (Tables 7 and 8) was maximum in [IHR-37 (3.13)
while it was minimum in [THR-87 (1.95) with a mean value of 2.61. The GV (0.075)
and PV (0.11) were very low. The estimates of GCV and PCV were moderate (10.55
and 13.14%, respectively). High heritability (64.48%) along with high genetic

advance over mean (17.45%) were observed for this trait.

4.1.2.14 Weight of ten pods

Weight of ten pods (Tables 7 and 8) was maximum in genotype Arka Arjun
(66.00 g) and it was minimum in 1I1HR-244 (30.65 g) with a mean value of 51.97. The
GV (41.04) and PV (62.87) were high. The moderate genotypic coefficient of
variation (12.32%) and phenotypic coefficient of variation (15.25%) with high
heritability (65.27%) and moderate genetic advance (10.66) with high GAM (20.51%)

were observed for this trait.

4.1.2.15 Number of pods per plant

Number of pods per plant (Tables 7 and 8) was maximum in IIHR-53 (46.29)
and it was minimum in 1THR-87 (20.93) with a mean value of 35.77. The GV (27.01)
and PV (40.11) were very high. The estimates of GCV and PCV were moderate
(14.52% and 17.70%, respectively). High heritability (67.35%) along with very high
genetic advance over mean (24.56%) and low GA (8.78) were observed for number of

pods per plant.
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4.1.3.16 Pod yield per plant

Pod yield per plant (Tables 7 and 8) ranged from 110.65 g (IIHR-244) to
268.50 g (IIHR-62) with a mean value of 185.09 g. The GV (1552.18) and PV
(1929.73) were very high. The estimates of genotypic coefficient of variation and
phenotypic coefficient of variation were high (21.28% and 23.73%, respectively).
High heritability (80.43%) along with high genetic advance over mean (39.32%) and
high genetic advance (72.78) were observed for yield per plant.

4.1.2.17 Pod yield per plot

Pod yield per plot (Tables 7 and 8) ranged from 5.53 kg (IIHR-244) to 13.43
kg (ITHR-62) with a mean value of 9.25 kg. The estimates of GV (3.88) and PV (4.82)
were low. The high genotypic coefficient of variation (21.29%) and phenotypic
coefficient of variation (23.74%) were observed. High heritability (80.43%) and low
genetic advance (3.63) with high GAM (39.32%) were noticed for number of seeds
per pod.

4.1.3.18 Pod yield per hectare

The highest yield per hectare (Tables 7 and 9) was recorded in genotype I |HR-
62 (29.83 t) and the lowest yield was recorded in 1IHR-244 (12.29 t) with a mean
value of 12.29 tonnes. The moderate GV (19.15) with high PV (23.80) were recorded.
The moderate estimates of genotypic coefficient of variation (21.28%) with high
phenotypic coefficient of variation (23.72%) and high heritability (80.48%) and low
genetic advance (8.08) with high GAM (39.33%) were noticed for this trait.

4.1.3.19 Number of root nodules per plant

Number of root nodules per plant (Tables 7 and 9) was maximum in genotype
IIHR-27 (22.60) while it was minimum in 1IHR-76 (11.40) with a mean vaue of
16.16. The GV (8.35) and PV (9.79) were low. The estimates of GCV and PCV were
moderate (17.87% and 19.38%, respectively). Very high heritability (85.36%) aong
with very high genetic advance over mean (34.02%) and less genetic advance (5.50)

was recorded for this trait.



Table 9. Per se performance of French bean ( Phaseolus vulgaris )genotypesfor yield and quality parameters

_ _ Dry matter v Dry matter Protein
Sho| comps | vesw NS hewd | funate Sy Ghmd e

1 IIHR- 6 19.43 16.00 28.05 69.00 17.85 10.15 2.10
2. IIHR- 7 19.94 14.80 30.15 73.50 19.50 9.05 1.62
3. IIHR- 9 20.82 12.20 28.15 68.75 17.80 11.03 1.73
4, IIHR- 13 16.46 16.40 25.20 67.50 23.75 10.15 1.58
5. IIHR- 16 21.93 12.60 25.05 61.50 15.95 9.75 1.69
6. IIHR- 21 25.03 18.40 32.75 80.00 24.75 11.15 1.61
7. IIHR- 23 21.03 13.60 27.75 72.75 18.25 9.00 1.98
8. IIHR- 27 25.74 22.60 3150 83.00 22.75 10.75 1.87
9. IIHR- 29 18.23 14.60 27.75 72.50 21.00 9.15 2.42
10. IIHR- 32 18.56 12.70 30.00 72.00 17.60 10.15 1.20
11. IIHR- 34 19.08 15.85 26.88 71.15 18.75 9.75 1.47
12. IIHR- 35 17.80 13.55 25.95 66.63 16.75 8.75 2.26
13. IIHR- 36 16.16 16.70 26.85 58.50 17.50 8.00 1.84
14. IIHR- 37 18.88 13.55 24.75 66.75 16.75 7.65 1.76
15. IIHR- 40 15.08 12.80 23.60 60.60 16.90 7.85 1.36
16. IIHR- 44 15.43 16.70 24.75 69.25 18.75 8.50 1.39
17. IIHR- 47 21.80 15.90 28.75 69.00 17.65 9.05 1.61
18. IIHR- 48 27.50 19.80 3125 80.00 21.75 11.00 1.49
19. IIHR- 53 27.81 18.90 29.75 82.00 24.25 11.00 1.44
20. IIHR- 62 29.83 20.75 3125 61.50 25.25 11.15 1.64
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Continued ....

_ No. of oot Dry matter Dry matter Dry matter Dry matter Protein
Sl. No. Genotypes Yield/ ha nodules/ plant content of content of content of content of conten_tl
leaves stem pods roots (g 100g™)

21. IIHR- 67 13.97 21.40 29.75 67.00 18.25 9.25 1.98
22. IIHR- 70 20.17 15.85 18.85 79.50 19.75 8.90 2.42
23. IIHR- 76 12.69 11.40 25.60 66.00 17.50 7.85 1.36
24. IIHR- 87 13.67 11.50 24.65 62.75 19.75 7.15 1.30
25. IIHR- 119 24.17 16.05 28.75 69.75 17.55 8.95 1.49
26. IIHR- 232 27.26 20.05 3175 82.50 26.25 12.25 2.10
27. IIHR- 234 21.85 12.80 26.75 69.00 20.04 9.65 0.95
28. IIHR- 237 21.81 16.15 27.50 72.25 18.50 9.50 153
29. IIHR- 244 12.29 15.35 27.00 64.20 16.65 8.50 1.88
30. IIHR- 245 17.38 16.75 26.30 73.30 17.75 9.25 1.46
3L A. Komd 23.42 16.80 28.75 71.15 18.65 8.85 1.50
32. A. Suwidha 21.55 21.75 29.50 76.00 17.50 8.75 0.94
33. A. Anoop 25.64 16.05 29.05 80.75 16.00 10.50 117
34. | A. Sharath 20.58 18.25 30.65 79.00 20.50 10.65 1.20
35. A. Arjun 28.74 19.60 32.25 86.50 23.75 11.75 1.25
36. Bagalkot Local 18.58 13.90 23.75 66.75 16.75 8.75 2.03

Mean 20.56 16.17 27.80 71.45 1941 9.54 1.62

cv 10.48 741 6.09 6.04 8.22 6.27 2.74

SE 152 0.85 1.19 3.05 1.13 0.42 0.03

CD @ 5% 4.37 243 341 8.75 3.23 121 0.09

CD@ 1% 5.87 3.26 4.58 11.76 4.34 1.63 0.12

S99
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4.1.2.20 Dry matter partitioning
4.1.2.20.1 Dry matter in stem

Dry matter in stem (Tables 7 and 9) was maximum in genotype IIHR-27
(83.00g) and it was minimum in ITHR-40 (60.60) with a mean value of 71.45 g. The
GV (40.89) and PV (59.52) were very high. The low estimates of genotypic
coefficient of variation (8.95%) with moderate phenotypic coefficient of variation
(10.79%) are observed. High heritability (68.71%) aong with moderate genetic
advance over mean (15.28%) and moderate genetic advance (10.91) were observed
for dry matter in stem.

4.1.2.20.2 Dry matter in leaves

Dry matter in leaves (Tables 7 and 9) was maximum in genotype IIHR-21
(32.75g) and it was minimum in IIHR-70 (18.85g) with a mean value of 27.58 g. The
GV (7.03) and PV (9.52) were very low. The estimates of GCV and PCV were low
(9.85%and 11.38 % respectively). High heritability (71.36%) along with moderate
genetic advance over mean (16.73%) and low genetic advance (4.61) was observed
for dry matter in leaves.

4.1.2.20.3 Dry matter in pods

Dry matter in pods (Tables 7 and 9) was maximum in genotype IIHR-232
(26.250) and it was minimum in 1IHR-16 (15.95g) with a mean value of 19.41g. The
GV (6.83) and PV (9.38) were very low. The estimates of GCV and PCV were
moderate (13.47% and 15.48% respectively). High heritability (72.85%) aong with
high genetic advance over mean (23.68%) and low genetic advance (4.59) were
recorded for dry matter in pods.

4.1.2.20.4 Dry matter of roots

Dry matter inn roots (Tables 7 and 9) was maximum in genotype Arka Arjun
(11.75g) and it was minimum in ITHR-87 (7.15g) with a mean value of 9.54g. The GV
(1.31) and PV (1.67) were very low. The estimates of GCV and PCV were moderate
(12.03%and 13.57% respectively). High heritability (78.68%) along with high genetic
advance over mean (21.99%) and low genetic advance (2.09) were recorded for dry
matter in pods.
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4.1.2.21 Protein content in pods

Protein content in pods (Tables 7 and 9) ranged from 0.94g per 100g (Arka
Anup) to 2.42g per 100g (IIHR-70 & II1HR-29) with a mean value of 1.62g per 100g.
The estimates of GV (0.13and PV (0.13) were very low. The high genotypic
coefficient of variation (22.72%) and phenotypic coefficient of variation (22.88%)
with high heritability (98.56%) and low genetic advance (0.75) with high GAM
(46.46%) were noticed for this trait.

4.1.2.22 Pod colour

The dark green pods were observed in genotypes (Tablel0) IIHR-21, IHR-23,
IIHR-36, IIHR-44, IIHR-47, IIHR-48, 1IHR-53, IIHR-62, IIHR-67, IIHR-76, IIHR-
232, I1HR-234, Arka Komal and Arka Sharath. The light green pods were observed in
genotypes IIHR-13, IIHR-16, IIHR-27, IIHR-35, IIHR-37, Arka Anup, Arka Suvidha,
Arka Arjun and Bagalkot local. Whereas the medium green pods were observed in
genotypes IIHR-6, 1IHR-7, 1IHR-9, 1IHR-29, 1IHR-32, 1IHR-34, IIHR-40, I[IHR-70,
ITHR-87, IIHR-119, IIHR-237 and IIHR-245.While, the genotype IIHR-244 exhibited
medium green with red stripes.

4.1.2.23 Pod shape

The elliptic shaped pods were observed in genotypes (Tablel0) IIHR-6, IIHR-
7,1IHR-9, IIHR-13, IIHR-21, 1IHR-27, 1IHR-32, IIHR-35, IIHR-36, IIHR-37, I[IHR-
44, [IHR-53, 1IHR-67, IIHR-70, IIHR-119, 1IHR-237, 1IHR-244, Arka Komal, Arka
Anup, Arka Suvidha and Bagalkot local. While, the circular shaped pods were
observed in genotypes IIHR-16, IIHR-23, IIHR-29, IIHR-34, IIHR-40, |IHR-47,
IIHR-48, IIHR-62, IIHR-76, IIHR-87, IIHR-232, IIHR-234, 1|HR-245, Arka Sharath
and Arka Arjun.

4.1.2.24 Pod curvature

The dightly curved pods were observed in genotypes (TablelO) [IHR-6,
IIHR-7, ITHR-13, IIHR-16, IIHR-21, 1IHR-23, IIHR-27, 1IHR-29, 1IHR-34, 1IHR-35,
IIHR-36, 1IHR-37, I[IHR-40, IIHR-44, IIHR-47, 1IHR-48, [IHR-53, IIHR-67,
IIHR-76, IHR-87, IIHR-119, IIHR-232, IIHR-234, IIHR-237, IIHR-244, IIHR-245,



Table 10. Qualitativetraits of French bean (Phaseolusvulgaris) genotypes
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|\SI|O'_ Genotypes Pod colour Pod shape | Pod curvature striz(g)]?less
1. | IIHR-6 Medium green Elliptic Slightly curved | Stringlesss
2. | lIHR-7 Medium green Elliptic Slightly curved | Stringless
3. | 1IHR-9 Medium green Elliptic Straight Stringed
4. | lIHR- 13 Light green Elliptic Slightly curved Stringed
5. | IIHR- 16 Light green Circular Slightly curved | Stringless
6. | IIHR-21 Dark green Elliptic Slightly curved Stringed
7. | IHR- 23 Dark green Circular Slightly curved Stringed
8. | IHR-27 Light green Elliptic Slightly curved Stringed
9. | IIHR-29 Medium green Circular Slightly curved | Stringless
10. | IHR- 32 Medium green Elliptic Straight Stringless
11. | IIHR- 34 Medium green Circular Slightly curved | Stringless
12. | IHR- 35 Light green Elliptic Slightly curved Stringed
13. | IHR- 36 Dark green Elliptic Slightly curved Stringed
14. | IHR- 37 Light green Elliptic Slightly curved Stringed
15. | IIHR- 40 Medium green Circular Slightly curved Stringed
16. | IIHR- 44 Dark green Elliptic Slightly curved Stringed
17. | IIHR- 47 Dark green Circular Slightly curved | Stringless
18. | IIHR- 48 Dark green Circular Slightly curved Stringed
19 | IIHR- 53 Dark green Elliptic Slightly curved | Stringless
20. | IIHR- 62 Dark green Circular Straight Stringless
21. | lIHR- 67 Dark green Elliptic Slightly curved Stringed
22. | IIHR- 70 Medium green Elliptic Straight Stringed
23. | IIHR- 76 Dark green Circular Slightly curved | Stringless
24. | lIHR- 87 Medium green Circular Slightly curved | Stringless
25. | IHR- 119 Medium green Elliptic Slightly curved Stringed
26. | IIHR- 232 Dark green Circular Slightly curved | Stringeless
27. | IIHR- 234 Dark green Circular Slightly curved | Stringless
28. | IHR- 237 Medium green Elliptic Slightly curved Stringed
29. | IIHR- 244 Mediuum green with Elliptic Slightly curved | Stringless
red stripes
30. | IHR- 245 Medium green Circular Slightly curved | Stringless
31. | A.Koma Dark green Circular Slightly curved Stringed
32. | A. Suvidha Light green Elliptic Slightly curved | Stringless
32. | A. Anoop Light green Elliptic Slightly curved | Stringless
34. | A. Sharath Dark green Circular Slightly curved | Stringless
35. | A. Arjun Light green Circular Straight Stringless
36. | Bagalkot Local Light green Elliptic Slightly curved Stringed
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Arka Anup, Arka Suvidha, Arka Sharath, Arka Komal and Bagakot local. While, the
straight pods were observed in genotypes IIHR-9, 1IHR-32, IIHR-62, 1IHR-70 and
ArkaArjun.

4.1.2.25 Pod stringlessness

The pod stringlessness were observed in genotypes (Tablel0) IIHR-6, IIHR-7,
IIHR-16, IIHR-29, IIHR-32, IIHR-34, 1IHR-47, 1IHR-53, 1IHR-62, IIHR-76, IIHR-
87, 1IHR-232, 1IHR-234, IIHR-244, 1IHR-245, Arka Anup, Arka Suvidha, Arka
Sharath and Arka Arjun. While, the stringed pods were observed in genotypes IIHR-
9, IHR-13, IIHR-21, IIHR-23, IIHR-27, IIHR-35, IHR-36, IIHR-37, [IHR-40, IIHR-
44, 11HR-48, 1IHR-67, IIHR-70, 1IHR-119, IIHR-237, Arka Koma and Bagalkot
local.

4.2 Correation studies

The phenotypic and genotypic correlation coefficients were determined to
know the nature of relationship existing between yield and its component characters
as well as the association among component characters themselves. The degrees of
association of growth, yield and quality characters with yield per plant and aso
among themselves at genotypic and phenotypic level are depicted in Tables 11 and
12, respectively.

4.2.1 Correlation of different characterswith yield per plant

Total yield per plant was found to be positively and significantly (at p=0.01)
associated with plant height at 25 DAS (rg= 0.585 and rp= 0.439), plant height at 50
DAS (rg= 0.552 and rp= 0.373), number of primary branches at 50 DAS (r4= 0.525
and rp = 0.396), plant spread (N- S) at 50 DAS (ry= 0.707 and rp= 0.593), plant
spread (E-W) at 50 DAS (rq= 0.857 and rp= 0.615), plant spread (N- S) at 25 DAS
(r= 0.815 and rp= 0.714), plant spread (E-W) a 25 DAS (rg= 0.807 and rp=
0.651),pod length (rg =0.499 and rp= 0.256), pod flesh thickness (rg- 0.594 and rp=
0.435), number of seeds per pod(ry= 0.614 and rp=0.465), number of clusters per plant
(r= 0.648 and rp= 0.612), number of pods per cluster (rg=0.481 and rp= 0.434),
number of pods per plant (rg = 0.809 and rp= 0.771), weight of ten pods (rqy = 0.717
and rp= 0.638), dry matter content of pods (ry =0.700 and rp= 0.519) and number of
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root nodules per plant (r,= 0.601 and rp= 0.476), whereas days to first flowering (rg= -
0.499 and rp=-0.385), days to 50 per cent flowering (ry=-0.573 and rp=-0.479), days
to first pod maturity (rg = -0.517and rp= -0.370) and pod width (rg = -0.354and rp= -
0.245) showed negative and significant association both at genotypic and phenotypic
level.

4.2.2 Genotypic correlation

Plant height at 25 DAS (Table 11) had positive and significant correlation at
p=0.01 with plant height at 50 DAS (0.957), number of primary branches at 50 DAS
(0.645), plant spread (N-S) at 50 DAS (0.553,) plant spread (E-W) at 50 DAS (0.613),
plant spread (N-S) at 25DAS (0.622,) plant spread (E-W) at 25 DAS (0.685), pod
length (0.794), pod flesh thickness (0.661), number of seeds per pod(0.621),number
of clusters per plant (0.374), weight of ten pods (0.793), dry matter content of pods
(0.576), number of root nodules (0.496) and yield per plant (0.585), while it showed
significant and negative correlation with days to first flowering (-0.492), days to 50
per cent flowering (-0.692), days to first pod maturity (-0.575) and pod width (-
0.485).

A significant (at p= 0.01) and positive correlation of plant height at 50 DAS
(Table 11) was observed with number of primary branches at 50 DAS (0.447), plant
spread (N-S) at 50 DAS (0.342) plant spread (E-W) at 50 DAS (0.486), plant spread
(N-S) at 25 DAS (0.582) plant spread (E-W) at 25 DAS (0.552), Pod length (0.682),
pod flesh thickness (0.448), number of seeds per pod(0.537), number of clusters per
plant (0.421), number of pods per plant (0.314) weight of ten pods (0.573), dry matter
content of pods (0.673), number of root nodules (0.471) and yield per plant (0.552),
whereas it had significant and negative correlation with days to first flowering
(-0.422), days to 50 per cent flowering (-0.684), days to first pod maturity (-0.530)
and pod width (-0.304).

Number of primary branches at 50 DAS (Table 11) had positive and
significant association at p= 0.01 with plant spread(N-S) at 50 DAS (0.661), plant
spread (E-W) at 50 DAS (0.641), plant spread (N-S) at 25 DAS (0.584), plant spread
(E-W) at 25 DAS (0.642), pod length (0.298), pod flesh thickness (0.519), number
of seeds per pod (0.462), number of clustersper plant (0.389), weight of ten pods



Table 11. Genotypic correlation coefficient among growth, earliness and yield parametersin french bean genotypes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 |1.000 |0.957** |0.645** |0.553** |0.613** |0.622** |0.685** |-0.492** |-0.692** |-0.575** |0.794** |-0.485** |0.661** |0.621** |0.374** |-0.177 |0.198 0.793** |0.576** |0.496** |0.585**
2 1.000 |0.447** |0.342** |0.486** |0.582** |0.552** |-0.422** |-0.684** |-0.530** |0.682** |-0.304** |0.448** |0.537** |0.421** |-0.030 |0.314** |0.573** |0.673** |0.471** |0.552**
3 1.000 |0.661** |0.641** |0.584** |0.642** |-0.341** |-0.184 |-0.342** |0.298* |-0.151 |0.519** |0.462** |0.389** |-0.100 |0.236* |0.622** |0.465** |0.707** |0.525**
4 1.000 |0.895** |0.822** |0.830** |-0.370** |-0.465** |-0.428** |0.328** |-0.266* |0.470** |0.429** |0.371** |0.448** |0.596** |0.465** |0.617** |0.543** |0.707**
5 1.000 [0.917** |0.904** |-0431** |-0.490** |-0.304** |0.376** |-0.176 |0.551** |0.386** |0.639** |0.441** |0.793** |0.493** |0.802** |0.665** |0.857**
6 1.000 [0.997** |-0.477** |-0.483** |-0.310** |0.470** |-0.212 |0.571** |0.568** |0.542** |0.329** |0.631** |0.625** |0.694** |0.774** |0.815**
7 1000 |[-0.396** |-0.503** |-0.374** |0.469** |-0.244* |0.532** |0.499** |0.413** |0.433** |0.603** |0.631** |0.679** |0.757** |0.807**
8 1.000 0.479** |0476** |-0.022 0.023 |-0.407** |-0.292* |-0.272* |-0.230 |-0.373** |-0.377** |-0.677** |-0.416** |-0.499**
9 1.000 0.452** |-0.507** |0.390** |-0.277* |-0.438** |-0.243* |-0.231* |-0.375** |-0.510** |-0.743* |-0.324** |-0.573**
10 1.000 -0.020 |0.109 |-0.096 |-0.268* |-0.291* |-0.315** |-0.426** |-0.363** |-0.447** |-0.478** |-0.517**
11 1.000 |-0.539** |0.612** |0.536** |0.247* |-0.196 |0.107 0.796** |0.614** |0.110 |0.499**
12 1.000 |[-0.436** |-0.477**|-0.210 |0.140 |-0.092 -0.549** |-0.189 |0.108 |-0.354**
13 1.000 |0.641** |0.253* |-0.079 |0.149 0.885** |0.315** |0.293* |0.594**
14 1000 |[0.227 |0.085 |0.240* |0.790** |0.493** |0.317** |0.614**
15 1.000 [0.031 |0.760** |0.153 0.366** |0.410** |0.648**
16 1.000 [0.667** |0.038 0.269* |0.234* |0.481**
17 1.000 0.164 0.484** 0.465** |0.809**
18 1.000 0.611** |0.433** |0.717**
19 1.000 |0.639** |0.700**
20 1.000 |0.601**
21 1.000

Critical rqvalueat 1 percent - 0.301 critical rq valueat 5 percent —0.231

NoOkwNPE

Plant height at 25 DAS

Plant height at 50 DAS

No. of primary branches at 50 DAS
Plant spread (N-S) at 50 DAS
Plant spread (E-W) at 50 DAS
Plant spread (N-S) at 25 DAS
Plant spread (E-W) at 25 DAS

**- indicates significant at P=0.01 *- indicatessignificant at P= 0.05

8. Daysto first flowering
9. Daysto 50 per cent flowering
10. Daysto first pod picking
11. Pod length
12. Pod width
13. Pod flesh thickness

14. No. of seeds per pod

15. No. of clusters per plant

16. No. of pods per cluster

17. No. of pods per plant

18. Weight of ten pods

19. Dry matter content of pods
20. No. of root nodules per plant
21. Pod yield per plant

TL
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(0.622), dry matter content of pods (0.465), number of root nodules (0.707) and yield
per plant (0.525). It showed significant and negative correlation with days to first
flowering (-0.341) and days to first pod maturity (-0.342). This trait had positive and
significant (at p=0.05) association with number of pods per plant (0.236).

A significant (at p=0.01) and positive correlation of plant spread (N-S) at 50
DAS (Table 11) was observed with plant spread (E-W) at 50 DAS (0.895), plant
spread (N-S) at 25 DAS (0.822), plant spread (E-W) at 25 DAS (0.830), pod length
(0.328), pod flesh thickness (0.470), number of seeds per pod (0.429), number of
clusters per plant (0.371), number of pods per cluster(0.448), number of pods per
plant (0.596), weight of ten pods (0.465), dry matter content of pods (0.617), number
of root nodules (0.543) and yield per plant (0.707). It showed significant and negative
correlation with days to first flowering (-0.370), days to 50 per cent flowering (-
0.465), days to first pod maturity (-0.428). Whereas positive and significant (at
p=0.05) association was found with pod width (-0.266).

Plant spread (E-W) at 50 DAS (Table 11) was positively and significantly (at
p=0.01) associated with plant spread (N-S) at 25 DAS (0.917), plant spread (E-W) at
25 DAS (0.904), Pod length (0.376), pod flesh thickness (0.551), number of seeds per
pod (0.386), number of clusters per plant (0.639), number of pods per cluster(0.441),
number of pods per plant (0.793), weight of ten pods (0.493), dry matter content of
pods (0.802), number of root nodules (0.665) and yield per plant (0.857). It showed
significant and negative correlation with days to first flowering (-0.431), days to 50
per cent flowering (-0.490), daysto first pod maturity (-0.304).

A significant (at p=0.01) and positive association of plant spread (N-S) at 25
DAS (Table 11) was noticed with plant spread (E-W) at 25 DAS (0.997), pod length
(0.470), pod flesh thickness (0.571), number of seeds per pod (0.568), number of
clusters per plant (0.542), number of pods per cluster (0.329), number of pods per
plant (0.631), weight of ten pods (0.625), dry matter content of pods (0.694), number
of root nodules (0.774) and yield per plant (0.815). But it showed significant and
negative correlation with days to first flowering (-0.477), days to 50 per cent
flowering (-0.483), days to first pod maturity (-0.310).
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Plant spread (E-W) at 25 DAS (Table 11) was positively and significantly (at
p=0.01) associated with pod length (0.469), pod flesh thickness (0.532), number of
seeds per pod (0.499), number of clusters per plant (0.413), number of pods per
cluster (0.433), number of pods per plant (0.603), weight of ten pods (0.631), dry
matter content of pods (0.679), number of root nodules per plant (0.757) and yield per
plant (0.807). But it showed significant and negative correlation with days to first
flowering (-0.396), days to 50 per cent flowering (-0.503), days to first pod maturity (-
0.374), whereas positive and significant (at p=0.05) association was found with pod
width (-0.244).

A significant (at p=0.01) and positive association of days to first flowering
(Table 11) was noticed with days to 50 per cent flowering (0.479), days to first pod
maturity (0.476). It showed significant and negative correlation with pod flesh
thickness (-0.407), number of pods per plant (-0.373), weight of ten pods (-0.377), dry
matter content of pods (-0.677), number of root nodules (-0.416) and yield per plant
(-0.499) whereas, negative and significant (at p=0.05) association was found with

number of seeds per pod (-0.292), number of clusters per plant (-0.272).

Days to 50 per cent flowering (Table 11) was positively and significantly (at
p=0.01) correlated with days to first pod maturity (0.452), pod width (0.390). But it
showed significant and negative correlation with pod length (-0.507), number of seeds
per pod (-0.438), number of pods per plant (-0.375), weight of ten pods (-0.510), dry
matter content of pods (-0.743), number of root nodules (-0.324) and yield per plant
(-0.573) whereas, negative and significant (at p=0.05) association was noticed with
pod flesh thickness (-0.277) number of clusters per plant (-0.243) and number of pods
per cluster (-0.231).

A significant (at p=0.01) and negative association of days to first pod maturity
(Table 11) was observed with number of pods per cluster (-0.315), number of pods
per plant (-0.426), weight of ten pods (-0.363), dry matter content of pods (-0.447),
number of root nodules (-0.478) and yield per plant (-0.517) while, number of seeds
per pod (-0.268) and number of clusters per plant (-0.291) were found significant (at
p=0.05) but negatively correlated with this trait.
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Pod length (Table 11) had positive and significant (at p=0.01) association with
pod flesh thickness (0.512), number of seeds per pod (0.608), number of clusters per
plant (0.631), number of pods per cluster (0.572), number of pods per plant (0.589),
weight of ten pods (0.591) and yield per plant (0.553). It showed significant and
negative correlation with pod width (-0.499).

Pod width (Table 11) had negative and significant (at p=0.01) correlation with
pod flesh thickness (-0.436), number of seeds per pod (-0.477), weight of ten pods
(-0.549) and yield per plant (-0.354).

The positive and significant (at p=0.01) correlation of pod flesh thickness
(Table 11) was observed with number of seeds per pod (0.641), weight of ten pods
(0.885), dry matter content of pods (0.315) and yield per plant (0.594). While number
of clusters per plant (0.253) and number of root nodules per plant (0.293) were found
significant (at p=0.05) but negatively associated with this trait.

Number of seeds per pod (Table 11) had positive and significant (at p=0.01)
association with weight of ten pods (0.790), dry matter content of pods (0.493),
number of root nodules per plant (0.317) and yield per plant (0.614).

The positive and significant (at p=0.01) correlation of number of clusters per
plant (Table 11) was observed with number of pods per plant (0.760), dry matter
content of pods (0.366), number of root nodules per plant (0.410) and yield per plant
(0.648).

Number of pods per cluster (Table 11) had positive and significant (at p=0.01)
association with number of pods per plant (0.667) and yield per plant (0.481). While
dry matter content of pods (0.269) and number of root nodules per plant (0.234) were
found significant (at p=0.05) and positively associated with this trait.

The positive and significant (at p=0.01) correlation of number of pods per
plant (Table 11) was observed with yield per plant (0.809), dry matter content of pods
(0.484) and number of root nodules per plant (0.465).

Weight of ten pods exhibited the positive and significant (at p=0.01)
association with pod yield (0.717), dry matter content of pods (0.611) and number of
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root nodules per plant (0.433). Dry matter content of pods had positive and significant
(at p=0.01) association with number of root nodules per plant (0.639) and yield per
plant (0.717). Number of root nodules per plant exhibited the positive and significant
association with pod yield (0.601).

4.2.3 Phenotypic correlation

A significant (at p=0.01) and positive correlation of plant height at 25 DAS
(Table 12) with plant height at 50 DAS (0.702), number of primary branches at 50
DAS (0.432), plant spread (N-S) at 50 DAS (0.419) plant spread (E-W) at 50 DAS
(0.417), plant spread (N-S) at 25 DAS (0.453) plant spread (E-W) at 25 DAS (0.439),
pod length (0.510), pod flesh thickness (0.419), number of seeds per pod (0.420),
weight of ten pods (0.492), dry matter content of pods (0.463) and yield per plant
(0.439). It showed significant and negative correlation with days to first flowering
(-0.504) and days to first pod maturity (-0.369). While number of clusters per plant
(0.233) was found significant (at p=0.05) but negatively correlated with this trait.

Plant height at 50 DAS (Table 12) had positive and significant correlation at
p=0.01 with plant spread (N-S) at 25 DAS (0.386), plant spread (E-W) at 25 DAS
(0.360), pod length (0.541), pod flesh thickness (0.337), number of seeds per pod
(0.441), weight of ten pods (0.454), dry matter content of pods (0.448), number of
root nodules (0.375) and yield per plant (0.373). It showed significant and negative
correlation with days to first flowering (-0.360), days to 50 per cent flowering
(-0.515) and days to first pod maturity (-0.340). Whereas, it had positive and
significant (p=0.05) correlation with number of primary branches a 50 DAS (0.272),
plant spread (N-S) at 50 DAS (0.272), plant spread (E-W) at 50 DAS (0.276) and
number of clusters per plant (0.257).

A dgnificant (at p=0.01) and positive correlation of number of primary
branches at 50 DAS (Table 12) was observed with plant spread (N-S) at 50 DAS
(0.476), plant spread (E-W) at 50 DAS (0.492), plant spread (N-S) at 25 DAS (0.460),
plant spread (E-W) at 25 DAS (0.415), pod flesh thickness (0.349), number of seeds
per pod (0.375), weight of ten pods (0.382), number of root nodules (0.549) and yield
per plant (0.396).It showed significant and negative correlation with days to first pod
maturity (-0.298). Whereas positive and significant (at p=0.05) association was found
with number of clusters per plant (0.261).



Table 12. Phenotypic correlation coefficient among growth, earliness and yield parametersin french bean genotypes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 | 1.000 | 0.702** | 0.432** | 0.419** | 0.417** | 0.453** | 0.439** | -0.274* | -0.504** | -0.369** | 0.510** | -0.345** | 0.419** | 0.420** | 0.233* | -0.050 | 0.167 | 0.492** | 0.463** | 0.372** | 0.439**
2 1.000 | 0.272* | 0.272* | 0.276* | 0.386** | 0.360** | -0.360** | -0.515** | -0.340** | 0.541** | -0.279* | 0.337** | 0.441** | 0.257* | -0.125 | 0.114 | 0.454** | 0.448** | 0.375** | 0.373**
3 1.000 | 0.476** | 0.492** | 0.460** | 0.415** | -0.116 -0.114 | -0.298* | 0.254* -0.177 | 0.349** | 0.375** | 0.261* | 0.005 | 0.200 | 0.382** | 0.206 | 0.549** | 0.396**
4 1.000 | 0.687** | 0.647** | 0.642** | -0.238* | -0.397** | -0.280* 0.176 -0.168 | 0.319** | 0.337** | 0.291* | 0.273* | 0.422** | 0.429** | 0.52** | 0.455** | 0.593**
5 1.000 |0.736** | 0.752** | -0.296* | -0.352** | -0.291* | 0.320** | -0.168 |0.303** | 0.273* | 0.372** | 0.323** | 0.506** | 0.350** | 0.635** | 0.571** | 0.615**
6 1.000 |0.877**| -0.337** | -0.362** | -0.210 | 0.268* -0.125 | 0.417%* | 0.421** | 0.463** | 0.318** | 0.571** | 0.414** | 0.509** | 0.610** | 0.714**
7 1.000 | -0.366** | -0.386** | -0.305** | 0.305** | -0.132 |0.399** | 0.363** | 0.327** | 0.322** | 0.466** | 0.464** | 0.486** | 0.606** | 0.651**
8 1.000 | 0.392** | 0.296* -0.128 0.001 |-0.284* | -0.232* | -0.205 | -0.128 | -0.264* | -0.292* |-0.453** |-0.392** | -0.385**
9 1.000 | 0.329** | -0.312** | 0.317** | -0.227 |-0.338** | -0.244* | -0.131 |-0.312** |-0.412**|-0.571** | -0.288* | -0.479**
10 1.000 -0.030 0.153 | -0.077 | -0.218 | -0.186 | -0.145 | -0.227 | -0.292* | -0.265* |-0.392** | -0.370**
11 1.000 |-0.500** | 0.390** | 0.451** | 0.046 | -0.135 | -0.031 | 0.460** | 0.377** | 0.172 | 0.256*

12 1.000 |-0.339**|-0.448**| -0.136 | 0.124 | -0.034 |-0.379**| -0.141 | 0.069 | -0.245*
13 1.000 |0.449** | 0.155 | -0.057 | 0.096 |0.571** | 0.263* | 0.203 | 0.435**
14 1.000 | 0.137 | 0.040 | 0.142 | 0.576** | 0.311** | 0.269* | 0.465**
15 1.000 | -0.031 | 0.727** | 0.085 | 0.310** | 0.312** | 0.612**
16 1.000 |0.655** | -0.099 | 0.115 | 0.124 | 0.434**
17 1.000 | 0.014 |0.340** | 0.319** | 0.771**
18 1.000 |0.387** | 0.333** | 0.638**
19 1.000 | 0.509** | 0.519**
20 1.000 | 0.476**
21 1.000

Critical rqvalueat 1 percent - 0.301 critical rq valueat 5 percent —0.231

NoOoOkwWNPE

Plant height at 25 DAS

Plant height at 50 DAS

No. of primary branches at 50 DAS
Plant spread (N-S) at 50 DAS
Plant spread (E-W) at 50 DAS
Plant spread (N-S) at 25 DAS
Plant spread (E-W) at 25 DAS

8. Daysto first flowering

9. Daysto 50 per cent flowering
10. Daysto first pod picking

11. Pod length

12. Pod width

13. Pod flesh thickness

14. No. of seeds per pod

**- indicates significant at P=0.01 *- indicatessignificant at P= 0.05

. No. of clusters per plant

. No. of pods per cluster

. No. of pods per plant

. Weight of ten pods

. Dry matter content of pods

. No. of root nodules per plant
. Pod yield per plant

9/
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Plant spread (N-S) at 50 DAS (Table 12) was positively and significantly (at
p=0.01) associated with plant spread (E-W) at 50 DAS (0.687), plant spread (N-S) at
25 DAS (0.647), plant spread (E-W) at 25 DAS (0.642), pod flesh thickness (0.319),
number of seeds per pod (0.375), weight of ten pods (0.382), number of root nodules
(0.549) and yield per plant (0.593). It showed significant and negative correlation
with days to 50 per cent flowering (-0.397). Whereas, number of clusters per plant
(0.291), number of pods per cluster (0.273) exhibited positive and significant (at
p=0.05) association. Whereas, days to first flowering (-0.238) and days to first pod
maturity (-0.280) had significant (at p=0.05) and negative correlation with this trait.

A significant (at p=0.01) and positive correlation of plant spread (E-W) at 50
DAS (Table 12) was observed with plant spread (N-S) at 25 DAS (0.736), plant
spread (E-W) at 25 DAS (0.752), pod length (0.320), pod flesh thickness (0.303),
number of clusters per plant (0.372), number of pods per cluster(0.323), number of
pods per plant (0.506), weight of ten pods (0.350), dry matter content of pods (0.635),
number of root nodules (0.571) and yield per plant (0.615). It showed significant (at
p=0.05) and negative correlation with days to first flowering (-0.296) and days to first
pod maturity (-0.291). Whereas positive and significant (at p=0.05) association was
found with number of seeds per pod (0.273).

Plant spread (N-S) at 25 DAS (Table 12) was positively and significantly (at
p=0.01) associated with plant spread (E-W) at 25 DAS (0.877), pod flesh thickness
(0.417), number of seeds per pod (0.421), number of clusters per plant (0.463),
number of pods per duster (0.318), number of pods per plant (0.571), weight of ten
pods (0.414), dry matter content of pods (0.509), number of root nodules (0.610) and
yield per plant (0.714). While significantly negative association of this character with
to first flowering (-0.337) and days to 50 per cent flowering (-0.362) was observed.
Whereas, it had significant (at p=0.05) and positive association with pod length
(0.263).

The positive and significant (at p=0.01) correlation of plant spread (E-W) at
25 DAS (Table 12) was observed with pod length (0.305), pod flesh thickness
(0.399), number of seeds per pod (0.363), number of clusters per plant (0.327),
number of pods per cluster (0.322), number of pods per plant (0.466), weight of ten
pods (0.464), dry matter content of pods (0.486), number of root nodules (0.606) and
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yield per plant (0.651). Whereas, it had significant (at p=0.05) and negative
association with days to first flowering (-0.366), days to 50 per cent flowering
(-0.386) and days to first pod maturity (-0.305).

Days to first flowering (Table 12) was positively and significantly (at p=0.01)
correlated with days to 50 per cent flowering (0.392). It showed negative and
significant association with dry matter content of pods (-0.453), number of root
nodules per plan (-0.392) and yield per plant (-0.385). At p=0.05, days to first pod
maturity (0.296) showed significantly positive association with thistrait.

Days to 50 per cent flowering (Table 12) was positively and significantly (at
p=0.01) correlated with days to first pod maturity (0.329) and pod width (0.317). It
showed significant and negative correlation with pod length (-0.312), number of seeds
per pod (-0.338), number of pods per plant (-0.312), weight of ten pods (-0.412), dry
matter content of pods (-0.571) and yield per plant (-0.479). Whereas negative and
significant (at p=0.05) association was noticed with number of clusters per plant
(-0.244) and number of root nodules per plant (-0.288).

A significant (at p=0.01) and negative association of days to first pod maturity
(Table 12) was observed with number of root nodules (-0.392) and yield per plant
(-0.370). Whereas, weight of ten pods (-0.292) and dry matter content of pods
(-0.265) were found significant (at p=0.05) but negatively correlated with this trait.

Pod length (Table 12) had positive and significant (at p=0.01) association with
pod flesh thickness (0.390), number of seeds per pod (0.608), weight of ten pods
(0.460) and dry matter content of pods (0.377). It showed significant and negative
correlation with pod width (-0.500). While, pod yield per plant (0.256) was found
significant (at p=0.05) and positively associated with thistrait.

A significant (at p=0.01) and negative correlation of pod width (Table 12) was
noticed with pod flesh thickness (-0.339), number of seeds per pod (-0.448) and
weight of ten pods (-0.379). Whereas, pod yield per plant (-0.245) found significant
(at p=0.05) but negatively correlated with this trait.

Pod flesh thickness (Table 12) had positive and significant (at p=0.01)
association with number of seeds per pod (0.449), weight of ten pods (0.571) and pod
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yield per plant (0.435). It showed significant (at p=0.05) and positive association with
dry matter content of pods (0.263).

The positive and significant (at p=0.01) correlation of number of seeds per pod
(Table 12) was noticed with weight of ten pods (0.576), dry matter content of pods
(0.311), and yield per plant (0.435). While dry matter content of pods (0.269) was
found significant (at p=0.05) and positively correlated with this trait.

Number of clusters per plant (Table 12) exhibited positive and significant (at
p=0.01) association with number of pods per plant (0.727), dry matter content of pods
(0.310), number of root nodules per plant (0.312) and yield per plant (0.612).

The positive and significant (at p=0.01) correlation of number of pods per
cluster (Table 12) was noticed with number of pods per plant (0.655) and yield per
plant (0.434).

Number of pods per plant (Table 12) had positive and significant (at p=0.01)
association with dry matter content of pods (0.340), number of root nodules per plant
(0.319) and yield per plant (0.771).

Weight of ten pods exhibited the positive and significant (at p=0.01)
association with pod yield (0.638), dry matter content of pods (0.387) and number of
root nodules per plant (0.333).

Dry matter content of pods had positive and significant (at p=0.01) association
with number of root nodules per plant (0.509) and yield per plant (0.519). Number of
root nodules per plant exhibited the positive and significant association with pod yield
(0.476).

4.3 Path coefficient analysis

The correlation would only indicate the overal relationship of independent
trait with dependent trait but does not provide cause and effect relationship. Using
path analysis, it is possible to resolve the correlations, which provide clue about such
relationship. In french bean 21 important growth, earliness, yield and quality
parameters were subjected to genotypic and phenotypic path coefficient analysis by
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considering pod yield per plant as dependent variable on 20 other independent
variables are presented in Tables 13 and 14, respectively.

4.3.1 Genotypic path co-efficient analysis

Plant height at 25 DAS (Table 13) had low and direct positive effect (0.114)
on total yield per plant. It had negligible to low indirect and positive effects through
plant height at 50 DAS (0.138), number of primary branches at 50 DAS (0.093), plant
spread (N-S) at 50 DAS (0.079), plant spread (E-W) at 50 DAS (0.088), plant spread
(N-S) at 25 DAS (0.08), plant spread (E-W) at 25 DAS (0.089), pod length (0.114),
pod flesh thickness (0.095), number of seeds per pod (0.089), weight of ten pods
(0.114), dry matter content of pods (0.089) and number of root nodules per plant
(0.071). It dso had low and indirect negative effects through days to first flowering
(-0.071), days to 50 per cent flowering (-0.099), days to first pod maturity (-0.083)
and pod width (-0.070).

Plant height at 50 DAS (Table 13) had high and direct negative effect (-0.352)
on total yield per plant. It had moderate and indirect negative effects through plant
spread (N-S) at 25 DAS (-0.205), pod length (-0.240), weight of ten pods (-0.202) and
dry matter content of pods (-0.237). It aso had low and indirect negative effect
through number of primary branches at 50 DAS (-0.157), plant spread (E-W) at 50
DAS (-0.171), plant spread (E-W) at 25 DAS (0.194), pod flesh thickness (-0.158),
number of seeds per pod (-0.189) and number of clusters per plant (-0.148) and also
showed low to moderate indirect but positive effect through days to first flowering
(0.149) and days to first pod maturity (0.187) and days to 50 per cent flowering
(0.241).

Number of primary branches at 50 DAS (Table 13) had negligible and direct
positive effect (0.030) on total yield per plant. It had negligible indirect and positive
effects through plant spread (N-S) at 50 DAS (0.020), plant spread (E-W) at 50 DAS
(0.019), plant spread (N-S) at 25 DAS (0.018), plant spread (E-W) at 25 DAS (0.019),
pod flesh thickness (0.016), number of seeds per pod (0.014), weight of ten pods
(0.019) and number of root nodules per plant (0.021).

Plant spread (N-S) at 50 DAS (Table 13) had low and direct negative effect
(-0.160) on total yield per plant. It had low and indirect negative effect through plant



Table 13. Genotypic path coefficient analysis among growth, earliness and yield parametersin french bean genotypes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 rG
1 |0.144| 0.138 | 0.093 | 0.079 | 0.088 | 0.089 | 0.098 | -0.071|-0.099| -0.083 | 0.114 | -0.070 | 0.095| 0.089 | 0.054 | -0.025 | 0.028 | 0.114 | 0.083| 0.071 | 0.585**
2 |-0.337| -0.352 |-0.157|-0.120|-0.171|-0.205|-0.194| 0.149 | 0.241 | 0.187 |-0.240| 0.107 |-0.158|-0.189| -0.148 | 0.010 | -0.111 | -0.202 |-0.237| -0.166 | 0.552**
3 |0.019| 0.013 | 0.030| 0.020 | 0.019 | 0.018 | 0.019 | -0.010|-0.005| -0.010 | 0.009 | -0.004 | 0.016 | 0.014 | 0.012 | -0.003 | 0.007 | 0.019 |0.014| 0.021 | 0.525**
4 |-0.088| -0.055 |-0.106|-0.160|-0.143|-0.131|-0.133| 0.059 | 0.074 | 0.068 |-0.052| 0.042 |-0.075|-0.068| -0.059 | -0.071 | -0.095 | -0.074 |-0.099| -0.087 | 0.707**
5 |0.007| 0.005 | 0.007| 0.010| 0.011 | 0.011 | 0.010 | -0.005|-0.005| -0.003 | 0.004 | -0.002 | 0.006 | 0.004 | 0.007 | 0.005 | 0.009 | 0.005 | 0.009| 0.008 | 0.857**
6 |-0.063| -0.059 |-0.059|-0.083|-0.093|-0.102|-0.101| 0.048 | 0.049 | 0.031 |-0.048| 0.0216 |-0.058|-0.058| -0.055 | -0.033 | -0.064 | -0.063 | 0.070 | -0.079 | 0.815**
7 |0151| 0121 | 0.141| 0.183| 0.199 | 0.219 | 0.220 | -0.087|-0.110| -0.082 | 0.103 | -0.053 | 0.117 | 0.110| 0.091 | 0.095 | 0.133 | 0.139 | 0.149| 0.166 | 0.807**
8 |0.002| 0.002 |0.001| 0.001|0.002 | 0.002 | 0.002 |-0.005|-0.002| -0.002 |0.0001| -0.0001 | 0.002 | 0.001| 0.001 | 0.001 | 0.001 | 0.001 |0.003| 0.002 | -0.499**
9 |0.089| 0.088 |0.023| 0.060 | 0.063 | 0.062 | 0.064 | -0.061|-0.128 | -0.058 | 0.065 | -0.050 | 0.035| 0.056 | 0.031 | 0.029 | 0.048 | 0.065 | 0.095| 0.041 | -0.573**
10 | 0.056| 0.052 | 0.033 | 0.042 | 0.029 | 0.030 | 0.036 | -0.046|-0.044| -0.098 | 0.002 | -0.010 | 0.009 | 0.026 | 0.028 | 0.031 | 0.041 | 0.035 |0.0440| 0.047 | -0.517**
11 | 0.096 | 0.082 | 0.036 | 0.039 | 0.045 | 0.056 | 0.056 |-0.002|-0.061| -0.002 | 0.121 | -0.065 | 0.074 | 0.064 | 0.029 | -0.023 | 0.013 | 0.096 | 0.074| 0.013 | 0.499**
12 |-0.027| -0.017 |-0.008|-0.015|-0.009-0.011|-0.013| 0.001 | 0.022 | 0.006 |-0.030| 0.056 |-0.024|-0.026| -0.01 | 0.007 | -0.005 | -0.030 |-0.010| 0.006 | -0.354**
13 | 0.047| 0.032 | 0.037 | 0.033 | 0.039 | 0.040 | 0.038 |-0.029|-0.019| -0.006 | 0.043 | -0.031 | 0.071| 0.045| 0.018 | -0.005 | 0.010 | 0.063 | 0.022 | 0.021 | 0.594**
14 | 0.051| 0.044 | 0.038 | 0.035| 0.031 | 0.047 | 0.041 |-0.024|-0.036| -0.022 | 0.044 | -0.039 | 0.053 | 0.082 | 0.018 | 0.007 | 0.019 | 0.065 | 0.040| 0.026 | 0.614**
15 | 0.252| 0.283 | 0.262 | 0.250 | 0.430 | 0.364 | 0.278 | -0.183|-0.164| -0.195 | 0.166 | -0.141 | 0.170 | 0.153 | 0.673 | 0.020 | 0.511 | 0.103 | 0.246| 0.276 | 0.648**
16 |-0.092| -0.016 [-0.052| 0.234 | 0.231 | 0.172 | 0.226 |-0.120|-0.120| -0.164 |-0.102| 0.073 |-0.041| 0.044| 0.016 | 0523 | 0.349 | 0.020 | 0.141| 0.122 | 0.481**
17 |-0.035| -0.056 |-0.042|-0.106|-0.142|-0.113|-0.108| 0.066 | 0.067 | 0.076 |-0.019| 0.016 |-0.026|-0.043| -0.136 | -0.119 | -0.179 | -0.029 |-0.086| -0.083 | 0.809**
18 | 0.274| 0.197 | 0.215| 0.160 | 0.170 | 0.216 | 0.218 |-0.130|-0.176| -0.125 | 0.275 | -0.189 | 0.305| 0.273 | 0.053 | 0.013 | 0.056 | 0.345 | 0.211| 0.149 | 0.717**
19 | 0.040| 0.047 | 0.032| 0.043 | 0.056 | 0.048 | 0.047 |-0.047|-0.052| -0.031 | 0.043 | -0.013 | 0.022 | 0.034 | 0.025 | 0.018 | 0.034 | 0.0429 | 0.070| 0.044 | 0.700**
20 |-0.001|-0.0009 | -0.001|-0.001|-0.001|-0.001|-0.001| 0.008 |0.0006| 0.0009 |-0.000 | -0.0002 -0.000-0.000| -0.0008 | -0.0005 | -0.0009 | -0.000 |-0.001| -0.001 | 0.601**
R

NogprwNE

esidual effect (R) = 0.04 Bold and diagonal valuesindicate direct effect .
. Plant height at 25 DAS

Plant height at 50 DAS

No. of primary branches at 50 DAS
Plant spread (N-S) at 50 DAS
Plant spread (E-W) at 50 DAS
Plant spread (N-S) at 25 DAS
Plant spread (E-W) at 25 DAS

8. Daysto first flowering

9. Daysto 50 per cent flowering
10. Daysto first pod picking

11. Pod length
12. Pod width
13. Pod flesh thickness
14. No. of seeds per pod

. No. of clusters per plant
. No. of pods per cluster
. No. of pods per plant

. Weight of ten pods

. Dry matter content of pods

. No. of root nodules per plant
. Pod yield per plant

18
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spread (E-W) at 50 DAS (-0.143), plant spread (N-S) at 25 DAS (-0.131) and plant
spread (E-W) at 25 DAS (-0.133). It dso had negligible and negative indirect effects
through number of pods per plant (-0.095), pod flesh thickness (-0.075), weight of ten
pods (-0.074), dry matter content of pods (-0.099) and number of root nodules per
plant (-0.087) and negligible and positive indirect effects through days to 50 per cent
flowering (0.074) and days to first pod maturity (0.068).

Plant spread (E-W) at 50 DAS (Table 13) had negligible and direct positive
effect (0.011) on total yield per plant. It had negligible indirect and positive effects
through plant spread (N-S) at 25 DAS (0.011), plant spread (E-W) at 25 DAS (0.010),
number of pods per plant (0.009) and dry matter content of pods (0.009).

Plant spread (N-S) at 25 DAS (Table 13) had low and direct negative effect
(-0.102) on total yield per plant. It had low and indirect negative effect through plant
spread (E-W) at 25 DAS (-0.101). It also had negligible and indirect negative effect
through pod flesh thickness (-0.058), number of seeds per pod (-0.058), number of
pods per plant (-0.064), weight of ten pods (-0.063) and number of root nodules per
plant (-0.079). It had negligible and indirect positive effect through dry matter content
of pods (0.070).

Plant spread (E-W) at 25 DAS (Table 13) had moderate and direct positive
effect (0.220) on total yield per plant. It had low and indirect positive effects through
number of pods per plant (0.133), weight of ten pods (0.139), dry matter content of
pods (0.149), number of root nodules (0.166), pod length (0.103), pod flesh thickness
(0.117) and number of seeds per pod (0.110). It also had low and indirect negative
effect through days to 50 per cent flowering (-0.110).

Days to first flowering (Table 13) had negligible and direct negative effect
(-0.005) on total yield per plant. It had negligible and indirect positive effect through
pod flesh thickness (0.002), dry matter content of pods (0.003) and number of root
nodules per plant (0.002).

Days to 50 per cent flowering (Table 13) had low and direct negative effect
(-0.128) on total yield per plant. It had negligible and indirect negative effect through
days to first pod maturity (-0.058) and pod width (-0.050). It also had negligible and
indirect positive effect through pod length (0.065), dry matter content of pods (0.095),
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weight of ten pods (0.065), number of seeds per pod (0.056) and number of pods per
plant (0.048).

Days to first pod maturity (Table 13) had negligible and direct negative effect
(-0.098) on total yield per plant. It had negligible and indirect positive effect through
number of pods per plant (0.041), weight of ten pods (0.035), dry matter content of
pods (0.044), number of root nodules per plant (0.047), number of seeds per pod
(0.026) and number of clusters per plant (0.028) and number of pods per cluster
(0.031).

Pod length (Table 13) had low and direct positive effect (0.121) on total yield
per plant. It had negligible and direct positive effect through pod flesh thickness
(0.074), number of seeds per pod (0.064), number of clusters per plant (0.029), weight
of ten pods (0.096) and dry matter content of pods (0.074). It also had negligible and
direct negative effect through pod width (-0.065).

Pod width (Table 13) had negligible and direct positive effect (0.056) on total
yield per plant. It had negligible and indirect negative effect through weight of ten
pods (-0.030), pod flesh thickness (-0.024) and number of seeds per pod (-0.026).

Pod flesh thickness (Table 13) had negligible and direct positive effect (0.071)
on total yield per plant. It had negligible and indirect positive effect through number
of seeds per pod (0.045), number of clusters per plant (0.018), weight of ten pods
(0.063), dry matter content of pods (0.022) and number of root nodules (0.021).

Number of seeds per pod (Table 13) had negligible and direct positive effect
(0.082) on tota yield per plant. It also had negligible and indirect positive effect
through number of clusters per plant (0.018), number of pods per plant (0.019),
weight of ten pods (0.065), dry matter content of pods (0.040) and number of root
nodules (0.026).

Number of clusters per plant (Table 13) had high and direct positive effect
(0.673) on total yield per plant. It also had high and indirect positive effect through
number of pods per plant (0.511). It dso had low to moderate and indirect positive
effect through weight of ten pods (0.103), dry matter content of pods (0.246) and
number of root nodules (0.276).
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Number of pods per cluster (Table 12) had high and direct positive effect
(0.523) on total yield per plant. It had high and indirect positive effect through
number of pods per plant (0.349). It had low and indirect positive effect through dry
matter content of pods (0.144) and number of root nodules (0.122).

Number of pods per plant (Table 13) had low and direct negative effect
(-0.179) on total yield per plant. It had low and indirect negative effect through weight
of ten pod (-0.029), dry matter content of pods (-0.086) and number of root nodules
(-0.083).

Weight of ten pods (Table 13) had high and direct positive effect (0.345) on
total yield per plant. It had moderate and indirect positive effect through dry matter
content of pods (0.211) and low and indirect positive effect through number of root

nodules per plant (0.149).

Dry matter content of pods (Table 13) had negligible and direct positive effect
(0.070) on total yield per plant. It had negligible and indirect positive effect through
number of root nodules per plant (0.044). Number of root nodules per plant negligible

and direct negative effect (-0.001) on total yield per plant.
4.3.2 Phenotypic path co-efficient analysis

Plant spread (N-S) at 25 DAS (Table 14) had negligible and direct positive
effect (0.087) on tota yield per plant. It had negligible and indirect positive effect
through plant spread (E-W) at 25 DAS (0.076), number of root nodules per plant
(0.053), dry matter content of pods (0.044), number of pods per plant (0.049), number
of clusters per plant (0.040), weight of ten pods (0.036), number of seeds per pod and
pod flesh thickness (0.036).

Plant spread (E-W) at 25 DAS (Table 14) had negligible and direct negative
effect (-0.066) on total yield per plant. It had low and indirect negative effects through
number of pods per plant (-0.031), weight of ten pods (-0.031), dry matter content of
pods (-0.032) and number of root nodules (-0.040). It also had low and indirect
positive effect through days to first flowering (0.024) and days to 50 per cent
flowering (0.025).



Table 14. Phenotypic path coefficient analysis among growth, earliness and yield parametersin french bean genotypes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 rP
1 | 0031 |0.009 0.005 | 0.005 | 0.005 |0.005| 0.005 |-0.003|-0.006| -0.004 | 0.006 |-0.004| 0.005 |0.005 | 0.0030 |-0.0007| 0.002 |0.006| 0.0061 | 0.004 | 0.439**
2 | -0.012 |-0.017| -0.004 | -0.004 | -0.004 |-0.006| -0.006 | 0.006 | 0.009| 0.006 | -0.009 | 0.004 | -0.005 |-0.007| -0.004 | 0.002 | -0.002 |-0.008| -0.007 | -0.006 | 0.373**
3 |-0.0007 |-0.004| -0.018 | -0.008 | -0.008 |-0.008| -0.007 | 0.002|0.002| 0.005 | -0.004 | 0.003| -0.006 [-0.006| -0.004 |-0.0001 | -0.003 |-0.006| -0.003 | -0.009 | 0.396**
4 | -0.003 |-0.001| -0.003 | -0.007 | -0.004 |-0.004| -0.004 | 0.001|0.002| 0.002 | -0.001 | 0.001 | -0.002 {-0.002| -0.002 | -0.001 | -0.003 |-0.003| -0.003 | -0.003 | 0.593**
5 | -0.004 |-0.002| -0.004 | -0.006 | -0.009 (-0.007| -0.007 |0.002|0.003| 0.002 | -0.003 | 0.001 | -0.002 |-0.002| -0.003 | -0.003 | -0.004 |-0.003| -0.006 | -0.005 | 0.615**
6 | 0.039 |0.033| 0.040 | 0.056 | 0.064 |0.087| 0.076 [-0.029|-0.031| -0.018 | 0.0234 |-0.010| 0.036 |0.036 | 0.0405 | 0.027 | 0.049 | 0.036| 0.0444 | 0.053 | 0.714**
7 | -0.029 |-0.024| -0.027 | -0.042 | -0.050 [-0.058| -0.066 |0.024 | 0.025| 0.020 | -0.020 | 0.008 | -0.026 |-0.024| -0.021 | -0.021 | -0.031 |-0.031| -0.032 | -0.0405| 0.651**
8 | -0.002 | 0.002 | -0.0009| -0.001 | -0.002 [-0.002| -0.002 | 0.007 | 0.002 | 0.002 |-0.0009|0.000| -0.002 |-0.001| -0.001 |-0.0009  -0.002 |-0.002| -0.003 | -0.002 | -0.385**
9 |-0.0013|-0.014| -0.003 | -0.010 | -0.009 [-0.009| -0.010 | 0.010| 0.027 | 0.008 | -0.008 | 0.008 | -0.006 |-0.009| -0.006 |-0.0036 | -0.008 |-0.011|-0.0155| -0.007 | -0.479**
10 | 0.008 | 0.008 | 0.007 | 0.006 | 0.007 |0.005| 0.007 |-0.007|-0.007| -0.024 | 0.0007 |-0.003| 0.001 |0.005| 0.004 | 0.0035 | 0.005 |0.007 | 0.0064 | 0.009 |-0.370**
11 | 0.001 |0.0001 0.0001 | 0.000 | 0.0001 |0.0001 0.0001 | 0.000|-0.000| 0.000 | 0.0003 |-0.000| 0.000 |0.000| 0.000 | 0.000 | 0.000 |0.0001| 0.0001 | 0.000 | 0.256*
12 | -0.001 |-0.001|-0.0009 | -0.0008 | -0.000 |-0.000| -0.0007 | 0.000|0.0001 0.0008 | -0.0025| 0.005 | -0.001 |-0.002| -0.0007 | 0.0006 | -0.0002 |-0.001|-0.0007 | 0.0003 | -0.245*
13 | 0.004 | 0.003| 0.003 | 0.003 | 0.002 |0.003| 0.003 |-0.002|-0.002|-0.0007| 0.003 |-0.003| 0.009 |0.004 | 0.0015 |-0.0005| 0.0009 | 0.005| 0.002 | 0.001 | 0.435**
14 | -0.005 |-0.005| 0.004 | -0.004 | -0.003 |-0.005| -0.004 | 0.003|0.004 | 0.002 | -0.005 | 0.005| -0.005 [-0.012| -0.001 |-0.0005| -0.001 |-0.007|-0.0040| -0.003 | 0.465**
15 | 0.035 | 0.039| 0.040 | 0.044 | 0.057 |0.071| 0.050 |-0.031|-0.037| -0.028 | 0.007 |-0.021| 0.023 |0.0211] 0.153 | -0.004 | 0.115 | 0.013| 0.0475 | 0.048 | 0.612**
16 | -0.007 |-0.017| 0.0008 | 0.038 | 0.045 |0.045| 0.045 |-0.018|-0.018| -0.020 | -0.019 | 0.017 | -0.007 | 0.005| -0.004 | 0.142 | 0.093 |-0.014| 0.0164 | 0.017 | 0.434**
17 | 0.090 | 0.061| 0.108 | 0.227 | 0.272 |0.307 | 0.250 |-0.142|-0.167| -0.122 | -0.017 |-0.018| 0.051 | 0.076 | 0.390 | 0.352 | 0.537 | 0.008 | 0.182 | 0.1718 | 0.771**
18 | 0.310 | 0.286| 0.241 | 0.270 | 0.220 | 0.261| 0.293 |-0.184|-0.260| -0.184 | 0.290 |-0.239| 0.360 |0.363| 0.053 | -0.063 | 0.0093 | 0.630 | 0.244 | 0.210 | 0.638**
19 | 0.016 |0.016| 0.007 | 0.018 | 0.022 |0.018| 0.017 |-0.16 |-0.020| -0.009 | 0.013 |-0.005| 0.009 | 0.11 | 0.011 | 0.0041 | 0.012 |0.0139 0.036 | 0.018 | 0.519**
20 | 0.007 |0.007| 0.011 | 0.009 | 0.011 |0.012| 0.012 |-0.007|-0.005 -0.007 | 0.003 |0.001| 0.0041 | 0.005| 0.006 | 0.002 | 0.006 | 0.006 | 0.010 | 0.0200 | 0.476**

Residual effect (R) =0.09 Bold and diagonal valuesindicate direct effect
8. Daysto first flowering
9. Daysto 50 per cent flowering

Nog,rwdNE

Plant height at 25 DAS
Plant height at 50 DAS

No. of primary branches at 50 DAS

Plant spread (N-S) at 50 DAS
Plant spread (E-W) at 50 DAS
Plant spread (N-S) at 25 DAS
Plant spread (E-W) at 25 DAS

10. Daysto first pod picking

11. Pod length
12. Pod width
13. Pod flesh thickness

14. No. of seeds per pod

15. No. of clusters per plant

16. No. of pods per cluster

17. No. of pods per plant

18. Weight of ten pods

19. Dry matter content of pods
20. No. of root nodules per plant
21. Podyield per plant

G8
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Days to 50 per cent flowering (Table 14) had negligible and direct positive
effect (0.027) on total yield per plant. It had negligible and indirect negative effects
through weight of ten pods (-0.011) and dry matter content of pods (-0.015).

No of clusters per plant (Table 14) had low and direct positive effect (0.153)
on total yield per plant. It had low to negligible and indirect positive effect through
number of pods per plant (0.115), dry matter content of pods (0.047) and number of
root nodules (0.048).

No of pods per clusters (Table 14) had low and direct positive effect (0.142)
on total yield per plant. It had negligible and indirect positive effect through number
of pods per plant (0.093), dry matter content of pods (0.016) and number of root
nodules (0.017).

No of pods per plant (Table 14) had high and direct positive effect (0.537) on
total yield per plant. It had low and indirect positive effect through dry matter content
of pods (0.182) and number of root nodules (0.171).

Weight of ten pods (Tablel4) had high and direct positive effect (0.630) on
total yield per plant. It had moderate and indirect positive effect through dry matter
content of pods (0.244) and number of root nodules per plant (0.210).

Dry matter content of pods (Table 14) had negligible and direct positive effect
(0.036) on total yield per plant. It had negligible and indirect positive effect through
number of root nodules per plant (0.018). Number of root nodules per plant (Table 13)
negligible and direct positive effect (0.02) on total yield per plant.

4.4  Genetic divergence

Thirty six genotypes of French bean were assessed for 21 characters and data
obtained was subjected to D? statistics to assess the genetic diversity. Five clusters
were constructed using Tocher’s method.

4.4.1 Relative contribution of different characterstowards divergence

The relative contribution of different characters for genetic divergence (D%

isgiven in Table 15. Number of pods per plant (27.46%) contributed maximum to the
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Table 15. Relative contribution of different charactersto the total divergencein french

bean Genotypes

ﬁ(‘) Character or Source P;f;ifrﬂ? co:frril():j:on
1 Plant height at 25 DAS (cm) 2 0.32%
2. Plant height at 50 DAS (cm) 6 0.95%
3. Number of primary branchesat 50 DAS 2 0.32%
4. Plant spread (N-S) at 50 DAS 21 3.33%
5. Plant spread (E-W) at 50 DAS 2 0.32%
6. Plant spread (N-S) at 25 DAS 5 0.79%
7. | Plant spread (E-W) at 25 DAS 5 0.79%
8. Daysto first flowering 10 1.59%
0. Daysto 50 percent flowering 13 2.06%
10. | Daysto first pod maturity 16 2.54%
11. | Podlength 9 1.43%
12. | Pod width 54 8.57%
13. | Pod flesh thickness 15 2.38%
14. | Number of seeds per pod 23 3.65%
15. | Number of clusters per plant 37 5.87%
16. | Number of pods per cluster 34 5.4%
17. | Number of pods per plant 173 27.46%
18. | Weight of ten pods 12 1.9%
19. | Dry matter content of pods 86 13.65%
20. | Podyidd per plant (g/plant) 88 13.97%
21. Number of root nodules per plant 17 2.7%
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genetic diversity followed by total yield per plant (13.97%), dry matter content of
pods (13.65%), pod width (8.57%), number of clusters 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 per cent flowering (2.06%), weight of ten
pods (1.90%), days to first flowering (1.59%) and pod length (1.43%). The
contribution was less than one percent from the character viz., plant height at 50 DAS
(0.95%), plant spread (N-S) at 25 DAS (0.79%) and plant spread (E-W) at 25 DAS
(0.79%).

4.4.2 Classification of French bean genotypes

By following Tocher's method, 36 genotypes were grouped into five
clustering by treating estimated D? values as the square of the generalized distance.

The distribution of entriesinto various clustersis given in Table 16.

Cluster | was the largest having 24 genotypes followed by cluster 11 (9),
cluster I11, cluster 1V and cluster V which had one genotype (Table 17).

4.4.3 Inter cluster distance

The inter cluster D? values are given in Table 17. The nearest and farthest
clusters from each cluster based on D? values were presented. The inter cluster D?
value was maximum (395.94) between cluster 11 and cluster V followed by clusters |
and VV (D2=241.08), cluster Il and 111 (D?*=223.39), cluster Il and IV (D?*=171.48) and
cluster IV and V (D?=158.28). The cluster IV had the least inter-cluster distance
(D?*=102.98) with the cluster V. Cluster V was the most diverse as many clusters

showed maximum distance with it.
4.4.4 |Intracluster distance

Among the five clusters, cluster | with 24 genotypes showed maximum intra
cluster diversity (D?=69.06) followed by cluster Il (48.21). The clusters I, IV and V
had no intra-cluster distance (D?=0.00) as they possessed single genotype.
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Table 16. Classification of french bean genotypes in to different clusters based on D?

value

Cluster number Number of Name of the genotypes
genotypes

| 24 IIHR-9, IIHR-23, IIHR-6, IIHR-7, 1IHR-40, 1IHR-44,
[IHR-34, 1IHR-245, IIHR-237, 1IHR-119, Arka Anup,
IIHR-32, 1IHR-234, IIHR-16, IIHR-76, IIHR-67,
[IHR-29, 1IHR-36, IIHR-35, Bagakot local, 11HR-13,
IIHR-47, 1IHR-87 and Arka Suvidha

I 9 [IHR-48, 1IHR-62, 1IHR-232, Arka Arjun, IIHR-53,

Arka Sharath, 11HR-21, 1IHR-27 and Arka komal

11 1 IIHR-37

v 1 IIHR- 67

Vv 1 IIHR-244
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Table 17. Average intra and inter cluster D2 values for 5 clusters for 21 characters
formed by 36 genotypes of french bean

Clusters I [ [l v \%
I 69.06 146.06 116.20 127.39 241.08
[ 48.21 223.39 171.48 395.94
[l 0.00 133.13 102.98
v 0.00 158.28
\% 0.00
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445 Cluster means

The mean values of 21characters for 5 clusters are summarized in Table 18.

4.45.1 Plant height at 25 DAS

Highest cluster mean for this character (Table 17) was observed in the cluster
Il (35.03 cm) followed by cluster 1 (28.91 cm), cluster IV (27.00 cm) and cluster 111

(19.25 cm) and the lowest cluster mean was observed in the cluster V (18.75 cm).
4.4.5.2 Plant height at 50 DAS

For this character highest cluster mean (Table 17) was observed in the cluster
I1 (51.33 cm) followed by cluster | (43.28 cm), cluster IV (41.25 cm) and the lowest

cluster mean was observed in the cluster V (35.80 cm).

4.4.5.3 Number of primary branchesat 50 DAT

Highest cluster mean for number of primary branches at 50 DAS (Table 17)
was observed in the cluster IV (7.05) followed by cluster |1 (6.65), cluster | (5.94) and
cluster 111 (5.00) and the lowest cluster mean was observed in the cluster V (4.85).

4.45.4 Plant spread (N-S) at 50 DAS

The mean (Table 17) for plant spread (N-S) at 50 DAS was highest in the
cluster Il (51.46 cm) followed by cluster | (44.52cm), cluster 111 (41.50 cm) and
cluster V (40.75 cm) and the lowest cluster mean was observed in the cluster 1V
(40.25 cm).

4.45.5 Plant spread (E-W) at 50 DAS

Highest cluster mean for plant spread (N-S) at 50 DAS (Table 17) was
observed in the cluster 11 (43.83 cm) followed by cluster | (37.61 cm), cluster 111
(34.80cm) and cluster 1V (34.00 cm) and the lowest cluster mean was observed in the
cluster V (33.50).



Table 18. Mean values of 21 charactersfor 5 clustersformed by 36 genotypesin French bean

Sl. No. Character Clusters
I I [l 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) a 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) a 25 DAS (cm) 35.74 42.93 32.45 33.50 29.00
7. Plant spread (E-W) at 25 DAS (cm) 3221 39.17 30.00 30.50 29.00
8. Daysto first flowering 34.15 30.28 35.50 31.00 31.00
9. Daysto 50 percent flowering 41.50 36.48 41.50 43.50 45.50
10. Daysto first pod maturity 52.91 48.52 48.50 49.75 54.00
11. | Podlength (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 0.55 054 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

4s)
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4.4.5.6 Plant spread (N-S) at 25 DAS

The mean (Table 17) for plant spread (N-S) at 25 DAS was highest in the
cluster 11 (42.93 cm) followed by cluster | (35.74cm), cluster 1V (33.50 cm) and
cluster 111 (32.45 cm) and the lowest cluster mean was observed in the cluster V
(29.00 cm).

4.4.5.7 Plant spread (E-W) at 25 DAS

For this character highest cluster mean (Table 17) was observed in the cluster
I1 (39.17 cm) followed by cluster IV (30.50 cm), cluster 111 (30.00 cm) and the lowest

cluster mean was observed in the cluster V (29.00 cm).
4.4.5.8 Daystofirst flowering

The mean (Table 17) for days to first flowering was highest in the cluster 111
(35.50 cm) followed by cluster | (34.15 cm), cluster 1V (31.00cm) and cluster V
(31.00 cm) and the lowest cluster mean was observed in the cluster 11 (30.28 cm).

4.4.5.9 Daysto 50 per cent flowering

For this character highest cluster mean (Table 17) was observed in the cluster
V (45.50) followed by cluster 1V (43.50), cluster 11l and cluster | (41.50) and the

lowest cluster mean was observed in the cluster 11 (36.48).
4.45.10 Daysto first pod maturity

Highest cluster mean for Days to first pod maturity (Table 17) was observed in
thecluster V (54.00) followed by cluster | (52.91), cluster |11 (49.75), cluster 11 (48.52)

and the lowest cluster mean was observed in the cluster 111 (48.50).
4.45.11 Pod length

Highest cluster mean for pod length (Table 17) was observed in the cluster |1
(14.46) followed by cluster | (13.37), cluster 111 (11.85), cluster 1V (11.00) and the

lowest cluster mean was observed in the cluster V (8.25).
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4.45.12 Pod width
The cluster means for pod width (Table 17) were 0.80, 0.81, 0.88 and 0.91 for

clusters 1l I, 111 and 1V, respectively and the highest cluster mean was observed in the
cluster V (1.28).

4.4.5.13 Pod flesh thickness

Highest cluster mean for Pod thickness (Table 17) was observed in the cluster
Il (0.65) followed by cluster |1 (0.62), cluster 111 (0.55), cluster IV (0.54) and the

lowest cluster mean was observed in the cluster V (0.43).

4.4.5.14 Number of seeds per pod

The cluster means for number of seeds per pod (Table 17) were 4.40, 5.50,
5.94 and 6.30 for clusters V, 1V, | and 11, respectively and the highest cluster mean
was observed in the cluster |1 (6.44).

4.4.5.15 Number of clustersper plant

The highest cluster means (Table 17) was observed in the cluster |1 (14.27)
followed by cluster | (13.64), cluster IV (12.75) and cluster V (11.63). The lowest

cluster mean was observed in the cluster V (10.50).

4.4.5.16 Number of pods per cluster

The cluster means for number of pods per cluster (Table 17) were 2.00, 2.52,
2.80 and 3.10 for clusters IV, I, Il and V, respectively and the highest cluster mean
was observed in the cluster 111 (3.13).

4.4.5.17 Number of pods per plant

The highest cluster mean (Table 17) was observed in the cluster 11 (40.83)
followed by cluster V (35.98), cluster | (34.42) and cluster 111 (32.75) and the lowest

cluster mean was observed in the cluster V (25.65).
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4.4.5.18 Weight of ten pods
The cluster means for Weight of ten pods (Table 17) were 30.65, 49.54, 50.33

and 51.91 for clusters V, 1V, | and 11, respectively and the highest cluster mean was
observed in the cluster 11 (58.98).

4.4.5.19 Dry matter content of pods

For this character highest cluster mean (Table 17) was observed in the cluster
Il (23.10) followed by cluster | (18.30), cluster 1V (18.25), cluster 111 (16.75) and the
lowest cluster mean was observed in the cluster V (16.65).

4.4.5.20 Pod yield per plant

Highest cluster mean for pod yield per plant (Table 17) was observed in the
cluster Il (235.94) followed by cluster | (172.38), cluster 111 (169.99), cluster 1V
(125.64) and the lowest cluster mean was observed in the cluster V (110.66).

4.4.5.21 Number of root nodules per plant

The mean (Table 17) for number of root nodules per plant was highest in the
cluster IV (21.40) followed by cluster Il (19.46), cluster V (15.35) and cluster |
(14.86) and the lowest cluster mean was observed in the cluster I11 (13.55).



5. DISCUSSION

The success of crop improvement programme depends on the extent of genetic
variability existing in the germplasm. Magnitude of genetic variability can determine
the pace and quantum of genetic improvement through selection or through
hybridisation followed by selection. Therefore, in the present investigation,
assessment of genetic variability in french bean was carried out during 2015-16 and
the results of the experiments are discussed in this chapter.

5.1 Genetic variability, heritability, genetic advance and genetic

advance over mean

Totally 36 genotypes were evaluated to know the amount of variability for
yield and yield contributing characters. The anaysis of variance (Tables 3 and 4)
indicated highly significant (at p=0.01) difference among genotypes for most of the
characters viz., plant height (25 and 50 DAS), plant spread (25 and 50 DAS), number
of primary branches (50 DAS), days to first flowering, days to 50 per cent flowering,
daysto first pod maturity, pod length, pod width, pod flesh thickness, number of seeds
per pod, number of clusters per plant, number of pods per cluster, number of pods per
plant, average pod weight, pod yield per plant, pod yield per plot, pod yield per ha,
number of root nodules per plant, dry matter content (leaves, stem, pod and roots) and
protein content. It indicated that sufficient variability existed for all the characters and
considerable improvement could be achieved in most of these characters by selection.
However, the analysis of variance by itself is not enough and conclusive to explain all
the inherent genotypic variance in the genotypes.

One of the ways in which the variability of these characters assessed is
through a ssimple approach of examining the range of variation. Range of variation
observed for al the traits in the present study (Tables 5 and 7) indicated the presence
of sufficient amount of variation among the genotypes for al the characters studied.
The range in the values reflects the amount of phenotypic variability which is not very
reliable since it includes genotypic, environmental and genotype X environmental
interaction components and does not reveal as which component is showing higher
degree of variability. Further, the phenotype of crop is influenced by additive gene
effect (heritable), dominance (non- heritable) and epistatic (non-alelic interaction).
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Hence, it becomes necessary to split the observed variability into phenotypic variation
(PV) and genotypic variation (GV) which indicates the extent of variability existing
for various traits. However, these GV and PV estimates are influenced by the units of
measurements of the various traits and even these estimates don’t give atrue picture.

The estimates of phenotypic coefficient of variation (PCV) and genotypic
coefficient of variation (GCV) will indicate the extent of variability existing for
various traits irrespective of their units of measurements. However, even these don’t
give a correct picture about the extent of inheritance of the characters. Therefore,
heritability of characters can be relied upon, as it enables the plant breeder to decide
the extent of selection pressure to be applied under a particular environment, which
separates out the environmental influence from the total variability. Nevertheless, its
use would be limited as this is prone to change with environments and material. The
estimation of heritability has a greater role to play in determining the effectiveness of
selection for a character, provided it is considered in conjunction with the predicted
genetic advance as suggested by Panse and Sukhatme (1957) and Johnson et al.
(1955) as the heritability is influenced by biometrical method, generation of hybrid,
sample size of experimental material and environment. With these points in view, the
results of the variability observed in the 36 french bean genotypes evaluated in the
present investigation are discussed here under.

5.1.1 Growth parameters

In the present investigation moderate estimates of genotypic coefficient of
variation and phenotypic coefficient of variation (11-20%) were observed for plant
height (25 and 50 DAS) and number of primary branches (50 DAS). Similar results
were aso obtained by Raffi and Nath (2004), Kumar et al. (2014), Prakash and Ram
(2014), Verma et al. (2014a) and Kumar et al. (2015) in french bean, Gnhanesh et al.
(2006), Magalingam et al. (2013), Chaitanya et al. (2014) in dolicos bean, Tyagi et al.
(2012) and Saxesena et al. (2014) in pea, Roy et al. (2006) in bush bean. It implied
equal importance of additive and non additive gene action and substantial amount of
variability for these traits.

It appears that phenotypic variability may be a good measure of genotypic
variability for characters such as plant height and number of branches per plant as the
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Fig. 1. Genotypic coefficient of variation and phenotypic coefficient of variation for different charactersin french bean genotypes.

8. Pant height a 25 DAS 8. Daysto first flowering 15. No. of clusters per plant 22. No. of root nodules per plant
9. Plant height at 50 DAS 9. Daysto 50 per cent flowering 16. No. of pods per cluster 23. Dry matter content in leaves
10. No. of primary branches at 50 DAS 10. Daysto first pod picking 17. No. of pods per plant 24. Dry matter content in stem
11. Pant spread (N-S) at 50 DAS 11. Pod length 18. Weight of ten pods 25. Dry matter content in pods
12. Pant spread (E-W) at 50 DAS 12. Pod width 19. Yield per plant 26. Dry matter content in roots
13. Plant spread (N-S) at 25 DAS 13. Pod flesh thickness 20. Yield per plot 27. Protein content in pods

14. Pant spread (E-W) at 25 DAS 14. No. of seeds per pod 21. Yield per hectare
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estimates of GCV and PCV were closer and parale indicating that they are
comparatively least affected by environment and hence could be relied upon in the
improvement of these parameters.

In the present study, very high heritability (>60%) along with high genetic
advance as per cent over mean (>20%) was recorded for the plant height (25 and 50
DAS). These results suggested that the inheritance of character is governed mainly by
additive gene effects and therefore, selection based on phenotypic performance may
prove useful. Similar results were aso reported by Raffi and Nath (2004),
Kamaluddin and Ahmed (2011), Kumar et al. (2014) and Singh et al. (2014b) in
french bean, Tyagi et al. (2012) in pea, Chaudari et al. (2013) and Magalingham et al.
(2013) in dolicos bean, Lenkala et al. (2015) in jack bean and Roy et al. (2006) in
bush bean.

High heritability (>60%) with moderate genetic advance (11-12%) was
recorded for number of primary branches per plant at 50 DAS. It indicated the
presence of dominance and epistatic gene action effects in controlling this character.
Similar trends were observed by Magalingham et al. (2013) in dolicos bean.

5.1.2 Earliness parameters

Low genotypic coefficient of variation and phenotypic coefficient of variation
were recorded for daysto first flowering, days to 50 % flowering and days to first pod
picking. These findings are in close agreement with the results obtained by Rai et al.
(2010), Prakash and Ram (2014), Vermaet al. (2014b) and Jayprakash et al. (2015) in
french bean, Tyagi et al. (2012) and Karnwal et al. (2013) in pea, kumar et al. (2015)
and Rai et al. (2012) in cluster bean, Chaudhari et al. (2013) in dolicos bean and
Ahmed et al. (2014) in mung bean, Lenkaa et al. (2015) in jack bean and low GCV
and PCV for these characters indicated the narrow genetic base.

High heritability with moderate GAM observed for days to first flowering,
days to 50 % flowering and days to first pod picking indicated the influence of non
additive gene action and considerable influence of environment on the expression of
these traits. These traits could be exploited through manifestation of dominance and
epistatic components through hybridization followed by selection. These findings are
smilar to the reports of Rai et al. (2010), Prakash and Ram (2014), Vermaet al. (2014b)



Plate 2a. Variability in pod shape, curvature and colour of the french bean genotypes
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Plate 2c. Variability in pod shape, curvature and colour of the french bean genotypes
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and Jayprakash et al. (2015) in french bean, Pan et al. (2004) and Magalingham et al.
(2013) in dolicos bean and Ahmed et al. (2014)in mung bean, Lenkala et al. (2015) in
jack bean.

5.1.3 Yield parameters

High (>20%) GCV and PCV were observed for most of yield traits viz., yield
per plant, yield per plot and yield per hectare. The results indicated the existence of
sufficient variability in genetic stock studied and the traits are governed by additive
genes. Hence, there is ample scope for improving these characters based on direct
selection. The findings of Rai et al. (2006), Kumar et al. (2014), Singh et al. (2014a),
Verma et al. (2014b) and Jayprakash et al. (2015) in french bean, Pan et al. (2004),
Gnanesh et al. (2006), Iam et al. (2011), Sankaran et al. (2011), Chaitanya et al.
(2014), Prashanth and Sreelatha (2014) and Verma et al. (2014a) in dolicos bean, Rai
et al. (2012) in cluster bean and Sharma and Bora (2013) in pea.

Moderate (11-20%) GCV and PCV were observed for pod width, pod flesh
thickness, number of clusters per plant, number of pods per cluster, number of pods
per plant, weight of ten pods, number of root nodules per plant, dry matter content in
pods and roots indicating the presence of moderate to good amount of variability for
these traits in the genetic stock. These results are in accordance with Raffi and Nath
(2004), Rai et al. (2006), Kumar et al. (2014), Prakash and Ram (2014), Prashanth
and Sreelatha (2014), Singh et al. (2014a), Verma et al. (2014b) and Jayprakash et al.
(2015) in french bean, Lenkala et al. (2015) in jack bean, Hanchimani (2003), Pan et
al. (2004)), Ahmed et al. (2011), Magalingham et al. (2013) and Chaitanya et al.
(2014) in dolicos bean, Roy et al. (2006) in bush bean, Rai et al. (2012) in cluster
bean. Moderate PCV and low PCV were observed for number of seeds per pod, dry
matter content in leaves and stem. Similar result was reported by Jayprakash et al.
(2015) in french bean. Thisindicated the moderate to good amount of variability.

High heritability (>60%) estimates along with high GAM (>20%) was
recorded for pod width, number of pods per plant, weight of ten pods, yield per plant,
yield per plot, yield per hectare, number of root nodules per plant, dry matter content
of pods and roots. These results indicated the presence of additive gene effects. Thus,
there is an ample scope for improving these characters with direct selection. Similar
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Fig. 2. Heritability and genetic advance over mean for different charactersin french bean genotypes

1. Plant height at 25 DAS 8. Daysto first flowering 15. No. of clusters per plant
2. Pant height a 50 DAS 9. Daysto 50 per cent flowering 16. No. of pods per cluster
3. No. of primary branches at 50 DAS 10. Daysto first pod picking 17. No. of pods per plant

4. Plant spread (N-S) at 50 DAS 11. Pod length 18. Weight of ten pods

5. Plant spread (E-W) at 50 DAS 12. Pod width 19. Yield per plant

6. Plant spread (N-S) at 25 DAS 13. Pod flesh thickness 20. Yield per plot

7. Plant spread (E-W) at 25 DAS 14. No. of seeds per pod 21. Yield per hectare

No. of root nodules per plant
Dry matter content in leaves
Dry matter content in stem
Dry matter content in pods
Dry matter content in roots
Protein content in pods
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findings were also reported by several investigators like Rai et al. (2006), Rai et al.
(2010), Kumar et al. (2014), Prakash and Ram (2014) and Jayprakash et al. (2015) in
french bean. Pan et al. (2004), Gnanesh et al. (2006), Iam et al. (2011), Chaudhari et
al. (2013), Magaingham et al. (2013) and Chaitanya et al. (2014) in dolicos bean,
Sharma and Bora (2013) and Saxesena et al. (2014) in pea, Roy et al. (2006) in bush
bean.

High heritability (>60%) with moderate genetic advance (11-12%) were
recorded for the characters like pod length, pod flesh thickness, number of seeds per
plant, number of clusters per plant, number of pods per cluster, dry matter content of
leaves and stem. This indicated the influence of non additive gene action and
considerable influence of environment on the expression of these traits. These traits
could be exploited through manifestation of dominance and epistatic components
through hybridization followed by selection. These results broadly corroborate with
that of results obtained by Kamaluddin and Ahmed (2011) in french bean. Gnanesh et
al. (2006), Prashanth et al. (2014) and Islam et al. (2011) in dolicos bean. Rai €t al.
(2012) in cluster bean. Sharma and Bora (2013) and Singh et al. (2014a) in pea.

5.1.3 Quality parameters

High PCV and GCV were observed for protein content in pods indicated the
existence of broad genetic base, which would be amenable for further selection.
Similar result was a so obtained by Magalingham et al. (2013) in dolicos bean.

High heritability (>60%) accompanied with high genetic advance as
percentage over mean (>20%) was recorded for protein content. Therefore, additive
component is predominant and hence, direct selection would be more effective in
improving these traits. The findings of Kumar et al. (2014) and Prakash and Ram
(2014) in french bean, Roy et al. (2006) in bush bean, Chaudari et al. (2013),
Magalingham et al. (2013) and Vermaet al. (2013a) in dolicos bean were similar.

5.2 Corréation studies

Variability studies provide information on the extent of improvement could be
achieved in different characters, but they do not throw light on the extent and nature
of relationship existing between various characters. Therefore, for rational approach
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towards the improvement of yield, selection has to be made for the components of
yield, since there may not be genes for yield per se, but only for various yield
components (Grafius, 1959). Further, many of these yield contributing characters may
interact in desirable and undesirable direction. Hence, a knowledge regarding the
association of various characters among themselves and with economic characters is
essential. In the present study, the genotypic and phenotypic correlation coefficients
were worked for growth, earliness, yield and quality components in french bean. The
observed difference between the genotypic and phenotypic correlation coefficients
was narrow for various traits in the present findings and this indicates the lesser
influence of environment in the expression of these traits and presence of strong
inherent association among the traits. Hence, only genotypic correlations are
discussed here under.

Total yield per plant was found to be highly significant and positively
associated with plant height at 25 DAS (ry=0.585), plant height at 50 DAS (rgy=
0.552), number of primary branches at 50 DAS (rg= 0.525), plant spread (N- S) at 50
DAS (rg= 0.707), plant spread (E-W) at 50 DAS (r= 0.857), plant spread (N- S) at 25
DAS (ry= 0.815), plant spread (E-W) at 25 DAS (rg= 0.807),pod length (ry =0.499),
pod flesh thickness (re- 0.594), number of seeds per pod(rg= 0.614), number of
clusters per plant (r;= 0.648), number of pods per cluster (r;=0.481), number of pods
per plant (ry= 0.809), weight of ten pods (rg = 0.717), dry matter content of pods (rg
=0.700) and number of root nodules per plant (r,= 0.601).Whereas days to first
flowering (ry=-0.499), days to 50 per cent flowering (rq = -0.573), days to first pod
maturity (ry = -0.51) and pod width (ry = -0.354) showed negative and significant
association at genotypic level. Hence, direct selection for growth and yield
components could be made for improving yield. The findings of Singh et al. (2005),
Ra et al. (2006), Rai et al. (2010), Kamaluddin and Ahmed (2011), Singh et al.
(2014b) and Verma et al. (2014b) in french bean, Hanchimani (2003), Gnanesh et al.
(2006), Islam et al. (2011), Chaudhari et al. (2013) and Magalingham et al. (2013) in
dolicos bean, Ullah et al.(2011) in yard long bean, kumar et al. (2015) and Girish et
al. (2012) in cluster bean, Lenkaa et al. (2015) in jack bean were similar.

Plant height at 25 DAS (Table 11) had positive and significant correlation at
p=0.01 with plant height at 50 DAS (0.957), number of primary branches at 50 DAS
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(0.645), plant spread (N-S) at 50 DAS (0.553), plant spread (E-W) at 50 DAS (0.613),
plant spread (N-S) at 25DAS (0.622), plant spread (E-W) at 25 DAS (0.685), pod
length (0.794), pod flesh thickness (0.661), number of seeds per pod(0.621),number
of clusters per plant (0.374), weight of ten pods (0.793), dry matter content of pods
(0.576), number of root nodules (0.496) and yield per plant (0.585). While it showed
significant and negative correlation with days to first flowering (-0.492), days to 50%
flowering (-0.692), days to first pod maturity (-0.575) and pod width (-0.485). Similar
results were reported by Verma et al. (2014b), and kumar et al. (2014) in French
bean, Gnanesh et al. (2006) and Ravinaik et al.(2014) in dolicos bean, Singh et al.
(2004) in cluster bean.

A significant (at p=0.01) and positive correlation of plant height at 50 DAS
(Table 11) was observed with number of primary branches at 50 DAS (0.447), plant
spread (N-S) at 50 DAS (0.342) plant spread (E-W) at 50 DAS (0.486), plant spread
(N-S) at 25 DAS (0.582) plant spread (E-W) at 25 DAS (0.552), pod length (0.682),
pod flesh thickness (0.448), number of seeds per pod(0.537), number of clusters per
plant (0.421), number of pods per plant (0.314), weight of ten pods (0.573), dry matter
content of pods (0.673), number of root nodules (0.471) and yield per plant (0.552).
Whereas it showed significant and negative correlation with days to first flowering
(-0.422), days to 50% flowering (-0.684), days to first pod maturity (-0.530) and pod
width (-0.304). Angadi et al. (2012) and Gangadhara (2012) in french bean aso
reported similar findings.

Number of primary branches at 50 DAS (Table 11) had positive and
significant association at p=0.01 with plant spread (N-S) at 50 DAS (0.661), plant
spread (E-W) at 50 DAS (0.641), plant spread (N-S) at 25 DAS (0.584), plant spread
(E-W) at 25 DAS (0.642), pod length (0.298), number of seeds per pod (0.462),
number of clusters per plant (0.389), weight of ten pods (0.622.), dry matter content
of pods (0.465), number of root nodules (0.707) and yield per plant (0.525).It showed
significant and negative correlation with days to first flowering (-0.341) and days to
first pod maturity (-0.342). This trait had positive and significant (at p=0.05)
association with number of pods per plant (0.236). The findings of Govankoppa
(2001) and Syed mudasir et al. (2012) in French bean, Ravinaik et al. (2014) and
Chaudhari et al. (2013) in dolicos bean, Singh et al. (2002) in cluster bean are in
conformity with present findings.
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A highly significant and positive correlation of plant spread (N-S) at 50 DAS
(Table 11) was observed with plant spread (E-W) at 50 DAS (0.895), plant spread (N-
S) at 25 DAS (0.822), plant spread (E-W) at 25 DAS (0.830), pod length (0.328), pod
flesh thickness (0.470), number of seeds per pod (0.429), number of clusters per plant
(0.371), number of pods per cluster (0.448), number of pods per plant (0.596), weight
of ten pods (0.465), dry matter content of pods (0.617), number of root nodules
(0.543) and yield per plant (0.707) and pod width (-0.266) had positive relation at
p= 0.05. It showed significant and negative correlation with days to first flowering
(-0.370), days to 50% flowering (-0.465), days to first pod maturity (-0.428). This
view was supported by Girish et al. (2012) in cluster bean.

Plant spread (E-W) at 50 DAS (Table 11) was highly significant and positively
associated with plant spread (N-S) at 25 DAS (0.917), plant spread (E-W) at 25 DAS
(0.904), pod length (0.376), pod flesh thickness (0.551), number of seeds per pod
(0.386), number of clusters per plant (0.639), number of pods per cluster(0.441),
number of pods per plant (0.793), weight of ten pods (0.493), dry matter content of
pods (0.802), number of root nodules (0.665) and yield per plant (0.857). It showed
significant and negative correlation with days to first flowering (-0.431), days to 50%
flowering (-0.490), days to first pod maturity (-0.304). Similar results were obtained
by Hanchimani (2003) in dolicos bean.

A significant at p=0.01 and positive association of days to first flowering
(Table 11) was noticed with days to 50 per cent flowering (0.479), days to first pod
maturity (0.476). While it showed significant and negative correlation with pod flesh
thickness (-0.407), number of pods per plant (-0.373), weight of ten pods (-0.377), dry
matter content of pods (-0.677), number of root nodules (-0.416) and yield per plant
(-0.499). Whereas negative and significant (at p=0.05) association was found with
number of seeds per pod (-0.292), number of clusters per plant (-0.272). The similar
results were observed by Verma et al. (2014b) in french bean, Gnanesh et al. (2006)
and Idam et al. (2011) in dolicos bean, Lenkala et al. (2015) in jack bean.

Days to 50 per cent flowering (Table 11) was positively and significantly (at
p=0.01) correlated with days to first pod maturity (0.452), pod width (0.390). It
showed significant and negative correlation with pod length (-0.507), number of seeds
per pod (-0.438), number of pods per plant (-0.375), weight of ten pods (-0.510), dry
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matter content of pods (-0.743), number of root nodules (-0.324) and yield per plant (-
0.573). Whereas negative and significant (at p=0.05) association was noticed with pod
flesh thickness (-0.277) number of clusters per plant (-0.243) and number of pods per
cluster (-0.231). The findings of Syed mudasir et al. (2012), Verma et al. (2014b) and
Jayprakash et al. (2015) in French bean, Karnwal et al. (2013) in pea, Chaudhari et al.
(2013) and Ravinaik et al. (2014) dolicos bean are in conformity with present
findings.

A significant at p=0.01 and negative association of days to first pod maturity
(Table 11) was observed with number of pods per cluster (-0.315), number of pods
per plant (-0.426), weight of ten pods (-0.363), dry matter content of pods (-0.447),
number of root nodules (-0.478) and yield per plant (-0.517). While, number of seeds
per pod (-0.268) and number of clusters per plant (-0.291) were found significant (at
p=0.05) but negatively correlated with this trait. Several workers like Syed mudasir et
al. (2012) in french bean, Chaudhari et al. (2013), Magalingham et al. (2013) and
Ravinaik et al. (2014) in dolicos bean, Karnwal et al. (2013) in pea, Lenkala et al.
(2015) in jack bean also observed similar results.

Pod length (Table 11) had positive and highly significant association with pod
flesh thickness (0.512), number of seeds per pod (0.608), number of clusters per plant
(0.631), number of pods per cluster (0.572), number of pods per plant (0.589), weight
of ten pods (0.591) and yield per plant (0.553). But it showed significant and negative
correlation with pod width (-0.499). These results were obtained by Rai et al. (2006),
Kamaluddin and Ahmed (2011), Syed mudasir et al. (2012), Singh et al. (2014b) and
Verma et al. (2014b) in french bean, Pan et al.(2004), Ali et al. (2005) and Gnanesh
et al. (2006) in dolicos bean are in accordance with present findings.

Pod width (Table 11) had negative and highly significant correlation with pod
flesh thickness (-0.436), number of seeds per pod (-0.477), weight of ten pods
(-0.549) and yield per plant (-0.354). Similar results were also obtained by Ral et al.
(2004) and Verma et al. (2014b) in french bean, Lenkala et al. (2015) in jack bean.

Number of seeds per pod (Table 11) had positive and highly significant
association with weight of ten pods (0.790), dry matter content of pods (0.493),
number of root nodules per plant (0.317) and yield per plant (0.614). These results are
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in conformity with the readings of Rai et al. (2010), Kamaluddin and Ahmed (2011)
and Singh et al. (2014b) in French bean, Gnanesh et al. (2006) and Ravinaik et al.
(2014) in dolicos bean, Lenkaaet al. (2015) in jack bean.

The significant at p=0.01 and positive correlation of number of clusters per
plant (Table 11) was observed with number of pods per plant (0.760), dry matter
content of pods (0.366), number of root nodules per plant (0.410) and yield per plant
(0.648). Girish et al. (2012) in cluster bean also obtained similar results.

Number of pods per cluster (Table 11) had positive and highly significant
association with number of pods per plant (0.667) and yield per plant (0.481). While
and dry matter content of pods (0.269) and number of root nodules per plant (0.234)
were found significant (at p=0.05) and positively associated with this trait. Similar
results were obtained by Chaudhari et al. (2013) and Ravinaik et al. (2014) in dolicos
bean, Venkatesan et al. (2003) in cowpea.

The significant at p=0.01 and positive correlation of number of pods per plant
(Table 11) was observed with yield per plant (0.809), dry matter content of pods
(0.484) and number of root nodules per plant (0.465). These results are in conformity
with the observations of Raffi and Nath (2004), Rai et al. (2010), Kamaluddin and
Ahmed (2011), Syed Mudasir et al. (2012), Singh et al. (2014b) and Jayprakash et al.
(2015) in french bean, Gnanesh et al. (2006), Islam et al. (2011) and Chaudhari et al.
(2013) dolicos bean.

Weight of ten pods exhibited the positive and highly significant association
with pod yield (0.717), dry matter content of pods (0.611) and number of root nodules
per plant (0.433). These results obtained by Rai et al. (2006), Verma et al. (2014b)
and Singh et al. (2014b) in french bean, Lenkaa et al. (2015) in jack bean, Pan et al.

(2004) and Parmar et al. in dolicos bean are in accordance with present findings.

Dry matter content of pods had positive and significant (at p=0.01) association
with number of root nodules per plant (0.639) and yield per plant (0.717). Similar
results were also obtained by Verma et al. (2014b) in French bean and Aditya et al.
(2011) in soyabean.
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5.3 Path co-efficient analysis

Though correlation analysis indicates the association pattern of component
traits with yield, it smply represents the overall association of a particular trait with
yield rather than providing cause and effect relationship. The technique of path
coefficient analysis developed by Wright (1921) and demonstrated by Dewey and Lu
(1957) facilitates in partitioning the correlation coefficients into direct and indirect
contribution of various characters on yield. It is a standardised by partia regression
coefficient analysis. As such, it measures the direct influence of one variable upon
other. Such information would be of great value in enabling the breeder to specifically
identify important component traits of yield and utilise the genetic stock for

improvement in a planned way.

Path analysis also measures the relative importance of causal factors involved.
This is simply a standardized partia regression analysis, where in total correlation
values were subdivided into causal factors.

In the present study, path coefficient analysis between the components of
french bean was worked out. As the genotypic associations are inherent, the path
analysisis discussed only at genotypic level.

Plant height at 25 DAS (Table 13) had low and direct positive effect (0.114)
on total yield per plant. It had negligible to low indirect and positive effects through
plant height at 50 DAS (0.138), number of primary branches at 50 DAS (0.093), plant
spread (N-S) at 50 DAS (0.079), plant spread (E-W) at 50 DAS (0.088), pod length
(0.114), pod flesh thickness (0.095), number of seeds per pod (0.089), weight of ten
pods (0.114) and dry matter content of pods (0.089). It also had low and indirect
negative effects through days to first flowering (-0.071), days to 50% flowering
(-0.099), days to first pod maturity (-0.083) and pod width (-0.070). Similar results
were obtained by Nath and Korla (2004) in french bean, Roy et al. (2006) in bush
bean and Gnanesh et al. (2006) in dolicos bean.

Plant height at 50 DAS (Table 13) had high and direct negative effect (-0.352)
on total yield per plant. It had moderate and indirect negative effects through plant
spread (N-S) at 25 DAS (-0.205), pod length (-0.240), weight of ten pods (-0.202) and
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dry matter content of pods (-0.237). It dso had low and indirect negative effect
through number of primary branches at 50 DAS (-0.157), plant spread (E-W) at 50
DAS (-0.171), plant spread (E-W) at 25 DAS (0.194), number of seeds per pod
(-0.189) and number of clusters per plant (-0.148) and also showed low to moderate
indirect but positive effect through days to first flowering (0.149) and daysto first pod
maturity (0.187) and days to 50 % flowering (0.241). The findings of Govankoppa
(2001), Raffi and Nath (2004), Kamauddin and Ahmed (2011) in french bean,
Chaudhari et al. (2013) and Ravinaik et al. (2014) in dolicos bean were in conformity
with the present readings.

Number of primary branches at 50 DAS (Table 13) had negligible and direct
positive effect (0.030) on total yield per plant. It had negligible indirect and positive
effects through plant spread (N-S) at 50 DAS (0.020), plant spread (E-W) at 50 DAS
(0.019), plant spread (N-S) at 25 DAS (0.018), plant spread (E-W) at 25 DAS (0.019),
pod flesh thickness (0.016), number of seeds per pod (0.014), weight of ten pods
(0.019) and number of root nodules per plant (0.021). Similar results are reported by
Ganghadhara et al. (2012) and Mehra and Singh (2012) in french bean, Chaudhari et
al. (2013) and Ravinaik et al. (2014) in dolicos bean and kumar et al. (2015) in cluster
bean.

Plant spread (N-S) at 50 DAS (Table 13) had low and direct negative effect
(-0.160) on total yield per plant. It had low and indirect negative effect through plant
spread (E-W) at 50 DAS (-0.143), plant spread (N-S) at 25 DAS (-0.131) and plant
spread (E-W) at 25 DAS (-0.133). It also had negligible and negative indirect effects
through number of pods per plant (-0.095), pod flesh thickness (-0.075), weight of ten
pods (-0.074), dry matter content of pods (-0.099), and number of root nodules per
plant (-0.087) and negligible and positive indirect effects through days to 50 %
flowering (0.074) and days to first pod maturity (0.068).

Plant spread (E-W) at 50 DAS (Table 13) had negligible and direct positive
effect (0.011) on total yield per plant. It had negligible indirect and positive effects
through plant spread (N-S) at 25 DAS (0.011), plant spread (E-W) at 25 DAS (0.010),
number of pods per plant (0.009) and dry matter content of pods (0.009).
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Days to first flowering (Table 13) had negligible and direct negative effect
(-0.005) on total yield per plant. It had negligible and indirect positive effect through
pod flesh thickness (0.002), dry matter content of pods (0.003) and number of root
nodules per plant (0.002). These results are in accordance with those of Joshi and
Mehra (1984) and Verma et al. (2014b) in french bean, Gnanesh et al. (2006) and
Singh et al. (2011) in dolicos bean, and kumar et al. (2015) in cluster bean.

Days to 50% per cent flowering (Table 13) had low and direct negative effect
(-0.128) on total yield per plant. It had negligible and indirect negative effect through
days to first pod maturity (-0.058) and pod width (-0.050). It also had negligible and
indirect positive effect through pod length (0.065), weight of ten pods (0.065),
number of seeds per pod (0.056) and number of pods per plant (0.048). Similar results
were recorded by Mishra et al. (2009) in french bean, Pal and Singh (2012) in pes,
Chaudhari et al. (2013) in dolicos bean.

Days to first pod maturity (Table 13) had negligible and direct negative effect
(-0.098) on total yield per plant. It had negligible and indirect positive effect through
number of pods per plant (0.041), weight of ten pods (0.035), number of seeds per
pod (0.026) and number of clusters per plant (0.028) and number of pods per cluster
(0.031). The findings of Raffi and Nath (2004) in french bean and Pal and Singh
(2012) in peawere similar.

Pod length (Table 13) had low and direct positive effect (0.121) on total yield
per plant. It had negligible and direct positive effect through pod flesh thickness
(0.074), number of seeds per pod (0.064), number of clusters per plant (0.029), weight
of ten pods (0.096) and dry matter content of pods (0.074). It also had negligible and
direct negative effect through pod width (-0.065). The findings of Joshi and Mehra
(1984), Nath and Korla (2004), Rai et al. (2010) and Verma et al. (2014b) in french
bean, Gnanesh et al. (2006), Singh et al. (2011) and Ravinaik et al. (2014) in dolicos
bean and Karnwal et al. (2006) in peawere in conformity with present findings.

Pod width (Table 13) had negligible and direct positive effect (0.056) on total
yield per plant. It had negligible and indirect negative effect through weight of ten
pods (-0.030), pod flesh thickness (-0.024) and number of seeds per pod (-0.026).
Similar results were obtained by kumar et al. (2015) in cluster bean, Govankoppa
(2001) in french bean and Ravinaik et al. (2014) in dolicos bean.
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Number of seeds per pod (Table 13) had negligible and direct positive effect
(0.082) on tota yield per plant. It aso had negligible and indirect positive effect
through number of clusters per plant (0.018), number of pods per plant (0.019),
weight of ten pods (0.065) and dry matter content of pods (0.040). The findings of
Singh et al. (2014) and Verma et al. (2014b) in french bean, Chaudhari et al. (2013)
and Gnanesh et al. (2006) in dolicos bean, Venkatesan et al. (2003) in cowpea were

similar.

Number of clusters per plant (Table 13) had high and direct positive effect
(0.673) on total yield per plant. It aso had high and indirect positive effect through
number of pods per plant (0.511). It aso had low to moderate and indirect positive
effect through weight of ten pods (0.103), dry matter content of pods (0.246) and
number of root nodules (0.276). Similar findings were recorded by Venkatesan et al.
(2003) in cowpea, Idress et al. (2006) and Singh et al. (2009) in mung bean.

Number of pods per cluster (Table 12) had high and direct positive effect
(0.523) on total yield per plant. It had high and indirect positive effect through
number of pods per plant (0.349). It had low and indirect positive effect through dry
matter content of pods (0.144) and number of root nodules (0.122). These results
obtained by Mehra and Singh (2012) in french bean, kumar et al. (2015) in cluster
bean, and Ravinaik et al. (2014) in dolicos bean are in accordance with present

findings.

Number of pods per plant (Table 13) had low and direct negative effect
(-0.179) on total yield per plant. It had low and indirect negative effect through weight
of ten pod (-0.029), dry matter content of pods (-0.086) and number of root nodules
(-0.083). Similar results were recorded by Verma et al. (2014b) and Singh et al.
(2014b) in french bean, Kutty et al. (2003) in cowpea, Pal and Singh (2012) in pea.

Weight of ten pods (Table 13) had high and direct positive effect (0.345) on
total yield per plant. It had moderate and indirect positive effect through dry matter
content of pods (0.211) and low and indirect positive effect through number of root
nodules per plant (0.149). Similar results were obtained by Kumar et al. (2014), Ra et
al. (2006) and Vermaet al. (2014b) in french bean.
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54 Genetic divergence

The success of a breeding programme depends upon the selection of parents. It
has been found that the progenies derived from crossing divergent parents give
divergent and useful progenies. The D2 analysis proposed by Mahalanobis (1936) has
been reported to be an effective tool to assess the genetic divergence. Such an anaysis
eventually helps to choose desirable parents for recombination breeding and thus

results in the development of superior varieties.

Ecologica diversity has been regarded as a reasonable index of genetic
diversity (Vavilo, 1926, Mall et al., 1962 and Ram and Panwar, 1970). Assuming this,
the cultivars from widely separated localities has been included in hybridization
programme by most of the plant breeders for recovering promising segregants. But,
Sachan and Sharma (1971) could not find any direct relationship between geographic
distribution and genetic diversity in crops belonging to different breeding systems.

The materia for present study includes 36 genotypes grouped into five
clusters using Tocher’s method. Of the five clusters studied, Cluster | was the largest
having 24 genotypes followed by cluster 11 (9) and remaining three clusters had one
genotype each. Genotypes usualy did not cluster according to geographical
digtributions. 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) in
dolicos bean, Panigrahi et al. (2014) in black gram and kutty et al. (2003) in cowpea

were similar.

Intra cluster distances revealed cluster | with 24 genotypes showed maximum
intra cluster diversity (D*=69.06) followed by cluster 11 (D?=48.21). The clusters 111,
IV and V had solitary genotype. Maximum intra-cluster distance was observed in
cluster | indicating existence of wide genetic divergence among the constituent
genotypes in it as compared to other cluster. High degree of divergence among the
genotypes within a cluster would produce more segregating breeding materials and
selection within such cluster might be executed based on maximum mean value for
the desirable characters.
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Based on distance between clusters i.e. inter-cluster distance, the maximum
divergence was observed between cluster 11 and cluster V (D?=395.94) followed by
clusters | and V (D2=241.08), cluster Il and 11l (D?*=223.39), cluster Il and IV
(D?=171.48) and cluster IV and V (D?=158.28). Maximum inter-cluster D? values was
observed between the clusters Il and V indicating that the genotypes in these clusters
can be used as a parents in hybridization programme to obtain the superior segregants.

The clusters have been formed based on the contribution of different
characters to the divergence. The relative contribution of different quantitative
characters towards expression of genetic divergence was calculated. Number of pods
per plant (27.46%) contributed 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 clusters 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 per cent flowering (2.06%), weight of ten pods (1.90%), days to first
flowering (1.59%) and pod length (1.43%). The contribution was less than one
percent from some of the character viz., plant height at 50 DAS (0.95%), plant spread
(N-S) at 25 DAS (0.79%) and plant spread (E-W) at 25 DAS (0.79%). The findings of
Syed mudasir et al. (2012) and in french bean, Chaitanya et al. (2013) and Salim et al.
(2013) in dolicos bean, Panigrahi et al. (2014) in black gram.

Highest cluster mean for plant height at 25 and 50 DAS was observed in the
cluster 1l followed by cluster I, cluster IV and cluster I1l. The inter-cluster distance
between cluster 11 and | (D?=146.06), cluster Il and IV (D?=171.48) and Il and III
(D?=223.39) were comparatively high. Hence crosses between the genotypes of these
respective clusters would be more rewarding to achieve improvement in plant height.

Highest cluster mean for number of primary branches at 50 DAS was observed
in the cluster IV followed by cluster 1, cluster | and cluster I1l. The inter-cluster
distance between cluster IV and I (D?=171.48), cluster IV and | (D?*=127.39) and IV
and 111 (D’=133.13) were comparatively high. Therefore, crosses between the
genotypes belonging to these respective clusters would be of much help to isolate
genotypes with more number of branches per plant.
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The mean for plant spread (N-S) at 50 DAS was highest in the cluster Il
followed by cluster I, cluster 11l and cluster V. The inter-cluster distance between
cluster 11 and | (D*=146.06), cluster Il and 111 (D?*=223.39) and Il and V (D?=395.94)
were comparatively high. Hence, crosses can be made between the genotypes
belonging to the respective clusters to isolate genotypes with better spreading habit,
which ultimately help in increasing the branches, flowers, fruit set and finaly

resulting in higher yields.

Highest cluster mean for plant spread (N-S) at 50 DAS was observed in the
cluster 11 followed by cluster I, cluster 1l and cluster 1V. The inter-cluster distance
between cluster 11 and | (D?*=146.06), cluster |1 and 111 (D?*=223.39) and Il and IV
(D?=171.48) were comparatively high. Hence, hybridization between genotypes of
these respective clusters could be attempted to get better spreading genotypes to
obtain higher pod yield.

The mean for plant spread (N-S) a 25 DAS was highest in the cluster Il
followed by cluster I, cluster IV and cluster I1l. The inter-cluster distance between
cluster 11 and | (D?=146.06), cluster I and IV (D*=171.48) and Il and 111 (D*=223.39)
were comparatively high. Hence, crosses can be made between the genotypes
belonging to the respective clusters to isolate genotypes with better spreading habit,
which ultimately help in increasing the branches, flowers, fruit set and finaly
resulting in higher yields.

The highest mean for plant spread (E-W) at 25 DAS was observed in the
cluster 11 followed by cluster I, IV and cluster I11. The inter-cluster distance between
cluster Il and | (D?*=146.06), cluster I and IV (D*=171.48) and Il and 111 (D*=223.39)
were comparatively high. Hence hybridization between genotypes of respective
clusters to improve plant spread is suggested.

The mean for days to first flowering was highest in the cluster 111 followed by
cluster |, cluster IV and cluster V. The inter-cluster distance between cluster 111 and |
(D?=116.20), cluster Il and IV (D?=133.13) and Il and V (D?=102.98) were
comparatively high. Hence, hybridization between genotypes of these respective
clustersis expected to be helpful in enhancing the earliness.
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For days to 50 per cent flowering highest cluster mean was observed in the
cluster V followed by cluster 1V, cluster Il and cluster I. The inter-cluster distance
between cluster V and IV (D?=158.28), cluster V and |1l (D*=102.98) and V and |
(D?=241.08) were comparatively high. Hence, hybridization between genotypes of
respective clusters may yield desirable resuilts.

Highest cluster mean for days to first pod maturity was observed in the cluster
V followed by cluster |, cluster 111 and cluster I1. The inter cluster distances between
V and | (D?=241.08), V and Il (D?=102.98) and V and Il (D?=395.94) were
comparatively high. Hence, hybridization between genotypes of these respective
clusters could be attempted to get early pod yield.

Highest cluster mean for pod length and pod flesh thickness were observed in
the cluster 1l followed by cluster I, cluster Il and cluster 1V. The inter cluster
distances between Il and | (D?=146.06), 1l and Il (D?*=223.39) and Il and IV
(D?=171.48) were comparatively high. Hence, hybridization between genotypes of
respective clusters can be attempted to improve pod length and pod flesh thickness
that ultimately contributes towards yield.

The mean for pod width was highest in the cluster V followed by cluster 1V,
cluster Il and cluster I. The inter-cluster distance between cluster V and IV
(D%*=158.28), cluster V and Il (D?=102.98) and V and | (D*=241.08) were
comparatively high. Therefore it would be logical to attempt crossing among the
genotypes belonging to these cluster so as to evolve desirable high pod width.

For number of seeds per pod highest cluster mean was observed in the cluster
Il followed by cluster 111, cluster |, cluster IV. The inter cluster distances between 11
and 11l (D?*=223.39), Il and | (D?=146.06) and Il and IV (D?=171.48) were
comparatively high. Hence, hybridization between genotypes of these respective
clusters could be attempted to get more number of seeds per pod.

The highest cluster mean for number of clusters per plant was observed in the
cluster 1l followed by cluster |, cluster IV and cluster V. The inter cluster distances
between Il and | (D’=146.06), |1 and IV (D*=171.48) and Il and V (D?*=395.94) were
comparatively high. Hence, crosses between the genotypes of these respective clusters
may be tried for improvement of the number of clusters per plant.
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For number of pos per cluster highest cluster mean was observed in the cluster
I11 followed by cluster V, cluster Il, cluster I. The inter cluster distances between |11
and V (D?=102.98), Il and Il (D%*=223.39) and | and IV (D?*=127.39) were
comparatively high. Therefore, it would be logical to attempt crossing among the
genotypes belonging to these clusters so as to obtain more pods per cluster

The highest cluster mean for number of pods per plant was observed in the
cluster 1l followed by cluster V, cluster | and cluster I11. The inter cluster distances
between 11 and V (D*=395.94), Il and | (D?=146.06) and Il and 11l (D*=223.39) were
comparatively high. Hence, crosses can be made between the genotypes of these pair
of clusters for improvement of number of pods per plant.

The highest cluster mean for weight of ten pods was observed in the cluster 11
followed by cluster I, cluster 111 and cluster IV. The inter cluster distances between 11
and | (D*=146.06), Il and Il (D?=223.39) and Il and IV (D?=171.48) were
comparatively high. Hence, crosses can be made between the genotypes of these
respective clusters for improvement average fruit weight that contributes for yield.

For dry matter content of pods highest cluster mean was observed in the
cluster 1l followed by cluster I, cluster 1V, cluster Ill. The inter cluster distances
between 11 and | (D?=146.06), |1 and IV (D?=171.48) and Il and |1l (D?*=223.39) were
comparatively high. Hence, crosses between the genotypes of these respective clusters
may be tried for improvement of the dry matter content of pods.

Highest cluster mean for pod yield per plant was observed in the cluster 11
followed by cluster I, cluster 111 and cluster V. The inter cluster distances between 11
and | (D*=146.06), Il and Il (D?=223.39) and Il and IV (D?=171.48) were
comparatively high. Hence, crosses can be made between the genotypes of these
respective clusters for improvement of total pod yield per plant.

The mean for number of root nodules per plant was highest in the cluster 1V
followed by cluster I, cluster V and cluster I. The inter-cluster distance between
cluster IV and Il (D*=171.48), cluster IV and V (D%*=158.28) and IV and |
(D?=127.39) were comparatively high. Hence, hybridization between genotypes of
these respective clustersis expected to increase the number of root nodules per plant.



6. SUMMARY AND CONCLUSIONS

An investigation on the Variability and genetic diversity studies in french bean
(Phaseolus vulgaris L.) was carried out during rabi season of the year 2015-2016 at
Research Block of Vegetable Section in Sector No. 1 under the University of
Horticultural Sciences, Bagalkot with 36 genotypes. The main objectives of the
present investigation were to study the nature and extent of genetic variability and
character association in french bean germplasm for growth, earliness, yield and

quality parameters and to study the extent of diversity in french bean germplasm.
Variability studies

The variance due to treatments (genotypes) was significant for al 27
characters viz., plant height (25 and 50 DAS), plant spread (25 and 50 DAS), number
of primary branches (at 60 DAS), days to first flowering, days to 50 per cent
flowering, days to first pod maturity, pod length, pod width, pod flesh thickness,
number of seeds per pod, number of clusters per plant, number of pods per cluster,
number of pods per plant, average pod weight, pod yield per plant, pod yield per plot,
pod yield per hectare, number of root nodules per plant, dry matter content (leaves,
stem, pod and roots) and protein content. Means of genotypes varied greatly for

severd traits indicating the higher magnitude of variability in the germplasm.

High (>20%) GCV and PCV were observed for yield per plant, yield per plot,
yield per hectare and protein content. It indicated the existence of sufficient variability
in genetic stock studied and the traits are governed by additive genes. Hence, there is
ample scope for improving these characters based on direct selection. Moderate GCV
and PCV (10-20%) were observed for plant height at 25 and 50 DAS, number of
primary branches at 50 DAS, plant spread (N-S) at 25 DAS, plant spread (N-S) at 50
DAS, plant spread (E-W) at 25 DAS, pod length, pod width, pod flesh thickness,
number of pods per cluster, number of pods per plant, weight of ten pods, number of
root nodules per plant, dry matter content of pods and roots. It implied equal
importance of additive and non additive gene action and substantial amount of
variability for these traits. Therefore phenotypic variability may be a good measure of

genetic variability and hence selection for such traits would be rewarding.
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Low GCV (>10%) and moderate PCV (11-12%) were observed for plant
spread (E-W) at 50 DAS, number of seeds per pod, dry matter content in leaves and
stem. These results indicate that apparent variation is not only due to genotypes but
also due to the influence of environment on the expression of character. Selection for
such traits may not give desirable results. Low GCV and PCV were observed for days
to first flowering, days to 50 % flowering and days to first pod picking. This indicated
low variability in the germplasm stock necessitating generation of new variability for
these characters.

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, number
of pods per plant, average pod weight, yield per plant, yield per plot, yield per hectare,
number of root nodules per plant, dry matter content of pods and roots and protein
content. These results indicated the presence of additive gene effects. Thus, thereis an
ample scope for improving these characters with direct selection.

High heritability (>60%) with moderate genetic advance (11-12%) were
recorded for the characters like number of primary branches at 50 DAS, plant spread
(E-W) at 50 DAS, plant spread (N-S) at 25 DAS, pod length, pod flesh thickness,
number of seeds per plant, number of clusters per plant, number of pods per cluster,
dry matter content of leaves and stem. This indicated the influence of non additive
gene action and considerable influence of environment on the expression of these
traits. These traits could be exploited through manifestation of dominance and
epistatic components through hybridization followed by selection.

Correlation and path analysis

Total yield per plant was found to be positively and significantly (p=0.01)
associated with plant height at 25 and 50 DAS, number of primary branches at
50 DAS, plant spread (N- S) at 50 DAS, plant spread (E-W) at 50 DAS, plant spread
(N- S) at 25 DAS, plant spread (E-W) at 25 DAS, pod length, pod flesh thickness,
number of seeds per pod, number of clusters per plant, number of pods per cluster,
number of pods per plant, weight of ten pods, dry matter content of pod and number
of root nodules per plant. Whereas days to first flowering, days to 50 per cent
flowering, days to first pod maturity and pod width showed negative and significant
association at both genotypic level and phenotypic level.
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Path analysis studies revealed that significant positive association at genotypic
level among the traits viz., number of clusters per plant (0.673), number of pods per
cluster (0.523), weight of ten pods (0.345), plant spread (E-W) at 50 DAS (0.220),
plant height at 50 DAS (0.144) and pod length (0.121) had exhibited true association
with direct effect on yield per plant. The direct selection for these traits would be
rewarding for improvement in the total yield per plant.

Genetic divergence

Thirty six genotypes were grouped into five clusters. A maximum of 24
genotypes included in cluster | followed by 9 genotypes in cluster |1 and the clusters
I11, 1V and V had solitary genotype.

Intra cluster distances revealed cluster | with 24 genotypes showed maximum
intra cluster diversity (D*=69.06) followed by cluster 11 (D?=48.21). The clusters 111,
IV and V had solitary genotype. Maximum intra-cluster distance was observed in
cluster | indicating existence of wide genetic divergence among the constituent
genotypes in it as compared to other cluster. High degree of divergence among the
genotypes within a cluster would produce more segregating breeding materials and
selection within such cluster might be executed based on maximum mean value for
the desirable characters.

Based on distance between clusters i.e. inter-cluster distance, the maximum
divergence was observed between cluster 11 and cluster V (D?=395.94) followed by
clusters | and V (D?=241.08), cluster Il and Il (D?*=223.39), cluster Il and IV
(D?*=171.48) and cluster IV and V (D?=158.28). This clustering helps the breeders for
selection of genotypes for hybridization programmes and can be used as base for
patenting or registration.

Among the 21 characters included for D? analysis, number of pods per plant
(27.46%) contributed 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
clusters 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 per cent
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flowering (2.06%), weight of ten pods (1.90%), days to first flowering (1.59%) and
pod length (1.43%). The contribution was less than one percent from some of the
character viz, plant height at 50 DAS (0.95%), plant spread (N-S) at 25 DAS (0.79%)
and plant spread (E-W) at 25 DAS (0.79%).

The top three characters contributing most towards the genetic divergence
were number of pods per plant followed by total yield per plant and dry matter
content of pods. These characters may be used in selecting genetically diverse parents
for hybridization programme to execute efficient selection in the segregating
generation.

Salient findings and future line of work

1. Moderate GCV and PCV (10-20%) were observed for pod length, pod width,
pod flesh thickness, number of pods per cluster, number of pods per plant,
weight of ten pods, number of root nodules per plant, dry matter content of
pods and roots. It implied equal importance of additive and non additive gene
action and substantiadl amount of variability for these traits. Therefore
phenotypic variability may be a good measure of genetic variability and hence
selection for such traits would be rewarding.

2. Plant spread (E-W) at 25 DAS, number of clusters per plant, number of pods
per cluster per plant and weight of ten pods had high direct and indirect effects
on total yield per plant at genotypic level. Hence, more emphasis has to be
given to these traits for improving the yield.

3. For recovering improved progenies for growth, earliness and yield parameters,
crosses can be attempted between the genotypes belonging to clusters 1l and I,
clusters Il and Il and clusters Il and 1V, respectively as reveded by
divergence studies.

4. The high yielding genotypes IIHR-62, Arka Arjun, 11HR-53, 1IHR-232 and
Arka Anoop are high yielders having desirable quality characters. Hence there
need to be assessed further for their performance in different environments.
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Appendix |. chemical properties of soil from experimental site

Sl. No. Particulars Value obtained
A. Chemical properties
1. EC 0.31
2. | Organic carbon (%) 0.496
3. | Sail reaction (pH) 7.9
4. | Available nitrogen (kg/ha) 208.56
5. | Available phosphorus (kg/ha) 22.37
6. | Available potassium (kg/ha) 615.24
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Appendix Il. Meteorological data recorded during experimental period from
October 2015 to March 2016in MHREC, Bagalkot

Temperature (°C) Relative humidity (%) _
Month Rainfall
(mm)
Min M ax Min Max
November 20.00 30.00 64.00 86.53 29
December 18.00 31.00 67.00 76.65 07
January 17.00 30.00 63.12 74.58 00




VARIABILITY AND GENETIC DIVERSITY STUDIESIN FRENCH BEAN
(PhaseolusvulgarisL.)

JHANAVI D. R. 2016 Dr.H.B. PATIL
Major Advisor
ABSTRACT

An investigation on “Variability and genetic diversity studies in French bean
(Phaseolus vulgaris L.)” was undertaken during rabi season of 2015. Thirty six french
bean genotypes were evaluated in randomized complete block design with two
replication in sector No. 1 under University of Horticultural Sciences, Bagalkot.

Analysis of variance reveded highly significant difference among genotypes
for al 27 characters studied. Moderate genotypic and phenotypic coefficient of
variations were observed for pod length, pod flesh thickness, number of pods per
cluster, number of pods per plant, weight of ten pods and dry matter content of pods
and roots. High heritability along with high genetic advance as per cent over mean
was recorded for the plant height, pod width, number of pods per plant, average pod
weight, yield per plant, number of root nodules per plant, dry matter content of pods,
roots and protein content. These results indicated the presence of additive gene
effects. Thus, there is an ample scope for improving these characters with direct
selection.

Correlation studies reveded that total yield per plant was positively and
significantly  (p=0.01) associated with al the characters except days to first
flowering, days to 50% flowering, days to first pod picking and pod width. Path
analysis studies revealed high direct effects of number of clusters per plant, number of
pods per cluster and weight of ten pods on total yield per plant.

Mahalonobis D? analysis grouped 36 genotypes into 5 clusters. The cluster |
showed maximum intracluster distance and maximum intercluster distance was
observed between cluster 1l and cluster V. Number of pods per plant contributed
(27.46%) maximum to the total divergence followed by yield per plant and drymatter
content of pods. Hybridization studies can be planned by involving genotypes
belonging to cluster 1l and cluster V. The high yielding genotypes IIHR-62, Arka
Arjun, ITHR-53, IHR-232 and Arka Anoop are high yielders having desirable quality
characters. Hence there need to be assessed further for stability before exploiting them

for commercia cultivation.



WAURALC2AEI® (¥EAIEA® T 2@l] 1) VAUARKA ANVACERARIPA

A z&EACZAIKEA
eA£A r. Dgl. 2016 gA. ©Ei. ©. ¥AnA®
¥&AR 2AUAZABPHA
AghAzA

WAUY: C2gAike  (¥ALAIEA® T 2@l .1) vhUY% =vA, 2ivh CEl@A2ip
AlzivAih CZIAIME2EN 2015 g »AUAgh DivicE® _Pgi £A. 1 VvAARUAjP
ajoj«zA®AIL "AURPEAMAIA®  PIUAY, A—ivh. wAUY% C2gAik 36 VHU%EN Jggh
YaPwUZEAVL  AiiAzialP ¥a+ «£A_ z° F ¥8EWU2EL £q. A-ivi. 2vAz
«+ApUAiL ¥Bdg CZAIE 2iArz 27 ULE®PEUY: ¥Q J A UAE®PEUY%® URIEACH
ayh_ PAQi8ACZz. CEI@A2IP 2ivi ¥Bd @®PEUY% UluAAPz 2vA_z 2iE@UY: ¥eég
PA—MAIA GZ|, PA-MAIR wglhe _AvYiv, ¥ee UEAZ°E PA-AUY: _AS) ¥eeVqz PA-IUY
JASi, 10 PA-iUY% vAEP, “Agh @ivi PA-MAilegia #A ME¥zAxd 2iz@h ailze
EgidizjAz CE@A2MAIL CzAg _p@AUlvz. CEI@A2MAIL  CzZAilEz° ©af
CElap2iAil  _A2ixid 2ivi  _gh.j CEi@A2MAIL  2MAzi2jPAill  PAQISACZ.
GzhieguU Vgz Jvg, PAi-MAil CUB, ¥ee Vqz PA-UY%: _AS, 10 PA-AUY: VAP,
Vaz MIA E¥%@j, Vgz “AJE UALIUY: _AS| PA—dAilegia A Mt¥zixd 2hivi
¥Chafi CAx, F J A Ult@PtUY% ©af GYAIEAU ¥gAil®l £ig DAIlAIL DzAgz®
Gvai viULEN DAIL 2iAg8eizAvz.

“yatl vl EViRj UME®PEUY: £gi«E ¥g.g .A8Azz CzAilfz ¥Bég
AU ©F ©giizi, A 50 gui ©F Ogidizh, 2£z® PA-MAIL PARAIM CAUE PA-AAIL
CU®R EaUVENL ©Agvh ¥r1i J® ULL®PEUY% ¥ae Vgz PA-MAIL EvA2JAIEACU
aCdu zEAVP _CAIEAUREN ©OEAC2, 2iAUS «HAUUAIL ¥°VAA+z ¥Bhg ¥ee Vqz

UEAZ°E£ _AS, ¥ UEAZ°E£ PA-IUY% _ASI @ivi 10 PA-IUY% VvAPVQz MIA
Evi2jAil 200 C¥APEAAIL z£AVP 2ivi £ig ¥julkal ©£AC2 JAZL Zig¥nz.

AloREEIO.T r? «+AuUAilEN CEL_j1 36 wAUL C2g VIHUY%ER 5
UMMIULEAN  «AUr, A=lvi. Uju DAVJP UMMUY zEg2l MAzEA UIARE®
PAQi8AZg, ¥g.g UMIE CAvg Cwh ©ZAV 2 ajvi 5 g £gi® PAQiSACZ. ¥ee
Vqz PA=IUY: _ASIAIA PEQRUAIM (27.46 %) Mmig CEI2A2AP @f«zivAik Uju@Avzi
£Avgz _AEz° Vgz MIA EY%@j (1097 %) 2ivik Pi-lAilegid A ME¥zAxd
(1067 %) Egi®izi PAgi8givz. 2 2ivi 5 £Mil UIATE VvHUVEL _AQAED
CZIAIEPAV 8Y:, §@iz).

¥abv CzZAIlEZz® WAUY C2g vhUYdz LLOZgi-62, LLOZgi-53, LLOZgi-
232, CPAd Cdio£i 2ivh CPAD CEA¥I EaUVEN ©Zi EVA2j oigid 2ivi Gvail
Ultailz viUvAV Ulgiw, “AVvz. F vhUYER 2Atdi PIUAV 8YAPEYI® 2Ez@H
ViU, “LigvAil CZAIAE ” PUAYARIZA Ca+P.



