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ABSTRACT

Six populations viz., P1, P2, F1, F2, B1 and B2 of six crosses
involving eight parents were evaluated following compact
family block design during zaid and kharif  season in 2008 to
study the mode of inheritance by using simple (A, B, C and D)
and joint scaling tests. The nature and magnitude of gene effects
for yield and its components in urdbean was also studied using
six parameters model of generation mean analysis. The
presence of epistasis was detected in 130 cases by simple as
well as joint sealing test and inadequacy of additive-dominance
model was established. Additive (d), dominance (h) gene effects
along with one or more type of non-allelic interaction (i, j, l)
contributed significantly towards the inheritance of all the
quantitative characters in majority of the crosses. Duplicate
type of epistasis was also prevalent in most of the cases with
few exceptions. Thus, biparental mating may be suggested for
improvement of urdbean populations.

Key words: Epistasis, Gene action, Generation mean analysis,
Urdbean, Vigna mungo

Blackgram is one of the important pulse crop grown in a
wide range of agro-climatic conditions of the country. It is
cultivated in all the seasons in India. During kharif season, it
is grown as a sole crop or mixed with sorghum, pearl millet and
pigeonpea. In rabi (central and southern India) and zaid
(summer) seasons, it is cultivated as a pure culture (Singh
2009). However, its productivity is very low due to low yield
potential and narrow genetic base of existing cultivars
(Chakravarty 2008). Thus, in most breeding programme, major
emphasis is placed on the improvement of yield and related
component traits of polygenetic nature (Baisakh et al. 2011).
An understanding of the mode of inheritance of complex
quantitative traits in different cropping seasons is essential
for formulation of an effective breeding program for
improvement of a particular trait. Epistasis is a universal
phenomenon in the inheritance of yield and components in
crop plants. Detection of epistasis becomes essential not only
for obtaining unbiased estimates of additive and dominance
gene effects but it also facilitates the breeders to decide about
the specific breeding methods to bring about improvement in
the crop. Thus, present investigation was undertaken to detect
the epistasis and adequacy of additive dominance/non-allelic
model by using simple (A, B, C and D) scaling test (Mather
1949, Hayman and Mather 1955), as well as by Joint Scaling
Test (Cavalli 1952) and to estimate the nature and magnitude

of gene effects for yield and its components during zaid and
kharif  in six crosses of black gram.

MATERIALS AND METHODS

Eight homozygous and genetically diverse genotypes/
varieties of urdbean i.e. ‘NDU 97-10’, ‘NDU 99-2’, ‘IPU 981’,
‘Shekhar 1’, ‘KU 300’, ‘KU 321’, ‘Uttara’ and ‘NDU 1’ were
selected. These urdbean genotypes were crossed to produce
six F1’s i.e. NDU 97-10 × IPU 981 (cross I), NDU 99-2 × IPU 981
(cross II), Shekhar 1 × KU 300 (cross III), Shekhar 1 × KU321
(cross IV), Uttara × NDU 1 (cross V) and Uttara × KU 321
(cross VI). These F1’s were backcrossed to their respective
parents (P1 and P2) to produce B1’s and B2’s as well as selfed
to produce F2 seeds. Thus, six genetic populations namely,
P1, P2, F1, F2, B1 and B2 were raised in a compact family block
design with three replications during zaid and kharif 2008 at
the Genetics and Plant Breeding Research Farm, N.D.
University of Agriculture and Technology, Kumarganj,
Faizabad (U.P.). The F1’s and parents were sown in a single
row plot of each. Whereas, back cross and F2 populations
were sown in a three and six rows plot, respectively in five
meter length at a row spacing of 30 cm. Observations were
recorded on 10 randomly selected plants from parents and
F1’s, 25 plants from back crosses (B1 and B2) and 30 plants
from F2 generations for 12 quantitative traits namely, days to
50 per cent  flowering, days to maturity, plant height (cm),
number of clusters per plant, number of seeds per pod, number
of pods per plant, pod seed ratio (%), 100-seed weight (g),
biological yield per plant (g), harvest index (%), seed yield per
plant (g) and protein content (%). Simple scaling tests (Mather,
1949) and joint scaling tests (Cavalli 1952) were applied
simultaneously for the detection of epistasis. Gene effects
were determined by the six parameter model of Hayman (1958)
to establish  inadequacy of additive model in all the cases
studied.

RESULTS AND DISCUSSION

Mean sum of squares for differences between six cross
families were significant for all the traits in both zaid and
kharif experiments. Mean sum of squares due to differences
among generations or progenies within each cross family were
also significant for all the traits during both crop seasons
(zaid and kharif) except number of clusters per plant in crosses
NDU 97-10 × IPU 981 (C1), Uttara × NDU-1 (C5) and Uttara ×
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Table 1. Simple scaling tests, gene effects and type of epistasis for 12 metric traits in six crosses during zaid 2008

Gene effects Scales Crosses 
m d h i j l A B C D 

Type of 
epistasis 

Days to 50% flowering 
NDU 97-10 × IPU 981 39.67 

±0.33 
1.67 

±0.47** 
-14.50 

±1.68** 
-8.67 

±1.63** 
-0.50 
±0.52 

-7.00 
±2.44** 

7.33 
±0.82** 

8.33 
±0.82** 

24.33 
±1.56** 

4.33 
±0.81** 

C 

NDU 99 -2 × IPU 981 41.67 
±0.33 

5.00 
±0.47** 

-14.00 
±1.68** 

-14.00 
±1.63** 

2.00 
±0.53** 

8.00 
±2.45** 

5.00 
±0.82** 

1.00 
±0.82 

20.00 
±1.56** 

7.00 
±0.82** 

D 

Shekhar 1 × KU 300 39.33 
±0.33 

3.33 
±0.47** 

-10.50 
±1.75** 

-5.33 
±1.63** 

4.83 
±0.53** 

-12.33 
±2.62** 

13.67 
±0.94** 

4.00 
±0.94** 

23.00 
±0.18** 

2.67 
±0.82** 

C 

Shekhar 1 × KU 321 42.67 
±0.33 

-2.33 
±0.47** 

-9.00 
±1.68** 

-8.67 
±1.63** 

-0.67 
±0.53 

2.00 
±2.45 

2.67 
±0.82** 

4.00 
±0.82** 

15.33 
±1.56** 

4.33 
±0.82** 

- 

Uttara × NDU 1 39.33 
±0.33 

-3.67 
±0.47** 

-2.33 
±1.68 

0.67 
±1.63 

-2.67 
±0.53** 

-15.33 
±2.45** 

4.67 
±0.82** 

10.00 
±0.82** 

14.00 
±1.56** 

-0.33 
±0.82 

- 

Uttara × KU 321 43.67 
±0.33 

-4.00 
±0.47** 

-14.00 
±1.72** 

-13.33 
±1.63** 

-1.00 
±0.62 

2.67 
±2.54 

4.33 
±0.94** 

6.33 
±0.94** 

24.00 
±1.70** 

6.67 
±0.82** 

- 

Days to maturity 
NDU 97-10 × IPU 981 43.67 

±0.33 
-4.00 

±0.47** 
-14.00 

±1.72** 
-13.33 

±1.63** 
-1.00 
±0.62 

2.67 
±2.54 

4.33 
±0.94** 

6.33 
±0.94** 

24.00 
±1.70** 

6.67 
±0.82** 

- 

NDU 99 -2 × IPU 981 78.00 
±0.58 

2.00 
±0.47** 

-24.33 
±2.53** 

-29.33 
±2.49** 

1.00 
±0.53 

31.33 
±3.09** 

0.00 
±0.81 

-2.00 
±0.81* 

27.33 
±2.44** 

14.67 
±1.25** 

D 

Shekhar 1 × KU 300 72.33 
±0.33 

5.33 
±0.47** 

-5.83 
±1.68** 

-1.33 
±1.63 

6.83 
±0.53** 

-7.00 
±2.45** 

11.00 
±0.81** 

-2.67 
±0.81 

9.67 
±1.56** 

0.67 
±0.82 

C 

Shekhar 1 × KU 321 76.33 
±0.33 

-4.67 
±0.47** 

-11.17 
±1.68** 

-5.33 
±1.63** 

-3.17 
±0.53** 

-13.67 
±2.45** 

-6.33 
±0.47 

-12.66 
±0.82** 

-24.33 
±1.56** 

-2.66 
±0.80** 

C 

Uttara × NDU 1 74.33 
±0.33 

-3.67 
±0.74** 

-23.00 
±2.04** 

-19.33 
±2.00** 

-1.33 
±0.78 

10.00 
±3.37** 

3.33 
±0.82** 

6.00 
±1.41** 

28.67 
±1.56** 

9.67 
±1.00** 

D 

Uttara × KU 321 76.67 
±0.33 

-6.33 
±0.47** 

-16.83 
±1.71** 

-16.67 
±1.63** 

-2.83 
±0.62** 

8.33 
±2.54** 

1.33 
±0.94 

7.00 
±0.94** 

25.00 
±1.70** 

8.33 
±0.82** 

D 

Plant height (cm) 
NDU 97-10 × IPU 981 70.81 

±0.67 
-13.17 

±1.07** 
-36.45 

±3.47** 
-34.59 

±3.43** 
-8.78 

±1.19** 
32.01 

±5.18** 
-7.48 

±1.06** 
10.08 

±2.15** 
37.19 

±2.90** 
17.19 

±1.71** 
D 

NDU 99 -2 × IPU 981 69.87 
±0.37 

-15.77 
±1.15** 

-16.56 
±2.86** 

-17.15 
±2.74** 

-11.27 
±1.22** 

3.24 
±5.13 

-4.32 
±1.82* 

18.23 
±1.94** 

31.06 
±2.24** 

8.58 
±1.37** 

- 

Shekhar 1 × KU 300 74.26 
±0.55 

9.29 
±1.14** 

-19.21 
±3.29** 

-18.84 
±3.18** 

3.86 
±1.24* 

11.12 
±5.34** 

7.72 
±1.79** 

0.00 
±1.95 

26.56 
±2.75** 

9.42 
±1.59** 

D 

Shekhar 1 × KU 321 73.27 
±0.84 

1.7 
±1.63 

0.81 
±4.79 

-1.44 
±4.69 

1.73 
±1.65 

6.20 
±7.60 

-0.65 
±3.23** 

-4.11 
±1.53* 

-3.32 
±3.91 

0.72 
±2.34 

- 

Uttara × NDU 1 71.49 
±0.68 

8.09 
±1.51** 

0.76 
±4.11 

-2.81 
±4.06 

3.03 
±1.65* 

-4.67 
±6.75 

6.77 
±2.28** 

0.71 
±2.39 

10.30 
±3.04** 

1.41 
±2.03 

- 

Uttara × KU 321 81.57 
±0.35 

-2.85 
±1.14* 

-24.91 
±2.86** 

-28.85 
±2.69** 

-1.83 
±1.23 

36.65 
±5.18** 

-5.73 
±1.83** 

-2.07 
±2.06 

21.05 
±2.42** 

14.43 
±1.34** 

D 

Number of clusters/plant 
NDU 97-10 × IPU 981 -- -- -- -- -- -- -- -- -- -- -- 
NDU 99 -2 × IPU 981 5.31 

±0.10 
-0.49 

±0.24* 
2.23 

±0.69** 
1.52 

±0.63* 
-0.18 
±0.28 

0.22 
±1.17 

-1.05 
±0.51* 

-0.69 
±0.39 

-3.26 
±0.66** 

-0.76 
±0.32* 

- 

Shekhar 1 × KU 300 7.02 
±0.48 

0.02 
±0.43 

-0.38 
±2.15 

-2.21 
±0.13** 

-0.23 
±0.47 

3.02 
±2.67 

-0.64 
±0.63 

-1.80 
±0.78** 

1.39 
±2.04 

1.10 
±1.06 

- 

Shekhar 1 × KU 321 5.51 
±0.18 

-1.13 
±0.54 

4.77 
±1.34** 

4.85 
±1.29** 

-1.51 
±0.55** 

-7.54 
±2.37** 

-0.16 
±0.39 

2.85 
±1.13* 

-2.17 
±1.00* 

-2.43 
±0.65** 

D 

Uttara × NDU 1 -- -- -- -- -- -- -- -- -- -- -- 
Uttara × KU 321 -- -- -- -- -- -- -- -- -- -- -- 

Number of pods/plant 
NDU 97-10 × IPU 981 27.60 

±0.48 
0.09 
±0.85 

-7.83 
±2.70** 

-9.29 
±2.58** 

1.34 
±1.01 

21.73 
±4.22** 

-4.88 
±1.61** 

-7.56 
±1.46** 

-3.15 
±2.50 

4.65 
±1.29** 

D 

NDU 99 -2 × IPU 981 25.61 
±0.91 

-0.27 
±1.17 

16.55 
±4.36** 

14.16 
±4.33** 

1.03 
±1.24 

-15.07 
±6.03* 

1.49 
±1.94 

-0.58 
±1.62 

-13.25 
±3.78** 

-7.08 
±2.16** 

C 

Shekhar 1 × KU 300 27.09 
±0.75 

-1.37 
±0.69* 

-1.89 
±3.34 

-6.27 
±3.29* 

1.31 
±0.90 

17.83 
±4.24** 

-4.47 
±1.40** 

-7.10 
±1.15** 

-5.31 
±3.21 

3.13 
±1.64 

- 

Shekhar 1 × KU 321 30.83 
±0.24 

0.11 
±1.08 

1.37 
±3.23 

-9.79 
±3.38** 

0.80 
±1.13 

14.86 
±6.24* 

-1.73 
±2.44 

-3.34 
±2.91** 

4.71 
±4.48 

4.89 
±1.19** 

- 

Uttara × NDU 1 24.42 
±0.38 

-2.39 
±0.87** 

15.74 
±2.55** 

16.37 
±2.31** 

-3.08 
±0.96** 

-15.64 
±4.38** 

-3.45 
±1.76* 

2.71 
±1.63 

-17.11 
±2.64** 

8.19 
±1.15** 

D 

 contd.
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Uttara × KU 321 29.63 
±0.22 

1.56 
±1.12 

-16.86 
±2.84** 

-17.28 
±2.41** 

-1.49 
±1.24 

20.37 
±5.47** 

-4.54 
±2.36 

-1.55 
±2.15 

11.19 
±3.16** 

8.64 
±1.20** 

D 

Number of seeds/pod 
NDU 97-10 × IPU 981 -- -- -- -- -- -- -- -- -- -- -- 
NDU 99 -2 × IPU 981 5.40 

±0.16 
-0.07 
±0.13 

-1.16 
±0.70 

-1.25 
±0.70 

0.51 
±0.17** 

1.86 
±0.89* 

0.20 
±0.31 

-0.82 
±0.22** 

0.63 
±0.71 

0.62 
±0.34 

- 

Shekhar 1 × KU 300 -- -- -- -- -- -- -- -- -- -- -- 
Shekhar 1 × KU 321 4.45 

±0.11 
0.33 

±0.11** 
3.78 

±0.50** 
3.47 

±0.48** 
0.58 

±0.16** 
-4.29 

±0.67** 
0.99 
±0.16 

-0.17 
±0.29 

-2.65 
±0.49** 

-1.73 
±0.24** 

D 

Uttara × NDU 1 5.26 
±0.05 

0.78 
±0.19** 

0.87 
±0.48 

-0.12 
±0.44 

0.78 
±0.21** 

0.47 
±0.88 

0.61 
±0.36 

-0.96 
±0.31** 

-0.23 
±0.42 

0.06 
±022 

- 

Uttara × KU 321 4.45 
±0.27 

-0.01 
±0.27 

3.41 
±1.23** 

2.70 
±1.20 

0.23 
±0.32 

-1.42 
±1.60 

-0.41 
±0.31 

-0.87 
±0.61 

-3.98 
±1.75** 

-1.35 
±0.60* 

- 

Pod seed ratio (%) 
NDU 97-10 × IPU 981 62.25 

±0.26 
3.41 

±0.15** 
18.79 

±1.12** 
16.59 

±1.10** 
2.83 

±0.20** 
-25.98 

±1.29** 
7.53 

±0.30** 
1.87 

±0.35** 
-7.19 

±1.13** 
-8.29 

±0.55** 
D 

NDU 99 -2 × IPU 981 66.94 
±0.18 

5.07 
±0.95** 

-6.57 
±2.11** 

-10.53 
±2.04** 

7.27 
±1.03** 

-2.13 
±4.01 

13.60 
±1.66** 

-0.94 
±1.33 

23.19 
±1.32** 

5.26 
±1.02** 

- 

Shekhar 1 × KU 300 60.92 
±0.21 

-1.44 
±0.32** 

22.38 
±1.10** 

22.73 
±1.07** 

-3.52 
±0.40** 

-37.17 
±1.64** 

3.70 
±0.47** 

10.74 
±0.69** 

-8.29 
±1.05** 

-11.36 
±0.53** 

D 

Shekhar 1 × KU 321 67.07 
±0.26 

2.15 
±0.66** 

-14.06 
±1.70** 

-13.10 
±1.69** 

0.64 
±0.67 

13.13 
±2.89** 

0.62 
±0.52** 

-0.65 
±1.28 

13.07 
±1.15** 

6.55 
±0.84** 

C 

Uttara × NDU 1 65.22 
±0.14 

-0.32 
±0.40 

-11.35 
±1.00** 

-13.86 
±0.98** 

1.40 
±0.41** 

20.20 
±1.76** 

-1.76 
±0.60** 

-4.57 
±0.66** 

7.52 
±0.72** 

6.93 
±0.49** 

D 

Uttara × KU 321 62.22 
±0.35 

-2.82 
±0.35** 

1.96 
±1.61 

-0.29 
±1.57 

-1.73 
±0.36** 

1.89 
±2.11 

-2.53 
±0.57** 

0.92 
±0.67 

-1.32 
±1.57 

0.14 
±0.78 

- 

100-seed weight (g) 
NDU 97-10 × IPU 981 4.14 

±0.05 
-0.36 

±0.16* 
0.54 
±0.39 

-0.64 
±0.39 

-0.31 
±0.17 

0.44 
±0.69 

-0.21 
±0.20 

0.40 
±0.28 

0.84 
±0.25** 

0.32 
±0.19 

- 

NDU 99 -2 × IPU 981 3.99 
±0.06 

1.96 
±0.09** 

3.31 
±0.38** 

3.33 
±0.29** 

1.14 
±0.10** 

-3.67 
±0.65** 

1.31 
±0.27** 

-0.97 
±0.29** 

-2.98 
±0.55** 

-1.66 
±0.14** 

D 

Shekhar 1 × KU 300 -- -- -- -- -- -- -- -- -- -- -- 
Shekhar 1 × KU 321 3.41 

±0.15 
-0.13 
±0.25 

1.02 
±0.79 

1.46 
±0.78* 

0.02 
±0.26 

-0.97 
±1.19 

-0.23 
±0.47 

-0.26 
±0.26 

-1.96 
±0.64* 

-
0.73±0.39 

- 

Uttara × NDU 1 -- -- -- -- -- -- -- -- -- -- -- 
Uttara × KU 321 4.03 

±0.09 
-0.19 
±0.21 

-0.94 
±0.58 

-0.94 
±0.58 

-0.18 
±0.21 

1.83 
±0.93* 

-0.62 
±0.21** 

-0.26 
±0.38 

-0.06 
±0.43 

0.47 
±0.29 

- 

Biological yield/plant (g) 
NDU 97-10 × IPU 981 27.8 

±0.92 
1.05 
±0.97 

-0.18 
±4.20 

-2.58 
±4.17 

2.68 
±1.01* 

12.05 
±5.48* 

-2.05 
±1.29 

-7.42 
±1.78** 

-6.90 
±3.83 

1.29 
±2.08 

- 

NDU 99 -2 × IPU 981 25.28 
±0.72 

-1.94 
±0.85* 

6.80 
±3.39** 

6.76 
±3.35 

-1.49 
±0.88 

-0.43 
±4.59 

-4.65 
±1.70** 

-1.67 
±0.85 

-13.09 
±3.09** 

-3.38 
±1.67** 

- 

Shekhar 1 × KU 300 33.43 
±0.41 

3.64 
±1.07** 

-23.87 
±2.84** 

-25.03 
±2.69** 

0.33 
±1.13 

36.74 
±4.93** 

-5.53 
±2.17* 

-6.19 
±1.35** 

13.32 
±2.46** 

12.52 
±1.34** 

D 

Shekhar 1 × KU 321 35.68 
±0.69 

5.79 
±7.26 

-5.27 
±3.98 

-11.74 
±3.74** 

2.20 
±1.36 

12.96 
±6.37* 

1.59 
±2.79 

-2.81 
±1.68 

10.53 
±3.88** 

5.87 
±1.86** 

- 

Uttara × NDU 1 25.62 
±0.37 

4.00 
±0.95** 

18.28 
±2.52** 

7.84 
±2.39** 

0.72±1.10 14.42 
±4.36** 

-10.41 
±1.91** 

-11.85 
±1.35** 

-30.11 
±2.16** 

-3.92 
±1.20** 

C 

Uttara × KU 321 31.70 
±0.59 

0.49 
±0.43 

-21.66 
±2.66** 

-22.49 
±2.53** 

-1.69 
±0.63** 

33.77 
±3.36** 

-7.33 
±1.04** 

-3.95 
±1.20** 

11.21 
±2.89** 

11.25 
±1.26** 

D 

Harvest index (%) 
NDU 97-10 × IPU 981 19.49 

±0.83 
-3.02 

±1.49* 
-8.47 
±4.53 

-9.91 
±4.47* 

-1.59 
±1.63 

16.72 
±7.00* 

-5.00 
±1.52** 

-1.81 
±2.93 

3.09 
±3.64 

4.95 
±2.23* 

- 

NDU 99 -2 × IPU 981 20.36 
±1.16 

11.68 
±1.08** 

22.48 
±5.25** 

19.55 
±5.13** 

10.54 
±1.33** 

-25.26 
±6.74** 

13.39 
±2.16** 

-7.69 
±1.95** 

-13.85 
±5.18** 

-9.78 
±2.56** 

D 

Shekhar 1 × KU 300 14.26 
±0.49 

-0.54 
±1.06 

11.89 
±3.08** 

9.83 
±2.89** 

3.16 
±1.25* 

2.09 
±5.15 

-2.79 
±2.42 

-9.12 
±1.36** 

-21.74 
±2.92** 

-4.91 
±1.44** 

- 

Shekhar 1 × KU 321 13.03 
±1.09 

-2.70 
±1.18* 

16.26 
±5.24** 

14.59 
±4.98** 

0.90 
±1.22 

-12.06 
±7.23 

-0.37 
±2.41 

-2.17 
±2.31 

-17.13 
±5.47** 

-7.30 
±2.49** 

- 

Uttara × NDU 1 19.87 
±0.94 

-2.08 
±1.08** 

-4.30 
±4.39 

-1.57 
±4.34 

-0.46 
±1.13 

-6.20 
±5.87 

3.42 
±1.80 

4.35 
±1.55** 

9.34 
±3.96* 

0.79 
±2.17 

- 

Uttara × KU 321 15.79 
±0.52 

0.17 
±1.11 

11.67 
±3.41** 

8.15 
±3.03** 

1.11 
±1.26 

-5.97 
±5.80 

0.02 
±2.40 

-2.20 
±2.17 

-10.32 
±3.75** 

-4.07 
±1.52** 

- 
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Seed yield/plant (g) 
NDU 97-10 × IPU 981 5.40 

±0.08 
-0.59 
±0.33 

-2.51 
±0.74** 

-3.27 
±0.73** 

0.05 
±0.35 

7.29 
±1.38** 

-1.96 
±0.32** 

-2.01 
±0.62** 

-0.76 
±0.39 

1.63 
±0.36** 

D 

NDU 99 -2 × IPU 981 5.37 
±0.37 

2.66 
±0.23** 

6.36 
±1.58** 

5.53 
±1.56** 

2.42 
±0.32** 

-5.31 
±1.82** 

2.31 
±0.52** 

-2.52 
±0.41** 

5.74 
±1.57** 

-2.76 
±0.78** 

D 

Shekhar 1 × KU 300 4.77 
±0.22 

0.42 
±0.21* 

0.05 
±1.00 

-0.93 
±0.99 

0.89 
±0.27** 

6.23 
±1.29** 

-1.76 
±0.44** 

-3.54 
±0.34** 

-4.37 
±0.97** 

0.46 
±0.50 

- 

Shekhar 1 × KU 321 4.64 
±0.32 

0.09 
±0.43 

4.94 
±1.63** 

3.14 
±1.55* 

0.60 
±0.44 

-2.19 
±2.38 

0.13 
±0.91 

-1.07 
±0.66 

-4.09 
±1.62* 

-1.57 
±0.77* 

- 

Uttara × NDU 1 5.09 
±0.26 

0.20 
±0.13 

1.82 
±1.08 

1.00 
±1.07 

0.13 
±0.15 

0.56 
±1.22 

-0.65 
±0.29* 

-0.91 
±0.25** 

-2.56 
±1.09* 

-0.50 
±0.53 

- 

Uttara × KU 321 5.00 
±0.18 

0.12 
±0.25 

0.06 
±0.88 

-1.44 
±0.86 

-0.19 
±0.28 

6.42 
±1.29** 

-2.68 
±0.40** 

-2.30 
±0.42** 

-3.54 
±0.79** 

0.72 
±0.43 

- 

Protein content (%) 
NDU 97-10 × IPU 981 21.94 

±0.09 
4.53 

±0.17** 
-0.91 
±0.50 

-1.15 
±0.49* 

1.99 
±0.18** 

1.02 
±0.80 

2.05 
±0.27** 

-1.92 
±0.26** 

1.28 
±0.41** 

0.58 
±0.25* 

- 

NDU 99 -2 × IPU 981 20.96 
±0.09 

1.03 
±0.31** 

-0.75 
±0.73** 

-3.55 
±0.71** 

0.16 
±0.32 

8.52 
±1.32** 

-2.32 
±0.48** 

-2.64 
±0.45** 

-1.41 
±0.45** 

1.78 
±0.36** 

- 

Shekhar 1 × KU 300 22.46 
±0.21 

0.95 
±0.16** 

-6.24 
±0.90** 

-7.95 
±0.90** 

0.37 
±0.18* 

10.30 
±1.07** 

-0.81 
±0.18** 

-1.54 
±0.32** 

5.59 
±0.85** 

3.97 
±0.45** 

D 

Shekhar 1 × KU 321 22.80 
±0.06 

-1.64 
±0.15** 

-5.65 
±0.45** 

-7.07 
±0.40** 

-0.60 
±0.24 

11.09 
±0.81** 

-2.62 
±0.49** 

-1.41 
±0.16** 

3.04 
±0.52** 

3.53 
±0.20**  

D 

Uttara × NDU 1 24.87 
±0.04 

-3.64 
±0.16* 

-10.97 
±0.36** 

-14.38 
±0.35** 

-1.36 
±0.17** 

20.83 
±0.68** 

-4.59 
±0.29** 

-1.86 
±0.20** 

7.93 
±0.23** 

7.19 
±0.18** 

D 

Uttara × KU 321 24.97 
±0.06 

-1.86 
±0.19** 

-12.40 
±0.46** 

-16.01 
±0.46** 

-0.29 
±0.20 

21.03 
±0.83** 

-2.80 
±0.15** 

-2.22 
±0.38** 

10.99 
±0.29** 

8.01 
±0.23** 

D 

  *, **: Significant at P= 0.05 and 0.01, respectively;   C = Complementary epistasis, and D = Duplicate epistasis

Table 2. Simple scaling tests, gene effects and type of epistasis for 12 metric traits in six crosses during kharif 2008

Gene effects Scales Crosses 
m d h i j l A B C D 

Type of 
epistasis 

Days to 50% flowering 
NDU 97-10 × IPU 981 46.33 

±0.33 
3.33 

±0.47** 
-16.33 

±1.70** 
-17.33 

±1.63** 
0.00 
±0.58 

18.00 
±2.49** 

-0.33 
±0.94 

-0.33 
±0.82 

16.67 
±1.63** 

8.67 
±0.82** 

D 

NDU 99 -2 × IPU 981 48.00 
±0.58 

-0.33 
±0.67 

-5.67 
±2.93 

-8.67 
±2.67** 

-4.33 
±0.71** 

2.00 
±4.29 

-1.00 
±1.41 

7.67 
±1.70** 

15.33 
±3.37** 

4.33 
±1.33 

- 

Shekhar 1 × KU 300 45.67 
±0.33 

4.00 
±0.47** 

-0.17 
±1.68 

0.00 
±1.63 

5.17 
±0.53** 

-13.00 
±2.45** 

11.67 
±0.81** 

1.33 
±0.81 

13.00 
±1.56** 

0.00 
±0.82 

- 

Shekhar 1 × KU 321 21.00 
±0.58 

-2.00 
±0.47** 

-29.83 
±2.53** 

-25.33 
±2.49** 

1.50 
±0.53** 

17.00 
±3.09** 

5.67 
±0.81** 

2.67 
±0.81** 

33.67 
±2.45** 

12.67 
±1.25** 

D 

Uttara × NDU 1 47.00 
±0.58 

-2.33 
±0.47** 

-17.50 
±2.54** 

-14.00 
±2.49** 

-1.50 
±0.58** 

4.33 
±3.13 

3.33 
±0.94** 

6.33 
±0.82** 

23.67 
±2.49** 

7.00 
±1.25** 

- 

Uttara × KU 321 44.33 
±0.33 

-3.00 
±0.47** 

-5.50 
±1.71** 

-0.67 
±1.63 

-0.50 
±0.60 

-7.67 
±2.5** 

3.67 
±0.96** 

4.67 
±0.94** 

9.00 
±1.70** 

0.33 
±0.81 

C 

Days to maturity 
NDU 97-10 × IPU 981 78.00 

±0.58 
3.00 

±0.47** 
-18.67 

±2.54** 
-16.67 

±2.49** 
2.33 

±0.58** 
22.67 

±3.13** 
-0.67 
±0.94 

-5.33 
±0.82** 

10.67 
±2.49** 

8.33 
±1.25** 

D 

NDU 99 -2 × IPU 981 75.67 
±0.33 

1.33 
±0.67* 

-7.67 
±1.94** 

-4.00 
±1.88** 

1.67 
±7.45 

-0.67 
±3.12 

4.00 
±0.94** 

0.67 
±1.24** 

8.67 
±1.63 

2.00 
±0.94 

- 

Shekhar 1 × KU 300 75.00 
±0.57 

4.67 
±0.47** 

-0.33 
±2.53 

4.00 
±2.49 

6.00 
±0.53** 

-4.67 
±3.09 

6.33 
±0.82** 

-5.67 
±0.82** 

-3.33 
±2.45 

-2.00 
±1.24 

- 

Shekhar 1 × KU 321 84.33 
±0.33 

-2.33 
±0.47** 

-37.00 
±1.76** 

-31.33 
±1.63** 

0.33 
±0.58 

28.67 
±2.67** 

1.67 
±1.05 

1.00 
±0.94 

34.00 
±1.88** 

15.67 
±0.82** 

D 

Uttara × NDU 1 77.67 
±0.33 

-3.33 
±0.67** 

-9.33 
±1.99** 

-5.33 
±1.89** 

-2.00 
±0.71** 

-8.00 
±3.23** 

4.67 
±0.94** 

8.67 
±1.33** 

18.67 
±1.83** 

2.67 
±0.94** 

C 

Uttara × KU 321 81.67 
±0.33 

-5.00 
±0.47** 

-29.17 
±1.70** 

-22.00 
±1.63** 

-0.83 
±0.58 

10.33 
±2.49** 

5.00 
±0.82** 

6.67 
±0.94** 

33.67 
±1.63** 

11.00 
±0.8**2 

D 

Plant height (cm) 
NDU 97-10 × IPU 981 84.45 

±0.76 
-24.09 

±1.27** 
-43.56 

±4.06** 
-50.51 

±3.95** 
-17.25 

±1.43** 
76.61 

±6.18** 
-30.30 

±2.79** 
4.19 

±1.07** 
24.40 

±3.53** 
25.25 

±1.80** 
D 

NDU 99 -2 × IPU 981 80.77 
±0.99 

-13.78 
±0.72** 

-28.70 
±4.29** 

-26.28 
±4.24** 

-4.47 
±0.81** 

20.03 
±5.11** 

-1.35 
±1.42 

7.59 
±1.16** 

32.53 
±4.23** 

13.14 
±2.12* 

D 
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Shekhar 1 × KU 300 86.22 
±0.62 

7.96 
±1.44** 

-13.50 
±4.17** 

-21.63 
±3.80** 

1.89 
±1.53 

30.01 
±7.16** 

-2.30 
±3.17 

-6.09 
±2.18* 

13.24 
±4.25** 

10.81 
±1.90** 

D 

Shekhar 1 × KU 321 89.95 
±1.05 

-9.57 
±0.79** 

-9.98 
±4.56* 

-13.31 
±4.51** 

-6.25 
±1.01** 

28.61 
±5.44** 

-13.90 
±1.45** 

-1.40 
±1.44 

-2.00 
±4.43 

6.65 
±2.25** 

D 

Uttara × NDU 1 85.84 
±0.50 

20.86 
±1.05** 

-33.17 
±3.07** 

-48.68 
±2.90** 

12.16 
±1.35** 

96.53 
±5.08** 

-11.76 
±1.89** 

-36.09 
±2.07** 

0.83 
±2.83 

24.34 
±0.14** 

D 

Uttara × KU 321 95.39 
±0.94 

-9.17 
±1.02** 

-28.57 
±4.47** 

-31.01 
±4.28** 

-6.32 
±1.30** 

38.44 
±6.12** 

-10.03 
±1.99** 

2.60 
±2.19 

23.58 
±4.54** 

15.51 
±2.14** 

D 

Number of clusters/plant 
NDU 97-10 × IPU 981 -- -- -- -- -- -- -- -- -- -- -- 
NDU 99 -2 × IPU 981 5.45 

±0.11 
1.07 
±0.80 

5.54 
±1.75** 

3.28 
±1.66 

1.32 
±0.85 

1.01 
±3.42 

-0.82 
±1.20 

-3.47 
±1.39* 

-7.57 
±1.20** 

-1.64 
±0.83* 

- 

Shekhar 1 × KU 300 7.91 
±0.42 

1.36 
±0.41** 

-1.14 
±1.93 

-3.67 
±1.88 

1.11 
±0.48* 

4.22 
±2.48 

0.84 
±0.64 

-1.39 
±0.84 

3.13 
±1.88 

1.84 
±0.94* 

- 

Shekhar 1 × KU 321 6.76 
±0.39 

0.41 
±0.43 

3.91 
±1.80* 

3.73 
±1.76* 

-0.12 
±0.54 

-8.80 
±2.43** 

2.42 
±0.94* 

2.66 
±0.60** 

1.34 
±1.72 

-1.87 
±0.88* 

D 

Uttara × NDU 1 5.43 
±0.26 

0.50 
±0.90 

7.68 
±2.11** 

6.87 
±2.08** 

0.87 
±0.90** 

-7.40 
±3.82 

1.13 
±1.14 

-0.60 
±1.53 

-6.35 
±1.24** 

-3.44 
±1.04** 

- 

Uttara × KU 321 -- -- -- -- -- -- -- -- -- -- -- 
Number of pods/plant 

NDU 97-10 × IPU 981 30.62 
±0.32 

-1.23 
±1.01 

-2.75 
±0.26** 

-6.17 
±2.39** 

0.31 
±1.14 

20.88 
±4.69** 

-7.04 
±1.51** 

-7.67 
±2.08** 

-8.53 
±2.35** 

3.08 
±1.19** 

D 

NDU 99 -2 × IPU 981 31.75 
±0.64 

-0.38 
±0.86 

1.71 
±3.16 

-0.89 
±3.07 

-0.49 
±0.94 

8.76 
±4.53 

-4.42 
±1.55* 

-3.45 
±1.39* 

-6.97± 
2.94* 

0.45 
±1.54 

- 

Shekhar 1 × KU 300 33.56 
±0.51 

-1.73 
±0.87* 

-3.55 
±2.76 

-8.04 
±2.67** 

1.76 
±0.96 

16.00 
±4.24** 

-2.21 
±1.46 

-5.74 
±1.47** 

0.09 
±2.46 

4.02 
±1.33** 

- 

Shekhar 1 × KU 321 33.22 
±0.69 

0.90 
±0.78 

-3.30 
±3.40 

-8.47 
±3.16** 

1.24 
±0.95 

6.25 
±4.86 

2.35 
±1.69 

-0.13 
±1.82 

10.68 
±3.72** 

4.23 
±1.58** 

- 

Uttara × NDU 1 31.03 
±0.48 

-0.73 
±0.98 

5.38 
±2.91* 

4.73 
±2.77 

-1.20 
±1.05 

5.11 
±4.74 

-6.13 
±1.40** 

-3.72 
±1.95 

-14.58 
±2.64** 

-2.37 
±1.38 

- 

Uttara × KU 321 31.17 
±0.21 

1.00 
±0.46* 

1.96 
±1.36 

0.40 
±1.23 

-1.72 
±0.65** 

4.39 
±2.32 

-4.12 
±0.84** 

-0.67 
±1.11 

-5.19 
±1.41** 

-0.20 
±0.61 

- 

Number of seeds/pod 
NDU 97-10 × IPU 981 5.19 

±0.14 
-0.14 
±0.12 

-0.62 
±0.62 

-1.24 
±0.60* 

-2.67 
±0.15** 

3.46 
±0.80** 

-1.14 
±0.27** 

-1.08 
±0.23** 

-0.98 
±0.63 

0.62 
±0.30* 

- 

NDU 99 -2 × IPU 981 5.52 
±0.15 

-1.33 
±0.14** 

-3.80 
±0.68** 

-1.28 
±0.66 

0.33 
±0.20 

2.12 
±0.80** 

-0.09 
±0.31 

-0.74 
±0.27* 

0.44 
±0.68 

0.64 
±0.33 

- 

Shekhar 1 × KU 300 -- -- -- -- -- -- -- -- -- -- -- 
Shekhar 1 × KU 321 5.26 

±0.14 
0.55 

±0.13** 
1.10 

±0.67 
0.31 

±0.63 
0.98 

±0.19** 
-0.43 
±0.89 

1.04 
±0.37** 

-0.91 
±0.24** 

-0.18 
±0.72 

-0.15 
±0.32 

- 

Uttara × NDU 1 4.45 
±0.16 

0.72 
±0.19** 

2.03 
±0.77** 

1.25 
±0.75 

0.72 
±0.20** 

1.19 
±1.06 

-0.50 
±0.20* 

-1.93 
±0.40** 

-3.68 
±0.72** 

-0.62 
±0.38 

- 

Uttara × KU 321 4.56 
±0.21 

0.02 
±0.32 

3.62 
±1.09** 

2.25 
±1.08* 

0.31 
±0.33 

0.51 
±1.57 

-1.07 
±0.22** 

-1.68 
±0.65** 

-5.01 
±0.91** 

-1.12 
±0.54* 

- 

Pod seed ratio (%) 
NDU 97-10 × IPU 981 62.25 

±0.26 
3.41 

±0.15** 
18.79 

±1.12** 
16.59 

±1.10** 
2.83 

±0.20** 
-25.98 

±1.29** 
7.53 

±0.30** 
1.87 

±0.35** 
-7.19 

±1.13** 
-8.29 

±0.55** 
D 

NDU 99 -2 × IPU 981 71.63 
±3.83 

5.49 
±0.26** 

-18.34 
±15.31 

-22.56 
±15.31 

7.75 
±0.29** 

9.54 
±15.34 

14.26 
±0.50** 

-1.24 
±0.31** 

35.58 
±15.31* 

11.28 
±7.60 

- 

Shekhar 1 × KU 300 62.35 
±0.19 

-1.11 
±0.24** 

26.04 
±0.96** 

23.52 
±0.91** 

-2.83 
±0.35** 

-31.62 
±1.40** 

1.21 
±0.64 

6.89 
±0.41** 

-15.42 
±1.00** 

-11.76 
±0.45** 

D 

Shekhar 1 × KU 321 68.11 
±0.27 

1.94 
±0.18** 

-12.10 
±1.17** 

-11.41 
±1.15** 

0.51 
±0.19** 

8.98 
±1.36** 

1.72 
±0.30** 

0.71 
±0.33* 

13.84 
±1.15** 

5.70 
±0.58** 

D 

Uttara × NDU 1 62.80 
±1.05 

-0.13 
±0.48 

5.52 
±4.32 

2.45 
±4.31 

1.03 
±0.513* 

0.19 
±4.65 

-0.29 
±0.57 

-2.36 
±0.88** 

-5.10 
±4.23 

-1.23 
±2.16 

- 

Uttara × KU 321 65.92 
±0.75 

-1.09 
±0.36*** 

-2.12 
±3.09 

-4.96 
±3.09 

0.16 
±0.38 

2.00 
±3.34 

1.63 
±0.70* 

1.32 
±0.40** 

7.92 
±3.03* 

2.48 
±1.54 

- 

100-seed weight (g) 
NDU 97-10 × IPU 981 4.37 

±0.14 
9.33 

±0.14** 
-2.00 

±0.65** 
-2.37 

±0.65** 
7.67 

±0.15** 
4.19 

±0.84** 
-0.83 

±0.12** 
-0.99 

±0.30** 
0.55 
±0.61 

1.19 
±0.32** 

D 

NDU 99 -2 × IPU 981 4.05 
±0.05 

-0.11 
±0.05* 

-0.50 
±0.23* 

-0.57 
±0.22 

-0.99 
±0.63 

4.35 
±0.31** 

-2.88 
±0.12** 

-0.90 
±0.09** 

-3.20 
±0.24** 

0.29 
±0.11** 

D 

Shekhar 1 × KU 300 -- -- -- -- -- -- -- -- -- -- -- 
Shekhar 1 × KU 321 3.69 

±0.10 
-0.23 

±0.07** 
0.24 

±0.45 
-0.09 
±0.44 

-0.03 
±0.11 

1.05 
±0.53* 

-0.51 
±0.19** 

-0.45 
±0.12** 

-0.87 
±0.46 

0.05 
±0.21 

- 

 contd.
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Uttara × NDU 1 3.54 
±0.01 

0.27 
±0.30 

3.68 
±0.60** 

2.50 
±0.60** 

0.25 
±0.30 

-1.20 
±1.20 

-0.40 
±0.21 

-0.90 
±0.60 

-3.80 
±0.14** 

-1.25 
±0.30** 

- 

Uttara × KU 321 3.94 
±0.03 

0.16 
±0.15 

-0.59 
±0.34 

-0.71 
±0.33* 

0.12 
±0.16 

1.68 
±0.64** 

-0.36 
±0.28 

-0.61 
±0.17** 

-0.27 
±0.20 

0.35 
±0.17** 

- 

Biological yield/plant (g) 
NDU 97-10 × IPU 981 31.15 

±0.51 
0.27 
±0.84 

7.33 
±2.80** 

5.56 
±2.64* 

1.08 
±0.99 

0.59 
±4.35** 

-2.00 
±1.70 

-4.15 
±1.48** 

-11.71 
±2.76** 

-2.78 
±1.32* 

- 

NDU 99 -2 × IPU 981 30.70 
±0.70 

0.37 
±0.79 

4.19 
±3.43 

2.75 
±3.22 

-0.07 
±1.17 

9.61 
±4.84* 

-6.25 
±1.82** 

-6.11 
±1.86** 

-15.11 
±3.67** 

-1.37 
±1.61 

- 

Shekhar 1 × KU 300 -- -- -- -- -- -- -- -- -- -- -- 
Shekhar 1 × KU 321 33.49 

±0.59 
4.62 

±0.02** 
-0.96 
±3.23 

-3.83 
±3.15 

2.03 
±1.10 

11.09 
±4.98* 

-1.60 
±1.69 

-5.66 
±1.67** 

-3.43 
±2.81 

1.92 
±1.58 

- 

Uttara × NDU 1 30.85 
±0.58 

3.70 
±1.06** 

13.65 
±3.20** 

9.73 
±3.14** 

1.15 
±1.13 

-3.35 
±5.00 

-2.05 
±1.77 

-4.34 
±1.56** 

-16.12 
±2.63** 

-4.87 
±1.57** 

- 

Uttara × KU 321 39.85 
±0.69 

2.03 
±1.14 

-35.22 
±3.72** 

-36.61 
±3.57** 

-3.82 
±1.44** 

46.78 
±5.71** 

-8.91 
±1.66** 

-1.26 
±2.47 

26.45 
±3.45** 

18.31 
±1.78** 

D 

Harvest index (%) 
NDU 97-10 × IPU 981 21.18 

±0.38 
0.35 
±1.46 

-17.43 
±3.37** 

-23.47 
±3.31** 

2.04 
±1.53 

48.22 
±6.20** 

-10.34 
±1.97** 

-14.42 
±2.45** 

-1.29 
±2.04 

11.73 
±1.65** 

D 

NDU 99 -2 × IPU 981 21.99 
±1.09 

-0.99 
±1.43 

-5.12 
±5.29 

-10.56 
±5.22* 

-3.25 
±1.51* 

0.67 
±7.38** 

-13.27 
±2.68** 

-6.76 
±1.67** 

-9.38 
±4.67* 

5.32 
±2.61* 

- 

Shekhar 1 × KU 300 18.16 
±0.30 

-3.48 
±1.18** 

-9.63 
±2.89** 

-10.92 
±2.65** 

1.80 
±1.32 

23.75 
±5.41** 

-4.62 
±2.60 

-8.21 
±1.51** 

-1.90 
±2.63 

5.46 
±1.32** 

D 

Shekhar 1 × KU 321 18.43 
±1.10 

-0.98 
±0.63 

2.98 
±4.71 

-2.17 
±4.59 

2.22 
±0.68** 

2.02 
±5.50 

2.29 
±1.33 

-2.15 
±1.45 

2.32 
±4.88 

1.09 
±2.30 

- 

Uttara × NDU 1 14.96 
±0.59 

1.90 
±1.16 

19.26 
±3.36** 

12.45 
±3.31** 

2.96 
±1.20* 

6.59 
±5.34 

-6.56 
±0.55** 

-12.48 
±2.44** 

-31.50 
±2.62** 

-6.23 
±1.65** 

- 

Uttara × KU 321 13.28 
±0.66 

2.73 
±1.41 

28.52 
±4.00** 

22.41 
±3.88** 

2.48 
±1.47 

-11.13 
±6.44** 

-3.16 
±2.24 

-18.12 
±2.13** 

-33.70 
±3.07** 

-11.21 
±1.94** 

D 

Seed yield/plant (g) 
NDU 97-10 × IPU 981 6.60 

±0.18 
-4.00 

±0.25** 
-3.85 

±0.91** 
-6.11 

±0.87** 
0.40 
±0.33 

15.09 
±1.33** 

-4.09 
±0.53** 

-4.89 
±0.43** 

-2.88 
±0.85** 

3.05 
±0.44** 

D 

NDU 99 -2 × IPU 981 6.74 
±0.27 

-0.26 
±0.37 

-0.54 
±1.32 

-2.73 
±1.32* 

-1.19 
±0.39** 

12.22 
±1.86** 

-5.93 
±0.60** 

-3.56 
±0.50** 

-6.75 
±1.12** 

1.37 
±0.66* 

- 

Shekhar 1 × KU 300 6.37 
±0.12 

-1.01 
±0.32** 

-3.57 
±0.84** 

-4.42 
±0.81** 

0.64 
±0.35 

9.05 
±1.43** 

-1.85 
±0.62** 

-2.78 
±0.32** 

-0.21 
±0.64 

2.21 
±0.41** 

D 

Shekhar 1 × KU 321 6.1 
±0.25 

0.50 
±0.17** 

1.18 
±1.18 

-1.21 
±1.08 

1.19 
±0.21** 

2.48 
±1.56 

0.55 
±0.49 

-1.82 
±0.60** 

-0.07 
±1.40 

0.60 
±0.54 

- 

Uttara × NDU 1 4.62 
±0.26 

1.27 
±0.31** 

8.82 
±1.20** 

5.53 
±1.19** 

1.11 
±0.32** 

2.51 
±1.63 

-2.91 
±0.31** 

-5.14 
±0.58** 

-13.58 
±1.06** 

-2.77 
±0.60** 

- 

Uttara × KU 321 5.28 
±0.19 

0.45 
±0.40 

4.30 
±1.11** 

1.97 
±1.09 

0.03 
±0.41 

3.84 
±1.80* 

-2.87 
±0.51** 

-2.94 
±0.68** 

-7.78 
±0.83** 

-0.99 
±0.55 

C 

Protein content (%) 
NDU 97-10 × IPU 981 22.96 

±0.08 
4.14 

±0.06** 
-3.26 

±0.36** 
-3.62 

±0.33** 
1.73 

±0.09** 
4.15 

±0.46** 
1.46 

±0.13** 
-2.00 

±0.19** 
3.09 

±0.39** 
1.81 

±0.17** 
D 

NDU 99 -2 × IPU 981 22.92 
±0.10 

2.05 
±0.17** 

-4.84 
±0.55** 

-6.99 
±0.53** 

0.64 
±0.19** 

10.56 
±0.84** 

-1.14 
±0.26** 

-2.43 
±0.32** 

3.41 
±0.49** 

3.49 
±0.26** 

D 

Shekhar 1 × KU 300 23.76 
±0.15 

0.59 
±0.28** 

-4.74 
±0.84** 

-6.41 
±0.84** 

-0.15 
±0.30 

8.67 
±1.30** 

-1.28 
±0.59* 

-0.98 
±0.12** 

4.15 
±0.69** 

3.21 
±0.42** 

D 

Shekhar 1 × KU 321 24.75 
±0.14 

-0.73 
±0.21** 

-5.34 
±0.72** 

-6.97 
±0.70** 

-0.34 
±0.24 

9.12 
±1.07** 

-1.41 
±0.28** 

-0.74 
±0.43 

4.82 
±0.66** 

3.49 
±0.35** 

D 

Uttara × NDU 1 25.87 
±0.06 

-3.69 
±0.09** 

-11.40 
±0.34** 

-15.38 
±0.30** 

-1.16 
±0.16** 

22.91 
±0.53** 

-4.92 
±0.27** 

-2.61 
±0.20** 

7.85 
±0.38** 

7.69 
±0.15** 

D 

Uttara × KU 321 24.41 
±0.15 

-1.38 
±0.12** 

-6.20 
±0.66** 

-10.89 
±0.65** 

0.20 
±0.13 

17.33 
±0.80** 

-3.02 
±0.24** 

-3.43 
±0.16** 

4.44 
±0.64** 

5.44 
±0.33** 

D 

   *, **: Significant at P= 0.05 and 0.01, respectively; C = Complementary epistasis, and D = Duplicate epistasis
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Table 3. Joint scaling test for 12 characters in six crosses during zaid and kharif 2008

Chi-square values 
Zaid Kharif  Character 

Cross I Cross II Cross III Cross IV Cross V Cross VI Cross I Cross II Cross III Cross IV Cross V Cross VI 
Days to 50% 
flowering 

302.49** 178.25** 270.77** 102.28** 191.14** 203.27** 130.75** 64.99** 230.31** 211.24** 129.98** 43.77** 

Days to maturity 238.78** 145.24** 229.95** 389.60** 399.09** 238.03** 72.96** 34.58** 132.18** 440.93** 116.19** 42.62** 
Plant height 
(cm) 

229.60** 290.25** 99.01** 7.33 17.20** 153.56** 209.82** 98.44** 475.46** 92.50** 379.12** 76.44** 

Number of 
clusters  per 
plant 

-- 24.38** 8.81* 14.77** -- -- -- 44.07** 7.87* 25.93** -- -- 

Number of pods 
per plant 

33.66** 13.34** 48.31** 19.06** 79.11** 59.30** 29.12** 13.71** 17.98** 118.33** 35.43** 24.97** 

Number of seeds 
per pod 

-- 17.63** 10.51** 77.22** -- 12.44** 33.12** 9.41* -- 29.66** 42.53** 49.69** 

Pod seed ratio 
(%) 

364.11** 329.43** 525.10** 131.61** 223.88** 28.29** 797.12** 855.30** 815.65** 158.18** 8.56* 20.15** 

100-seed weight 
(g) 

15.20** 385.79** -- 9.53* -- -- 63.19** 625.64** -- 20.04** 699.07** 13.78** 

Biological yield 
per plant (g) 

223.07** 23.45** 129.39** 22.01** 210.14** 107.96** 19.83** 23.89** -- 11.75** 40.44** 152.27** 

Harvest index 
(%) 

13.25** 81.60** 69.32** 11.40** 14.08** 11.09** 61.73** 38.10** 51.91** 11.14* 216.00** 123.41** 

Seed yield per 
plant (g) 

47.79** 84.37** 126.99** 8.03* 15.37** 71.46** 188.06** 174.40** 61.06** 31.65** 284.40** 11.64** 

Protein content 
(%) 

13.82** 54.86** 97.08** 389.63** 22.59** 28.26** 481.29** 178.37** 132.87** 135.13** 2572.64** 652.80** 

 *, **: Significant at P = 0.05 and 0.01, respectively

KU 321 (C6), number of seeds per pod in crosses NDU 97-10 ×
IPU 981 (C1) and Shekhar 1 × KU 300 (C3), Uttara × NDU 1 (C5)
and Uttara × KU 321 (C6) in zaid. However, number of clusters
per plant in cross NDU 97-10 × IPU 981 (C1), Uttara × NDU 1
(C5) and Uttara × KU 300 (C6), number of seeds per pod and
biological yield per plant in cross Shekhar 1 × KU 300 (C3)
were non-significant in kharif experiment. Thus, these
characters in different cross combinations as stated above
were not utilized for further statistical analyses. Chakravarty
(2008) also indicated lack of variation or very little variation
among existing varieties of black gram for the traits showing
non-significant variation.

Significance of epistasis was detected by either one or
both type of scaling tests in six crosses for all the characters
during zaid and kharif (Table 1, 2 &3). Out of 142 cases (6
crosses, 12 characters in both crop seasons), the presence of
epistasis was detected in 130 cases covering twelve characters
of six crosses across both the cropping season. Remaining
cases were not studied due to non-significant differences
among the progenies.

Generation mean analysis revealed that both additive
(d) and dominance (h) gene effects as well as one or more of
the epistatic interactions (i, j, l) contributed significantly
towards the inheritance of majority of the characters in all the
crosses during zaid and kharif seasons. However, nature and

magnitude of gene effects and epistatic interaction for a
character exhibited considerable variation over the six crosses
in both zaid and kharif seasons. The importance of both
additive (d) and non-additive gene effects governing yield
and contributing traits in urdbean have also been reported
earlier by Ghafoor et al. (2002). Ram et al. (2010) reported that
both additive and dominance components were responsible
for genetic control of plant height, days to 50% flowering,
and seed yield. Karthikeyan et al. (2007) observed both
additive and non-additive components of variation for the
inheritance of grain yield/plant and 100 seed weight. For plant
height, clusters/plant, pods/plant and seeds/pod, only the
additive component was observed. However, Chakraborty et
al. (2010) have also reported additive and non-additive gene
actions governed the expression of quantitative traits; the
magnitude of non-additive gene action was higher than that
of additive gene action for each quantitative trait. The results
on degree of dominance revealed over dominance for all the
traits except clusters/plant with partial dominance. The
predictability ratio also revealed the predominant role of non-
additive gene action in the genetic control of quantitative
traits.

Further, all the crosses showing epistasis for different
traits revealed manifestation of duplicate type of epistasis in
55 cases while, 10 cases showed complementary type of
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epistasis over the both crop seasons. Thus, presence of
duplicate epistasis slows down the selection procedure of
additive and or non-additive genetic variance (Gupta 2005).
Hence, considering the above findings it may be suggested
that the normal breeding methods would not solely work. Some
forms of recurrent selection namely diallel selective mating or
biparental mating in early segregating generations might prove
to be effective approaches. The restricted recurrent selection
of desirable segregants followed by selection might also be a
useful breeding strategy for exploitation of both additive as
well as non-additive type of gene action (Chakraborty et al.
2010).
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ABSTRACT

A reproducible and highly efficient plant regeneration method
involving embryonic axis in chickpea Desi varieties, viz. ‘Vijay’,
‘Di gvijay’ and Kabuli varie ty ‘Virat’ was devel oped as an
e sse ntial  pre -re quis i te for ge neti c transformation.
Considerable variation in response to plant growth regulators
used was observed in all the three cultivars. Embryonic axis
with cotyledon obtained from 4-6 day old seedlings were found
to be best in producing maximum of 55.02 shoot per explant
when cul ture d on MSB5 medi um wi th  2 mg/l 2-
isopentenyladenine (2-iP), 1 mg/l thidiazuron (TDZ) and 0.4
mg/l kinetin (KIN). Embryonic axis without cotyledon produced
only 2.25-4.88 shoots per explant. Shoots were elongated on
MSB5 medium with 2 mg/l benzylaminopurine (BAP) and 0.1
mg/l indole acetic acid (IAA). Rooting was obtained by immersing
cut ends of elongated shoots to 10 seconds pulse treatment of
100 mM indole butyric acid (IBA) and subsequent transfer to
liquid MSB5 medium which resulted in maximum of 92.67%
rooti ng. Pl antlets with  we ll-deve loped root systems we re
hardened in polyhouse out of which 72% survived and showed
normal growth and de velopment. Thi s pl ant regeneration
method was found to be genotype independent and deemed to
be very useful in genetic transformation of chickpea.

Keywords: Chickp ea regenerat ion, Embry onic axis , Pulse
treatment, Thidiazuron

Among legumes , chickpea is widely cultivated very
important pulse crop and provides a rich source of protein for
human being as well as for animals. Although valued for its
high nut rit ional and p rotein  composit ion , cultivation of
chickpea is constrained with innumerable biotic and abiotic
stresses. Those include ascochyta blight (Ascochyta rabiei),
fusarium wilt (Fusarium oxysporum f. sp. ciceri), and pod
borer (Helicoverpa armigera) as well as drought, heat, cold
and salinity  (Mantria et a l. 2010).  Amongst all attack of
lep idop teron  pod  borer caus es  mas sive y ield los s es .
Conventional breeding  approaches for developing ins ect
resistance for chickpea have not been very successful because
of limited variation  in germplasm in respect of pod borer
resistance. Furthermore, many wild annual Cicer species with
desirable agronomic characters were found to be sexually
incompatible with the cultivated species C. arietinum (Jaiwal
and  Sonia 2001). To  combat y ield  los ses due to insects,
introduction of exotic pest-resistant gene/s and development

of transgenic chickpea plants  warrants a reproducible and
dependable Agrobacterium mediated genetic transformation
system (Mehrotra et al. 2011).

It is mentioned that legumes are recalcitrant to plantlet
regeneration under in vitro tissue culture system, thereby
halting genetic transformation to the desired level. Several
reports on in vitro regeneration in chickpea are available and
in  majority of the reports , the plan ts were found to be
regenerated via shoot morphogenesis using  immature or
mature embryo explants with or without cotyledon (Tripathi
and Chawla 2011, Pat il et a l. 2009, Mehrot ra et a l. 2011).
Regeneration of plantlets has been reported to be, either direct
(Bhatnagar-Mathur et al. 2009) or indirect through a callus
phase (Mehrotra et al. 2011). However, lack of reproducible
efficien t  regenerat ion  protoco l, very low roo ting  and
subsequent hardening of in vitro regenerated plants are the
major limiting factors in developing chickpea transgenic plants
(Jaiwal and Sonia 2001). Among several considerable factors,
selection of suitable explants and an appropriate procedure
of in vitro plant regeneration for transformation is the major
one in order to obtain high frequency of transgenic plants
(Pratap et al. 2010). The present study reports an efficient
plant regeneration protocol using chickpea embryonic axis
coupled with very high shooting as well as  rooting.

MATERIALS AND METHODS

Plant Material: Seeds of chickpea Desi varieties, viz. ‘Vijay’,
‘Digvijay’ and Kabuli variety ‘Virat’ were obtained from the
Puls es Improvement Project, Mahatma Phule Krish i
Vidyapeeth, Rahuri. These were surface sterilized with 70%
(v/v) ethanol for 1 min followed by 0.1% (w/v) HgCl2 for 10
min. The seeds were further rinsed five times with sterile
distilled water and soaked overnight in sterile distilled water
at  ambient  temperature. Imbibed , decoated seeds were
inoculated on  Murashige and Skoog  (MS) basal medium
(Murashige and Skoog 1962) supplemented with 3% (w/v)
sucrose and 0.8% (w/v) agar. Those were incubated at 250C
temperature with 16/8- h photoperiod for 4-6 days.
Mult iple shoot induction: Four types of exp lan ts , viz.
embryonic axis, half embryonic axis, embryonic axis with
cotyledon and half embryonic axis with coty ledon, were
aseptically excised from in vitro grown seedlings (Fig. 1).
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Those were cultured on MS salts with B5 vitamins (MSB5)
media and different levels of benzylaminopurine (BAP), 2-
isopentenyladenine (2-iP), thidiazuron (TDZ) and kinetin
(KIN). Emerging shoot buds were separated and transferred
to MSB5 medium with hormonal combination of BAP (2 mg/l)
and indole acetic acid (IAA) (0.1 mg/l) for elongation.

Rooting and hardening: Different rooting treatments were
used for rooting elongated shoots. In first treatment group
the cut ends of elongated, 3-4 cm long shoots were exposed
to pulse treatments in 100 mM indole butyric acid (IBA) for 10
and 30 seconds. Subsequently the shoots were cultured on
filter paper b ridges  immers ed in  liquid MSB5  medium
s upplemented  with  either of 1mg/ l o f IAA, IBA and
naphthalene acetic acid (NAA). In second treatment group
shoots were cultu red on both liquid and semisolid MSB5
medium supplemented with either of 1mg/l of IAA, IBA and
naphthalene acetic acid (NAA), without any pulse treatment.
Plantlets (about 12 weeks old) with well developed roots were
transferred to plastic pots containing coco peat: perlite (2:1).
Those were initially covered with plastic bags for 5–7 days,
and kept at polycarbonated polyhouse. Plants were irrigated
with half MS solution for 14 days and finally transferred to

pot containing soil: cow dung (4:1) and irrigated with water at
regular intervals. All treatments of regeneration experiments
had three replicates and with 30 explants in each replication.

RESULTS AND DISCUSSION

The present study depicts development of a rapid and
efficien t plantlet regeneration s ystem involving all four
explan ts from three different  chickpea genotypes. Using
different  hormonal combination, the effect of the type of
explant on multiple shoot induction was examined in cv. ‘Vijay’,
‘Digvijay’ and ‘Virat’ (Table 1).

Irrespective of the genotype, type and concentration
of plant growth regulators used, 100% shoot regeneration
frequency was recorded in all four explants of these cultivars.
Preliminary experiments had shown that both full as well as
half embryonic axis with cotyledon yielded significantly higher
mult iple shoots (9.90-55.02 shoo ts/explant). However this
efficiency was  d ras tically reduced  when co tyledon was
detached from the embryonic axis, indicating importance of
attachment of cotyledon in multiple shoot induction. Explants
devoid of cotyledons yielded only 2.25-4.88 multiple shoots
per explants (Table 1) evidently indicating the necessity of

Table 1. Effect of plant growth regulators on number of shoots per explant

Number of shoots developed per explants ± SE Growth regulators 
(mg/l) 

Variety 
 Full embryonic axis with 

cotyledon 
Half embryonic axis with 
cotyledon 

Full embryonic axis Half embryonic axis 

Vijay 13.72 ± 0.21 12.45 ± 0.29 3  2.38 ± 0.03 
Digvijay 10.67 ± 0.19 9.90 ± 0.13 3 2.55 ± 0.06 

BAP 1 

Virat 12.97 ± 0.17 12.82 ± 0.12 3  3 
Vijay 15.02 ± 0.1 12.90 ± 0.29 3 2.37 ± 0.03 
Digvijay 10.33 ± 0.19 11 ± 0.18 3  2.33 ± 0.04 

BAP 2 

Virat 14.67 ± 0.19 13.30 ± 0.10 3   3 
Vijay 15.67 ± 0.26 15.07 ± 0.11 3 2.51 ± 0.07 
Digvijay 13.30 ± 0.19 12.8 ± 0.10 3  2.25 ± 0.06 

IP 1 

Virat 15.72 ± 0.15 15.67 ± 0.19 3  3 
Vijay 17.93 ± 0.15 17.18 ± 0.24 3 2.33 ± 0.04 
Digvijay 15.93 ± 0.04 15.33 ± 0.26 3 2.48 ± 0.09 

IP 2 

Virat 19.3 ± 0.36 18.07 ± 0.15 3  3 
Vijay 47.62 ± 0.15 45.83 ± 0.1 3.7 ±0.04 3.48 ± 0.03 
Digvijay 45.22 ± 0.41 41.73 ± 0.34 3.4 ± 0.09 3.53 ± 0.04 

IP 2, TDZ 1 

Virat 44.03 ± 0.12 43.27 ± 0.39 3.97 ± 0.06 3.78 ± 0.07 
Vijay 27.28 ± 0.36 28.85 ± 0.26 3.52 ± 0.13 3.22 ± 0.03 
Digvijay 32.90 ± 0.56 29.10 ± 0.29 3.78 ± 0.03 3.47 ± 0.02 

IP 2, TDZ 2 

Virat 28.58 ± 0.30 26.88 ± 0.20 3.25  ± 0.1  3.08 ± 0.06 
Vijay 55.02 ± 0.56 52.06 ± 0.58 3.75 ± 0.1 3.48 ± 0.12 
Digvijay 49.90 ± 0.18 46.67 ± 0.5 3.65 ± 0.03 3.67 ± 0.04 

IP 2, TDZ 1, KIN 0.4 

Virat 52.02 ± 0.56 47.88 ± 0.20 4.20 ± 0.1 4.88 ± 0.20 

  SE (difference) CD (P=0.05) 
Variety 0.06 0.11* 
Growth regulators 0.08 0.17* 
Explant 0.06 0.13* 
Variety × Growth regulators 0.15 0.29* 
Variety × Explants  0.11 0.22* 
Explant  × Growth regulators 0.17 0.33* 
*: Significant at P=0.05 
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cotyledons for multiple shoot induction from embryonic axis.
Polisetty et  al . (1997) also reported that the presence of
cotyledons was essential to obtain maximum shoot production.
Bhatnagar-Mathur et al. (2009) reported that explants with
full cotyledon showed faster appearance of shoot buds in
comparison to the explants with half cotyledon followed by
no cotyledon.

However, there was no t much d ifference in multiple
shoot induction from half embryonic axis with single cotyledon
(9.90-52.06 shoots/explant) and full embryonic axis with single
cotyledon (10.33-55.02 shoots/explant) (Table 1). Kar et al.
(1996) also reported that dissection of the embryonic axis did
not adversely influence multiple shoot induction.

TDZ was earlier reported in many reports to enhance
multiple shoot formation (Patil et al. 2009, Bhatnagar-Mathur
et al. 2009). Jayanand et al. (2003) had also observed that use
of TDZ along with other cytokinins such as KIN, BAP and 2-
iP, promotes the format ion of multiple, healthy shootlets.
Anwar et al. (2008) also obtained 50-100 adventitious buds/
shoots using single cotyledon with half embryonic axis as
explants on MS supplemented with 4 µM TDZ, 10 µM 2-iP
and 2 µM KIN. Our results corroborate those reports. The
type and the concentration of the phytohormones in the
shooting media were found to be crucial in controlling multiple
shoot induction. Multiple shoot formation was obtained in all
hormonal treatments with varying frequencies (Fig. 1).  TDZ
has been  found  to  be most effective for multip le shoot
induction from embryonic axis when used at the concentration
of 1 mg/l. (Table 1). Irrespective of genotype, two hormonal
combination treatments, i.e. 2 mg/l 2-iP, 1 mg/l TDZ, 0.4 mg/l
KIN and 2 mg/l 2-iP, 1 mg/l TDZ, were found  significantly
better over other treatments in respect of number of shoots/
explants, with former treatment yielding best results (Fig. 2).
Both full as well as  half embryonic axis with coty ledon
produced higher number of multiple shoots/ explant (41.73-
55.02 shoots/explant). Desi variety ‘Vijay’ produced maximum
number of s hoots (55.02) per exp lant fo llowed by Kabuli

variety ‘Virat’ (52.02) and  Desi variety ‘Digvijay’ (49.90)
(Table 1).

Higher TDZ concentration  i.e. 2 mg/l TDZ reduced
multiple shoot formation (26.88-32.90 shoots/explant) as well
as displayed stunted growth of the shoot buds. Jayanand et

Table 2. Effect of culture medium on the rooting of in vitro multiplied and elongated shoots of chickpea

 

B A C D 

Fig 1. Explants  A) Full embry onic axis  wit h coty ledon;
B) Half embry onic axis  wit h coty ledon; C) Full
embryonic axis; D) Half embryonic axis

 

A B 

C D 

Fig 2. Mult iple shoot induction from embryonic axes after 21
days of incubation on MSB5 medium with 1 mg/l TDZ,
2 mg/l iP and 0.4 mg/l KIN. A) ‘Vijay’; B) ‘Digvijay’;
C) ‘Virat’.

Vijay Digvijay Virat Growth regulators  
(1 mg/l) Rooting (%) ± SE  Days to rooting Rooting (%) ± SE Days to rooting Rooting (%) ± SE Days to rooting 

IAA  4.67± 0.88 18-20 3.33± 1.14 18-20 2.67± 1.14 18-20 

IBA  8.67± 0.67 18-20 6.67±0.75 18-20 6.00± 1.41 18-20 

NAA  6.67± 0.75 18-20 5.33± 0.88 18-20 5.33± 0.88 18-20 
PIAA  88± 1.02 14-16 85.33± 0.54 14-16 86± 0.96 14-16 
PIBA  92.67±1.42 10-12 91.33 ± 1.78 10-12 90.67± 1.80 10-12 
PNAA  90.67± 1.61 14-16 90± 1.11 14-16 84.66±1.43 14-16 
SIAA  0 - 0 - 0 - 
SIBA  0 - 0 - 0 - 
SNAA  0 - 0 - 0 - 
P indicates pulse treatment of 100 mM Indole -3 Butyric Acid (IBA); Filter paper bridge immersed in liquid MSB5 was used in first  six treatments; 
S indicates use of solid MSB5 medium 
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al. (2003) found that increas e in the TDZ concentration
resulted in stunted growth of the shoot buds. Shoot buds
that appeared at TDZ concentrations of 50 and 100µM failed
to even elongate.

Aasim et al. (2011) recorded 16.83 shoots per explant
with mature embryo explant on MS medium containing 2.0
mg/l BA.  Patil et al. (2009) reported that TDZ induced more
chickpea shoots/explant as compared to BAP.  Our results
resembles with this report as BAP and 2-iP when used singly
resu lted in  les s number o f multiple shoot  induct ion as
compared to media supplemented with TDZ. 2-iP found to
better than BAP in respect of number of shoots developed
per explant (Table 1). Average number of shoots per explant
(full embryonic axis with single cotyledon) on MSB5 media
with 2 mg/ l BAP for Vijay, Digvijay and Virat were found to be
15.02, 10.33, and 14.67, respectively (Table 1). Although TDZ
found to be most efficient in multiple shoot induction however,
prolonged culture of explants on TDZ containing media found
to slow down the shoot elongation and resulted in formation
of deformed shoots. Therefore elongation of shoots was done
on MSB5 media with 2 mg/ l BAP and 0.1 mg IAA.

In chickpea, root induction and its development is a
serious constraint,  and is considered to be a limiting factor in
obtaining transgenic plants. Many alternative methods for
root induction were reported which included in vitro grafting
by utilizing scions from pre-existing seedlings (Acharjee et
al.  2010) and hydroponics culture (Bhatnagar-Mathur et al.
2009). However, such methods are laborious, requires highly
technical skill, demanding and time-consuming. Jayanand et
al. (2003) reported that technique of roo ting of elongated
shoots on paper bridges immersed in liquid medium resulted
in rooting frequency of 70–90% in comparison to 5–10% in
semi solid medium. In the present experiment, the genotypes
used did not show any root induction when cultured on MSB5
semi s olid  medium supplemented  with differen t auxins
(1mg/l), viz., IAA, IBA and NAA (Table 2) where as rooting
frequency of 2.67- 8.67% was obtained when elongated shoots
placed on paper bridges were immersed in liquid medium.

Pulse treatment with 100 mM IBA for 10 s followed by
culture on paper bridges immersed in liquid medium proved to
be crucial for efficient and quick root induction. This treatment

 B C A 

Fig 3. Rooting of an elongated shoot on a filter paper bridge in
liquid medium. A) ‘Vijay’; B) ‘Digvijay’; C) ‘Virat’

resulted in  high rooting efficiency in varieties studied (85.33-
92.67%) as compared to low rooting without pulse treatment
(2.67-8.67%) in liquid media. The differentiation of roots on
the elongated shoots occurred over a period of 10-20 days
(Table 2). The earliest rooting was observed in 10-12 days in
pulse treatment involving 100 mM IBA followed by culture in
liquid MSB5 with 1mg/l IBA. However, rooting without pulse
treatment took 18-20 days (Table 2).  Anwar et al. (2008) had
also reported high rooting (100%) by exposing cut ends of
the shoots for 10 s pulse treatment with 100 mM IBA followed
by transfer to liquid MS bas al medium within 10-14 days.
Bhatnagar-Mathur et al. (2009) observed that pulse treated
with 100 µM IBA to the shoots resulted into more number of
adventitious rooting emerging from basal cut end of the shoot.

Unus ual root ing pattern all over the s hoots was
observed in the pulse treatment given for a period of 30 s
(Fig. 4). Jayanand et a l. (2003) also  obs erved that pu lse
treatment with IBA resu lted in adventitious  root ing with
innumerable roots originating from different parts of the shoot.
Healthy plantlets with efficient rooting upon their transfer to
plastic pots containing sterile coco peat: perlite resulted in
80% survival. The plants were then transferred to a mixture of
soil: cow dung (4:1), 90% these plants survived and showed
normal growth (Fig. 5).

 

C 
A D 

B 

Fig 4. Develop ment  of unusual root ing due t o 30 second
p ulse treatment of 100 mM  Indole IBA A) and
B) ‘Vijay’; C) ‘Digvijay’; D) ‘Virat’.

In a nutshell, an efficient and reproducible regeneration
protoco l was developed involving embryonic axis with
cotyledon through a series of experiments. The regeneration
protocol includes induction o f adventitious shoot buds in
MSB5 medium with 1 mg/l TDZ, 2 mg/l iP and 0.4 mg/l KIN,
their elongation in MSB5 media with 2 mg/l BAP and 0.1 mg/l
IAA, followed by root induction through pulse treatment with
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100 mM IBA followed by culture on paper bridges immersed
in liquid MSB5 containing 1 mg/l IBA. The present method
amply prospects relatively fast and routine regeneration of
chickpea plants which would certainly encourage transgenic
development programme with diverse gene.
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ABSTRACT

In  order to understand the chromosome  morphology and
structural variation, somatic chromosomes of nine accessions
of grass pea (Lathyrus sativus L.) viz., ‘Pusa 24’, ‘Ratan’, ‘Pratik’,
‘IC120455’, ‘IC120500’, ‘IC120505’, ‘IC345392’, ‘IC345401’,
and ‘IC345403’ were studied using young root tips. The study
reveale d variati on not only in  phys ical  dime nsion and
morphology of the chromosomes but also in the position of the
primary and secondary constrictions. Although all accessions
were di pl oi d (2n=14), variati ons  i n karyotype  formula,
chromosome length, total haploid complement, arm ratio and
centromeric index were observed. The secondary constriction
was observed in at least one of the metacentric chromosomes of
‘Pusa 24’, ‘IC120500’, ‘IC120505’, ‘IC345392’ and ‘IC345403’.
Telocentri c chromosomes were absent in all the accessions
while variable numbers of sub-metacentri c and acrocentric
chromosome s we re  obse rved i n these accessi ons. The se
chromosomes differed in their lengthwise posi tions in  the
karyotype. Total length of the largest chromosomes did not
differ significantly among accessions. However, chromosomes
with satellites were longer. Total length of smallest chromosome
was  variable  among the  acce ssi ons . The total hapl oi d
chromosome length (TCL) varied from 5.11 µm in ‘IC345403’
to 7.30 µm in ‘IC345401’. The arm ratio and centromeric index
value ranged from 1.21 in ‘IC120455’ to 1.44 in ‘IC120505’ and
40.94 in ‘IC120505’ to 45.19 in ‘IC120455’, respectively. These
resul ts clearly showed structural variation in karyotype at
genotypic level in grass pea.

Key words: Chromosome, Constriction, Grass pea, Karyotype.

Grass pea (Lathyrus sativus L.), a member of the family
Leguminosae, is a protein-rich pulse crop widely grown under
subs istence farming in the Indian s ubcontinent and Sub-
Saharan  Africa. A comparatively bet ter performance under
biotic and abiotic stresses makes grass pea an attractive crop
for adap tation in fragile agro-ecosys tems. However, the
presence of a neurotoxin, -N-Oxalyl-L-, -diaminopropionic
acid (-ODAP) in its seeds renders the crop neglected and
underutilized (Kumar et al. 2011). For directed improvement,
information on karyotype and genetic variation is essential,
which are scanty in grass pea. Earlier studies have reported
2n=2x=14 chromosomes in  it s somatic cells (Res s and
Narayanan 1997, Ozcan et al. 2006). In contrast, some reports
also suggest that the chromosome numbers in somatic cells
of L. pratensis and L. palustris subsp. palustris were 2n=28
and 2n=42 (Darlington and Wylie 1995).

Low genetic variability and cross incompatibility among
Lathyrus species have been attributed for limited improvement
in g ras s  pea (Talukdar 2011). Therefore, cytogenetic
information is considered a p rerequis ite for planning  pre-
breeding  activities to infuse new genetic variability in the
cultivated germplas m. Karyo type des crip tion , such  as
morphology and number of chromosomes has been widely
accepted as reliable diagnostic criteria for different sections
within the genus Lathyrus. Within the species, genotypic
variations have been reported in chromosome size, centomere
location, and the number, size and  locat ion of secondary
constrictions in spite of the identical number of chromosomes
(Sharma and Dutta 1959, Fouzard and Tandon 1975, Broich
1989, Batt istin and Fernandez 1994). Similarly, reports  are
available for variation in DNA content, involving euchromatin
and heterochromatin, as well as repetitive and non-repetitive
DNA sequences (Battistin et al. 1999). Therefore, the present
investigation was undertaken to study the karyotype of some
Indian genotypes in grass pea.

MATERIALS AND METHODS

Seeds of nine accessions of Lathyrus sativus L. viz.,
‘Pusa 24’, ‘Ratan’, ‘Pratik’, ‘IC120455’, ‘IC120500’, ‘IC120505’,
‘IC345392’, ‘IC345401’, and ‘IC345403’ were obtained from
National Bureau of Plant  Genet ic Res ources  (NBPGR),
International Plant Genetic Resource Institute (IPGRI), and
Indira Gandhi Agricultural University (Raipur). Healthy seeds
of these accessions were germinated in Petri dishes lined with
moist filter paper at  room temperature. When roo ts were
1-1.5 cm long , thes e were cu t  and  p retreated  with
paradichlorobenzene for 4 h and then fixed in acetic alcohol
(1:3 v/v) for 24 h. The roots were stored in 70% alcohol at 4°C
temperature after fixation. The stored root tips were washed
and hydrolyzed in 1 N HCl for 5-10 min at 60°C, followed by
washing in distilled water and staining with 2% acetic orcein
for 20 min at 60°C. Root tips were then squashed on slides
under cover slips. Karyotype analysis was done following
the method  des cribed in Lavan  et  al . (1964) using CCD
microscope. Chromosome length was  determined from the
mean length value of the chromosomes in five cells.

RESULTS AND DISCUSSION

All the nine accessions of Indian origin viz., ‘Pusa 24’,
‘Ratan’, ‘Pratik’, ‘IC120455’, ‘IC120500’, ‘IC120505’, ‘IC345392’,
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‘IC345401’ and ‘IC345403’ were dip lo id with 2n= 2x=14
chromosomes (Fig. 1). This agrees with previous studies on
Lathyrus species from Brazil (Klamt and Witmann 2000), Iran
(Arzani 2006), South America (Battistin and Fernandez 1994,
Schifino-Wittman et al. 1994, Seijo and Fernandez 2003), and
Turkey (Karadag and Buryukburc 2003, Ayaz and Ertekin 2008,
Fatma and Crrpici 2008). Similar basic chromosome number
(x=7) were also recorded earlier in seven Indian accessions
viz., ‘JRL43’, ‘Pusa28’, ‘LCD’, ‘RLS1’, ‘S101-85’, ‘JRL115’ and
‘Pusa90’ (Dev 1999). Polyploid and aneuploid plants reported
in Lathyrus species from Europe, North America, Australia
and New Zealand had also shown the same basic chromosome
number (Khwaja 1988, Broich 1989, Murray et al. 1992). This
reveals that a conserved basic chromosome number remains
a common phenomenon in Lathyrus with polyploidy as rare
exception (Kalmt and Wiltmann 2000, Seijo and Fernandez
2001).

the accessions. The secondary constriction was observed in
one of the metacen tric chromosomes of ‘Pusa 24’ and
‘IC120500’, and two of ‘IC345392’ and  ‘IC345403’. The
secondary constriction was also observed in one of the sub-
metacent ric chromosomes  of ‘IC120505’.  The leng th of
satellite observed in different chromosomes of the accessions
ranged from 1.90 to 2.95 µm. ‘Pusa 24’ showed four pairs of
metacen tric chromosomes invo lving one with secondary
constriction, one pair of submetacentric and two of acrocentric

Table 1. Karyotype formul a, chromosome  l ength, total
haploid complement (TCL), arm ratio (LA/SA) and
centromeric index (CI) in  different accessions of
Lathyrus sativus L.

Accession 2n Karyotype TLLC 
µm 

TLSC 
µm 

TCL 
µm 

LA/SA 
ratio 

CI 

Pusa 24 14 4m*+1sm+2ac 3.75 2.65 6.40 1.42 41.41 
Ratan 14 3m+3sm+1ac 3.54 2.75 6.29 1.29 43.72 
Pratik 14 3m+3sm+1ac 3.68 2.74 6.42 1.34 42.68 
IC120455 14 3m+2sm+2ac 3.42 2.82 6.24 1.21 45.19 
IC120500 14 2m*+3sm+2ac 4.21 2.93 7.14 1.43 41.04 
IC120505 14 2m+3sm*+2ac 4.27 2.96 7.23 1.44 40.94 
IC345392 14 5m*+1sm+1ac 3.85 2.88 6.73 1.34 42.79 
IC345401 14 4m+3sm 4.01 3.29 7.30 1.22 45.07 
IC345403 14 3m*+3sm+1ac 3.01 2.10 5.11 1.43 41.10 

 2n: Diploid chrom osome number; TLLC: Total length of lon gest
ch romo som e; T LSC: To tal len gth of the sho rtest ch rom osom e;
m: metacent ric; sm: submetacentr ic; ac: acrocentric chromosomes;
*: Secondary constriction

 

Long arm 

Short arm 

Fig 1. Microphotograph of accessions: (A) Pusa 24, (B) Pratik,
(C) IC345401, (D) Ratan, (E) IC120455, (F) IC120500,
(G) IC345403, (H) IC345392, and (I) IC120505

       
    Ratan         Pratik         Pusa 24  
 

      
     IC120455        IC120500                 IC120505 
 

               
     IC345392        IC345401          IC345403 

Secondary constrictions 

Fig 2. Idiograms of grass  p ea access ions  based on
chromosome lengt h and p rimary  and secondary
constrictions

Although all accessions were diploid with 2n = 2x = 14,
variations in karyotype formula, chromosome length , total
haploid complement, arm ratio and centromeric index were
observed in the present study (Table 1). The ideograms of
different accessions are presented in Fig 2. All accessions
differed  in number o f metacent ric, s ubmetacentric and
acrocentric chromosomes in their karyotypes. Metacentric
chromosomes differed from two in ‘IC120500’ and ‘IC120505’
to five in ‘IC345392’ while submetacentric chromosomes varied
from one in ‘Pusa 24’ and ‘IC345392’ to three in remaining
accessions except two in ‘IC120455’. Acrocentric chromosomes
were nil in ‘IC345401’, one in ‘Ratan’, ‘Prateek’, ‘IC345392’
and ‘IC345403’, and two in ‘Pusa 24’, ‘IC120455’, ‘IC120500’
and ‘IC120505’. Telocentric chromosomes were absent in all
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chromos omes. ‘Pratik’, ‘Ratan’ and ‘IC345403’ had similar
cytogenetic features with three pairs each of metacentric and
submetacentric and one pair of acrocen tric chromosomes.
However, one of the metacentric chromosomes in ‘IC345403’
has secondary constriction.  The karyotype of ‘IC120455’ had
three metacentric, and two pairs each of submetacentric and
acrocentric chromosomes while ‘IC120500’ and ‘IC120505’ had
two metacentric, three submetacentric and two acrocentric
pairs o f chromos omes. Maximum five metacent ric pairs
involving two with secondary constriction, and one each of
submetacentric and acrocentric pairs were found in ‘IC345392’.
‘IC345401’ exhibited four pairs of metacentric and three of
submetacentric chromosomes. Seijo and Fernandez (2003)
reported  2n=14 chromosomes  with p redominance o f
submetacentric chromosomes in 14 Lathyrus species. Our
results suggest that Lathyrus sativus accessions representing
Indian subcont inent are characterized by p redominance of
metacent ric chromosomes. Morpholog ical d ivergence in
karyotypes of different accessions seems to be the result of
their origin.

Another cytogenetic trait that showed variation among
different accessions was chromosome length (total length of
haploid  complement). The total chromosome length (TCL)
differed significantly among the accessions ranging from 5.11
µm in ‘IC345403’ to 7.30 µm in ‘IC345401’ (Table 1). The TCL of
‘Pusa 24’, ‘Pratik’, ‘Ratan’, ‘IC120455’ and ‘IC345392’ did not
differ significantly from each other. Total length of the largest
chromosome varied from 3.01 µm in ‘IC345403’ to 4.27 µm in
‘IC120505’. Chromos omes with s atellites were longer in
general. Total length of the smallest chromosome ranged from
2.10 µm in ‘IC345403’ to 3.29 µm in ‘IC345401’. Arm ratios of
different  chromosomes and their relative length p rovide
centromere types which have been found variable for different
chromosome pairs and accessions selected for the present
study. Arm ratio was highest (1.44) in ‘IC120505’ and lowest
(1.21) in ‘IC120455’. The centromeric index ranged from 40.94
in ‘IC120505’ and 45.19 in ‘IC120455’. Significant variation in
total chromosome length and arm ratio observed among the
acces sions indicated  asymmetrical karyo type in thes e
acces sions. These karyotypes  are, thus , advanced  from
evolu tionary  po int  of view (Stebbins 1971). Variation in
chromosome size is often the result of the amplification or
deletion of a chromatin segment during species diversification.
Intra- and inter-specific variation in chromosome size indicates
marked variat ion in  the amount o f DNA affect ing the
complement size, a high percentage of this DNA is moderately
repetitive (Rees and Narayan 1977). Chromosomes have key
morphological features such as centromere and telomere. Thus,
a species can have different chromosome arrangements. These
differences imply that along the path of evolution, genome
segments have been rearranged. There is a possibility that
these kinds of rearrangements in genome may lead to change

in ODAP concentration, which is the major goal of various
grass pea improvement programs across the globe. The present
study demonstrates significant intra-specific differences in
chromosomal morphology and total chromosome complement,
hence allowing strain characterization in Lathyrus sativus L.
These results als o clearly  showed st ructural variation  in
karyotype at genotypic level in grass pea.
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ABSTRACT

Forty three pendal and seventy one non-pendal genotypes were
collected from different parts of Karnataka. The pendal and
non-pe ndal  genotype s we re  eval uate d se paratel y in  two
different experiments following randomized complete block
des i gn at Dharwad duri ng kharif  2007-08. In orde r to
characterize and differentiate the genotypes, observations on
20 quantitative and 26 qualitative characters at different growth
stages of the plants were recorded. The analysis of variance
suggested significant variation for all the characters in both
pendal and non-pendal genotypes. GCV was the highest for
number of green pods/plant and green pod yield/plant in both
the types. High variation was observed for leaf, inflorescence,
flower, pod and seed characters among pendal and non-pendal
genotypes. D2 statistic grouped the non-pendal genotypes into
13 disti nct clusters, indicating ample divers ity among the
genotypes. The 43 pendal type genotypes were grouped into six
clusters and had high range of inter-cluster distance compared
to non-pendal types, suggesting greater diversity among the
ge notypes. However, gene tic dive rsi ty was not rel ated to
geographical diversity in both pendal and non-pendal types.
Diverse genotypes in both pendal (DDGC 18, DDGC 35, GL
509, GL 502 and DDGC 32) and non-pendal (GL 63, GL 77, GL
56, GL 70 and GL 37) types were identified for hybridization to
generate high variability. Wide variability for all the qualitative
traits  (such as  growth habit, branch orie ntati on, s te m
pigmentation, and the like) was observed in both pendal and
non-pendal types.

Key words: Dolichos  bean, Field bean, Genet ic diversity,
Germplasm, Pendal type

Field bean [Lablab purpureus (L.)Sweet], also called
hyacinth bean/dolichos bean, belongs to family Fabaceae and
is one of the most ancient crops. It is presently grown through
out the tropical reg ions in As ia, Africa and America. In
Karnataka, it  occup ies an area of 0.6 lakh hectares with
production of 0.26 lakh tones and productivity of 438 kg/ha
(Anonymous 2006). It is cultivated either as a pure crop or
mixed with other crops such as finger millet, groundnut, castor,
corn or sorghum. It is also grown in home garden. It  is a
multipurpose crop grown for pulse, vegetable and forage.
There are two distinct types of field bean; Lablab purpureus
var. typicus and  Lablab purpureus var. lignosus. Variety
typicus is a garden/pendal type and cultivated for its soft and
edible pods . Variety lignosus is commonly known as field

bean/non-pendal type and cultivated for both green and dry
seed (Purseglove 1968). Lablab purpureus is also grown under
varied agricultural practices (sole crop, mixed crop, inters crop,
forage crop, catch crop, kitchen garden, etc).

Although field bean is cultivated throughout Karnataka,
no concerted effort has been made to collect and conserve
the available genetic resources. A wide genetic variability is
available in situ in farmers’ fields and/ or kitchen gardens,
offering scope for selection (Byre Gowda 2005). Information
on divergence and germplasm characterization in field bean is
s can ty and also  not  well-documented . The pres en t
investigation is an attempt to document such information in
available collections of field bean.

MATERIALS  AND METHODS

A total of 56 field bean genotypes were collected from
different parts of North Karnataka; 33 were non-pendal (field)
and 23 were pendal (garden) types. In addition, 20 garden
type and 38 field type genotypes  were obtained from the
germplasm bank maintained at UAS, Bangalore. Most of these
genotypes were collected from Southern parts of Karnataka.
Altogether 43 pendal and 71 field types  were evaluated
separately in two different experiments during the year 2007-
08 kharif.  Both the experiments were conducted at Botanical
Garden, UAS, Dharwad.

In the first experiment, only the field type genotypes
were grown in a randomized complete block design (RCBD)
with two replications.  Each genotype was sown in a single
row with a row length of 3.0 m with an inter row spacing of 60
cm and inter plant spacing of 25 cm under rainfed conditions.
All the agronomic practices were followed to raise a good
crop. Six plants were randomly taken from each genotype per
replication. Out of the six, three plants were used for recording
green pod observations, and the remaining three plants were
used for taking dry pod and dry seed yield observation. In the
second experiment, only pendal types were used. Each pendal
type genotype was sown in a row length of 3.6 m with an inter
row spacing of 90 cm and inter plant spacing of 60 cm under
rainfed condit ions. Staking was  given to each p lant with
bamboo pole having branches as a support to climb.  Three
plants were randomly selected  from each  genotype per
rep lication  to record observations on days to  flowering,
primary branches/plant, racemes/ plant, raceme length, flower
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buds /raceme, nodes/ raceme, green pods/plan t, green  pod
length, green pod width, seeds/pod, green pod yield/plant
(g), seed length (fresh), seed width (fresh), test weight (fresh),
shelling percentage in fresh pods, dry seed yield/plant (g),
seed length (dry), seed width  (dry), tes t weight (dry) and
shelling percentage in dry pods. The dry seed yield/plant was
not recorded for pendal types. The plants were scored for 26
qualitative traits using standard scales (Shivashankar et al.
1977, Savitha 2008) at different stages of crop growth. Based
on the qualitative data, the genotypes were classified into
different groups.

The statist ical analysis o f indiv idual quantitative
characters was carried out by taking the mean values over
two replications. The mean and range was determined for each
trait separately for two experiments. Mahalanobis D2 statistic
(1936) was used for assessing the genetic divergence between
genotypes.

RESULTS AND DISCUSSION

The ultimate goal of any plant breeding programme is
to improve crop  plan ts  fo r agronomic and  economic
superiority. Improvement in productivity of any crop depends
on the availability of variable material or germplasm for utilizing
it in breeding programmes and successful determination of its
breed ing value. The assessment of variability in the local
cultivars and land races and utilization of them in breeding
programmes is  more p ruden t than  looking  for world

collections. The local germplasm will have adaptive traits to
regional requirements.

The analysis of variance revealed highly significant
differences among genotypes in both pendal and field types
with respect to all the 20 quantitative characters studied (Data
not presented). This indicated that the lines under study were
genetically diverse. High diversity for many quantitative traits
in  field bean  has also been  observed earlier in different
collections (Borah et al. 1992, Basavarajappa and Byre Gowda
2000). The range was wide for all 20 characters in both pendal
and non-pendal types. The estimates of genetic coefficient of
variation (GCV) were also moderate to high for many of the
characters studied (Table 1). The GCV was the highest for
important yield traits like number of green pods per plant and
green pod yield per plant in both the types, suggesting ample
opportunity to select genotypes for high yield.  Among field
types, there were many genotypes which were significantly
superior in yield to the best checks ‘HA 3’ and ‘HA 4’ (which
are the dominant varieties in  Karnataka). In general, wide
variability was observed for the yield and yield components
in both garden and field types.

Quantification of genetic diversity existing within and
between groups of germplasm is important and particularly
useful in the choice of parents to be hybridized for creating
higher variability in segregating populations and obtaining
us efu l recombinants. The 71 field bean  genotypes  were
grouped in to 13 distinct clusters, indicating prevalence of

Field type Garden type Characters 

Mean Range GCV Mean Range GCV 

Days to 50% flowering (no.) 85.55 41.00-107.00 20.35 100.20 71.00-143.00 20.54 
Primary branches/plant (no.) 3.08 2.35-7.00 22.85 2.71 1.83-3.50 8.25 
Flower buds/raceme (no.) 31.44 9.35-51.00 22.25 31.02 12.50-47.17 28.07 
Racemes/plant (no.) 12.53 3.80-28.60 38.43 33.02 6.83-63.00 45.17 
Raceme length  (cm) 27.92 15.24-47.50 15.41 22.57 4.80-35.07 33.07 
Nodes/raceme (no.) 9.52 5.20-13.55 11.40 8.27 2.50-12.83 29.51 
Green pod length  (cm) 5.43 4.35-7.55 9.14 7.09 4.47-15.95 32.54 
Green pod width (cm) 1.84 1.30-2.40 12.45 1.82 1.33-2.35 12.60 
Green pods/plant (no.) 68.70 13.75-153.88 38.88 138.53 42.00-379.16 55.91 
Seeds/pod (no.) 3.91 3.30-4.70 5.25 4.53 3.50-5.80 12.42 
Seed length (Fresh)  (cm) 1.37 1.05-1.60 7.25 1.42 1.22-1.69 6.23 
Seed width (Fresh)  (cm) 0.88 0.70-1.10 6.79 0.95 0.77-1.18 9.99 
Test weight (Fresh)  (g) 50.95 30.35-64.35 16.83 62.25 33.90-85.85 19.14 
Shelling % (fresh pods) 57.77 33.50-67.75 15.16 56.53 40.90-73.61 15.57 
Seed length [Dry]  (cm) 0.94 0.75-1.05 6.28 0.90 0.75-1.27 11.58 
Seed width [Dry]  (cm) 0.70 0.60-0.90 5.44 0.66 0.49-0.78 7.49 
Test weight (Dry) (g) 25.25 18.95-33.95 12.64 33.12 21.80-54.87 24.06 
Shelling % (dry pods) 74.67 55.76-84.05 5.58 74.05 53.30-81.98 6.62 
Green pod yield/plant (g) 172.87 31.0-439.64 38.90 477.06 169.40-861.79 36.18 
Dry seed yield/plant (g) 48.77 4.85-125.50 48.21  

 

Table 1. Mean and range observed for different quantitative characters in pendal and non-pendal genotypes of Lablab purpureus
(L.) Sweet
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high diversity in the materials studied (Table 2). Cluster II was
the larges t with 35 genotypes  followed by  cluster V (11
genotypes), cluster III and IV (each with  6 genotypes ).
Clusters VII, VIII, IX, X, XI, XII and XIII, each contained one
genotype only. The genotypes, which fell within the clusters,
by and large exhibited narrow range of genetic variability. As
many as 35 genotypes in cluster III indicated that majority of
the genotypes in the local germplasm of field bean  are
genetically similar. Nevertheless, formation of 13 clusters with
different frequencies of genotypes  itself indicated a large
extent of diversity among the genotypes evaluated. Formation
of clusters (VII to XIII) with solitary entry might be due to
to tal iso lat ion  preven ting the formation of gene flow or
in tens ive natural/human s election fo r d iverse adap tive
complexes. Most of these collections were from remote villages
and maintained by farmers over years. Therefore, it is possible
that they  could be reproductively is olated . However, the
cluster formation did not include any geographical isolation.
For example, clusters I, II, III, IV and V comprised genotypes
collected from different districts of Northern and Southern
Karnataka. Such non correlation of geographical distribution
with clustering pattern has also been observed in Dolichos
bean (Pujari 2000, Nandi et al. 2000). However, clustering
pattern following their respective geographical origin was also
observed (Basavarajappa and Byre Gowda 2000). Based on
inter cluster distance (D2 values), the genotypes belonging to
cluster I and VI appeared to be more diverse (363.51) followed
by cluster VI and XII (304.64), cluster IV and I (298.65) and
cluster VI and III (269.43), s uggest ing that  selection of
genotypes from these divergent groups would result in higher
magnitude of heterosis for the characters concerned. Such
crosses may also generate more desirable recombinants in
segregating generations due to allele frequency differences
between these genotypes.

The 43 pendal type genotypes were grouped into six
clus ters and  had high range of inter cluster D2 values,
suggesting greater diversity among the genotypes. Among
clusters, two clusters had solitary entry (cluster V and VI);
cluster I, IV, III and II had two, four, fifteen and twenty
genotypes, respectively (Table 3). Most of the pendal types
were collected from the kitchen garden, which is maintained
as perennials for many years. Therefore, there could be less
exchange o f seed material. Further, there is a reproductive
barrier as they were not grown as populations in the field. Still
a large number of genotypes were grouped into cluster II with
20 genotypes, suggesting similarity among genotypes for
many traits. In addition, the cluster formation did not include
any geographical isolation. The clusters I, II, and III comprised
genotypes collected from different districts of Northern and
Southern Karnataka. The molecular studies also showed that
there is less diversity in the field bean, although a wide range
of phenotypic diversity is reported (Mass et al. 2005).  The
lack of genetic diversity could be one of the reasons for the
lack of relationship between geographical isolation and genetic
diversity in Field bean. The inter cluster distance was highest
(779.68) between cluster I and  V, indicat ing high diversity
between the genotypes. Cluster I with two genotypes and
cluster V with one genotype were the most divergent groups
based on inter cluster distance. It is desirable to select these
accessions as parent from these two clusters in recombination
breeding programmes for obtaining desirable segregants.

The characterization of geno types bas ed  on the
qualitative traits is very useful to differentiate the genotypes
as  they are h igh ly  heritab le and less  influenced by
environmental cond it ions . Further, as sociation  o f any
qualitative characters with desirable traits/yield components
serves as a marker in the selection process. The results of the

Table 2. Clustering pattern in field bean/ non pendal genotypes of Lablab purpureus (L.) Sweet

Cluster No. of entries Genotypes Source (district) 
I 2 HA 3, HA 4 Checks  
II  35 GL 34, GL 62, GL 63, GL 30, DDGC 65, GL 49, GL 77, GL 47, DDGC 109, 

DDGC 57, DDGC 45, GL 414, DDGC 47, DDGC 39, GL 31, DDGC 43, GL 68, 
GL 28, DDGC 62, GL 66, GL 97, GL 37, GL 51, GL 415, DDGC 66, GL 100, 
DDGC 61, DDGC 67-1, GL 9, DDGC 40, DDGC 68, GL 17, DDGC 53, GL 50, 
DDGC 55   

Belgaum (5), Dharwad (3), Bellary (1), 
Bagalkot (2), Bijapur (3), Dvanagere 
(1), UAS, Bangalore (20)  

III 6 GL 413, DDGC 46, DDGC 49, DDGC 44, GL 411, DDGC 63 Dvanagere (2), Dharwad (2), Belgaum 
(1), UAS, Bangalore (2) 

IV 6 GL 20, GL 21, GL 79, GL 48, DDGC 58, DDGC 59 Belgaum (1), Davanagere (1), UAS, 
Bangalore (4) 

V 11 DDGC 50, DDGC 52, 321, DDGC 64, DDGC 38, DDGC 71, 246, GL 43, DDGC 
67, DDHC 48, GL 56 

Belgaum (3), Davanagere (2), 
Dharwad (2), UAS, Bangalore (4) 

VI 4 GL 75, GL 85, GL 93, GL 70 UAS, Bangalore (4) 
VII 1 NA4 1 UAS, Bangalore  
VIII 1 GL 13 UAS, Bangalore  
IX 1 DDGC 56 Belgaum  
X 1 DDGC 72 Dvanagere  
XI 1 DDGC 54 Belgaum  
XII 1 DDGC 51 Belgaum  
XIII 1 DDGC 41 Davanagere  
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variability observed for 26 qualitat ive characters  in the
germplsam collected are presented in the Tables (4a-4d). Wide
range o f variat ion  was obs erved fo r g rowth  habit , leaf,
inflorescence, flower, pod and seed characters. The pendal
types  were indeterminate, whereas in field  bean  both
determinate and semi-determinate types were observed. The
semi-determinate types were more (83.10%) than determinate
types (16.9%). Such variation for growth habit was observed
in a study involving 107 genotypes collected from 20 different

countries (Sultana 2001). Most of the genotypes were local
collections and not consciously bred.  Therefore, the majority
of the genotypes turned out to be semi determinate types.
However, for commercial cultivation, determinate types are
preferred. The genotypes  showed three types of branch
orientation in Dolichos bean. Most of the determinate types
showed short and erect lateral branches. The non-pendal types
did not show any variation with respect to stem pigmentation.
On the other hand, the stem pigmentation varied from almost
solid to no pigmentation in pendal types. Majority of the pendal
genotypes did not show any p igmentation on stem. In six
genotypes (DDGC 7, DDGC 15, DDGC 10, GL 548, GL 563) the
pigmentation was extensive, while three genotypes (DDGC
11, DDGC 73 and GL 504) showed pigmentation only at nodes.
The stem pigmentation is used as one of the dominant markers
in crops like rice and finger millet as a marker to identify true
hybrids.

Leaf hairines s was clas s ified  in to moderately
pubescence, low pubescent and glabrous. All the 3 types of
leaf hairiness were observed in both pendal and non-pendal
genotypes. In non-pendal genotypes, the low pubescence
type (71.83%) had the highest  frequency fo llowed  by
moderately pubescence (18.30%) and glabrous (9.85%). On
the other hand, glabrous were in high frequency among pendal
types. Leaf pubescence has been reported to be very useful
for insect and virus resistance in many crop  plants.  Field
bean, being a pulse crop, is susceptible to many insects and
viruses. Therefore, the role of pubescence in reducing the
susceptibility to pests has to be explored in Dolichos bean.

Cluster No. of 
entries 

Genotypes Source 

I 2 DDGC 11, DDGC 15 Dharwad (2) 
II 20 GL 554, GL 558, DDGC 25, 

DDGC 21, 559, GL 565, GL 
534, DDGC 18, DDGC 8, 
DDGC 20, GL 548, DDGC 36, 
DDGC 35, DDGC 32, GL 557, 
DDGC 17, DGC 30, GL 545, 
DDGC 22, DDGC 27 

Bijapur (1), Bellary 
(4), Belgaum (6), 
Davanagere (1), 
UAS, Bangalore 
(8) 

III 15 GL 532, GL 566, DDGC 17, 
GL 553, GL 509, GL 550, GL 
524, GL 529, GL 520, DDGC 
73, GL 543, GL 504, DDGC 
24, DDGC 31, GL 502 

Belgaum (2), 
Bellary (1), Bijapur 
(1) UAS, 
Bangalore (11) 

IV 4 GL 553, DDGC 23, DDGC 28, 
DDGC 23 

Bellary (1), 
Davanagere (1), 
Belgaum (1), UAS, 
Bangalore (1) 

V 1 DDGC 10 Bijapur 
VI 1 DDGC 29 Bagalkot 

 

Table 3. Clustering pattern in pendal genotypes of Lablab
purpureus (L.) Sweet

Frequency S. N. Trait Type 
Pendal genotypes Non-pendal genotypes 

Determinate  0 12 (16.90) 
Semi determinate  0 59 (83.90) 

1 Growth habit  

Pendal  43 (100) 0 
2 Branch orientation  Short and erect lateral branches  0 8 (11.26) 
  Branches tending to be perpendicular to main stem, medium in 

length  
0 6 (8.45) 

  First lateral branches long and spreading over ground  43 (100) 57 (80.28) 
No pigmentation  33 (76.74) 71 (100) 
Extensive  6 (13.95) 0 
Localized at nodes  3 (6.97) 0 

3 Stem pigmentation  

Almost solid  1 (2.32) 0 
Green  42 (97.67) 71 (100) 4 Leaf vein colour  
Purple  1 (2.38) 0  
Absent  43 (100) 71 (100) 5 Leaf anthocyanin  
Present  0 0 
Pale green  24 (55.81) 15 (21.12) 6 Leaf colour  
Green  19 (44.18) 56 (78.87) 
Glaborous  29 (67.44) 7 (9.85) 
Low pubescence  7 (16.27) 51 (71.83) 

7 Leaf hairiness  

Moderately pubescence  7 (16.52) 13 (18.30) 
8 Leaf shape   Ovate  43 (100) 71 (100) 

 

Table 4a. Variability for plant growth habit and leaf characters and their frequency in local collections of Lablab purpureus (L.)
Sweet

Value in parenthesis is % value
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Table 4b. Variability for inflorescence and flower characteristics and their frequency in local collections of Lablab purpureus (L.)
Sweet

Frequency S.N. Trait Type 
Pendal types Non-pendal types 

Within foliage 17 (39.53) 1 (1.40) 
Intermediate 0 3 (4.22) 

1 Raceme 
position 

Emerging from leaf 
canopy 

26 (60.46) 67 (94.36) 

 FBC SPC WPC KPC FBC SPC WPC KPC 
White 01 (2.32) 33 (76.67) 33 (76.74) 33 (76.74) 0 67 (94.36) 67 (94.36) 67 (94.36) 
Cream 0 0 0 0 5 (7.04) 1 (1.40) 1 (1.40) 1 (1.40) 
Light yellow 32 (74.41) 0 0 0 63 (88.73) 0 0 0 

2 Flower 
characters 

Pruple 10 (23.25) 10 (23.25) 10 (23.25) 10 (23.25) 3 (4.22) 3 (4.22) 3 (4.22) 3 (4.22) 

 Value in parentheses is % value; FBC: Flower bud colour, SPC: Standard petal colour, WPC: Wing petal colour, KPC: Keel petal colour

Table 4d. Variability (quantitative) for seed characters and their frequency in local collections of Lablab purpureus (L.) Sweet
Frequency 

Pendal types Non-pendal types 
S.N. Trait Type 

YSC  MSC DSC YSC  MSC DSC 
Green  43 (100) 25 (60.46) 0 70 (98.59) 71 (100) 0 
Cream  0 0 0 1 (1.40) 0 2 (2.81) 
Purple  0 1 (2.32) 0 0 0 0 
Brown  0 3 (6.97) 21 (48.83) 0 0 8 (11.26) 
Black  0 1 (2.32) 11 (25.58) 0 0 0 
White  0 2 (4.65) 0 0 0 17 (23.94) 
Golden brown  0 0 1 (2.32) 0 0 0 
Nearly sand stone  0 0 2 (4.65) 0 0 25 (35.21) 
Tata mimosa/dry mehandi 
colour   

0 0 6 (13.95) 0 0 4 (5.62) 

Dawn lustrous  0 0 2 (4.65) 0 0 14 (19.71) 

1 Seed colour  

Pinkish  0 10 (23.25) 0 0 0 0 
   YS (F)  Dry YS (F) Dry 

Round  1 (2.32) 1 (2.32) 2 (2.81) 53 (74.64) 
Oval  42 (97.6) 42 (97.67) 69 (97.18) 18 (25.35) 

2 Seed shape  

Flat  0 0 0 0 
3 Seed texture  Smooth  43 (100) 71 (100) 

 Value in parentheses is % value; YS (F): Fresh seed, YSC: Young seed colour, MSC: Matured seed colour, DSC: Dry seed colour

Table 4c. Variability for pod characters and their frequency in local collections of Lablab purpureus (L.) Sweet

Frequency 
Pendal types Non-pendal types 

S.N. Trait Type 

Unripe             
(fresh pod) 

Matured          
(fresh pod) 

Unripe             
(fresh pod) 

Matured          
(fresh pod) 

1 Pod attachment  Erect  29 (67.44) 5 (11.62) 71 (100) 8 (11.26) 
  Intermediate  4 (9.30) 5 (11.62) 0 63 (88.73) 
  Pendant  10 (23.25) 20 (46.51) 0 0 
2 Pod curvature  Straight  15 (34.88) 46 (64.78) 
  Slightly curved  28 (65.11) 25 (35.21) 
3 Pod pubescence  Glabrous  41 (95.34) 71 (100) 
  Moderately pubescent  2 (4.65) 0  
4 Pod beak  Short beak  43 (100) 71 (100) 
5 Pod constriction No constriction  18 (41.86) 13 (18.30) 
  Slightly constricted  19 (44.18) 56 (78.87) 
  Constricted  6 (13.95) 2 (2.81) 
6 Pod colour  White  9 (20.93) 0 
  Green  32 (74.41) 71 (100) 
  Purple  1 (2.32) 0 
  Dark purple  1 (2.32) 0 

 Value in parentheses is % value



Savitha et al. : Characterization and genetic diversity analysis in field bean [Lablab purpureus (L.) Sweet] collections of Karnataka 23

Three different raceme positions were observed viz.,
within foliage, intermediate and emerging from leaf canopy.
Similarly variation fo r flower bud and its petal co lour was
observed in both pendal and non-pendal types. Wide variation
for flower colour was observed in both pendal and non pendal
genotypes. The flower colour varied from purple to pure white.
The highest frequency of genotypes recorded light yellow

colour followed by purple in both types. Similarly variation
was observed for standard petal, wing and keel petal colour.
Flower colour can be used as a marker to identify genotypes/
varieties. A wide variability was observed for pod characters
viz., pod attachment, pod curvature, pod constriction and pod
colour except pod beak in both pendal and non-pendal types.
Three types of pod attachment, erect, intermediate and pedant;
two types of pod curvatures, straight and slightly curved and
short pod beak were also observed in both pendal and non-
pendal types (Shivashankar et al. 1989, Mohan and Aghora
2006). Similarly, pod constriction and pod colour differences
were observed. In pendal types four different pod colours
viz., green, white, purple and dark purple were observed among
which green pod colour was the dominant one. There was
only one genotype each with purple (GL 559) and dark purple
(GL 529). The variation in pod characteristics is important as
there is a lot of variation in consumer preference for pod colour,
size and constrict ion. The variability can  be utilized  while
breed ing for region specific Dolichos beans . Further, pod
characters like pod attachment and pod curvature also play
an important role in insect resistance which should be explored
as field bean is attacked by many insects at pod formation
stage. The seed coat colour showed wide variation among
the genotypes. A total of 11 seed colours namely green, cream,
purple, brown, black, white, golden brown, nearly sand stone,
tata mimosa, dawn lus trous and pinkish were observed at
different stages viz., young seed, matured seed and dry seed.
The seed colour at young stage was found to be green in all
the genotypes of pendal and non-pendal types, whereas in
mature seeds, the seed colours – green, pink, brown, white,
black and purple – were observed with varied frequency. Only
one genotype ‘GL 559’ had purple pod colour as well as seed
colour at maturity. The genotypes ‘DDGC 18’ and ‘GL 532’
exhibited white seed colour. The genotypes ‘GL 509’, ‘GL 548’
and ‘GL 524’ had brown seed colour at maturity stage. The
seed colour variation is another importan t parameter to
characterize the genotypes/varieties for easy identification
and differentiation of germplasm lines/varieties. Such variation
in seed colour was also observed for dry seeds. The highest
frequency of genotypes among pendal type had brown seeds.
In non-pendal types it was s and stone followed by white,
dawn lustrous, brown, tata mimosa and cream. For seed shape
also there was a lot of variation. In pendal type, the frequency
of round (2.30%) and oval (97.67%) were same in young and
dry seeds. On the other hand, in non-pendal types the highest
frequency (97.18%) of geno types showed  oval shape at
young seed  stage while at dry seed stage the h ighest
frequency of genotypes (74.64%) had round seeds. All the
genotypes had smooth seed texture.

In conclusion, there is a wide variability for all the
qualitative traits in both pendal and non-pendal types. Further,
the genotypes ‘GL 63’, ‘GL 77’, ‘GL 56’, ‘GL 70’ and ‘GL 37’
among field types and ‘DDGC 18’, ‘DDGC 35’, ‘GL 509’, ‘GL
502’ and ‘DDGC 32’ among pendal types recorded significantly

Fig 1. Variation observed for green pod (A), dry seed (B), seed
coat colours and flower colours in the local collections
of Lablab purpureus (L.) Sweet
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higher yield than the check varieties. These lines need to be
tested  in large p lots. Genetics  o f majority of the traits
particularly in  pendal types are scanty. There is a need to
study the genetics of these traits and the linkage between
different qualitative traits and their influence on seed yield
and yield components  for ut ilizat ion in  Dolichos bean
improvement programmes.
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ABSTRACT

Pigeonpea [Cajanus cajan (L.) Millsp.] is  the  second most
important pulse crop of India known for its rich protein and
ve rsatil e use s. Pigeonpe a e xhi bits differential  ge notypic
re sponse  to varyi ng photoperiods , whil e its  response to
exogenous gibberellic acid (GA3 ) has rarely been studi ed.
‘TDT2004-1’ is an interspecific derivative with D0 type compact
dwarf plant type. The present investigation was conceived, with
a view to studying the response of compact dwarf plant type
‘TDT2004-1’ to varying natural photoperiod and exogenous
GA3. The flowering response to photoperiod was studied by
conducting a monthly sowing trial in pots, while the response
to GA3 was assayed in vivo under controlled conditions in growth
chambe r. ‘TDT2004-1’ exhibited a qual itative  short day
photoperiodic response, while it was insensitive to exogenous
GA3 up to concentrations of 100 ppm. The study connotes that
short-duration pigeonpea is also photoperiod-sensitive unlike
otherwise and that ‘TDT 2004-1’ could be used to evolve rabi /
rice fallow cultivable varieties. It also serves as a valuable
ge neti c materi al for providing insight into GA3-medi ated
processes.

Key words: Comp act  dwarf, Gibberellic acid, Photoperiod,
Pigeonpea, Qualitative short day, Rabi, Rice fallow

Pigeonpea (Cajanus cajan (L.) Millsp.) popularly known
as ‘redgram’ (Arhar or Tur) is one of the major grain legumes
grown in the tropics and subtropics of the world contributing
predominant dietary protein (Thu et al. 2003). Pigeonpea is
the most  importan t khari f pulse crop in the Indian sub-
continent (Hari Ram et al. 2011), cultivated in an area of 3.9
mha with a production of 2.9 mt in 2011-12 (DAC 2012). Major
emphasis for improving the productivity of the crop has been
towards breed ing high yield ing cu ltivars  and inducing
resistance against biotic and abiotic stresses. Exploring and
understanding the crop’s physiological response to abiotic
factors could help tailor the breeding programme for niche
based supp lemental enhancement of yield. Among the
physiological constraints, sensitivity of the crop to varying
photoperiods is well documented (Reddy 1990) and offers
s cope for improvement. A lthough , pigeonpea exh ib its
immense genetic variability fo r almost all of the characters
including plant height  and photosens itivity (Reddy  1990),
none o f the pres en t day cultivars  is short and photo-
insensitive, as per the envisioned plant  type (Singh et al.

1990, Ali and Kumar 2005).   Pigeonpea being a short day plant
is cultivated exclusively in kharif season and most cultivars
flower in day lengths of 11-11.5 h (Upadhyaya et al. 2007).
The short day response of pigeonpea could be classified as
quantitative or qualitative. Under quantitative response there
is no delay in flowering above a critical photoperiod, while a
qualitative response would elicit flowering when photoperiod
exceeds a critical value (Carberry et al. 2001). Further, day
neutrality has  also been reported (Turnbull et  al . 1981,
Omanga et al. 1995). Most of the traditional pigeonpea varieties
are extremely  sensitive to photoperiod, with plant height,
vegetative biomass, phenology and grain yield being the traits
most affected (Whiteman et al. 1985). In addition, the time to
flowering  is  als o  greatly  influenced by  temperatu re
(Choudhary et al . 2011). Thus, the wide spect rum of
photoperiodic response reported in pigeonpea necessitates
the evaluation of new genotypes for this trait to determine
their suitability for a particular ecology and cropping pattern.

Limited efforts towards restructuring of pigeonpea plant
type by exploiting dwarfing genes have been undertaken and
no systematic study to comprehend the physiological basis
of dwarfing has been carried out, even though a wide array of
dwarf plant types (D0, D1, D2, D3, D4, D5 and D6), encompassing
a range of plant height  (25–150 cm), have been reported
(Reddy 1990). Although hormonal regulation of plant height
has long been studied in many crops, to  date there is no
report on  endogenous GA 3  regu lat ing plant  height  in
pigeonpea. A preliminary study would be to  subject these
dwarf genotypes to gibberellic acid (GA3) assay to ascertain
their sensitivity to exogenous application of GA3.

A compact dwarf plant type ‘TDT2004-1’ isolated from
an  in ters pecific cross  between ‘C-11’ (C. cajan) and  C.
cajanifolia at our Centre had been used in determining the
inheritance pattern (Dhanasekar et al. 2007) and DNA markers
associated with the plant type (Dhanasekar et al. 2010). The
‘TDT2004-1’ characterized  with  short s tature (37.1 cm),
shortened internodes (1.2 cm), small (1450.56 mm2) dark green
leaves and compact canopy with semi-determinate growth
habit (Dhanasekar et al. 2007) typical of D0 dwarf has been
utilized in the present investigation to gain insight into the
mechan ism of dwarfism and type of pho toperiod is m in
pigeonpea.
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MATERIALS AND METHODS

Plant Materials: The plant material us ed in the p resent
investigat ion comprised of true breeding lines of compact
dwarf plant  type ‘TDT2004-1’ and  open  tall p lan t type
‘TT44-4’.
Flowering response to photoperiod: The flowering response
of compact dwarf plant type ‘TDT 2004-1’ to photoperiod was
studied by conducting a monthly sowing trial at Trombay.
The seeds of ‘TDT2004-1’ and ‘TT44-4’ were dibbled in pots
at monthly intervals from July 2008 to June 2009 as shown in
Table 1, so as to expose them to varying natural photoperiods.
For each of the treatments (time of sowing), three replications
each comprising of 5 pots per genotype were used.  After
germination the seedlings were thinned to 2 seedlings per pot
and were kept under field cond itions  till flowering . The
appearance o f first open flower was taken as the day  of
flowering. The difference in the days between the date of
sowing and the date of flowering was considered as the days
to  flower after sowing. The data on photoperiods  and
temperature prevailing during the above period was obtained
from the Environment Assessment Division of our Centre.
The photoperiod response was studied by comparing the date
of s owing, the mean days to flower after sowing and  the
corresponding  natural pho toperiod  and  temperatu re
responsible for the flowering.

Response to  exogenous Gibberell ic Acid  (GA 3): The
response of the compact dwarf plant type to gibberellic acid
(GA3) was assayed in vivo under controlled conditions in
growth  chamber (Scien tific  Ins t ruments, Mumbai). A
completely randomized design with four treatments of GA3
and 3 replications was adopted . Fifteen s eeds  each of
‘TDT2004-1’ and ‘TT44-4’ were soaked for seven hours in
triplicate in 10-cm dia Petri-dishes containing distilled water
(control), 25 ppm GA3, 50 ppm GA3 and 100 ppm GA3 solutions
to represent the four treatments respectively. GA3 solutions
were prepared by first mixing the required quantity of GA3 in
small quantity of 80% ethanol and the final volume was made
up using distilled water. After seven hours of soaking, the
seeds were transferred to other Petri-dishes containing distilled
water only for germination. After 48 hours, when the plumule
length was at least 2 cm, 10 seedlings of each of the treatments
per replication were transplanted individually in to plastic cups
(height: 10.5cm, top dia: 7.5cm, bottom dia: 5.0cm) containing
distilled water only. The seedlings were held on to a thermocole
sheet containing 1 cm dia holes in the center, with the help of
cotton plugs such that the plumule was above the thermocole
and the radicle below. The thermocole containing the seedling
was placed on the plastic cups such that the radicle was dipped
in the d istilled water contained in  the plast ic cup . Since,
exogenously applied GA3 tends to be absorbed passively;
the GA3 response was studied in growth chambers at constant
temperature of 25 ± 2ºC and relative humidity of 80%.  A
12 h photoperiod and a photon  flux dens ity of 300 to

400 mmol/m/s were prov ided with the help o f cool white
fluorescent lamps. Two rounds of appropriate concentration
of GA3 were sprayed on to the apical buds  just after the
emergence of the primary leaves using mini hand sprayers at
48 h interval. The contro l plan ts were sprayed with only
distilled water. The seedlings were grown for one month and
measurements pertaining to epicotyls and internodal length
were recorded at regular intervals. At the end of one month,
the final height of the seedlings was measured and the data
analysed. The mean data of 10 plants per replication were
used for statistical analysis (ANOVA) to interpret the response
of the plant types to external GA3.

RESULTS AND DISCUSSION

Flowering response to photoperiod: The time of flowering in
terms of days after sowing (DAS) for the compact dwarf plant
type ‘TDT2004-1’ and the open tall plant type ‘TT44-4’ sown
at varying time periods was recorded. The mean daylength
(from sunrise to sunset) prevailing for the particular sowing
month is also reported (Table 1). The time to flowering varied
according to the time of sowing. Both the genotypes flowered
earlier in short  days (day leng th around 11 to 12.5 h) as
compared to long days (daylength more than 12.5 h). The
compact dwarf plant type ‘TDT2004-1’ flowered later than the
tall genotype ‘TT44-4’ irrespective of the date of sowing. The
min imum time taken  by the compact  dwarf plan t  type
‘TDT2004-1’ to flower was 62 days when  it was sown in
November and the maximum time taken was 187 days when
sown in the month of February. On the other hand the tall
genotype ‘TT44-4’ took a minimum t ime of 52 days and a
maximum time of 185 days to flower when sown in the months
of December and February, respectively.

Pigeonpea along with the majority of crop legumes of
the tropics is generally considered to exhibit a quantitative
short-day response (Summerfield and Roberts 1985), i.e. one
in which no further delay in flowering occurs above a ceiling
photoperiod. Consistent with this, Akinola and W hiteman
(1974), Sharma et a l. (1981), Singh  and Saxena (1981) and
Saxena and Sharma (1990) in sowing studies in the field showed
that the time from sowing to flowering was longest for sowing
dates made prior to the summer so lst ice, shorten ing
progressively as sowing dates were delayed into shortening
days approaching the winter solstice. This is reiterated in the
present study also, wherein both the genotypes flowered early
when sowing was done in the months of June to December,
while they flowered late when sown in the months of February
to May.

One of the conspicuous observation in  the present
experiment was that, none of the treatments (time of sowing)
showed flowering during the months of May, June and July
when the daylength or photoperiod was more than 12.5 h
(Table 1). Clearly, there is strong evidence from these data
that pigeonpea or at least these cultivars displayed a qualitative
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short-day respons e. Qualitat ive short-day  res pons e in
pigeonpea has also been reported by Troedson et al. (1990)
and Carberry et al. (2001), wherein floral initiation does not
occur above a certain critical photoperiod and the plant initiates
flowering  only when photoperiod  falls  below this  critical
period.  The time to flowering took between 88 and 62 days
after sowing for sowing dates between July 2008 and January
2009 in the case of compact dwarf plant type, while the tall
genotype took between 81 and 52 days after sowing during
the respective sowing dates. However, the February  2009
sowing resulted in flowering after 187 and 185 days in case of
compact dwarf and tall plant types, respect ively; a 30-day
delay in sowing res ulted  in  an  extra 120 and 131 days,
respectively to reach first flower compared to the previous
s owing date. The subs equent  s owing dates  took
progress ively  shorter times  to  reach flowering . The
phenological development of a crop to flowering time can be
described in terms of four stages: (i) emergence, (ii) the end of
the basic vegetative or juvenile period (BVP), (iii) floral
initiation and (iv) 50% flowering (Carberry et al. 1992). The
progression of the crop through the phases between stages

(i) and (ii), and (iii) and (iv) is not affected by photoperiod
unlike the t ransit ion  phase between s tages (ii) and (iii).
Following the BVP, the phase to floral initiation is sensitive to
photoperiod. In quan titative (o r facu ltat ive) s hort -day
responses there is no further delay in floral initiation when
photoperiod exceeds a critical photoperiod (Pc), while in a
qualitative (or obligate) short-day response floral initiation
occurs only when photoperiod falls below Pc (Carberry et al.
1992). The env ironment in the present study exposed the
genotypes to natural photoperiods ranging from 11.0 to 13.2
h per day, which was sufficient to categorize the photoperiodic
response. The time to flowering of the compact dwarf and tall
plant type with respect to time of sowing suggests qualitative
short-day photoperiodic response.  The time to flowering
varied according to the photoperiod conditions existing at
the time when the genotypes reached the BVP. In February
2009 sowing (Table 1), plants of tall and compact dwarf plant
types flowered on 225th and 227th  Julian day o f the year
res pect ively. Plants  of both  the plant types sown at the
subsequent dates, March – May, also flowered on or very
close to this same date.  Clearly, these cultivars when sown

Table 1. Flowering response of pigeonpea genotypes TDT-2004-1 and TT44-4 with respect to date of sowing in a monthly sowing
experiment at Trombay

Flowering Sowing 
TDT-2004-1 TT44-4 

Mean monthly temperature 
in ºC 

S. N. 

Date Julian Day of 
year 

Julian Day of 
year 

DAS Julian Day of 
year 

DAS 

Mean 
monthly day 

length 
(photoperiod) 

in hours 
Max Min Mean 

1. July 9,2008 191 278 87 272 81 13.2 30 25 27 
2. August 8, 2008 221 305 84 300 79 12.8 29 25 27 
3. September 9, 2008 253 330 77 325 72 12.3 30 24 27 
4. October 10, 2008 284 348 64 345 61 11.8 34 23 28 
5. November 9, 2008 315 11 62 4 55 11.3 34 21 27 
6. December 9, 2008 344 41 63 30 52 11.0 33 19 26 
7. January 2, 2009 2 69 67 56 54 11.3 32 18 25 
8. February 9, 2009 40 227 187 225 185 11.5 32 18 25 
9. March 9, 2009 68 224 156 222 154 12.0 34 22 28 
10. April 7, 2009 97 229 132 225 128 12.5 35 25 30 
11. May 8, 2009 128 225 97 218 90 13.0 34 27 30 
12. June 9, 2009 160 248 88 243 83 13.2 33 28 30 

 DAS: days after sowing

Table 2. Effect of different concentrations of GA3 on the internodal lengths of ‘TT44-4’ and ‘TDT2004-1’ at 1 month after germination

TT44-4 TDT2004-1 
Internode length (cm)  Plant height 

(cm) 
Internode length (cm) Plant height 

(cm) 

GA3 (ppm) 

PL 1 2 3 4  PL 1 2 3 4  
0 6.42 1.32 1.12 1.3 0.7 10.86 5.5 0.92 0.68 0.7 0.48 8.28 
25 8.52 1.54 1.50 1.74 1.4 14.70* 5.64 0.96 0.66 0.64 0.50 8.40 
50 10.68 2.10 1.78 1.76 1.54 17.86* 5.64 0.92 0.70 0.72 0.44 8.42 
100 12.78 7.56 2.18 2.04 1.62 26.18* 5.74 0.92 0.68 0.72 0.52 8.58 
SE 0.12 0.11 0.06 0.05 0.06 0.245 0.07 0.04 0.04 0.04 0.03 0.10 
CD (P=0.05) 0.36 0.34 0.17 0.17 0.18 0.76 0.26 0.13 0.13 0.12 0.09 0.32 

 PL: Primary leaf node;  *: Significant at P=0.05
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during February to May reached the BVP when photoperiods
exceeded  Pc and  thus  remained  unres pons ive un til
photoperiod fell below Pc. The analysis of the date of sowing,
days to flowering, day lengths at  the time of sowing and
flowering in the present study suggests that the Pc for flowering
of the pigeonpea plant types ‘TDT2004-1’ and ‘TT44-4’ was
12.5 h.  Carberry et al. (2001) also reported an almost similar
trend in which the flowering in short-duration cultivars was
delayed by up to 100 days and by over 150 days in medium
and long  durat ion  cu lt ivars when  day  leng th in  the
photoperiod-inductive phase exceeded a critical value.

The days to flowering is also known to be influenced
by the temperature.  In the present investigation which was
carried out under natural field conditions, the genotypes were
exposed to mean temperatures ranging from 25 to 30°C (Table
1) and the temperature range was insufficient to study the
influence o f temperature on flowering. The effect  of low
temperature on flowering could not be inferred from the present
study. But prima facie analysis of the data on flowering and
the mean temperature existing at the time of flowering showed
that flowering was inhibited especially when the photoperiod
was more than 12.5 h coupled with high mean temperature
exceeding 27°C. The time to flowering was hastened under
warm temperatures (25 to 27°C). This is consistent with the
results of McPherson et al. (1985), Turnbull and Ellis (1987)
and Silim and Omanga (2001).

Duration of pigeonpea cultivars has also been reported
to have influence on its photosensitivity; extra-short-duration
genotypes being leas t res pons ive and the long-durat ion
genotypes to be the most (Saxena and Sharma 1990, Silim et
al. 2006). Chauhan et al. (2002) hypothecated that there has
been a selection for a high harvest index (HI) potential and
early flowering in lines for better adaptation to longer days
and a high total dry matter production potential in lines to
shorter days. Besides, short day photoperiodic response, day-
neutrality has  also  been reported  by o ther researchers
(Turnbull et al. 1981 and Omanga et al. 1995) in pigeonpea.
These reports  sugges t that the pigeonpea crop  exhibits
genotypic differential response to varying  photoperiods.
Differential genotypic sensitivity to a photoperiod has major
implications  for adap tation of pigeonpea with res pect  to
latitude, altitude, season and cropping pattern. This study
also  connotes  that short -durat ion  p igeonpea need  not
necessarily be photo-insensitive.

Sensitivity to exogenous gibberellic acid (GA3): The compact
dwarf plant  type ‘TDT2004-1’ was found ins ens itive to
exogenous GA 3, while the tall genotype ‘TT44-4’ was
responsive. The effect of GA3 on internodal elongation in
both the genotypes is summarized in Table 2. The effect of
soaking in GA3 solution on the tall genotype was visible within
48 hours of germination. The plumule length was significantly
increased even at 25 ppm of GA3 in case of ‘TT44-4’, while it
was almost doubled at 100 ppm. The soaking of ‘TDT2004-1’

in GA3 did not affect the plumule length much, though there
was significant increase at 50 and 100ppm. The effect of GA3
on the plumule length of ‘TDT2004-1’ and ‘TT44-4’ at 96 h
after germination. At 8 days after germination, the epicotyl
length reached the maximum, with the formation of the first
true node after the primary leaf node. The effect of GA3 was
visible even on the first internode in the case of ‘TT44-4’,
while there was no significant effect in ‘TDT2004-1’. In case
of ‘TDT2004-1’, wherein 100 ppm of GA3 had shown significant
effect on the plumule length at 96 hrs of germination, did not
show similar effect at 8 days after germination when the
epicotyl length had reached its maximum.

At 30 days after germination, the effect of GA3 was
seen in each of the 4 internodes formed. In ‘TT44-4’, there
was significant increase in each of the 4 internodal lengths
from the control plants, while ‘TDT2004-1’ did not show similar
response (Table 2 ). The primary leaf internode (epicotyl length)
and the first internodal length were increased manifold times
in ‘TT44-4’, while increase in the s ubsequent  internodal
lengths was not much though significant. It is evident that
the exogenous application of GA3 significantly increased the
overall height of the tall genotype ‘TT44-4’, the increase being
proportionate to the concentration of GA3. The compact dwarf
plant type ‘TDT2004-1’ did not show significant increase in
plant height in response to the exogenous application of GA3.

The green revolution that led to massive improvements
in crop yield was largely caused by introgression of dwarfing
genes . Stem elongation is con tro lled by s everal facto rs
including plant developmental stage or state, light quality,
nu trien t and genotype. Many  of thes e components are
thought  to mediate changes in  elongat ion  th rough
modifications  relating  to  p lan t hormones, part icu larly
gibberellins (GAs). These modificat ions  may  be through
affecting the level, transport or perception of hormones.  The
gibberellic acid biosynthetic pathway can be dissected by
means of dwarfing genes (Hedden and Proebsting 1999). Dwarf
mutants that  are defective for different  steps in the GA3
pathway have been described in maize, rice and pea (Phinney
1984). However, other dwarf mutants have been identified in
wheat, rye, maize and rice that are insensitive to the application
of GA3 (Gale and Youssefian 1985, Borner 1991, Harberd and
Freeling 1989, Mitsunaga et  al . 1994). In these mutan ts
dwarfism appears to be due to causes other than blocks in
GA3 biosynthesis.

The p resence o f GA3 sensitive/insensit ive dwarfing
genes can be identified by a GA3 response test conducted by
exposing the dwarf plants to exogenous GA3 and studying
the response in terms of stem elongation (Milach et al. 2002).
In pigeonpea, the effects of growth regulators like GA3 on
internodal elongation have not been studied. The present
study was therefore conceived to study the effect of GA3 on
the plant height of pigeonpea and also to assay the response
of the compact dwarf plant type ‘TDT2004-1’ to the exogenous
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app lication of GA3 and categorise it as GA3 sensit ive or
insensitive. The concentrations of GA3 in the present assay
i.e., 25 to 100 mg/l were decided based on various reports
available in legumes such as chickpea (Iqbal et al. 2001), kidney
beans (EL-Fouly 2008), peas (Sprent 1969),  Phaseolus aureus
(Chaudhry and Hussain 2001) and cowpea (Emongor 2007).
The tall genotype ‘TT44-4’ was responsive to exogenous GA3,
while the compact dwarf plant type ‘TDT2004-1’ was non-
responsive. The tall genotype responded proportionately to
the concentration of GA3 like in other crops (Chaudhry and
Hussain 2001, Emongor 2007,  El-Fouly 2008). The 100ppm of
GA3 was able to elicit a  140% increase in the plant  height
primarily through the internodal elongation. The epicotyl
region between the cotyledons and the node bearing  the
primary leaves were significantly increased when the seeds
were soaked in GA3 solution prior to germination (Table 2).
Whereas in the compact dwarf plant type ‘TDT2004-1’, GA3
even  at concentrat ion of 100 ppm failed  to bring  forth
s ignifican t internodal elongat ion and  hence remained
unresponsive. Thus it could be hypothesised that the dwarf
plant type which was unable to utilize the exogenous GA3,
probably had  a mutation o r b reak in the GA3 u tilization
pathway. Because of this, the dwarfness in ‘TDT2004-1’ could
not be revived even when GA3 was supplied externally. This
could be the firs t report of a GA3 insensitive genotype in
pigeonpea or legumes.

 The plant type ‘TDT2004-1’ with its short stature (37
cm), compact canopy, high harves t index (40%) and early
maturity (Dhanasekar et al. 2007) is an ideal plant type for
rabi or rice fallow conditions. The compact dwarf plant type
is also highly amenable for effective plant protection measures.
The compact dwarf trait being  under the control of single
recessive gene (Dhanasekar et al. 2007), cou ld be eas ily
introgressed into a high yielding background.  Further, the
compact p lant statu re is expected to  have reduced water
requirement, which is desirable under rice fallow conditions.
Thus  the genotype ‘TDT2004-1’ p rov ides  avenues  for
improvement in terms of reducing the maturity to around 90
days for evolving rabi/ rice fallow cultivable varieties.  It could
also serve as a valuable genetic stock for dissecting the less
known GA3 utilization pathway especially in legumes.
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ABSTRACT

Genetic diversity among 495 accessions of chickpea collected
from different agro-ecological zones of India was assessed for
several qualitative and quantitative traits. These accessions
were grown in the augmented design with 3 intermittent checks
‘BG 256’, ‘K 850’ and ‘L 550’ after every fifteenth row. Wide
range of variabi lity was obse rved for both  qual itative and
quantitative traits. The number of primary branches, 100 seed
wei ght (g) and days to maturity showe d moderate  to h igh
he ri tabili ty and geneti c advance. This  sugge sts that the
selection based on these traits would be useful in improving
the grain yield. The diversity index indicated ample genetic
variation for seed yield per plant in the present set of materials.
Therefore, a direct selection based on seed yield and component
traits may be practiced to select better genotypes, which could
be utilized for development of superior high yielding varieties.

Key words: Chickpea, Cluster analysis, Genotypic  correlation,
Germp lasm, Phenot yp ic correlation, Principal
component analysis

The genus Cicer comprises  34 wild perennial, 8 annual
wild and  one annual cultivated species . Chickpea (Cicer
arietinum) is the third most important food legumes in the
world in terms of area (11.55 million hectares) and production
(10.46 million tons) (FAOSTAT 2010). India is the largest
producer of chickpea in the world sharing about 72% of area
and product ion  (FAOSTAT 2010). In  India, ch ickpea is
cultivated in an area of 8.75 million ha with the production of
8.25 million tons (Singh 2011) with productivity of 945 kg/ha.
In India, productivity is low as compared to other chickpea
producing countries like Mexico (1809 kg/ha),  Australia (1268
kg/ha), Ethiopia (1265 kg/ha). Hence, utilization of  diverse
germplasm is the key to develop high yielding varieties to
bridge this yield gap.

In chickpea, there are some reports available on the
evaluation of genetic stock in agro-morphological traits (Singh
et al. 1990, Farshadfar and Farshadfar 2008, Ali et al. 2010,
Wadikar et al. 2010). These reports suggest that pod/plant,
100 seed weigh t (g), plan t height and number o f primary
branches/plant are the major yield contributing traits (Singh
et al. 1990). To strengthen ongoing breeding program, study
of the available natu ral genetic variation is of immense
importance. It is imperative to collect and evaluate germplasm
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precisely  to draw valid conclusions.  Generally, morphological
variations are used to partition the available germplasm into
small groups/clusters based on similarity and dissimilarity
coefficients (Anderson 1984). Genetic variation pres ent in
germplasm arrays  and  the genetic relationsh ips  among
genotypes are very useful for efficient conservation as well
as utilization of genetic res ources in breeding programme.
Evaluation of germplasm increases  the efficiency to  make
desirable selection whereas divers ity index provides the
information regarding the extent of variation present in the
population. Therefore, an experiment was conducted to assess
genetic variation, trait association and significant contribution
of each trait towards yield and also their contribution towards
genetic diversity.

MATERIALS AND METHODS

The experimental material comprising 495 accessions
collected from different agro-ecological regions were grown
in an augmented design  (Federer 1956) with 3 intermittent
checks ‘BG 256’, ‘K 850’ and ‘L 550’ after every fifteenth row
during Rabi 2006-07 at New Research Farm of  Indian Institute
of Pulses Research, Kanpur-208 024 (26.280N and 80.210E),
India. Sowing was done in the second week of November.
Each accession was grown in paired row of four meters length
and inter- and intra- row distance were kept at 30 cm and
10 cm, respectively. Observations were recorded following
the standard descriptors of chickpea on nine qualitative traits
viz., seedling vigor, plant pigmentation, stem colour, growth
habit, flower color, pod size, seed size, seed color, testa texture
and six quantitative traits viz. days to 50% flowering, days to
maturity, no. of primary branches/plant, number of seeds/pod,
100 seed weight (g) and seed yield/plant (g) (Table 1).

Stat istica l analysis: Data analysis was done for both
qualitative and quantitative traits. Frequency distribution was
done for each qualitative trait using raw mean data. Analysis
of variance (ANOVA) for augmented design for all attributes
(qualitat ive and  quantitative) was  done using statistical
so ftware, Windos tat ver. 8.0 (Khetan 2009). Genotyp ic
coefficient  of variance (GCV), pheno typ ic coefficient of
variance (PCV), b road sense heritability (h2) and genet ic
advance over mean in percent was computed for quantitative
traits. Phenotypic and genotypic correlation coefficients were
estimated using raw and adjus ted mean data, respectively.
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Based on adjusted mean data Euclidean distance (diversity
index) was  calculated  us ing Numerical Taxonomy and
Multivariate Analysis System (NTSYSpc) ver. 2.1 (Rohlf, 2000).
Dendrogram and cluster groupings using unweighted pair
group with arithmetic averaging (UPGMA) clustering algorithm
was done based on Euclidean distance matrix through SAHN
option of NTSYSpc ver. 2.2.  The variance co-variance matrix
was further used to calculate the Eigen values for obtaining
principal components. Tocher method was used to produce
percent contribution of each trait towards genetic diversity.

RESULTS AND DISCUSSIONS

The Analysis of Variance (ANOVA) for quantitative
characters showed that the accessions were significantly
different. This indicated that sufficient genetic diversity was
present among the accessions.

The frequency distribution of qualitative traits for 495
accessions is represented in Table 2. Three hundred and sixty
acces s ions  (72.7%) were v igorous  at  early stage, 275
accessions (55.6%) were strongly pigmented, 232 accessions
(46.7%) had pale green stem colour, 434 accessions (87.7%)
showed semi-erect type expression, 425 accessions (85.9%)
had dark pink coloured flowers, 484 accessions (97.8%) had
small pods, 461 (93.1%) had small sized seed, about more than

two-third accessions (67.6%) showed light or dark brown seed
colour and testa texture was found rough for 333 accessions
(67.3%). Only one line, namely, ‘ICC 5262’ had large pod as
well as large seed size. This indicated that the population
dominated  fo r s pecific clas s  fo r many  of the traits ;
simultaneously variat ion for other classes under different
descriptors was  als o p resent  s howing the p resence of
adequate variation.

Based on ANOVA (Table 3), it was found that seed yield
per plant had the highest GCV (33.66) followed by 100-seed
weight  (18.06) and days  to 50% flowering (10.98). The
simultaneous GCV and PCV values for each trait showed that
number of seed per pod was least affected by environment
having the highest heritability of 0.99 but had low genetic
advance indicating presence of non-additive gene action. High
heritability coupled with high to moderate genetic advance
was found for days to 50% flowering and days to maturity
which suggests that ample opportunity exists in germplasm
collection for improvement of this trait. Due to high difference
between  PCV and  GCV values  fo r seed y ield per p lan t,
heritability was recorded to be low (0.32). Presence of high
genetic advance (86.18%) indicated that seed yield per plant
is governed by additive genes and selection may be more
effective in such cases as earlier reported by  Kumar and
Krishna (1998).

Table 1. Details of descriptors used for major characters of chickpea

S. N.   Trait  Descriptors & stage of observation/scoring 
1 Seedling vigour : Vigorous (1-3); Intermediate (4-6); Non-vigorous (7-9)  

Visual score at 45 days after sowing 
2 Plant pigmentation : No pigmentation (1); Medium pigmentation (2); Strong pigmentation (3)  

Visual score on stem and leaves at the pod filling stage 
3 Stem colour : Green (1); Pale Green (2); Purple (3)  

Visual score at 90 days after sowing 
4 Days to 50% flowering : Number of days from sowing to the day on which 50% plants end of flowering of an accession  
5 Growth habit : Erect (0-150) (1); Semi-erect (16-250) (3); Prostrate (flat on the ground) (5) 

Visual Score on the angle of the branches from the vertical axis at the pod filling stage 
6 Flower colour  : Blue (1); Dark Pink (2); White (3); Others (4)  

Colour of ventral surface of the vexillum of the freshly opened flower  
7 Pod size : Small (1-3); Medium (4-6); Large (7-9)  

Visual score at the complete maturation of  pods 
8 Days to maturity  : Number of days from sowing to the stage when over 90% of pods have matured and turned yellow 
9 Primary branches : Profuse (1-3); Intermediate (4-6); Shy (7-9)  

Visual score on the number of branching at the maturity  
10 Number of seed/pod : Average of 10 pods from five competitive plants recorded at the time of harvest 
11 Seed size : Large (1); Medium (3); Small (5)  

Visual score after harvesting and seed drying (about 6% moisture) 
12 100 seed weight : Average weight of three random samples of 100 seed each (Moisture about 6%) 
13 Seed colour : Light brown (4); Dark brown (5); Black (6); Green (7);Others (8)  

Visual score on dry mature seeds within three month from the harvest 
14 Testa texture : Rough (1); Smooth (2); Tuberculated (3)  

Visual score on dry mature seeds 
15 Seed  yield/plant (g) : Mean yield of five representative plants in a plot. Plant stand should at least be 60% 
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Table 2. Frequency distribution for different morphological characters (qualitative) of chickpea

S. N. Plant Descriptors  Range in expression No. of germplasm lines (% of 
total population) 

Few example genotypes 

Vigorous 360 (72.7) ICC 4907, ICC 5262 
Intermediate 95 (19.2) ICC 5106, ICC 5695 

1 Seedling vigour : 

Non-vigorous 40 (8.1) ICC 4212, ICC 4709 
No pigmentation 64 (12.9) ICC 5993, ICC 7462 
Medium pigmentation 156 (31.5) ICC 5465, ICC 7423 

2 Plant pigmentation : 

Strong pigmentation 275 (55.6) ICC 681, ICC 1777 
Green 71 (14.3) ICC 740, ICC 884 
Pale Green 232 (46.9) ICC 472, ICC 836 

3 Stem colour : 

Purple 192 (38.8) ICC 551, ICC 725 
Erect 15 (3.0) ICC 1781, ICC 5262 
Semi-erect  434 (87.7) ICC 267, ICC 413 

4 Growth habit : 

Prostrate  46 (9.3) ICC 422, ICC 430 
Blue 11 (2.2) ICC 5926, ICC 5932 
Dark Pink 425 (85.9) ICC 567, ICC 676 
White 31 (6.3) ICC 832, ICC 866 

5 Flower colour  : 

Others 28 (5.7) ICC 4907, ICC 5262 
Small 484 (97.8) ICC 414, ICC 5410  
Medium 10 (2.0) ICC 5485, ICC 5932  

6 Pod size : 

Large 1 (0.2) ICC 5262 
Large 1 (0.2) ICC 5262 
Medium 33 (6.7) ICC 554, ICC 822  

7 Seed size : 

Small 461 (93.1) ICC 543, ICC 771 
Light brown 127 (25.7) ICC 498, ICC 773 
Dark brown 158 (31.9) ICC 809, ICC 878 
Black 34 (6.9) ICC 4212, ICC 4772 
Green 12 (2.4) ICC 5216, ICC 5231 

8 Seed colour : 

Others 164 (33.1) ICC 1743, ICC 1755 
Rough 333 (67.3) ICC 865, ICC 870 
Smooth 136 (27.5) ICC 773, ICC 866 

9 Testa texture : 

Tuberculated 26 (5.3) ICC 567, ICC 676 

 
Table 3. Estimates of variability parameters for various quantitative traits

S. N. Character Name Mean Minimum Maximum Standard 
Deviation 

R2 CV* GCV PCV h2 Genetic 
Advance 

Genetic 
Advance 

as % of 
mean 

1 Days to 50% flowering 83.19 45.00  
ICC 7423 

128.00 
ICC 5454 

11.36 0.987 7.77 10.98 13.46 0.67 15.34 17.44 

2 Days to maturity  152.53 144.00 
ICC 1777 

163.00 
ICC 6083 

9.26 0.990 1.01 1.75 2.02 0.75 4.79 3.13 

3 Primary branches (cm) 3.17 3.00 
ICC 676 

5.00 
ICC 4542 

0.37 0.959 14.53 6.48 13.42 0.23 0.20 4.75 

4 Number of seed/pod 1.01 
 

1.00 
ICC 676 

2.00 
ICC 554 

0.06 1.000 0.00003 6.18 6.18 0.99 0.13 12.73 

5 100 seed weight (g) 14.86 
 

3.40 
ICC 1486 

33.30 
ICC 7406 

4.03 0.960 30.73 18.06 26.66 0.46 3.76 21.60 

6 Seed  yield/plant (g) 218.14 
 

7.60 
ICC 1892 

651.30 
ICC 4961 

129.83 0.975 48.97 33.66 59.07 0.32 86.18 39.51 

 CV: Co-efficient of variation; GCV: Genotypic co-efficient of variation; PCV: Phenotypic co-efficient of variation

Associat ion among trai ts: Phenotyp ic and  geno typic
correlation coefficients among six quantitative characters viz.,
days to 50% flowering, days to maturity, primary branches,
number of seeds/pod, 100 seed weight (g) and seed yield/
plant (g) were computed and presented in Table 4. It was
observed that primary branches had highly significant positive
genotypic correlation with 100 seed weight (g) (0.336) and

seed yield/plant (0.330).Similar results were also reported by
Khorgade et al.(1995) in  limited germplasm set. Days to
maturity showed significant positive genotypic association
with 100 seed weight (g) (0.241), primary branches (0.167) and
seed yield per plant (0.161). Seed yield per plant was found to
have significant positive genotypic association with 100-seed
weight  (0.184), similar to the findings o f Farshadfar and
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Farshadfar (2008). On the other hand, days to 50% flowering
showed  significant negative genotypic ass ociation with
primary branches (-0.157) and 100 seed weight (g) (-0.199).
Such results were also reported earlier by Singh et al. (1990).
This had a high indirect effect on seed yield per plant. The
values of phenotypic correlations were in accordance with
genotypic correlations, which reflect the due contribution of
genotype in the expression of different traits. The information
generated will help in unders tanding relationsh ip between
traits in studied population which subsequently may help in
selection process for important traits in breeding programme.

Cluster analysis: The Euclidian distance based dissimilarity
coefficient was calculated for each pair of accessions. The
maximum distance was observed between accessions ‘ICC
4709’ and ‘ICC 4969’ (857.39 unit) whereas minimum between
‘ICC 429’ and ‘ICC 2148’ (2.52 unit). Total of thirteen clusters
were formed. Maximum number of 86 accessions were present
in cluster 3, followed by cluster 2 and cluster 1 having 84 and
81 accessions, respect ively. However, minimum of only 6
accessions formed the cluster 12 (Table 5).

The minimum in ter-cluster distance was 11.63 un its
between cluster 1 and 2 and the maximum inter-cluster distance
was between clusters 9 and 12 (810.30 unit). The minimum
intra-cluster distance was found in cluster 8 (21.87 unit) having
21 accessions, whereas the maximum intra-cluster distance
was in cluster 11 (43.67 unit) having 8 accessions (Table 6).

Table 4. Phenotypic? and genotypic correlation among different quantitative characters

S.N. Character Name Days to 50% 
flowering 

Days to 
maturity 

Primary 
Branches 

Number of 
seeds /pod 

100 seed weight 
(g) 

Seed  yield/ 
plant (g) 

1 Days to 50% flowering 1.00 0.15 -0.16** 0.00 -0.20** -0.07 
2 Days to maturity  0.06 1.00 0.17** 0.02 0.24 ** 0.16 ** 
3 Primary branches 0.03 0.07 1.00 -0.03 0.34** 0.33** 
4 Number of seeds/pod -0.01 0.01 -0.02 1.00 -0.01 -0.07 
5 100 seed weight (g) -0.09* -0.00 0.18** 0.01 1.00 0.18 ** 
6 Seed  yield/plant (g) -0.04 0.01 0.17** -0.05 0.02 1.00 

 ?Phenotypic correlation: lower diagonal; Genotypic correlation: above diagonal; *,**: Significant at P=0.05 & 0.01, respectively

Table 5. Distribution of genotypes in different clusters

Cluster No. of genotypes Name of few genotypes 
1 81 ICC 406, ICC 575, ICC 866, ICC 1738, ICC 1789, ICC 4802 
2 84 ICC 1331, ICC 1608, ICC 1755, ICC 1921, ICC 6138, ICC 7414 
3 86 ICC 554, ICC 862, ICC 1304, ICC 1646, ICC 2834, ICC 4507  
4 49 ICC 809, ICC 1483, ICC 4098, ICC 4637, ICC 4920, ICC 5386 
5 75 ICC 832, ICC 5188, ICC 5324, ICC 5549, ICC 5641, ICC 7388 
6 8 ICC 1705, ICC 4951, ICC 5326, ICC 5498, ICC 5932, ICC 6813 
7 49 ICC 484, ICC 819, ICC 851, ICC 1327, ICC 1566, ICC 1739    
8 21 ICC 479, ICC 1826, ICC 1892, ICC 2140, ICC 2208, ICC 4670  
9 8 ICC 681, ICC 771, ICC 1885, ICC 4569, ICC 5543, ICC 6079 
10 15 ICC 1831, ICC 1874, ICC 4688, ICC 5261, ICC 5398, ICC 5427 
11 8 ICC 445, ICC 1586, ICC 4806, ICC 5485, ICC 6111, ICC 7447 
12 6 ICC 1802 , ICC 1824, ICC 5424,  ICC 6123, ICC 7401, ICC 7434  
13 8 ICC 1508, ICC 1697, ICC 2150, ICC 4934, ICC 6008, ICC 7427 

 

For the ease of presen tat ion, original dendrogram
produced for 495 accessions was redrawn using 52 accessions.
Those 52 acces sions were drawn from each of 13 clusters
th rough Probability Proport ional to Size Simple Random
Sampling  (PPS SRS) techn ique so  as  to obtain  a t rue
representation of mother dendrogram (Fig 1).
Principa l Component Analysis: Before performing PCA
analysis , the contribu tion o f each  trait  towards  genet ic
diversity  was worked  out us ing  Tocher method. It  was
observed that seed yield per plant contributed 93.63 percent
followed by days to 50 % flowering (4.92 %), days to maturity
(0.68 %) and 100 seed weight (0.58 %). Further, for PCA analysis
the variance-covariance matrix was used to transform all the
attributes into a single index of similarity in the form of principal
components, which represented 15 eigen values for 15 eigen
vecto rs . Only  4 eigen vectors were described as  they
accounted for more than 99% variation present in complete
495 set of accessions (Table 7). The first principal component
had maximum contribution by  seed yield per plant (-145.19).
The second principal component was determined by days to
50 % flowering (11.43). Whereas, 100 seed weight (g) (4.43)
determined the third component and days to maturity (3.0)
contributed for fourth principal component. It was seen that
the result of PCA was in accordance with the result of Tocher
method  where all the four major p rincipal components
represented as per the trait which contributed the maximum to
genetic diversity. Two- dimensional PCA of the whole set was



Sewak et al. : Genetic diversity studies in chickpea (Cicer arietinum) germplasm 35

Coeff icient
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Fig 1. Dendrogram (based on dissimilarity distance) showing 52
genot ypes which was  drawn from each of 13 original
clus ters using Probabilit y Proportional t o Siz e (PPS)
Simple Random Sampling (SRS) technique

also sketched to  know the behavior of the populat ion set
based on the traits studied (Fig. 2).

Seed yield is highly complex trait, thus indirect selection
based on major component trait may increase the efficiency
of breeder. In the present study, primary branches, 100 seed
weight (g) and days to maturity which showed high to moderate
heritability and desirable genetic advance had high positive

Table 7. Eigen vector of 15 variables for the first 4 principal
components

Principal components Variables % 
contribution* 1 2 3 4 

Seedling vigour 0.06 0.63 0.26 0.08 0.06 
Plant pigmentation 0.00 -0.05 0.03 -0.20 -0.06 
Stem colour 0.08 -0.04 0.05 -0.15 0.02 
Days to 50% flowering  4.92 0.79 11.98 0.38 -0.10 
Growth habit 0.00 -0.05 -0.01 -0.03 -0.01 
Flower colour  0.00 0.10 -0.05 0.07 0.03 
Pod size 0.00 0.12 -0.10 0.15 0.03 
Days to maturity  0.68 -0.54 0.07 1.39 3.00 
Primary branches 0.00 -0.18 -0.08 0.15 0.00 
Number of seed/pod 0.00 0.00 0.00 0.00 0.00 
Seed size 0.00 -0.12 0.10 -0.26 -0.05 
100 seed weight (g) 0.58 -0.86 -1.02 4.43 -0.94 
Seed colour 0.05 -0.18 -0.07 0.44 -0.05 
Testa texture 0.00 -0.03 -0.03 0.20 0.00 
Seed  yield/plant (g) 93.63 -145.19 0.07 -0.03 -0.01 

 *Computed using Tocher’s method

effect on yield . Therefore, select ion based on these t raits
would be fruitful. The study of diversity index reflects that in
present set of germplasm, ample genetic variation exists for
seed yield  per plant, therefore a direct selection based on
seed yield can be done to develop high yielding varieties.
However, after further evaluation, some accessions may be
used as parents in the crossing programme to create the better
genetic recombinants for improving yield per se.

Table 6. Inter and intra cluster distances

Diagonals: Intra cluster distances; Above diagonals: Inter cluster distances

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9 Cluster 10 Cluster 11 Cluster 12 Cluster 13 

Cluster 1 29.30 11.63 70.66 198.55 194.08 196.76 354.17 348.81 359.54 360.43 765.59 795.99 781.68 

Cluster 2  27.04 63.50 191.40 186.92 189.61 347.02 341.65 352.38 353.28 758.43 788.84 774.53 

Cluster 3   29.43 198.55 203.92 197.66 353.28 347.91 357.75 356.86 765.59 795.99 781.68 

Cluster 4    29.64 60.82 189.61 364.01 358.64 370.27 369.38 776.32 806.73 792.42 

Cluster 5     31.79 158.30 331.81 355.07 364.91 364.01 772.74 803.15 788.84 

Cluster 6      40.95 355.07 349.70 359.54 358.64 767.37 797.78 783.47 

Cluster 7       35.21 23.25 138.63 137.73 775.42 805.83 791.52 

Cluster 8        21.87 133.26 132.37 775.42 805.83 791.52 

Cluster 9         29.08 63.50 779.90 810.30 795.99 

Cluster 10          24.56 779.00 809.41 795.10 

Cluster 11           43.67 205.71 191.40 

Cluster 12            22.92 46.51 

Cluster 13             30.42 
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Fig 2. 2-dimensional PCA diagram
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ABSTRACT

Effect of irrigation and boron on growth and yield of mungbean
variety ‘Samrat’ was studied during summer seasons of 2009
and 2010 at Jaguli Instructional Farm, Bidhan Chandra Krishi
Viswavidyalaya, West Bengal on sandy loam alluvial soil. The
experiment was laid out in a split-plot design with four levels
of irrigation in main plot and four levels of boron in sub-plot.
Experimental results revealed that both irrigation and boron
treatments influenced crop growth characters, yield attributes
and seed yield of mungbean. S i gnificant interaction effects
were observed among the treatments. Maximum seed yield of
879 kg/ha was obtained with three irrigations at branching,
pre-flowering and pod filling stages and was almost 38% higher
over the rainfed treatment. Among the various levels of boron,
fol iar spray of 0.2% borax at flowering s tage cons istently
influenced all the growth and yield parameters. A treatment
combination involving three i rrigations at branching, pre-
flowering and pod filling stages along with a foliar spray of
0.2% borax at flowering stage recorded maximum mungbean
seed yield (898 kg/ha) which was comparatively higher over
other treatment combinations.

Key words: Boron, Growth, Irrigation, Mungbean, Yield

Mungbean [Vigna radiata (L.) Wilczek] is primarily a
rainy season crop but with the development of early maturing
varieties, it has also proved to be an ideal crop for summer
season (Choudhary et al. 2011). Mungbean is often grown in
marginal lands with limited inputs making it prone to a number
of abiotic stresses causing tremendous yield loss (Singh and
Singh  2011). Water stress  affects  various physiological
p roces s es  ass ociated  with  g rowth , development  and
economic yield of a crop (Hsiao and Acevedo 1974, Begg and
Turner 1976). Water deficit disturbs normal turgor pressure
and the loss of cell turgidity may stop cell enlargement that
causes reduced plant growth. Mungbean is reported to be
more susceptib le to water deficits than many other grain
legumes (Pandey et al. 1984). The crop is more sensitive to
moisture stress during the flowering periods which contribute
to instability and low product ivity. Severe moisture stress
reduces  vegetative growth, flower initiation  and pod set
(Morton et al. 1982). Water requirement of the crop during
summer s eason is high because of higher rate o f evapo-
transpiration (ET) to attain its proper growth and development.
Therefore, scheduling of irrigation at appropriate time and in

right amount is one of the most important factors for realizing
h igh yield of s ummer mungbean. In add it ion, nut rien t
management is one of the important factors that greatly affect
the growth, development and yield of mungbean (Singh et al.
2011). Micronutrient like boron is one of the mineral nutrients
required for normal plant growth. The most important functions
of boron in plants are thought to be its structural role in cell
wall development , cell divis ion, seed  development  and
stimulation or inhibition of specific metabolic pathways for
sugar transport  and hormone development (Ahmed et al.
2009). Furthermore, boron deficiency  causes decrease in
pollen size, pollen germination etc. It also influences growth
parameters and filling up of seeds.

It is usually accepted that boron availability is decreased
under dry soil conditions. Thus, boron deficiency is often
associated with dry weather and low soil moisture conditions.
This behavior may be related to restricted release of boron
from organic complexes which ultimately impaired ability of
plants to extract B from soil due to lack of moisture in the
rhizosphere. Even if B levels in soil is high, then also low soil
moisture impairs transport of B to absorbing root surfaces
(Das 2011). Information regarding the effect of irrigation and
boron application on growth and yield of summer mungbean
are scanty. Hence, the pres ent study was undertaken  to
maximize the grain yield of summer mungbean with optimum
level of irrigation and boron.

MATERIALS AND METHODS

The field experiment was carried out during  summer
season in 2009 and 2010 at Jaguli Instructional Farm under
Bidhan Chandra Krishi Viswavidyalaya, West Bengal (situated
at 22º95'N latitude, 88º50'E longitude and the altitude of 9.75
meter above the mean s ea level). The experimental site
experiencing a typical subtropical humid climate, is situated
just south of Tropic of Cancer. During the experimental period
the maximum and minimum temperature varied from 32.85ºC to
36.56ºC and 18.94ºC to 27.51ºC, respectively. Maximum and
minimum relative humidity (RH) ranged from 93.66 to 94.93%
and 45.47 to 69.23%, respectively. The field was in upland
situation with assured irrigation facilities and proper drainage
system. The experimental soil was Gangetic alluvial (Inceptisol)
and  sandy loam in texture. The soils had neutral pH (6.90),
availab le N 224.08 kg /ha, available P2O5 27.45 kg/ha and
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available K2O 135.15 kg/ha. The experiment was laid out in a
split-plot design with four levels of irrigation (normal irrigation
at certain days after sowing, DAS) in main plot and four levels
of boron as a sub plot with three replications. Irrigation levels
included no irrigation (I0), irrigation only at branching (25 DAS,
I1), both branching (25 DAS) and  pre-flowering (35 DAS, I2),
and at branching (25 DAS), pre-flowering (35 DAS) and pod
filling (55 DAS, I3) stages. Borax-boron was applied @ 10 kg/
ha as a basal dose (B1), 0.2% as foliar spray at flowering (B2),
10 kg/ha (basal dose) + 0.2% foliar spray at pre-flowering (B3),
and at 10 kg/ha (basal dose) + borax 0.2% foliar spray at both
pre-flowering  and flowering  (B4). Mungbean  variety
‘Samrat’ (PDM 139) was taken for the experiment. Different
growth characters like plant height, leaf area index (LAI), dry
matter accumulation (DMA), crop growth rate (CGR) and
number and  dry  weight  of nodules /plant were recorded.
Besides, different yield attributes like pods/plant, seeds/pod,
test weight and s eed yield were also recorded at harvest.
Consumptive use and water use efficiency of the crop were
estimated under three different irrigation regimes including
the control (no irrigation).

The data was analyzed statistically by the analysis of
variance method (Gomez and Gomez, 1984). Analysis of two
years data was done separately following split-plot design.
Since the error variables were homogenous, instead of year-
wise data, poo led values were given for discussion and
interpretation.

RESULTS AND DISCUSSION

Growth characteristics: All growth attributing characters
namely plant height, LAI, DMA and CGR were increased with
the increasing levels of irrigation (Table 1). But significant
increase was obtained only in case of plant height, LAI and
DMA with three irrigation  levels at 25, 35 and  55 DAS
accounting 3.8, 38.1 and 5.0% increased over control (no
irrigation) respectively. Mohanty  and Sharma (1986) also
observed that more number of irrigations increased DMA in
Mungbean over no irrigat ion . However, boron  levels
significantly influenced all the above said attributes. Foliar
application of borax @ 0.2% at flowering stage produced
significantly higher plant height, LAI, DMA and CGR. Increase
in LAI following foliar application of B could be attributed to
it s in fluence in  t iss ue different iation and carbohydrate
metabolism. This is in accordance with the findings of Verma
and Mishra (1999).

Interaction effect between  irrigation  level and B
application showed significant  result only in case of plant
height and CGR (Table 1). Mungbean crop grown with three
irrigations applied at 25, 35 and 55 DAS accompanied by foliar
application of borax @ 0.2 % at flowering stage produced
significantly higher plant height (66.9 cm) and CGR (1.80 g/
m2/day) at 25-45 DAS. Interaction effect was non-significant
for LAI and DMA. Increased soil moisture content due to

irrigation helped the plants to absorb greater amount of water
and nutrients from the soil which in turn accelerated CGR.
Increase in growth rate with foliar application over basal dose
was due to improved physiological efficiency that played a
significant role in raising the crop productivity (Table 2).
Yield attributes and yield: Influence of levels of irrigation
was s ignificant in case of nodule dry  weight, pods/plant,
seeds/pod and test weight (Table 2) resulting in 42.3, 54.5,
31.1 and 38.8% increase over control (no irrigation). All the
measured yield attributes were higher under the combination
of three irrigations at 25, 35 and 55 DAS. Similar results were
also obtained by Pal and Jana (1991) and Pal and Lal (1993).
But irrigation levels could not differentiate nodules/plant. On
the con trary, both  nodule number and dry weight  were
significan tly influenced by boron levels and the influence
was more in case of foliar application over basal dose. Yet,
boron application did not influence pods/plant and seeds/
pod.

Interaction effect was significant for nodu les/plant,
nodule dry weight/plant and  pods/plant when the crop was
grown with two irrigations at 25 and 35 DAS in conjunction
with foliar application of borax @ 0.2 % at flowering (Table 2).
Although not sign ificant , combined app lication  of three
irrigations at 25, 35 and 55 DAS along with foliar spray of
borax @ 0.2% showed better result in respect of seeds/pod
(12.1) and test weight (26.5 g).

Seed yield of mungbean was significantly influenced
by both irrigation and boron levels (Table 2). Significantly
higher seed yield (38%) was obtained with three irrigation
levels at 25, 35 and 55 DAS over contro l and  with  foliar
application of borax @ 0.2% at flowering over basal application.
These resu lts are in close conformity with the findings of
Mohanty and Sharma (1986). Control s ituat ion produced
lowes t pod and seed yields. Varma and Rao  (1975) also
observed that pod and seed yields were reduced sharply with
low soil moisture. Since the Mungbean crop was grown during
summer season, sufficient availability of soil moisture during
crop growth especially during its critical growth periods might
augment its initial stand establishment and subsequent crop
vigour, resulting in maximization of seed production. However,
in case of boron, its effect could be ascribed to increased
pods/plant, seeds/pod and test weight which resulted in higher
seed yield over the basal application of boron.

Interaction effect between levels of irrigation and boron
was positive, and higher seed yield of 898 kg/ha was obtained
when the plant received 0.2% foliar spray of borax at flowering
along with 3  irrigations at branching, pre-flowering and pod
development stages (Table 2).

Consumptive use and water use efficiency: The consumptive
use increased appreciab ly following  irrigation levels with
greater availability of soil moisture (Table 3). It was maximum
(32.3 cm) with three irrigation scheduling at branching, pre-
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Table 1. Main and interaction effect of treatments on growth parameters of summer mungbean (Pooled data for two years)

Plant height (cm) at harvest LAI at 65 DAS DMA (g/m2) at harvest 
Levels of boron (B) 

Levels of 
irrigation  
(I) B1 B2 B3 B4 Mean B1 B2 B3 B4 Mean B1 B2 B3 B4 Mean 
I0 49.7 50.1 51.8 52.1 50.9 1.83 2.10 1.90 1.90 1.93 208 213 212 210 211 
I1 56.9 61.8 59.5 58.8 59.3 1.93 2.00 1.93 2.07 1.98 211 218 216 213 215 
I2 57.5 62.2 61.6 60.7 60.5 2.87 3.07 3.07 2.73 2.94 216 222 219 217 219 
I3 56.6 66.9 63.4 60.5 61.9 2.77 3.27 2.83 2.70 2.89 219 225 222 220 222 
Mean 55.2 60.3 59.1 58.0 - 1.76 2.71 2.29 2.06 - 214 220 217 215 - 
   CD(P=0.05) SEm(±)    CD(P=0.05) SEm(±)    CD(P=0.05) SEm(±)  
B   1.07 0.36    0.15 0.05    0.67 0.23  
I   2.46 0.71    0.16 0.05    3.00 0.87  
B at  same or different I 2.15 0.73    NS 0.11    NS 0.45  
I at same or different B 3.08 0.95    NS 0.10    NS 0.95  

CGR (g/m2/day) at 25-45 DAS Nodules/plant Nodule dry weight/plant (mg) 
Levels of boron (B) 

Levels of 
irrigation  
(I) B1 B2 B3 B4 Mean B1 B2 B3 B4 Mean B1 B2 B3 B4 Mean 
I0 1.63 1.70 2.47 1.93 1.93 19.5 22.8 21.3 20.2 21.0 18.7 20.5 19.6 18.8 19.4 
I1 2.00 1.63 3.20 2.80 2.41 20.3 23.5 22.6 21.5 22.0 19.7 26.2 23.0 21.5 22.6 
I2 2.20 1.77 3.27 2.73 2.49 19.2 27.1 24.6 22.7 23.4 23.9 29.2 27.3 26.4 26.7 
I3 2.10 1.80 3.03 2.80 2.43 21.2 25.8 24.8 23.7 23.9 19.2 27.7 25.9 23.6 24.1 
Mean 1.98 1.73 2.99 2.57 - 20.1 24.8 23.3 22.0 - 20.4 25.9 24.0 22.6  
   CD(P=0.05)  SEm(±)    CD (P=0.05)  SEm(±)    CD (P=0.05)  SEm(±)  
B   0.39 0.13    0.14 0.05    0.65 0.22  
I   NS 0.17    NS 0.06    0.91 0.26  
B at  same or different I 0.21 0.07    1.21 0.41    1.30 0.44  
I at same or different B 0.23 0.08    1.58 0.50    1.44 0.46  

 

Table 2. Main and interaction effect of levels of irrigation and boron on yield attributes and yields of summer mungbean (Pooled
data for two years)

Pods/plant  Seeds/pod 
Levels of boron (B) 

Levels of 
irrigation  
(I) B1 B2 B3 B4 Mean B1 B2 B3 B4 Mean 
I0 12.6 13.6 12.4 10.9 12.4 8.9 9.0 9.0 8.6 8.9 
I1 16.5 14.4 14.2 16.8 15.5 9.2 9.0 9.0 8.9 9.1 
I2 15.7 20.5 19.5 17.6 18.3 10.7 11.6 11.8 11.0 11.3 
I3 18.9 18.8 19.8 19.1 19.1 11.3 12.1 11.3 11.8 11.6 
Mean 15.9 16.9 16.5 16.1  10.0 10.4 10.3 10.1  
   CD (P=0.05)  SEm(±)    CD(P=0.05)  SEm(±)  
B   NS 0.41    NS 0.12  
I   1.43 0.41    0.75 0.22  
B at  same or different I  2.38 0.82    NS 0.25  
I at same or different B  2.50 0.82    NS 0.30  

Test weight (g) Yield (kg/ha) 
Levels of boron (B) 

Levels of 
irrigation  
(I) B1 B2 B3 B4 Mean B1 B2 B3 B4 Mean 
I0 17.9 18.0 18.6 17.4 18.0 622 638 647 641 637 
I1 18.4 21.2 21.1 21.1 20.4 759 774 769 763 766 
I2 21.3 25.2 25.1 25.5 24.3 835 858 867 838 850 
I3 23.2 26.5 26.0 24.2 25.0 862 898 867 889 879 
Mean 20.2 22.7 22.7 22.0  769 792 788 783  
   CD (P=0.05)  SEm(±)    CD (P=0.05)  SEm(±)  
B   1.57 0.54    7.18 2.46  
I   1.45 0.42    18.70 5.40  
B at  same or different I  NS 1.08    14.35 4.92  
I at same or different B  NS 1.02    22.38 6.88  
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flowering  and  pod development stages. The increase in
consumptive water use with increase in number of irrigation
might be due to  the fact that surface layer under frequent
irrigation remained wet for a longer duration thereby creating
condition for higher rate of evaporation as compared to dry
regimes. Consumptive water use decreased with the decrease
in number of irrigations and was lowest (24.4 cm) under rainfed
treatment where no irrigation was applied. Slow mois ture
movement under rainfed treatment hastened natural drying of
surface soil in absence of irrigation that reduced evaporation
component of evapotranspiration considerably below than a
moist soil. Similar results were reported by Pal and Jana (1991).

Water use efficiency (WUE) increased correspondingly
with cons umptive us e with  the increas e in  number o f
irrigations over rainfed  t reatment (Tab le 3). Water use
efficiency was minimum (26.1 kg/ha-cm) under rainfed treatment
and maximum (27.2 kg/ha-cm) with three irrigations given at
branching, pre-flowering and pod development stages. The
same treatment recorded highest WUE owing to its greater
seed yield. The result is in accordance to findings of Pal and
Jana (1991).
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In the light of results summarized above, it may be
concluded that foliar application of 0.2% boron at flowering
along with three irrigations at branching, pre-flowering and
pod development stages are optimum for realising optimum
yield of summer mungbean on a sandy loam alluvial soil in
West Bengal.

Table 3. Consumpti ve  use and water use  e ffi ci ency of
summer mungbean unde r di ffe re nt le vel s  of
irrigation (Pooled data of two years)

Levels of 
irrigation 

Consumptive use  
(cm) 

Water use efficiency  
(kg/ha-cm) 

I0 24.4 26.1 

I1 29.2 26.3 

I2 31.7 26.8 

I3 32.3 27.2 
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ABSTRACT

The  Middle Indo-Gange tic Plains is  one of the important
domains of chickpea production in which the crop is grown in
diverse production systems. S ince the crop is predominantly
grown under rainfed conditions, it experiences a deficit in soil
moisture condition especially at its terminal growth stages
causing low productivity. This is more pertinent during rabi
season although the crop is having unique adaptive mechanisms
to moisture stress. To mitigate the effect of moisture stress
with improved agronomy under rainfed situation, the present
study was carried out at  Indian Institute of Pulses Research,
Kanpur during rabi seasons of 2008-10. Resource conservation
practices with tillage and mulching were eval uated on the
productivity and water use effici ency of popul ar chickpea
genotypes. Results showed that the contribution of deeper layers
(30-60 cm) in the soil profile increased with the depth of tillage
as was evident from different mulching and tillage treatments.
The highest soil  moisture de pletion as measure d through
seasonal evapo-transpiration (ET) was recorded under no mulch
and zero tillage in both the surface (0-30 cm) and sub-surface
(30-60 cm) depths during both  the  years of study. Till age
practices could not influence seed yield of chickpea during
both the years of study. Cultural mulch however, produced higher
see d yi eld (1876 kg/ha) during 2008-09 while  none  of the
mulching practices could produce difference in seed yield during
2009-10 due to optimum rainfall and its fairly well distribution.
Amongst chickpea genotypes, ‘JG 16’ produced the highest seed
yield of 1858 kg/ha during 2009-10 while ‘KWR 108’ in 2008-09
(1961 kg/ha). Water use efficiency (WUE) was the highest in
dee p ti ll age and cul tural mul ch during 2008-09; whil e
conventional tillage and no mulch recorded higher WUE in
2009-10.

Key words: Chickpea, ET, Mulching, Seed yield, Tillage, Water
use efficiency

Chickpea (Cicer arietinum L.) is the premier pulse crop
in India which accounted about 44.5% of country’s total pulse
production of 18.09 million tonnes during 2010-11 (AICRP on
chickpea 2011). The crop is mainly grown during the cool
season under diverse cond itions and in  varied cropp ing
sequences and combinations. The Middle Gangetic Plains is
one of the important domains for pulses cultivation including
chickpea. Since the country’s population is 1210 million as
per latest 2011 census, the shortfall in pulse production vis-a-
vis target is likely to be further widened which has to be bridged
up under more or less similar agro-ecology. Moreover, this

has to be achieved under competing situations with other
crops of the s eason and region, between the commodities
and more importantly with the continued deceleration in the
availability of water for agriculture and  extreme weather
(Praharaj et al. 2011) as a result of climate change. Therefore,
conservation agriculture practices like minimum tillage (zero
or reduced  tillage)  and  moisture cons ervation th rough
mulching are important agronomic practices in augmenting
the water productivity more so in the winter season rainfed
pulses like chickpea mostly grown on residual soil moisture.

The potential morpho-physiological traits in plants viz.,
water use efficiency (WUE), deep root system, higher relative
biomass and harvest index and osmotic adjustment of chickpea
have been advantageous in water scarce situation (Chaudhury
et al. 2005). However, it experiences terminal drought during
seed development stage as it is invariably grown on residual
soil moisture after a preceding kharif crop(s). Thus, terminal
moisture stress is a major constraint in achieving the potential
productivity of chickpea (Singh et a l. 2010). Under s uch
situations, the photosynthetic activity of leaves is hampered
for the want of nit rogen (Kashiwagi et al. 2010) and thus,
seed filling is affected (Davies et al. 2000). Therefore, judicious
management  o f available s oil mois tu re through  in -situ
conservation either by a mulching practice or a tillage option
to improve the crop/water productivity is the key in rainfed
conditions (Panwar and Basu 2003). Hence the impact of zero
tillage as a part of conservation agriculture is widely acclaimed
even under rainfed condition in addition to rice-wheat system
in an irrigated system. Besides this, a suitable genotype would
boost productivity in the above stated conditions. Since such
information in chickpea especially under rainfed conditions is
limited, the present study was undertaken to determine the
impact of conservation practices like tillage and mulching on
diverse chickpea genotypes in the Middle Indo-Gangetic Plain
region of central Uttar Pradesh.

MATERIALS AND METHODS

The field experiments were conducted at Indian Institute
of Pulses Research, Kanpur during rabi seasons of 2008-10
to evaluate the productive performance of improved chickpea
genotypes under varied tillage practices and mulches. The
treatments included  th ree t illage pract ices (zero  t illage,
ploughing followed by planking, and deep ploughing (40 cm
deep) with disc plough), three mulching practices (control,
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paddy straw @ 6 t/ha at 25 DAS and cultural mulch at 25
DAS) and two chickpea genotypes ‘JG 16’ and ‘KWR 108’
during 2008-09. Based on the performance of mulching
practices and chickpea genotypes, the paddy straw mulch
was dropped during 2009-10 by including two diverse growing
chickpea genotypes ‘RSG 888’ and ‘DCP 92-3’ making 24
treatment combinations as under: three tillage practices as
above, two mulching practices (no mulch and cultural mulch)
and four genotypes viz., ‘JG 16’, ‘DCP 92-3’, ‘RSG 888’ and
‘KWR 108’ . These field trials were laid out in split plot designs
with three replications during both the years having tillage
practices in main plot and the combination of genotypes and
mulching in the sub plot. The soil of experimental site was
sandy loam (inceptisols) with low in N (215 kg/ha) and P (10.5
kg/ha) and medium in K (230 kg/ha) and S (15.0 kg/ha). A
preceding crop of rice was grown with uniform package of
practices to simulate the conditions similar to rice based
cropping  systems. The ch ickpea was  planted during mid
November and cultural mulching was done at 25 days after
sowing (DAS). Recommended package of practices including
seed rate, row spacing, use of fertilizers and bio-fertilizer were
followed.

The total effective seasonal rainfall was 52 and 74.8 mm
during 2008-09 and 2009-10, respectively. The rainfall during
2009-10 was well distributed coinciding with the critical stages
of g rowth and development. Soil moistu re con tent of the
effective root zone was determined thermo-gravimetrically in
four depths (0-15, 15-30, 30-45 and 45-60 cm) at regular intervals
(15 days) during crop growth period to study the distribution
of soil water in the profile. Water use in the form of evapo-
transpiration (ET) or consumptive use (CU) was computed by
water balance method using the following equation.

ET=P + I + Cp – Dp – Rf - S

= Peff + (Si-Sf)
Where P is precipitation, I is depth of irrigation, Cp is

the contribution through capillary rose from the water table,
Dp is deep percolation loss, Rf is runoff, S is change in soil
moisture storage in the profile, Sf is final moisture storage in
the profile at the end of an interval/harvest, Si is initial moisture
storage in the profile at the start of an interval/sowing, Peff is
effective precipitation. Effective precipitation was computed
from daily rainfall data by FAO method (Brouwer and Heibloem
1986).

Water use efficiency (WUE) was computed by dividing
the seed yield with the seasonal evapo-transpiration (ET).
The statistical analysis of the data was carried out following
the analysis o f variance as outlined by Gomez and Gomez
(1984).

RESULTS AND DISCUSSION

Seasonal variation: The distribution and intensity of rainfall
during the win ter season in 2008-09 and 2009-10 varied

markedly affecting thereby the productivity of crop and also
the effect of the treatments  on chickpea genotypes. The
distribution of rainfall was the most congenial during 2009-10
since it coincided with the active branching and late flowering
stages, thereby improving the productivity yet nullifying the
impact of tillage and mulching treatments. The data could not
be pooled (lack of homogeneity) due to differences in the
treatments and the differential trends observed for seed yield
during the seasons with different rainfall pattern.
Soil moisture depletion: Soil moisture depletion in the profile
is normally influenced by the prevailing seasonal conditions,
treatments like tillage and mulching, genotypes , fertilizer
application and rooting behaviour of the chickpea genotypes.
It was observed that since more than 90% of the concentration
of the p lant  root  lies  in 0-60 cm so il depth, the moisture
depletion pattern was interpreted cumulatively at two soil
depths (0-30 and 30-60 cm). Trend in soil moisture depletion
pattern indicated that the upper two layers of soil (0-15 and
15-30 cm) together contributed 45-48% of the total soil  moisture
extraction by the crop as against 52-55% from the deeper layers
(30-45 and 45-60 cm) during 2008-09 (Table 1) whereas during
2009-10 the upper soil layers contributed more water (52-60%)
as compared to the lower depths in the soil profile (40-48%).
Of the two years, the highest and evenly distributed rainfall
of 74.8 mm received during 2009-10 might have contributed to
recharge the upper soil layers in the profile thereby enhancing
its contribut ion to t ranspiration or water us e by the crop
canopies and  for evaporation loss  from the soil s urface
lowering the share of deeper layers (30-60 cm).

In addition, the contribution of deeper layers in the
soil profile increased with the depth of tillage (Mishra and
Tripathi 1993). This was evident due to differential effects of
mulching and t illage t reatments. Amongs t the t illage
treatments, the highest depletion in soil moisture was recorded
in zero tillage in both the depths during both the years of
study. Of the three mulching practices, different mulches had

Table 1: Moisture depletion pattern in soil profile as affected
by tillage, mulching and chickpea genotypes

Moisture depletion (mm) 
2008-09 2009-10 

Treatments 

0-30 30-60 Total 0-30 30-60 Total 
Tillage practices       
Zero Tillage 27.2 29.3 56.5 49.3 32.9 82.2 
Plough +Planking 21.7 25.9 47.6 44.3 28.9 73.2 
Deep Ploughing 21.8 24.9 46.7 38.8 27.5 66.3 
Mulching 
No Mulch 23.7 26.7 50.4 44.7 30.4 75.1 
Paddy  Straw Mulch 23.0 26.4 49.4 - - - 
Cultural Mulch 22.0 24.7 46.7 41.7 30.3 72.0 
Genotypes 
JG 16 24.0 26.9 50.9 41.5 30.8 72.3 
RSG 888 - - - 41.2 34.8 76.0 
DCP 92-3 - - - 40.8 36.4 77.2 
KWR 108 23.2 26.5 49.7 40.5 30.7 71.2 
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more depletion of moisture from deeper layers (30-60 cm) in
comparison to surface layers (0-30 cm) during low rainfall year
(2008-09) while the reverse was true for high rainfall year (2009-
10). Thus, deep tillage facilitated more moisture absorption
and retention in the profile (subjecting it to more loss) while
cu ltu ral mulch  might  have dis rup ted  the capillary water
movement to surface layers thereby reducing the water loss
through evaporation leading to reduced moisture depletion
in the soil profile.

Amongst the chickpea genotypes, ‘JG 16’ in 2008-09
and ‘DCP 92-3’ in 2009-10 recorded the highest depletion from
both the layers suggesting the fact that these genotypes are
efficient in better moisture extraction under rainfed conditions.
Similarly, higher moisture depletion was observed with mustard
- another efficient soil moisture extractor - from deeper layers
in comparison to  surface layers under rainfed condit ions
(Mishra and Tripathi 1993).

Consumpt ive use: Different  so il moisture cons ervation
practices such as tillage and mulching affected consumptive
use of chickpea genotypes considerably during all the years
of study. Amongst the tillage options, the maximum values of
consumptive use viz., 108.5 and 157 mm were recorded with
zero tillage during 2008-09 and 2009-10, respectively followed
by conventional tillage and deep tillage (Table 2). Similarly, no
mulch recorded higher consumptive use (102.4 and 149.9 mm)
than cultural and paddy straw mulch during both the years. In
the same manner, the capillary breaks in cultural mulch and
surface cover through paddy straw mulch might have lowered

the evaporation loss  and consequen t consumptive use in
mulching treatments as compared to no mulch. Amongst the
chickpea genotypes, the highest values of consumptive use
viz., 102.9 and 152 mm were recorded in ‘JG 16’ during 2008-09
and ‘RSG 888’ during 2009-10, respectively. The differential
response to water use by different genotypes was mainly due
to their genetic architecture associated with plant population
and canopy development during the cropping seasons.
Water use efficiency: Being the division of economic yield to
consumptive use of water, it reflects the efficacy of a given
treatment  in  transforming  the water used into  economic
produce i.e. seed yield per unit water use. Amongst the three
tillage practices, WUE was higher with deep tillage (18.2 kg/
ha-mm) during 2008-09 while conventional tillage recorded
higher WUE (12.1 kg/ha-mm) during 2009-10 (Table 2). The
seasonal rainfall (October to March) of 74.8 mm during 2009-
10 was adequate enough to recharge the upper soil profile
which might have contributed for better development of crop
plants under a situation with less water stress. This might
have resulted in the higher seed yield in conventional tillage
leading to higher WUE while conserved moisture in deep tillage
favoured for better seed yield and consequent higher WUE
under it  during 2008-09. The cultural mulch  recorded the
highest WUE of  19 kg/ha-mm during 2008-09 while during
2009-10, mulching could not produce the desired impact on
WUE due to less water stress again. It is reported that nitrogen
acquisition capability (measured through SPAD chlorophyll
meter reading) at about mid pod-fill stage under drought stress
conditions was related to seed yield in chickpea (Kashiwagi
et al. 2010). Differential water use efficiency was also evident
amongst the chickpea genotypes. ‘JG-16’ also recorded highest
water use efficiency of 12.6 kg/ha-mm during 2009-10 whereas
‘KWR 108’ during 2008-09 (19.3 kg/ha-mm).

Seed yield: Seed yield is the resultant product of coordinated
interplay of all the growth and yield contributing characters.
This is also governed by common growth and development
factors including both rainfall and temperature etc. Besides
this, management factors also play a key role in final output in
terms of seed, grain, oil and fibre (Praharaj et al. 2011).

In the current investigation, tillage practices could not
influence seed yield of chickpea significantly under moderate
winter rainfall situation of both the years. To the contrary, the
cultural mulch produced significantly higher seed yield of
1876 kg/ha during 2008-09 registering an increase of 12.7%
over no mulch (control). Since the winter rains during 2009-10
were adequate (74.8 mm) and well distributed coinciding with
the late flowering and initiation of pod formation stages in
chickpea, it resulted in getting minimum or no crop response
to mulching practices. But under scanty rainfall situations - a
typical characteristics feature of rainfed farming - cultural
mulch could be advantageous in terms of conserving water.
Amongst the ch ickpea genotypes, ‘JG 16’ recorded the
significantly higher seed yield of 1858 kg/ha during 2009-10

Table 2. Seed yield, consumptive use and water use efficiency
of chickpea as affected by tillage, mulching and
genotypes

2008-09 2009-10 Treatments 
Seed 
yield 

(kg/ha) 

CU 
(mm)  

WUE 
(kg/ha
-mm) 

Seed 
yield 

(kg/ha) 

CU 
(mm) 

WUE 
 (kg/ha-

mm) 
Tillage practices  
Zero tillage 1712 108.5 15.8 1638 157.0 10.5 
Plough and 
Planking 

1733 99.6 17.4 1791 148.0 12.1 

Deep Plough  
(40 cm deep) 

1800 98.7 18.2 1662 141.1 11.8 

CD (P=0.05) NS   NS   
Mulching   
No Mulch 1665 102.4 16.3 1719 149.9 11.5 
Paddy Straw Mulch 1708 101.4 16.9 - - - 
Cultural mulch 1876 98.7 19.0 1676 146.8 11.4 
CD (P=0.05) 128 - - NS - - 
Genotypes 
JG 16 1539 102.9 15.0 1858 147.1 12.6 
DCP 92-3 - - - 1623 150.8 10.8 
RSG 888 - - - 1593 152.0 10.5 
KWR 108 1961 101.7 19.3 1716 146.0 11.7 
CD (P=0.05) 65 - - 134 - - 
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registering an increase of 14.5, 16.6 and 8.3 % over ‘DCP 92-3’,
‘RSG 888’ and ‘KWR 108’, respectively. The second year (2009-
10), being a good rainfall year, ‘JG-16’ performed optimally
over other genotypes. However, during 2008-09, ‘KWR 108’
recorded 27.4% higher yield over ‘JG 16’ because of relatively
bet ter adop ted to  d ry land  s ituation . Similar geno typic
variations in yield and its attributes in chickpea under moisture
stress were reported by Kashiwagi et al. (2006) and Singh et
al. (2010).

Conclusively, the conservat ion practices like zero/
minimum tillage practices with mulching have definite positive
impact on chickpea productivity in the Middle Indo-Gangetic
Plains, especially in the seasons having low post rainy season
precipitation. Amongst the chickpea genotypes, small seed
and semi-spread ing  genotype ‘JG 16’ proved the most
productive and efficient water user under adequate rabi rainfall
situation whereas ‘KWR 108’ seemed to perform better under
scanty rainfall situation.

REFERENCES

AICRP on Chickpea. 2011. Annual Report. Indian Institute of Pulses
Research, Kanpur - 208 024, India.

Brouwer C and Heibloem M. 1986. Irrigation water needs. Irrigation
water management Training Manual No. 3, FAO, Rome, Italy.

Chaudhury J, Mandal UK, Sharma KL, Ghosh H and Mandal B. 2005.
Assessing soil quality under long-term rice-based cropping system.
Communications in Soil Science and Plant Analysis 36: 1141-1161.

Davies SL,Turner NC, Palta JA, Siddique, KHM and Plummer JA. 2000.
Remobilization of carbon and nitrogen supports seed filling in desi
and kabuli chickpea subject to water deficit . Australian Journal of
Agricultural Research 51: 855-866.

Gomez KA and Gomez AA. 1984. Statistical procedures for agricultural
research. John Willey and Sons, New York.

Kashiwagi J, Krishnamurthy L, Crouch JH and Serraj R. 2006. Variability
of root length density and its contributions to seed yield in chickpea
(Cicer arietinum L.) under terminal drought stress. Field Crops
Research 95: 171-181.

Kashiwagi Junichi, Upadhyaya Hari D and Krishnamurthy L. 2010.
Significance and genetic diversity of SPAD chlorophyll meter reading
in chickpea germplasm in the semi-arid environments. Journal of
Food Legumes 23: 99-105.

Mishra JP and Tripathi HP. 1993. Effect of levels of nitrogen and
spatial arrangements on growth, yield and quality of Indian mustard
under dryland conditions. Ph D Thesis, NDUAT, Faizabad, India.

Panwar  JDS and Basu PS. 2003. Improving drought tolerance and water
use efficiency in chickpea. In: Masood Ali, BB Singh, Shiv kumar
and Vishwa Dhar (Eds), Pulses in new perspective. Indian  Institute
of Pulses Research, Kanpur, India. Pp 480-488.

Praharaj CS, San karanarayanan K, Narendra Kumar, Singh KK and
Tripathi AK. 2011. Low-input technologies for increasing crop
productivity and sustainability.  Current Advances in Agricultural
Sciences 3(1): 1-12.

Singh AK, Singh SB, Singh AP, Singh AK, Mishra SK and Sharma AK.
20 10.  Ef fect of dif fer ent  so il  mo ist ure  regim es on  biomass
partitioning and yield of chickpea genotypes under intermediate
zone of J & K. Journal of Food Legumes 23: 156-158.



Journal of Food Legumes 25(1): 45-49, 2012

Effect of molybdenum, iron and microbial inoculants on symbiotic traits, nutrient
uptake and yield of chickpea
S.C. GUPTA and S. GANGWAR

All India Coordinated Research Project on Chickpea, R.A.K. College of Agriculture, Sehore - 466 001, Madhya
Pradesh, India; E-Mail: subhashchandragupta2001@yahoo.co.in
(Received:October 11, 2011: Accepted: February 28, 2012)

ABSTRACT

A field experiment was conducted during rabi 2007-08 and 2008-
09 in a medium black soil to study the effect of molybdenum
and iron in combination with Rhizobium and PSB inoculation
on ‘JG-130’ varie ty of chickpe a (Cicer arieti num L.). Ei ght
tre atment combinations  comprisi ng re comme nded dose  of
fe rti liz ers  (RDF as control ), RDF+Rhizobium+Phosphate
solubilizing bacteria (PSB), RDF+Rhizobium+PSB+0.5 and 1
kg ammonium molybdate (AM) per hectare as soil application,
RDF+ Rhizobi um+PSB+0.5 and 1.0 g AM/kg see d as se ed
treatment, RDF+Rhizobium+PSB+1.0 g FeSO4+0.5 and 1.0 g
AM/kg of seed as seed treatment were tried in RBD with three
replications. Application of AM either as soil application or
through seed treatment in combination with Rhizobium + PSB
+ RDF significantly increased number and dry weight of nodule,
branch/plant, plant height, fl owers and pods/plant, N and P
uptake, chlorophyll content in leaves and protein content in
chickpea over control (RDF alone). Soil application of 1.0 kg
AM/ha  along with Rhizobium+PSB+RDF and seed treatment
with 1.0 g AM/kg seed along with Rhizobium+PSB+RDF also
increased the grain yield by 39.9 and 32.4% respectively over
RDF alone (1253 kg/ha); and both of these treatments on AM
were statistically on par. However, seed treatment of 1.0 g AM
along wi th Rhizobium+PSB+RDF was found to be highly
remunerative and viable as compared to others.

Key words: Chlorop hyll content, Iron, M oly bdenum, PSB,
Rhizobium, Seed inoculation, Soil application

Chickpea (Cicer arietinum L.) is the most important
rabi (winter) season food legume crop in India occupying
7.89 m ha area with an annual production of 7.06 m tonnes and
productivity of 895 kg/ha. The state of Madhya Pradesh is
the largest producer of chickpea covering 2.84 m ha area with
a production of 2.79 m tonnes and productivity of 981 kg/ha
(Agriculture Statistics 2009). Chickpea yield is usually low in
M.P. as it is mostly grown under rainfed conditions constrained
with imbalance use of fertilizers, limited seed inoculation with
Rhizobium and phosphorous solubilizing bacteria (Sharma
and Gupta 2005), insect pests attack and wilt susceptibility. In
addition, due to intensive cultivation of soybean and chickpea
in vert iso ls  o f M.P., deficiencies  in some of es sent ial
micronutrients are also affecting  its productivity. Being a
legume, ch ickpea is capable o f biological N fixation (BNF)
through Rhizobium bacteria. Nodule rhizobia can fix nitrogen

effectively only if the plant is adequately supplied with all the
mineral elements essential for active growth. In this context,
micronutrients like Mo, Fe, P, Zn and Co can play an important
ro le (Subba Rao 1977). Hence s upp lementat ion o f
micronutrients with Mo and Fe along with Rhizobium + PSB
inoculation in chickpea may also increase BNF, N assimilation
and  P availability in this crop  res ulting in enhancing its
productivity. Keeping above in view, the present investigation
was undertaken to assess the effect of Mo and Fe along with
Rhizobium+PSB inoculat ion under normal fertilization  on
growth, nutrient uptake and yield of chickpea in a black soils
(vertisol) having low Mo.

MATERIALS AND METHODS

A field experiment was conducted  under AICRP on
Chickpea at RAK College of Agriculture, Sehore, M.P during
2007-08 and 2008-09 to study the effect of molybdenum and
iron along with Rhizobium and PSB inoculation on chickpea
‘JG 130’ in a medium black soil. The soil of the experimental
field was having pH 7.7, EC 0.15 dS/m,  and OC 0.38% with
available N, P and K as 180, 13.5 and 438 kg/ha, respectively.
As regards micronutrients, the soil was sufficient in extractable
Zn (0.8 ppm), Cu (4.28 ppm), Fe (75 ppm)  and Mn (519 ppm)
while it was below critical limit in extractable Mo (< 0.016 ppm).
The experiment was carried out in thrice replicated randomized
block design (RBD) with eight treatments viz., control (RDF
@20 Kg N+50 Kg P2O5+20 Kg K2O+20 Kg S/ha),
Rhizobium+PSB (as seed treatment)+RDF, 0.5 kg AM/ha as
soil application +Rhizobium+PSB+RDF, 1.0 kg AM/ha as soil
application+Rhizobium+PSB+RDF, 0.5 g AM/kg seed as seed
treatment+Rhizobium+PSB+RDF, 1.0 g AM/kg seed as seed
treatment+ Rhizobium+PSB+RDF, 0.5 g AM+1.0 g FeSO4/kg
seed as seed t reatment+Rhizobium+PSB+RDF and  1.0 g
AM+1.0 g FeSO4/kg seed as seed treatment + Rhizobium +
PSB + RDF. Chickpea was sown with one pre-plant irrigation
(palewa). Observations on symbiotic traits viz., nodule number
and its dry weight and total plant dry weight  at 45 DAS,
flowers/plant at 60 DAS, branches, plant height and pods/
plant at maturity and grain yield at harvest were recorded. Soil
N, P, K and other relevant characters were determined as
described by Jackson 1973. Extractable micronutrients in soil
were determined by acid ammonium acetate+EDTA (Lakanen
and Ervio 1971) by using Inductively Coupled Plasma Atomic
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Emission Spectroscopy (ICP-AES). The chlorophyll content
in fresh leaf samples was determined by the procedure as
described by Yoshida et al. (1972). The grain and straw samples
were analyzed for N content by KJeldhal’s method and for P
by  vanado-molybdo-phos phoric yellow colour method
(Koenig and Johnson 1942).

RESULTS AND DISCUSSION

Symbiotic Traits: A perusal on Table 1 showed that both
number and dry weight of nodule at 45 DAS recorded
significant increase in the entire Mo and Fe fortified treatments
over RDF. Furthermore, nodule number and its dry weight
under RDF+Rhizobium+PSB+0.5 and 1.0 kg AM/ha as soil
application, RDF+Rhizobium+PSB+0.5 and 1.0 g AM/kg seed
as seed treatment, and RDF+ Rhizobium +PSB+ 1.0 g FeSO4/
kg seed as seed treatment+0.5 and 1.0 g AM were significantly
higher over both RDF alone (with 15 nodules & 26 mg nodules
dry weight/plant) and RDF+Rhizobium+PSB (21 nodules &
40 mg nodules dry weight/plant). Significant  increase in nodule
number and its dry weight in treatments receiving AM either
as soil application or as seed inoculation in combination with
Rhizobium+PSB+RDF or with FeSO4  as seed inoculation along
with Rhizobium+PSB+RDF might be due to better root and
shoot growth together with increased activity of Rhizobium
+PSB in  the rhizosphere. Molybdenum is a constituent of
nitrogenase enzyme catalyzing the reduction of nitrate into
nitrite in the plant through nitrate reductase. The results are
in agreement with those reported by Deo et al. (2002).

Plant attributes: Dry weight per plant recorded at 45 DAS
(Table 1) was also significantly higher with all the treatment

combinations over control.  Moreover, AM+ferrous sulphate
or AM in combination with Rhizobium+PSB+RDF  recorded
significantly higher total plant dry weight over that in both
RDF (1.98 g/plant) and RDF+Rhizobium +PSB (2.18 g/plant).
This might be due to increased plant growth following Mo
supplementation in soil as well as seed treatments. However,
Fe supplementation could not contributed further increase in
total dry weight over the treatments viz.,  AM @ 0.5 and 1.0kg/
ha as soil application+ Rhizobium+PSB+RDF,  and AM @0.5
g and 1.0 g/kg seed as seed treatment+Rhizobium+PSB+RDF.
This could be also be substantiated by higher Fe status of the
soil. These results are in agreement with Valenciano et al.
(2010) in chickpea.

In addition, branches/plants recorded at maturity also
indicated significant increase under all the treatments over
control (Table 1). The maximum value of 6.10 branches/plant
was recorded under 1.0 kg AM/ha as s oil applicat ion  +
Rhizobium + PSB + RDF and was statistically on par with 1.0
g AM/kg  seed  as seed  treatment + Rhizobium + PSB  + RDF
(with 5.97 branches/plant). The plants had 5.83 to 5.98 branches
under AM treatments except in RDF and RDF+ Rhizobium
+PSB. Th is  might  be due to  the enhanced  BNF and
transformation o f N in  p lants  fo llowing molybdenum
application that resulted in better crop growth manifested by
higher number of branches/plant.

Similar to above, plant height increased significantly
due to AM treatments over both RDF and Rhizobium + PSB +
RDF (Table 1). However, similar plant height was recorded
under all the treatments receiving AM either as soil application
or as seed treatment. Increase in plant height due to AM and

Table 1.  Effect of biofertilizers and micronutrients on symbiotic traits and yield attributes of  Chickpea (Pooled data)

Nodule 
number/ 

plant 

Nodule dry 
weight 

(mg/plant) 

Total  plant dry 
weight 

(g/plant) 

Flowers/ 
plant  
(no.) 

Branches/ 
plant  
(no.) 

Plant  
height  
(cm) 

Pods/ 
plant 
(no.) 

 Treatments 

45 DAS 60 DAS At harvest 

RDF (Control)  15 26 1.98 35.3 4.34 40.0 22.8 

Rhizobium+PSB+RDF 21 40 2.18 38.4 4.79 40.6 25.3 

0.5 kg AM/ha as soil application+ 
Rhizobium+PSB+RDF 

26 54 2.44 42.8 5.83 41.5 29.8 

1.0 kg AM/ha as soil application + 
Rhizobium+PSB+RDF 

27 54 2.56 44.1 6.10 41.6 31.1 

  0.5 g AM/kg seed  as seed  treatment 
with  Rhizobium+PSB+RDF 

28 56 2.39 41.0 5.87 41.5 28.3 

1.0 g AM/kg  seed as seed  treatment with  
Rhizobium+PSB+RDF 

27 61 2.47 43.8 5.97 41.6 30.2 

0.5 g AM+1.0 g FeSO4/kg seed as seed  
treatment with  Rhizobium+PSB+RDF 

27 60 2.37 41.7 5.93 41.7 28.8 

1.0 g AM+1.0 g FeSO4/kg seed as seed  
treatment with  Rhizobium+PSB+RDF 

30 65 2.47 43.7 5.98 41.7 30.3 

                               CD (P=0.05) 3.1 4.5 0.10 2.45 0.52 1.2 1.45 

                               CV (%) 15.2 11.5 4.8 7.2 10.7 6.8 6.3 
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AM+ferrous su lphate app licat ion in  combination  with
Rhizobium+PSB+RDF in fortified treatments might be due to
enhanced  nodulat ion, BNF, ch lo rophyll con ten t ,
photosynthesis and protein metabolism that resulted in better
growth of taller plants under these treatments. These findings
are in agreement with Shil et al. (2007) and Kanter (2003).

With regard to flower production, highest number of
flowers/p lan t was recorded under 1.0 kg AM/ha as  so il
application+Rhizobium+PSB+RDF followed by 1.0 g  AM/kg
seed as seed  treatment with  Rhizobium+PSB+RDF. However
both these treatments were at par indicating similar effects of
both soil and seed application of AM on flower production.
Ahlawat et al. (2007) also stated that in Mo-deficient soil,
both size and number of flower  production/plant in chickpea
were reduced.

Yield attributes: Similar to flower production, significantly
higher pods/plant were recorded under all the treatments than

in RDF (Table 1). Moreover, the treatments viz., 0.5 and 1.0 kg/
ha AM as soil application + Rhizobium + PSB + RDF, 0.5 and
1.0 g AM/kg seed as seed treatment with Rhizobium + PSB +
RDF and 0.5 and 1.0 g AM+1.0 g FeSO4/kg  seed  as s eed
treatment with Rhizobium+PSB+RDF produced significantly
h igher pods/p lant  over that  in RDF+ Rhizobium+PSB
inocu lat ion. Here bo th  s o il and  s eed applicat ion o f
molybdenum in presence of Rhizobium + PSB + RDF was
equally effective. Enhanced BNF and nitrogen metabolism
coupled with better P utilization resulted in favorable effect
on pods/plant in all the treatments receiving molybdenum
(Ali and Mishra 2001). These findings were in agreement with
Shil et al. (2007) for calcareous soils.

 N and P Uptake: Nitrogen and Phosphorous uptake by plants
significantly increased with AM application (Table 2) and the
maximum uptake (77.8 kg N and 5.15 kg P/ha) was analyzed
under 1.0 kg AM/ha as soil application+Rhizobium+PSB+RDF

Table 2. Effect of biofertilizers and micronutrients on N, P uptake and protein content  in seed (Pooled data)

Treatments N uptake 
(Kg/ha) 

P uptake 
(Kg/ha) 

Protein content 
(%) 

RDF (Control)  51.8 3.12 20.41 
Rhizobium+PSB+RDF 58.0 3.63 20.74 
0.5 kg AM/ha as soil application+ Rhizobium+PSB+RDF 71.5 4.61 22.10 
1.0 kg AM/ha as soil application + Rhizobium+PSB+RDF 77.8 5.15 22.73 
0.5 g AM/kg seed  as seed  treatment with  Rhizobium+PSB+RDF 66.0 4.15 21.85 
1.0 g AM/kg  seed as seed  treatment with  Rhizobium+PSB+RDF 72.5 4.51 22.40 
0.5 g AM+1.0 g FeSO4/kg seed as seed  treatment with  Rhizobium+PSB+RDF 68.0 4.46 21.99 
1.0 g AM+1.0 g FeSO4/kg seed as seed  treatment with  Rhizobium+PSB+RDF 73.7 3.83 22.29 
                               CD (P=0.05) 2.50 0.23 0.35 
                               CV (%) 5.70 7.20 11.7 

 
Table 3. Effect of biofertilizers and micronutrients on seed yield and economics of  chickpea

Economic viability Treatments Seed yield  
(kg/ha) 

% increase 
in yield Additional cost 

over control (Rs) 
Additional net return  

over control (Rs)  
 2007-08 2008-09 Mean    
RDF (Control)  1520 985 1253 - - - 
Rhizobium+PSB+RDF 1645 1127 1386 10.6 50 2344 
0.5 kg AM/ha as soil application+ 
Rhizobium+PSB+RDF 

1890 1390 1640 30.9 1050 5946 

1.0 kg AM/ha as soil application + 
Rhizobium+PSB+RDF 

2003 1503 1753 39.9 2050 6950 

  0.5 g AM/kg seed  as seed  treatment with  
Rhizobium+PSB+RDF 

1820 1247 1534 22.4 130 4928 

1.0 g AM/kg  seed as seed  treatment with  
Rhizobium+PSB+RDF 

1945 1373 1659 32.4 210 7098 

0.5 g AM+1.0 g FeSO4/kg seed as seed  treatment with  
Rhizobium+PSB+RDF 

1900 1263 1582 26.3 146 5776 

1.0 g AM+1.0 g FeSO4/kg seed as seed  treatment with  
Rhizobium+PSB+RDF 

1980 1387 1684 34.4 226 7532 

                               CD (P=0.05) 114 120 114 - - - 
                               CV (%) 8.0 11.3 9.8 - - - 

 Cost of inputs: Ammonium molybdate commercial grade @Rs. 2000/Kg, Rhizobium  & PSB @ Rs.50/ha, FeSO
4
@ Rs.200/kg; Cost of  Produce:

chickpea seed @Rs.18/kg.
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followed by 1.0 g  AM+1.0 g FeSO4/kg seed as seed  treatment
with  Rhizobium+PSB+RDF (73.7 kg N & 4.79 Kg P/ha) and
1.0g  AM/kg   seed as seed  treatment with  Rhizobium + PSB
+ RDF (72.5 kg N & 4.51 kg P/ha). Increase in N and P uptake
by plants following supplementation of AM and FeSO4 might
be attributed to enhanced BNF following better nodulation
and  N ass imilation due to  higher nit rogenase and nitrate
reductase activities with use of Mo and Fe  (Shil et al 2007).
Chlorophyll content in leaves: Chlorophyll content in leaves
at  different growth s tages  (Fig . 1) ind icated  s ign ificant
elevation due to  AM treatments over RDF. It increas ed
substantially at 45 and 60 DAS as compared  to 30 DAS
although the increase at 60 DAS was marginal when compared
to 45 DAS. Highest chlorophyll content (6.20mg/g fresh leaves)
was observed with 1.0 kg AM/ha as so il application  +
Rhizobium+PSB+RDF fo llowed  by  0.5 kg  AM/ha as  so il
application + Rhizobium + PSB + RDF (6.05 mg/g fresh leaves),
1.0 g  AM+1.0 g  FeSO4/kg seed as seed  treatment with
Rhizobium+PSB+RDF (5.78 mg/g) and 1.0g  AM/kg  seed  as
seed  treatment with  Rhizobium + PSB+RDF (5.75 mg/g)  at 60
DAS. Increas e in  chlorophyll content due to Mo as s oil
application or seed treatment with or without FeSO4 might be
due enhanced BNF and ass imilation  o f complementary
nutrients caused by favorable effect on nitrogenase and
nitrate reductase activities. Kanter 2003 also reported similar
increase in chlorophyll content in leaves due to Rhizobium
inoculation in chickpea.

Protein content in chickpea gra in: Pro tein content also
significan tly increased in all the AM treatments over RDF
(Table  2). The highest protein content (22.73%) was analyzed
under 1.0 kg AM as soil application+Rhizobium+PSB+RDF
followed by 1.0 g AM+1.0 g FeSO4/kg seed as seed  treatment
with  Rhizobium+PSB+RDF (22.40%) and 1.0 g  AM/kg   seed
as seed  treatment with  Rhizobium+PSB+RDF (22.29%). The
protein content in seed following soil application and seed
treatment  of Mo along  with  Rhizob ium+PSB+RDF was
statistically at par. Increase in protein content in seed with
Mo and  Mo+Fe  along with  Rhizob ium+PSB migh t be
attributed to favorable effect of these nutrients on nitrogenase
and nitrate reductase activities resulting in increased BNF
and N assimilation. The findings are in agreement with Deo et
al. (2002).

Seed yield: Seed yield in chickpea increased significantly in
all the treatments over control (Table 3). The treatments viz.,
Rhizobium+PSB+RDF+0.5 and 1.0 kg AM as soil application,
Rhizobium+PSB+RDF+0.5 and 1.0 g AM/kg seed as seed
treatment, and   Rhizobium +PSB +RDF+1.0 g FeSO4/kg seed
as seed treatment+0.5 and 1.0 g AM  significantly increased
seed yield of chickpea over both RDF and RDF + Rhizobium
+ PSB. Although RDF+Rhizobium+PSB+1.0 kg   AM/ha as
soil application recorded a mean maximum  seed yield of 1753
Kg/ha, yet it was on par with that  ob tained with  RDF+
Rhizobium+PSB+1.0 g AM/kg  seed as seed  treatment (1659
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Fig 1. Chlorophyll content in chickpea leaves (all the treatments
are in order as per Table 1)

kg/ha). This indicated that supplementation of AM @ 1 g/kg
of seed as seed treatment along with Rhizobium+PSB+RDF
was adequate for getting optimum yield of chickpea. Increase
in  s eed y ield  due to  Mo applicat ion along  with
Rhizobium+PSB+RDF might be due to enhanced nodulation
and BNF, N and other complementary elements assimilation
as a consequence of  favorable effect of Mo and Mo-Fe on
nitrogenase activity in nodules and nitrate reductase activity
in plant system. This resulted in increased branches/plant,
plant height, flowers and pods/plant, N & P uptake, chlorophyll
content in leaves and seed yield under the above treatments
over RDF+PSB+Rhizobium or RDF alone. The result of this
investigation also corroborated the findings of  Deo et al.
(2002), Ahlawat et al. (2007), Shil et al. (2007) and Valenciano
et al. (2010).
Economics: A maximum net return of  Rs. 7532/ha was accrued
under 1.0 g AM+1.0g FeSO4/kg seed as seed  treatment with
Rhizobium+PSB+RDF and was followed by the treatment 1.0
g AM/kg  seed as seed  treatment with Rhizobium + PSB +
RDF (Rs 7098/ ha). However these treatments were identical
with each other in respect of seed yield.

Therefore, it may be concluded that the application of
Mo through ammonium molybdate @1g/kg seed preferably
by seed treatment in combination with Rhizobium+PSB+RDF
enhanced the productivity of  rainfed chickpea. For getting
optimum net return in those soils having low Mo especially in
the rainfed areas where continuous cropping with soybean-
chickpea is a practice, application of Mo in combination with
Rhizobium+PSB+RDF is recommended.
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ABSTRACT

A field experiment comprising sixteen mungbean [Vigna radiata
(L.) Wilczek] genotypes was conducted during two successive
years (2007 and 2008) to study the relationship between leaf
are a and photosynthetic rates  along with the  correlati ons
between phenological days, total dry matter buildup and leaf
angle. Crop was monitored for various phenological traits, viz.,
days to flowering, days to podding, dry matter accumulation,
leaf area, leaf angle and photosynthetic rate at flowering and
podding stages. It was  observed that leaf area had negative
direct effect as well as significant negative correlation with
photosynthetic rate. Leaf angle had positive direct effects (0.72
and 0.49) as we ll as si gnificant pos itive correl ations with
photosynthetic rate (0.82** and 0.49**) at both flowering and
podding stages.

Key words: Dry matter accumulat ion, Leaf angle, Leaf area,
Mungbean, Phenological days, Photosynthetic rate

 Differences  in  CO2 exchange rate (CER) among
genotypes have been shown for several crop species and
have compared  to d ifferences  in various leaf anatomical,
physiological, and biochemical characteristics. In some cases
close correlations have been observed and in others there
were no correlation. Specific leaf weight (SLW) is one leaf
characteristic most often positively correlated with CER (Yu-
Long 2008) but in some studies the two were not related. It
has been reported that photosynthetic rates are determined
to some extent by sink growth rates in relation to leaf area
(Gifford and Evans 1973, Medlyn et al. 2002, del-Campo et al.
2002) and inverse relationship between leaf area and maximum
photosynthetic rates among alfalfa (Turnbull et al. 2002) is
partly due to inverse relationship between specific leaf weight
and leaf area. Leaf thickness, a major component of SLW, was
positively correlated with  CER in  Helianthus tuberosus
(Koyama and Kikuzawa 2009) and in plants with heterobaric
leaves (Nikolopoulos et al. 2002), but in deciduous woody
plants grown in sun and shade, leaf thickness was negatively
correlated with CER (McMillen  and McClendon 1983, Koike
et al. 2004). This negative correlation may have been caused
by diversity of species or as a function of different leaf traits
and leaf nitrogen status as suggested by Shipley et al. (2005).
Several studies have indicated that leaf CER based on area
was inversely  related to leaf s ize (Rehman et  al . 2000).
Comparisons of diploid wheat (Triticum, Aegilops) species
with  modern tetraplo id and hexaploid  cultivars show that
during evolution of wheat, leaves have become larger, but
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CER on a leaf area basis has decreased. Significant negative
correlations have been observed between CER and leaf area
in genotype comparisons of alfalfa, soybean, and rice.

The present study was initiated with an objective to
study the relationship between leaf area and photosynthetic
rates across the genotypes of mungbean. The outcome of
this study would help the plant breeder to tailor mungbean
plants with higher photosynthetic efficiency and yield.

MATERIALS AND METHODS

Sixteen genotypes of mungbean [Vigna radiata (L.)
Wilczek] viz., ‘PDM 11’, ‘PDM 54’, ‘PDM 139’, ‘IPM 03-1’,
‘IPM 99-125’, ‘Asha’, ‘Narendra Mung-1’, ‘K 851’, ‘HUM 1’,
‘MUM 2’, ‘ML 729’, ‘Pusa Vishal’, ‘Pant M-4’, ‘SML 668’,
‘IPM 99-4’, and ‘V 3518’ were planted in 2nd week of July, 2007
and 2008 in field under irrigated condition at the research farm
area of Indian Institute of Pulses Research, Kanpur (260 24’15”
N, 800 24’ 36” E at an altitude of 126 m above mean sea level).
The soil of the experimental site was Inceptisol having low
available nitrogen (150 kg N/ha) medium available phosphorus
(22 kg P2O5/ha) and medium in available potassium (180 kg
K2O/ha). Plantings were done following randomized complete
block design (RCBD) with three replications. The crop was
plan ted in well t ilth so il with  a basal fertilizer dose of di-
ammonium phosphate @ 100kg per hectare. Each entry was
sown in 5m rows with row to row and plant to plant distances
at 30 cm and 10 cm, respectively. Proper plant  protection
measures  were adop ted as and when required. Crop was
monito red  fo r various  pheno log ical t rait s , d ry  mat ter
accumulation and leaf area at two growth stages, viz., flowering
and podding. Leaf angle of ten leaves per treatment was
recorded at noon time on the first fully expanded leaves at
flowering. Photosynthetic rates of the genotypes in each
replication were observed at flowering and at podding with
the help  o f In fra Red Gas Analyzer (IRGA). For better
understanding, mungbean genotypes were grouped as per
the rates of photosynthesis at flowering stage as follows:

Less than 15 mg CO2/cm2/sec: ‘Pusa Vishal’, ‘IPM 99-125’,
‘Asha’ and ‘Pant M-4’.

Between 15-25 mg CO2/cm2/s ec: ‘PDM 139’, ‘Narendra
Mung-1’, ‘MUM 2’, ‘IPM 03-1 and ‘ML 729’.

More than 25 mg CO2/cm2/sec: ‘PDM 54’, ‘PDM 11’, ‘SML
668’, ‘K 851’, ‘HUM 1’, ‘IPM 99-4’ and ‘V 3518’.
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  Each and every trait under study was expressed as the
mean of genotypes in any particular photosynthetic group.
Data of 2007 and 2008 were tested for their homogeneity, were
pooled over years, and were subjected to standard statistical
procedures for test of significance.   Mean, critical differences
(CD) and per cent coefficient of variation (CV) were worked
out  in accordance with Snedecor and Cochran (1978).
Correlation of pho tosynthetic rate with o ther t rait s was
estimated as per Snedecor and Cochran (1978) and was further
partitioned for their respective direct and indirect effects using
path analysis in accordance with Dewey and Lu (1959).

RESULTS AND DISCUSSION

Days to flowering and podding in different groups of
mungbean  genotypes failed  to express  any  s ignificant
differences  (Tab le 1). These non-s ign ificant differences
amongst the groups could be attributed to the fact that for
intensive agricu lture p lant  b reeders  s elect  only thos e
genotypes which have lower maturity period so that they
could fit well in cropping system(s) along with higher seed
yield. However, significantly lower maturity period in one of
the groups can easily be taken for the same efforts by plant
breeder(s).

that around 73% variability in photosynthetic rate could be
explained by the variability of leaf angle in mungbean.

When  the correlat ion  o f photosynthetic rates  (at
flowering and podding stages) with different leaf traits were
further partitioned into direct and indirect effects (Table 3), it
was revealed that leaf angle had the highest magnitude of
positive correlation as well as  d irect  effects  on rate of
photosynthesis both at flowering and podding stages. Days
to  flowering  and /or days to podding exh ibited the least
magnitude of direct as well indirect effects on photosynthetic
rate. However, days  to  podding  expres s ed  s ign ifican t
correlat ion with  photos ynthetic rate. To tal dry  mat ter
accumulat ion  in  plant both at  flowering  and at podding
expressed negative and relatively substantial direct effect for
photosynthetic rate. The residual correlation was estimated

Leaf characteristics such as  leaf area and  leaf angle,
observed at flowering and podding stages (Table 2) showed
significant differences amongst groups as well as genotypes.
Leaf area was observed to be lowest at pre-flowering period,
but it increased steadily during post flowering periods of all
the g roups  o f geno types. In terest ingly, amongs t
photos ynthetic g roups of mungbean geno types, leaf area
decreased with the increase in photosynthetic rates. However,
contrary to leaf area, leaf angle seemed to have an increasing
trend along with increase in photosynthetic rates. To get a
clear relat ionsh ip between leaf area and  leaf angle with
photosyn thet ic rate, regress ion  graphs were plo tted for
photosynthetic rates against leaf area and leaf angels (Fig. 1–
3). From the relationsh ips between leaf area and
photosynthetic rates at flowering and at podding (Fig.1 & 2),
it was clear that  more than  60% of the variab ility  in
photosynthetic rates could be explained by variations in leaf
area. Although leaf area expressed a negative relationship
with photosynthetic rates, but leaf angle established a positive
relationship (Fig. 3). The R2 value was 72.9%, which implied

Table 2. Changes in different physiological traits in genotypic
groups of mungbean at different crop growth stages

*, **: Significant at P=0.05 and 0.01, respectively

Groups of genotypes At flowering At podding 

Leaf area (dm2/plant) 

<15 mg 8.11 ± 0.26 8.75 ± 0.92  

15-25 mg 7.24 ± 0.21 8.19 ± 0.52 

>25 mg 5.93 ± 0.22 7.10 ± 0.80 

Mean 6.89 7.85 

CD (P=0.05) 0.99** 2.90** 

CV (%) 8.98 23.0 

Leaf angle (o) at flowering 

<15 mg 67.6 ± 1.16 ---------------- 

15-25 mg 72.4 ± 0.27 ---------------- 

>25 mg 77.8 ± 0.78 ---------------- 

Mean 73.57 ---------------- 

CD (P=0.05) 2.29** ---------------- 

CV (%) 1.94 ---------------- 

Total dry matter (g/plant) 

<15 mg 6.12 ± 0.11 11.52 ± 0.48 

15-25 mg 5.24 ± 0.14 10.79 ± 0.27 

>25 mg 4.72 ± 0.22 9.66 ± 0.62 

Mean 5.23 10.48 

CD (P=0.05) 4.16 1.33** 

CV (%) 4.96 7.91 

Photosynthetic rate 

<15 mg 13.57 ± 0.62 11.15 ± 1.15 

15-25 mg 22.80 ± 0.80 12.78 ± 0.38 

>25 mg 31.23 ± 0.52 16.36 ± 1.02 

Mean 24.18 13.94 

CD (P=0.05) 3.81** 1.77** 

CV (%) 9.86 7.92 

 

Table 1. Changes in phenological days in genotypic groups
of mungbean

Genotypes Flowering Podding Maturity 

<15 mg 37.75 ± 1.31 41.67 ± 0.96 70.25 ± 2.09 

15-25 mg 37.33 ± 1.18 42.67 ± 0.58 65.67 ± 1.68 

> 25 mg 37.29 ± 1.00 44.29 ± 0.56 71.46 ± 1.76 
Mean 37.42 43.13 69.33 

CD (P=0.05) 2.35 1.83 4.35** 

CV (%) 3.92 2.65 3.92 
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to be 0.30 and 0.22, respectively at flowering and podding
stages, respectively.

The existence of significant variation in photosynthetic
rates amongst the mungbean genotypes was in confirmation
to earlier reports in chickpea (Bhattacharya and Singh 1999).
The capacity of photosynthesis depends on light intensity. It
has been shown that leaf metabolism can adapt to different
light intensities according to the position in the canopy (Evans
1993). It has been pointed out that the canopy structure is
important once the leaf area index exceed 3.0 (Sakamoto and
Matsouka 2004). In the present study photosynthetic rate
had shown positive relationship with leaf angle, but earlier
studies have pointed out those high yielding genotypes of
maize, rice and wheat have erect leaf canopy (Sharma-Natu

and Ghildiyal 2005). Lower leaf angle always result in low
simulation. Work in rice suggests that the benefits of very
erect leaf angle in high-radiation environment could only be
realized at leaf area indices over 8 (Van Keulen 1976). It has
also reported that reducing the leaf angle from 900 in Accacia
crassicarpa increased  ligh t intercep tion and  decreas ed
photosynthetic activity Liu et al. (2003). It may, however, be
mentioned that leaf area index beyond the critical value, leaf
area index at which the canopy first reached maximum crop
growth rate, would be detrimental for a grain crop, because it
means that sugars that could have been used to make grain
are instead being used to keep useless leaves alive. Negative
relationship between leaf area and photosynthetic rate has

Table 3. Estimates of total correlation, direct and indirect
effects of different leaf traits with photosynthetic
rates at flowering and podding in mungbean.

 1 2 3 4 Correlation 
At flowering 
1 -0.048 -0.001 -0.002 -0.132 -0.183 
2 -0.001 -0.027 0.003 0.175 0.150 
3 -0.001 0.001 -0.175 -0.395 -0.570** 
4 0.009 -0.007 0.096 0.723 0.820** 
Residual effect = 0.30 
At podding 
1 0.163 -0.002 0.127 0.096 0.387* 
2 0.002 -0.014 0.123 -0.331 -0.220 
 
3 

-0.051 0.004 -0.411 0.049 -0.408* 

4 0.032 0.009 -0.041 0.493 0.493** 
Residual effect = 0.22 

 1, 2, 3, 4 represent days to flowering / podding, leaf area, total dry
matter and leaf angle, respectively; *, **: Significant at P=0.05 and
0.01, respectively; Bold figures are the direct effects

Fig 1. Effect of leaf area at  flowering on phot osy nt hetic
rate in mungbean

Fig 2. Effect of leaf area at p odding on p hotosy nt hetic
rate in mungbean

Fig 3. Effect  of leaf angle at  flowering on p hot osynt hetic
rates in mungbean
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also been reported in earlier studies on grapevine (del-Campo
et al. 2002). However, in earlier studies as well as in the present
study it was not clear that what should be the minimum thresh
hold levels of leaf area, either at flowering or at podding, so
that photosynthesis remain optimum. This is an important
iss ue as  lowering  the leaf area to have increased rate of
photosynthesis may culminate in a plant type where there is
no  leaf. The negat ive association  between  leaf area and
photosynthetic rates could be attributed to the fact that, a
higher leaf area index leads to lower transmission of light
resulting to reduced photosynthetic rate, or it may also be
possible that higher leaf area reduces the available nitrogen
concentration in leaf leading to reduced photosynthetic rates.
The negative association of total dry matter accumulation
and photos yn thet ic rate could  be att ribu ted to  the
phenomenon of feedback mechanism.

In conclusion, photosynthetic rate in mungbean  is
definitely a function of leaf angle as well as total dry matter
buildup in plant either positively or negatively. However, the
presence of comparatively high amount of residual correlation
both at flowering and at podding stages point out the effect
of other traits on the pho tos ynthetic rate in mungbean.
Therefore, further in depth studies are needed to ascertain
the ro le o f other traits  on the photos yn thet ic rates  in
mungbean. Further, it is also imperative to work out the
minimum threshold of leaf area in mungbean to have optimum
rate of photosynthesis.
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ABSTRACT

During rabi 2008-09 and 2009-10, a virus disease of French
bean was characterized by chlorotic spots with irregular necrotic
or non-necrotic margins and twisting of leaf lamina. Plants
infected at early stage remained stunted.  Disease incidence
was re corded i n the range of 4-5%. The causal  virus was
success full y sap transmitte d from field infecte d pl ants  to
healthy plants of French bean and to cowpea cv. ‘Pusa Komal’,
a diagnostic host for the Tospoviruses. Further, the identity of
the virus was confirmed by reverse transcription-polymerase
chain reaction using primer pairs (GBNV-MF 5’ ATG TCT CGC
TTG TCT AAC GTC 3’/GBNV-MR 5’ TTA TAT TTC AAG AAG
ATT ATC 3’) designed to target the NSm gene of the Groundnut
bud necrosis virus (GBNV). Complete NSm gene of French bean
isolate of GBNV was 924 nucleotides long, encoding a protein
of 307 amino acids. Sequence analysis of the NSm gene revealed
that the French bean isolate under study (HQ259244) shared
maximum identity at nucleotide (98%) and amino acids (99%)
levels with GBNV-[Mb] isolate (AY871097). With other GBNV
i solate s viz .,  type i solate (U42555) and cowpe a i sol ate
(AY221023), prese nt i sol ate had respectivel y, 95 and 93%
identity at nucleotide level and 99% similarity at amino acids
level. The phylogenetic relationship analysis revealed that the
present isolate of GBNV clustered with known isolates of GBNV.
Thus, the virus causing chlorotic spot disease in French bean
at Kanpur was identified as an isolate of GBNV and has been
designated as GBNV-[Raj]. Full sequence of the NSm gene of a
GBNV isolate infecting Phaseolus vulgaris is being reported
here for the first time.

Key words: French bean, Groundnut bud necrosis virus,  NSm
gene, Phaseolus vulgaris

French bean, commonly called rajmash, is an important
pulse crop grown in many parts of India. This is mainly a crop
of hilly areas; however, it has been successfully introduced in
the northern plains of India. Tospoviruses are known to infect
a number of agriculturally important crops worldwide (Pappu
et al. 2009) and have widest host range among the all known
plant viruses.  Five different tospovirus species have been
reported from Ind ia so far. Among them, Groundnut bud
necrosis virus  (GBNV), a member of serogroup  IV of
Tospoviruses is most prevalent throughout India and causes
considerable losses in many important crops (Mandal et al.
2011). Its natural infection has been reported in groundnut,
mungbean, urdbean, potato, soybean, tomato, cowpea, French
bean , Dolichos, pea and  jute (Reddy  et  a l . 1992,
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Satayanarayana et al. 1996, Bhat et al. 2001, Umamaheshwaran
et al. 2003, Naimuddin et al. 2009,  Jain et al. 2002, Akram et al.
2003, 2004, Saritha and Jain 2007, Akram and Naimuddin 2009,
2010a and b, Sivaprasad et al. 2011). We report here the
ass ociation of GBNV causing ch loro tic/necro tic s pots  in
French bean (Phaseoulus vulgaris) based on the symptoms
observed on naturally infected plan ts and the NSm gene
characteristics for the first time.

MATERIALS AND METHODS

Sample collection and mechanical transmission: Leaves of
naturally infected plants of French bean (Phaseolus vulgaris
var. Amber) showing characteristic chlorotic spots during rabi
2008-09 and 2009-10 were randomly collected from the fields
and used as source of inoculum for inoculating cowpea (Vigna
unguiculata cv. Pusa Komal), an indicator plant for GBNV
and French bean vars. Amber and Utkarsh at primary leaf
stage using celite powder as an abrasive.

RNA isolation and RT-PCR: Total RNA from the naturally
infected French bean leaves and artificially inoculated and
healthy leaves of French bean as well as cowpea was extracted
us ing RNeasy  Kit (Qiagen Inc., Chats worth , CA, USA)
according to the manufacturer’s instructions. Total RNA thus
isolated was used as a template in the reverse transcription-
polymerase chain reaction (RT-PCR). Five samples of the field
infected leaves of each variety of French bean (Amber and
Utkarsh) and two samples of systemically infected leaves of
artificially inoculated plants of each French bean and cowpea
were taken for RNA isolation. RNA from corresponding healthy
samples was also extracted and subjected to RT-PCR.

The primers pair (GBNV-MF 5’ ATG TCT CGC TTG TCT
AAC GTC 3’/GBNV-MR 5’ TTA TAT TTC AAG AAG ATT
ATC 3’) was  des igned by us ing the known NSm gene
sequence of GBNV (AY259522). These primers were used to
amplify movement protein gene (NSm gene) located on medium
RNA of the virus genome using Qiagen One Step RT-PCR kit
according to the manufacturer’s instructions. Amplification
was  perfo rmed  in  an  automated  thermal cycler (T1
Thermocycler, Biometra, Germany) programmed for one cycle
of 50oC for 30 min for cDNA synthesis, 15 min as hot start for
Taq  polymeras e at  94oC and  35 cycles  o f NSm gene
amplification with following parameters: 30s of denaturation
at 94oC, 1 min annealing at 52oC, 1 min for extension at 72oC
followed by one cycle of final extension for 10 min at 72oC.
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RT-PCR products were s ubjected to  elect rophoresis. The
bands corresponding to NSm gene (~900 bp) were excised
and purified using QiaX gel extraction kit (Qiagen) following
manufacturer’s instructions.
Cloning of NSm gene and sequence analysis: The purified
product of NSm gene was ligated into pJet 1.2/blunt cloning
vector (Fermentas). In a microfuge tube a reaction was setup
(2x reaction buffer-10 µl, purified DNA-2 µl, nuclease free
water-2 µl, and DNA blunting enzyme-1 µl)  first for blunting
the PCR product and then the ligation was done by adding 1
µl pJet 1.2/blunt cloning vector and 1 µl T4 DNA ligase in the
mixture.

Competent cells and transformat ion: Single colony was
transferred from the overnight culture plate of E coli-XL blue
in to 5ml LB broth and kept overnight for growth at 37oC in
refrigerated incubator shaker (Thermo scientific) at 200rpm.
From the overnight culture, 100µl was added in fresh 100ml
LB broth and kept for 30 min in incubator shaker at 150rpm
followed by centrifugation at 4500rpm for 5 min at 4oC. The
pallet was re-suspended in 20ml 0.1M CaCl2 (ice cold) and
kept on ice for 30 min. The suspension was then centrifuged
at 4500 rpm for 5 minutes at 4oC. The pallet was re-suspended
in  20ml 0.1M MgCl2 (ice cold) and kep t for 30 min  and
centrifuged at 4500rpm for 5 min at 4oC. The pallet was re-
suspended in 4ml 0.1M ice cold CaCl2 and an aliquot of 100µl
was taken and added to ligation mixture. This mixture was
exposed to 42oC for 2 min, added to 800µl LB broth and kept
for s haking at 200rpm for 30 min  at 37oC fo llowed  by
centrifugation at 10000rpm for 1 min. The pallet was re-
suspended in 100µl LB broth  and was s pread on LB agar
ampicillin and tetracycline plates and kept overnight at 37oC.

Plasmid  iso la tion and  restriction d igest ion: The
transformants were confirmed by colony PCR. The positive
clones were streaked on LB agar ampicillin and tetracycline
plates. Single colony was picked from overnight grown plate
and suspended in 3ml LB broth supplemented with ampicillin
and tetracycline. It was kept at 37oC for overnight growth and
the plasmid was iso lated  us ing  GenJet  Plas mid  mini kit
(Fermentas). The isolated plasmid DNA was digested with
BglII res trict ion enzyme following the manufactu rer’s
instruction for further confirmation of the insert.
Sequencing and sequence analysis: The purified recombinant
plasmid DNA was got sequenced by 1st BASE, Malaysia.
The NSm gene nucleotide and amino acid sequences of other
known tospov iruses (Table 1) us ed fo r comparison were
obtained from GenBank. The evolutionary history was inferred
using the Neighbor-Joining method (Saitou and Nei 1987) with
bootstrap test (1000 replicates) (Felsenstein 1985). The tree
was drawn to scale, with branch lengths in the same units as
those o f the evo lu t ionary  d istances  used to  in fer the
phylogenetic tree. Evolutionary analyses were conducted in
MEGA5 (Tamura et a l. 2011). The NSm gene sequence of
GBNV-[Raj] was submitted to GenBank under the accession
no. HQ259244.

RESULTS AND DISCUSSION

Symptomatology, disease status and transmission: Naturally
infected French bean (Phaseolus vulgaris) plants  showed
characteristic chlorotic spots with irregular margins in leaf
lamina, twisting of leaf lamina and veinal necrosis. Margin of
the spots often turned necrotic giving leaflet a shriveled look
resulting into twisting of leaf lamina. Necrosis in veins and
stem was also noticed. Plants infected at early stage of growth
remained stunted. Disease incidence was recorded between
4-5% in two varieties (Amber and Utkarsh) of French bean.
The causal virus was sap transmitted upon inoculation from
field-infected plants to healthy plants of French bean and
produced faint chlorotic spots on inoculated primary leave
and systemic symptoms consisting of sh riveled chlorotic
spots with irregular margins that resembled those seen on
naturally infected plants. On inoculated leaves of cowpea cv.
Pusa Komal, characteristic local lesions appeared within 3
days. The field symptoms and productions of local lesions on
cowpea indicated involvement of Groundnut bud necrosis
virus, a tospovirus. Natural infection of GBNV on French bean
was reported by Jain et al. (2007) but they did not mention
about the mechanical sap inocu lation from field infected
samples to either French bean or cowpea.
Amplificat ion and  cloning  of the NSm gene: RT-PCR
products from field- infected French  bean  and from sap-
inoculated French bean  and cowpea samples analyzed in
agarose gel electrophoresis revealed  p res ence of DNA
fragment of ~900 bp corresponding to NSm gene of GBNV
(Fig. 1A&1B) indicating that the disease observed in French

Fig 1. RT-PCR amp lificat ion of NSm gene of GBNV from
nat urally infected French bean cv. Ut karsh (A) and cv.
Amber (B); Lane 1-5: diseased leaves; Lane 6: healthy
leaves. PCR amp lification of NSm gene (insert ) from
t ransformed bact erial colonies  (C); Lane 1-4: four
transformed colonies. Restriction digestion of recombinant
plasmid DNA using BglII enzyme (D); Lane 1-4: Plasmid
DNA from four transformed bacterial colonies; Lane M:
1 kb DNA ladder (A&B) and 100 bp  DNA ladder
(C&D)
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bean is caused by the  GBNV. No amplification was found in
RT-PCR products from healthy French  bean and  cowpea
samples. NSm gene was successfully cloned in E. coli.  Colony
PCR of transformed colonies gave positive amplification for
the presence of ins ert (Fig . 1C). Restriction d iges tion  of
plasmid DNA from four of the transformed colonies with BglII
yielded targeted insert DNA (Fig. 1D) confirming the proper
cloning of the NSm gene of the virus isolate under study.

Sequence analysis: Prior to the present report, there is only
one report of GBNV infecting French bean in India by Jain et
al. (2007) who identified the virus  on the basis on partial
sequence o f nucleocapsid pro tein (NP) gene. NP  gene
sequence is generally used to estab lis h the iden tity of
Tos poviruses and is olates in the Tospovirus genus with
greater than 90% identity in NP gene sequence are classified
as strain of the same virus (Moyer 1999). However, the NSm
gene located  on  M-RNA of the tripart ite  genome of
Tospoviruses has also been shown to be of equal importance
in the characterization of Tospoviruses (Silva et al. 2001). In
the present study, the causal virus of chlorotic spot disease
of French bean has been characterized on the basis of NSm
gene sequence. We could not find any sequence of NSm gene
of GBNV infecting French bean in the NCBI data base and
hence the sequence of NSm gene ob tained in the present
study has been compared with corresponding gene of GBNV
isolates from other hosts (Table 1).

Sequence analysis revealed that NSm gene of French
bean isolate (HQ259244) at nucleotide level shared maximum
(98%) identity with GBNV-[Mb] isolate (AY871097), followed

Table 1. Compari son of nucl e oti des  and ami no acids
sequences of NSm gene of GBNV-[Raj] isolate under
study with other known Tospoviruses

S. 
N. 

Name of 
the virus 

Accession 
number 

Number of 
nucleotides/a
mino acids 

Per cent 
nucleotides 

identity 

Per cent 
amino acids 

identity 
1 GBNV-

[Raj] 
*HQ259244 924/307 - - 

2 GBNV-
[Mb] 

AY871097 924/307 98 99 

3 GBNV-
[TI] 

U42555 924/307 95 99 

4 GBNV-
[CP] 

AY221023 924/307 93 99 

5 CaCV NC_008303 927/308 81 88 
6 WSMV U75379 939/312 77 83 
7 MYSV NC_008307 927/308 65 61 
8 IYSV AF213677 936/311 68 65 
9 INSV M74904 912/303 41 40 
10 ZLCV AF213676 912/303 37 35 
11 CSNV AF213675 912/303 38 39 
12 TSWV AF208498 909/302 36 40 
13 TCSV AF282983 921/303 38 39 
14 GRSV AF513220 912/303 37 39 

 *: This study; GBNV-[Raj]: Groundnut bud n ecrosis virus-Rajmash
isolate; TI: Type isolate, Mb: Mungbean; CaCV: Capsicum chlorosis
virus; WSMV: Watermelon silver mottle virus; MYSV: Melon yellow spot
virus; IYSV:  Iris yellow spot virus; INSV: Impatiens necrotic spot virus;
ZLCV: Zucchuni lethal chlorosis virus; CSNV: Chrysanthemum stem
necrosis virus; TSWV: Tomato spotted wilt virus; TCSV: Tomato chlorotic
spot virus; GRSV: Groundnut ringspot viru.

Fig 2. Phylogenetic relationship between GBNV-[Raj] with some other known GBNV isolates and tospoviruses based on (a) amino
acids, and (b) nucleotide of NSm gene. The tree was constructed using the Neighbor-Joining method. The analy sis involved 14
amino acids, and 14 nucleotide sequence of tospoviruses
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by 95% and 93% similarity with type isolate (U42555) and
cowpea isolate (AY221023), respectively. However, at amino
acids levels, similarity was 99 % with all these three isolates
(AY871097, U42555 and AY221023). More than 90% similarity
between the NSm gene of the present isolate, GBNV-[Raj] and
other known GBNV isolates both at nucleotide and amino
acid levels unequivocally proves that the present isolate is a
strain of GBNV. GBNV-[Raj] had 77- 81% similarity at nucleotide
level and 83-88% at amino acid level with CaCV (NC_008303)
and  WSMV (U75379), other members of serogroup IV of
Tospoviruses. With other members of Tospoviruses (TSWV,
GRSV, ZLCV, CSNV, TCSV, INSV and MYSV), present isolate,
GBNV-[Raj] had 37- 65% similarity at nucleotide level and 39-
65% at amino acid level. The phylogenetic relationship analysis
involving isolates of GBNV including present isolate, GBNV-
[Raj] and other virus species of Tospoviruses revealed that
the GBNV-[Raj] closely clustered with isolates of GBNV (Fig.
2a,b).

The present paper adds to the understanding of field
symptoms caused by GBNV in French bean, quantifies the
disease in the field and describes sequence of NSm gene of
GBNV isolate infecting French bean for the first time. Though
at present the disease incidence in French bean crop does not
seem to be worrisome, but under the climate change being
experienced in the present century, this disease may, however,
prove to be a potentially damaging one.
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ABSTRACT

Studie s on the e ffe ct of cropping sequences  on root-knot
nematode (Meloidogyne javanica) under micro-plot conditions
showed that the cultivation of urdbean during kharif (rainy
season) led to increase in nematode population by 56% over
initial population. When subsequent crop wheat was taken as
non-host crop in rabi (post rainy season), nematode population
reduce d by 42.3%. Urdbean followed by two non-host crops
mustard and wheat had reduced 54% of nematode population.
When urdbean was grown as intercrop with sorghum, nematode
population decreased by 26% and subsequently wheat reduced
the nematode population further by 64.9%. In the cropping
sequence of maize followed by potato and urdbean, although
the nematode population reduced with growing of maize in the
beginning but population further increased when potato was
grown during rabi .  Te sti ng of two croppi ng se que nce s
urdbe an+sorghum-whe at and urdbe an-whe at+mustard in
comparison to cropping sequence urdbean-chickpea in larger
plots reduced the root-knot nematode population by 82.6 and
75.6% at the end of one year sequence as compared to 137.1%
increase in population when urdbean was followed by chickpea.

Key words: Crop p ing sequence, Meloidogyne jav anica ,
Nematode, Root-knot nematode, Urdbean

Root-kno t nematode (Meloidogyne javanica) is an
important pest of field crops causing heavy losses to pulses
(Gupta and Verma 1990). The infestation of this nematode
results in gall format ion on the root  system result ing into
yellowish leaves and poor plant growth. Avoidable losses up
to 40-44% in urdbean due to M. javanica have been reported
(Kalitha and Phukan 1993). A lthough, several management
strategies such as application of organic amendments, growing
of resis tan t variet ies , s ummer ploughing , app lication of
nematicides  etc. have been advocated  for the con trol of
nematodes in crops, all may not be feasible to use under field
conditions. In multiple cropping systems, crop rotation with
non-host crop can maintain the nematode population below
economic threshold levels. Therefore, correct identification
of the nematode s pecies p res en t in the field  and  the
identification of the crops as host and non-host to be used in
the cropping sequence are very essential with the view to
regulate the nematode population in the field. Growing of host
or non-host crop in sequence will determine the increase or
decrease in nematode populations.  The degree of control of

nematode population through crop rotation also depends
upon the length of use of non-host crops in rotation (Kanwar
and  Bhatti 1998). The accep tance of the non-hos t crops
recommended  in  cropp ing  sequences  is  als o  crit ical.
Therefore, in order to find out suitable cropping sequences
with crops commonly grown with urdbean as a base crop to
manage the root-knot nematode, an experiment was conducted
under micro-plots.

MATERIALS AND METHODS

Experiment was initially carried out in micro-plots of
size 2.0 x 2.5m for three years from July 2004 to June 2007. Soil
of the micro-plots was sandy loam with pH 7.5. Four cropping
s equences  with  u rdbean  as  bas e crop  were taken :
1. Urdbean (cv.  ‘Uttara’)-Wheat (cv. ‘Raj 3765’); 2. Urdbean +
Sorghum (cv. ‘Versa’) (2:1)-Wheat ; 3. Urdbean-Wheat-
Mustard (cv. ‘Bhawani’) (4:1) and 4. Maize (cv. ‘Azad Uttam’)-
Potato (local cultivar)-Urdbean. Each cropping sequence was
grown in randomized block design with five replications.
Recommended fert ilizers and  package o f p ractices  were
followed. An equal inoculum of root-knot nematode was added
to each micro-plot soil from the culture pots maintained in the
net house. Urdbean was grown in micro-plots for nematode
multiplication. Prior to sowing of crops under experiment, initial
root-knot nematode population was recorded 50 juveniles per
100 cc soil. Forty-five days after germination, th ree plants
from each replication were removed from the soil with root
system for recording gall index in urdbean. Root system was
washed  gent ly under tap  water and  obs ervat ions were
recorded for each plant on gall index (GI) based on 1-5 scale
viz., 1= No galls/egg masses; 2 = 1-10 galls/egg masses; 3 =
11-30 galls/egg masses; 4 =31-100 galls/egg masses and 5 =
>100 galls/egg masses (Taylor and Sasser 1978). At the harvest
of first crop, soil samples were drawn from three spots in each
micro-plot. The composite s oil sample o f each plo t was
thoroughly mixed and 100 cc soils were processed as per the
Cobb’s modified decanting and sieving technique (Cobb 1918).
The nematode population was  counted under the stereo-
microscope.  Biomass and grain yield of all the crops were
recorded.

Bas ed  on  micro-p lot  res u lts , the two  cropping
sequences viz., urdbean + sorghum-wheat and urdbean sole-
wheat +mustard  found effective in reducing the nematode
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population were further evaluated in bigger plots naturally
infested with root-knot nematode during 2007-08 along with
cropping sequence having pulse after pulse (urdbean followed
by chickpea) for comparison. Total experimental area was
51×39 m2. The soil of the experimental field was sandy loam
with pH 8.3. The average initial nematode population of the
field was 443 juveniles/100 cc soil.  The experiment was
conducted in RBD with 6 replications. All three cropping
sequences  (urdbean+s orghum-wheat, urdbean-wheat  +
mustard and urdbean-chickpea) were randomly allocated in
each block. Each cropping sequence was grown in 12 x 8 m2

plot. Recommended package of practices were followed in
growing of the crops. Five soil samples were drawn (0-20 cm
depth) from each replication and mixed thoroughly to make
composite sample after harvest of kharif and rabi crops. The
nematode population was recorded by processing 100 cc soil
from composite sample as per Cobb’s decanting and sieving
technique. The data on the nematode population was recorded
at the time of harvest of the crops and analyzed.

RESULTS AND DISCUSSION

Four cropping sequences with urdbean as base crop
i.e ., u rdbean-wheat, u rdbean+s orghum-wheat, u rdbean-
wheat+mustard and maize-potato-urdbean were taken under
micro-plots. The results indicated that during kharif (rainy)
season, when root-knot nematode susceptible crop urdbean
was grown as sole crop, the nematode population increased
to 46 - 56% over initial population (Table 1). Growing of maize,
as non-host crop of root-knot nematode, during kharif season
reduced the nematode population by 52% at the end of the
crop. Probably due to the non-availability of food in non-host
crop reduced the nematode population. During kharif season
cultivation of urdbean, a host crop of root -knot nematode
and sorghum, a non-host crop as intercropping, the nematode
population was reduced by 26.0% and the gall index was 2.1
compared to 3.3 in sole urdbean (Table 1). This indicated that
sorghum not only reduced the nematode population, but also

helped to lower the nematode infection in urdbean, which
was grown as intercrop. This confirmed the earlier reports of
antagonistic effects of sorghum against root-knot nematode
(Yamada et al. 2000). Haque et al. (2002) also reported grain
sorghum as best alternative non-host crop for root-knot and
reniform nematodes. Sorghum root exudates have been found
to contain chemicals which are toxic to root-knot nematodes
(Singh and Kumar 2006).

During rabi season, when wheat was followed by sole
urdbean, the nematode population decreased by 42%, whereas
64.9% decrease in population  occurred  when wheat was
followed by urdbean+sorghum. After sole urdbean, growing
of wheat+mustard reduced nematode population by 54%. The
reduction in nematode population was more in wheat+mustard
compared  to  wheat  alone. This may be becaus e o f non
availab ility of sus cept ible hos t plants  for feeding  of the
nematode. Wheat as well as mus tard is known to  have
suppressive effect on root-knot nematodes. Mustard has also
been  recommended  as in tercropping  with ch ickpea for
reducing the nematode infection. Potato followed by maize
increased the nematode population by 75% which further
increased by 33% when urdbean was followed in spring (Table
1). This has indicated that although growing of maize reduced
the nematode population during kharif, but growing of two
sus cept ible crops potato and urdbean one after another
increased the nematode population. Rodriguez-Kabana and
Touchton (1984) also observed decrease in the population of
Meloidogyne arenaria after maize and s orghum but the
population increased when these crops were followed by
peanut, a susceptible crop.

Nematode population recorded at the harvest of kharif
crops in bigger plots revealed the significantly less population
in intercropping of urdbean and sorghum compared to urdbean
alone. Growing of sorghum with urdbean as intercrop during
kharif season reduced the root-knot nematode population by
30.1% over initial population. Whereas, population increased

Table 1. Pooled data on crops grown in different cropping sequences

Cropping Sequence/ 
Intercropping 

Crops #Biomass (kg/ha) Yield (kg/ha) G.I. #J2/100 cc soil % increase/ decrease in 
population 

Urdbean 684 525 3.2 78 56.0 U-W    
Wheat 6201 2110 - 45 -42.3 
Urdbean 421 156 2.1 37 -26.0 
Sorghum 2484 - - 37 -26.0 

U+S-W   

Wheat 5819 2006 - 13 -64.9 
Urdbean 637 335 3.3 73 46.0 
Mustard - 1055 - 33 -54.8 

U-M+W 

Wheat 5347 1914 - 33 -54.8 
Maize 2392 - - 24 -52.0 
Potato - 10634 2.4 42 75.0 

M-P-U  

Urdbean 425 148 3.1 56 33.3 

  #Average of five replications; J2=Second stage juveniles, U = Urdbean, W = Wheat, S = Sorgham, M = Mustord, P = Potato
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by 78.5 and   83.3% over initial population after sole urdbean
during kharif season under cropping sequences with urdbean-
wheat +mustard and urdbean-chickpea (Fig. 1). By growing
wheat after sorghum + urdbean during rabi reduced further
the nematode population by 82.6% over initial population. In
spite of increase in population after sole urdbean during kharif
season, growing of wheat and mustard as intercrop during
rabi season reduced the root-knot nematode population by
75.6% over in itial population  (Fig. 1). This confirmed and
validated the data obtained in these two cropping sequences
under micro-plots. Contrary to these sequences the pulse-
pulse crop sequence that is urdbean-chickpea, there was 78.5%
increase in nematode population over initial population after
sole urdbean during kharif season and it further increased by
137.1% over initial population with growing of chickpea during
rabi season. The increase in nematode population can be
attributed to the growing of susceptible pulse crops during
kharif and rabi. This indicates that the selection of cropping
sequences in nematode infested field plays very crucial role
in increase or decrease in nematode populations. A two-year
rotation  against cyst nematodes and a one-year rotat ion
against root-knot and reniform nematodes were sufficient to

bring down the population  dens ities to levels below the
economic injury thresholds (Ali and Singh 2007).  From the
studies it can be concluded that the continuous growing of
pulse-pulse crops will increase the nematode load in the soil
making it unprofitable for pulse production. There should be
one cereal component in the pulse based cropping sequence
for effective management of root-knot nematodes.
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ABSTRACT

To assess  the availability of te chnological inputs  by pulse
growing farmers, three villages namely Baank, Bannki and
Bilhari in Hamirpur district of Bundelkhand region in Uttar
Pradesh were selected as the study area. Data was collected
from 180 farmers  belonging to smal l, marginal and large
category (as per land holding) in these villages during 2008-09.
The respondents were categorized into four groups so as to
study the extent of availability of recommended inputs. Analysis
of data revealed that the overall input availability with farmers
was lowest in pigeonpea followed by chickpea and lentil. The
basic inputs for chickpea such as seed cum fertilizers drill,
tractor/cultivator, labour and bullocks as per recommended
practice were available only with 46, 43, 36 and 33% of farmers,
respectively.  Other important inputs namely, pheromone traps,
sprayer, Rhizobium, fungicide, insecticide and improved variety
were not available with 95, 95, 93, 91, 76 and 70% of farmers,
respecti vely growi ng chickpe a. Even none had inputs l ike
Trichoderma for soil treatment and sulphur for crop nutrition.
For lentil, the recommended inputs such as seed cum fertilizers
drill, bullocks and tractor/cultivator were available with 66, 68
and 58% of farmers, respectively. However, the inputs  like
sprayer, insecticide, fungicide, pump set and improved variety
were not available with the majority of lentil growers (91, 86,
86, 76 and 75% of farmers, respectively). S imilarly the requisite
inputs for pigeonpea viz., pheromone traps, sprayer, insecticide,
phosphatic fertil iz er, improve d vari ety and nitroge nous
fertilizers were not available with 95, 91, 85, 76, 75 and 70% of
farmers, respectively. None of these farmers had ridge maker
or applie d zinc, Trichoderma and Rhizobium for pigeonpea
cultivation.

Key words: Bundelkhand region,  Pulses,  Rainfed, Technological
input assessment

Rainfed agriculture in India supports an estimated 40%
of the population (484 million) and contributes a share of  77%
in pulse acreage (Abrol 2011). It is estimated that by 2030, the
total domestic pulse demand will be about 32 million tonnes at
an annual growth rate of 4.2% (Nadarajan 2011). Bundelkhand
region consisting of 7 districts of Uttar Pradesh and 6 districts
of Madhaya Pradesh comes under rainfed farming.  An analysis
of human development, infrastructure, agriculture related social
and economic indicators ranked ‘Bundelkhand’ as the most
backward region where agricu lture production contributes

more than 56% in cereals and 32% in pulses supply in the
region (Samra et al. 2008). In addition to the bio-physical
determinants, the socio-economic environment, infrastructure,
land reforms and trade are also equally important for stability
in crop  production and sustained food supply. Moreover,
simulation studies involving bio-physical and socio-economic
modeling indicates that climate change will also increase the
number of people at risk of hunger depending on projected
socio-economic developments. It is also estimated that climate
change will increase the number of undernourished people
by 5–26% in 2080 (Fischer et al. 2002). Thus, the pressure on
rain fed farming is going to increas e many  folds  in fu ture
following an additional stress imposed by climate change.

Under rainfed production scenario where crop often
suffers from low productivity, farmer’s resources are usually
not adequate and thereby bringing food security at stake. A
comprehensive assessment report amply demonstrated that
current yield under rainfed farming is 2-5 folds lower than the
achievable potential yield due to low rain-water use efficiency
(35–45%) in most rainfed areas (Dar et al. 2009). Technological
inpu ts are the important  resources fo r making  the farm
productive. Pulses however, are grown mainly on marginal
land with less input although these respond fairly  well to
input application. At the same time, easy and timely availability
of inputs is critical and should also be ensured (Roy et al.
2006). Analys is o f farmers ’ feedback s howed s t rong
relations hip between technology  adop tion and farmers
concerns about sustainable farming (Singh et al. 2005). Despite
all this, availability of technogical inputs plays a dominant
ro le in determin ing productivity  and  s tability  in pu ls e
production in these regions. Since the studies on this aspect
are meager especially for Bundelkhand, the current study was
undertaken with  an objective to as sess the availability of
technological inputs based on farmers’ feedback in cultivation
of major pulse crops.

METERIALS AND METHODS

The study was conducted in three v illages namely,
Baank, Bannki and Bilhari in  Sumerpur block of Hamirpur
district in Bundelkhand region of Uttar Pradesh, India during
2008-09. These villages were having an adequate area under
pulses as all the categories of farmers (depending on land
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holdings) grow pulses. The total population of the villages
was 6019 with 1232 families. The cultivable area constitutes
about 77.6% (1144 ha) of the total geographical area (1474 ha).
The cultivated area during rab i (964 ha) was  much higher
over kharif (431 ha). Chickpea, lentil and pigeonpea were the
major pulses grown in 273, 85, and 340 ha, respectively in
Mar, Kabar, Paruwa and Rakar soils during 2007-08. A total
of 180 farmers were selected from these villages for the study
taking 60 farmers each with respect to land holding (small,
marginal and large) and growing a pulse crop (chickpea, lentil
and pigeonpea).

The recommended inputs required for selected crops
under rainfed farming were identified based on the inputs
from the concerned organization located nearby and also from
the available package of practices. Data was collected from
farmers through pers onal discus sion, g roup discussion,
in terv iew schedule, farm v isit  and  personal observation.
Analysis of data was  done following standard statistical
procedures.

In  o rder to as certain the extent  o f availability  o f
recommended inputs, the respondents were categorized into
four groups with certain score values viz., non-availability of
inpu ts  (A 0: score zero), inpu ts  availability  below
recommendation (A1: score one), inputs availability as per
recommendation (A2: score two) and inputs availability more
than recommended (A3: score three) for the selected crop(s).

Extent of availability of recommended inputs: There were
16 recommended inputs for cultivation of chickpea and thus,
the total score ranged  from 0 to 48.  However, the s tudy
revealed that  the min imum input availab ility s core of an
individual was 4 and maximum was 15 with mean of 8.38 and
standard deviation of 3.35. Similarly there were 15 inputs
recommended for cultivation of lentil crop and the score ranged
from 0 to 45. The min imum inpu t availab ility  score of an
individual was 4 and maximum was 13 with mean of 8.47 and
standard deviation of 2.84.  For pigeonpea, there were 17 inputs
recommended for cultivation of pigeonpea and the score varied
from 0 to 51. The minimum score of an individual for availability
of input was 4 and maximum 14 with mean of 7.12 and standard
deviation 2.07. Considering the mean and standard deviation
as a measure of check, the respondents were grouped into the
following low, medium and high input categories based on
the level of input availability for the selected crop grown under
different farming situations.

RESULTS AND DISCUSSION

Availabili ty o f recommended inputs for chickpea: The
availability of recommended inputs for chickpea indicates that
basic inputs such as seed cum fertilizers drill (own and custom
hiring), tractor/cult ivator (own and custom hiring), labour
(required mainly for harvesting) and bullock pair (own and
custom hiring) were available as per recommendation with
only 46.6, 43.3, 36.6, 33.3% of farmers, respectively (Table 1).
Inputs like a bullock pair (own and custom hiring) and a tractor/
cultivator (own and custom hiring) were also available with
66.6 and 56.6% of farmers.  Specific inputs namely, pheromone
traps, sprayer, Rhizobium, fungicides (carbendazim, thiram,
Trichoderma), insecticide for pod borer control, improved and
recommended variety of chickpea,  farmyard manure and seed
cum fertilizers drill (own and custom hiring) were not available
with 95, 95, 93.3, 91.6, 76.6, 70, 55 and 53.3% of farmers,
respectively.  None of the farmers had very specialized inputs
like Trichoderma for soil treatment and s ulphur for crop
nutrition.

Inferences were further drawn that chickpea sowing was
performed just after lentil during rabi season. Both crops were
not sown simultaneously for an efficient utilization of available
resources.  Dependency for inputs and custom hiring of tractor
and bullocks consumed more time for sowing that delayed
the particular farming operation too. Inadequate availability
of seed cum fertilizers drill might have resulted in broadcasting
seeds for sowing and resorting to mixed cropping of chickpea.
This is the reason for which about 30-40% chickpea area sown
under mixed cropping.

The technological inputs have a typical characteristics
and ability to integrate society through mutual sharing before
the modern-day  era.  The inpu ts like bullocks  and  small
implements which were previously used purely on sharing
basis had kept the society united and integrated for achieving
common goals (Purushottam et al. 2008). This scenario has
been changed due to partial farm-mechanization. Moreover,
dry land farming demands less labour and the operations
performed are very much limited (Yadav et al. 2009).  Labour is
mainly required for chickpea harvesting followed by field
preparation, sowing and threshing.  Inorganic fertilizers only
through DAP is being used but its use is restricted to crops/
land use only with assured life saving irrigation. Moreover,
only  a limited number o f innovative, influential and large
farmers are ab le to arrange inpu ts  like improved  s eed,
fungicides, bacterial cultu re, sprayer and ins ecticides  by
themselves. This is the changed scenario revealed during the
study while assessing the availability of technological inputs
for pulses.

Availability of recommended inputs for lentil: The data in
Table 2 reveals  the availability of recommended inputs for
lentil. Similar to chickpea, the basic inputs such as seed cum
fertilizers drill (own and custom hiring), a bullock pair (own

Input availability score Category 

Chickpea Lentil Pigeonpea 

Low ( x <-SD) <5.03 < 5.58 < 5.05 

Medium ( x -SD to  
x + SD) 

5.03 to11.73 5.58 to 11.36 5.05 to 9.19 

High (> x +SD) >11.73 > 11.36 > 9.19 
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and custom hiring) and a tractor/cultivator (own and custom
hiring) were availab le with  66.6, 68.3 58.3% of farmers,
respectively. Specific inputs namely, sprayer, pesticide for rust
and aph id  contro l, fung icide (carbendazim + thiram) or
Trichoderma, pump set/ tube well (own and custom hiring),
improved and recommended variety of lentil were not available
with majority (91.6, 86.6, 86.6, 76.6 and 75.0% respectively) of
farmers. Soil treatment with Trichoderma and N fixing bacterial
culture with  Rhizobium were not accessible to the farmer.

restricted  and  uncertainty prevailed . For example, timely
application of Trichoderma/Rhizobium cultures just before
planting could not be possible. Unavailability of inorganic
fertilizers at sowing also caused its sub-optimal application
including that of nitrogen and phosphorus. Replacement of
fertilizers by farmyard manure was not feasible as inadequate
availability of manure due to reduction in cattle population,
anna pratha (loose animal for open grazing) and use of dung
as a fuel. Lack of awareness, knowledge and unavailability of
quality Trichoderma for seed/soil treatment caused heavy
yield losses in lentil due to root rot and wilt resulting in crop
replacement (shifting to other crops).

Table 1. Extent of availability of recommended inputs for
chickpea

Extent of availability of 
inputs (%)* 

S.N. Technological  
inputs 

Recommended 
input/ha 

A0 A1 A2 A3 
1. Tractor/cultivator # 

(own & custom 
hiring)  

2-3 Ploughing 0 56.66 43.33 0 

2. Bullock pair#   
(own & custom 
hiring) 

2-3 Ploughing 0 66.66 33.33 0 

3. Seed cum fertilizers 
drill# 
(own & custom 
hiring) 

1 (Line sowing, 
seed, fertilizer 
placement)   

53.33 0 46.66 0 

4. Labour for  
harvesting (20) and 
others  (10) 

30 16.66 46.66 36.66 0 

5. Seed of improved 
and recommended 
variety  

80 kg (DCP 92-
3, KGD 1168, JG 
16)  

70.00 16.66 13.66 0 

6. (Carbendazim + 
thiram) or 
Trichoderma   for 
seed treatment   

( 80 g  + 160 g) 
or  
320 - 480 g  

91. 66 3.33 5.00 0 

7. Trichoderma  for 
soil treatment  

2.5 kg 100 0 0 0 

8. Rhizobium for seed 
treatment  

2 kg  (10 x  200 g 
pack) 

93.33 5.00 1.66 0 

9. Farmyard manure  5 t 55.00 33.33 11.66 0 
10. Nitrogenous 

ferti lizers  
9 kg N 50.00 31.66 13.66 5.00 

11. Phosphatic 
ferti lizers  

23 kg P2O5 46.66 40.00 10.00 3.33 

12. Sulphur  10 kg S 100 0 0 0 
13. Pump set/ tube 

well# (own & 
custom hiring) 

1 (Life saving 
irrigation)  

46.66 36.66 16.66 0 

14. Pheromone traps 5 95.00 1.66 3.33 0 
15. Sprayer#  1 95.00 0 5.00 0 
16. Insecticide for pod 

borer  control    
NPV 250 LE or 
NSKE (5%) 100 
kg Neem seed  
and Endosulphan 
(0.07%) @1.5 L 

76.66 13.66 6.66 0 

 *: Total number of farmers (n=60); #: Input available for more than
    one ha

Since lentil was sown in clay and clay loam soils (mar),
ploughing was difficult requiring more time; and the demand
for bullocks, tractors and seed cum fertilizer drills increased
for ensuring timely sowing and optimum seed and fertilizer
placement. Thus, availability  of technological inputs  was

Availability of recommended inputs for pigeonpea: The data
in  Tab le 3 revealed that  inpu ts  availab ility as  per
recommendat ion  was leas t in  majority  of the p igeonpea
growers. The s pecific inputs  such as pheromone t raps,
sprayer, insecticide fo r pest control, phosphatic fert ilizers,

Table 2. Extent of availability of recommended inputs for
lentil

Extent of availabil ity of 
inputs (%)* 

S.
N. 

Technological   
inputs 

Recommended 
input/ha 

A0 A1 A2 A3 
1. Ploughing  by 

Tractor/cultivator#  
(own & custom hiring) 

2-3 Ploughing 0 58.33 41.66 0 

2. Ploughing by bullock 
pair # 
 (own & custom hiring) 

2-3 Ploughing 0 68.33 31.66 0 

3. Seed cum fertilizers 
drill # 
(own & custom hiring) 

1 (Line sowing, 
seed, ferti lizer 
placement)   

33.33 0 66.66 0 

4. Labour for harvesting 
(14) and others (10)  

24 15.00 50.00 35.00 0 

5. Seed of improved and 
recommended variety 

50 kg  
( DPL 62, JL 1, 
JL 3)  

75.00 11.66 13.33 0 

6. (Carbendazim + 
thiram) or Trichoderma  
for seed treatment   

(50 g + 100 g) 
 Or  200- 300 g  

86.66 8.33 5.00 0 

7. Trichoderma   for soil 
treatment 

2.5 kg 100 0 0 0 

8. Rhizobium for seed 
inoculation  

2 kg (10 x  200 
g pack) 

100 0 0 0 

9. Farmyard manure  5 t 50.00 30.00 20.00 0 
10. Nitrogenous fertilizers  9 kg N  55.00 33.33 11.66 0 
11. Phosphatic fertilizers 23 kg P2O5 50.00 41.66 8.33 0 
12. Sulphur  10 kg S 100 0 0 0 
13. Pump set/ tube well#  

(own & custom hiring) 
1(Life saving 
irrigation at pod 
formation)  

76.66 16.66 6.66 0 

14. Sprayer# 1 91.66 0 8.33 0 
15. Pesticide for rust and 

aphid  control    
 Mancozeb 
@1.25 L & 
Dimethoate  
@1.50L 

86.66 8.33 5.00 0 

 *: Total number of farmers (n=60); #: Input available for more than
    one ha
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improved variety of pigeonpea and nitrogenous fertilizers were
not available with 95, 91.6, 85, 76.6, 75 and 70% of pigeonpea
growers, respectively. Similarly, very specialized inputs namely,
ridge maker (own & custom hiring), s oil treatment with
Trichoderma, zinc and seed treatment with Rhizobium were
also not available with the farmers.

It was further inferred from the study that sowing of
pigeonpea depended  primarily on  rainfall during  kharif
season. Unavailability of sufficient time increased demand
for resources i.e. bullocks, tractor and seed cum fertilizers
drill.  The farmers with their own resources, had an edge over
their counterparts (without own resources) for sowing the
crop first. This might be one of the reasons for broadcasting
pigeonpea and its low acreage during kharif (30%) over rabi
(70%) in Bundelkhand region. Manual weeding (cutting of
grasses for fodder) was also performed at later stages of the
crop not falling under critical period for competition due to
weeds. Thus, heavy weeds discouraged farmers to  go for
inorganic fert ilizers. Inadequate availab ility of life sav ing
irrigation also caused heavy yield losses in pigeonpea. Lack
of awarenes s, knowledge and  inadequate availab ility of
insecticide added a major concern to the above.  Moreover,
costly  pesticides were not economical to  all categories of
farmers and sometimes farmers were reluctant to invest on
these crops (Singh et al. 2009).

Level of availability of recommended inputs in cultivation
of pulses: It is evident from Table 4 that the availability of

Table 3. Extent of availability of recommended inputs for pigeonpea

Extent of availability of inputs (%)* S.N. Technological  inputs Recommended input/ha 
A0 A1 A2 A3 

1. Ploughing  by tractor/cultivator# (own & custom hiring) 2-3 Ploughing 50.00 16.66 33.33 0 
2. Bullock pair # 

(own & custom hiring) 
2-3 Ploughing 23.33 28.33 48.33 0 

3. Ridge & furrow by Ridge maker# (own & custom hiring) 1 (Line sowing & drainage) 100 0 0 0 
4. Labour  for intercultural (15), harvesting (18) and others 

(10) 
43 16.66 50.00 33.33 0 

5. Seed of improved and recommended variety 15 kg ( NA-1, Amar) 75.00 13.33 11.66 0 
6. (Carbendazim + thiram) or Trichoderma  for seed 

treatment   
(15 g + 30 g) or  90 – 150 g  88.33 8.33 3.33 0 

7. Soil treatment with Trichoderma   2.5 kg 100 0 0 0 
8. Rhizobium for seed inoculation 2 kg  (10 x  200 g pack) 100 0 0 0 
9. Farmyard manure  5 t 38.33 51.66 10.00 0 
10. Nitrogenous fertilizers  9 kg N 70.00 30.00 0 0 
11. Phosphatic fertilizers  23 kg P2O5 76.66 23.33 0 0 
12. Sulphur  10 kg S 100 0 0 0 
13. Zinc  20 kg Zn 100 0 0 0 
14. Irrigation by pump set/tube well # (own & custom hiring) 1 (Life saving irrigation)  50.00 36.66 13.33 0 
15. Pheromone traps 5 95.00 1.66 3.33 0 
16. Sprayer#  1 91.66 0 8.33 0 
17. Insecticide for pest control    NPV 250-350 LE or NSKE (5%) 100 kg 

neem seed     and  Indoxacarb    500 ml 
85.00 8.33 6.66 0 

 

recommended inputs for chickpea was medium with majority
of the farmers (56.66%) followed by low (26.66%) and high
(11.66%) input categories. Similarly in case of lentil, majority
of the farmers (63.33%) had medium level of input availability
followed by low and high input categories. On the contrary,
the availability of inputs for pigeonpea was low for majority
of the farmers (51.6%) followed by medium and high input
categories. This is the reason why pigeonpea productivity is
very low in this region.

*: Total number of farmers (n=60); #: Input available for more than one ha

Chickpea Lentil Pigeonpea Availability 
of inputs No* Per cent No* Per cent No* Per cent 
Low 
Medium 
High 

16 
34 
10 

26.66 
56.66 
11.66 

13 
38 
9 

21.66 
63.33 
15.00 

31 
24 
5 

51.66 
40.00 
8.33 

Total 60 100 60 100 60 100 

 

Table 4. Extent of level of availability of recommended inputs
in pulses

*Number of farmers

Thus, the study indicated that the primary technological
(basic) inputs like bullocks, tractor, seed cum fertilizers drill
and labour were available with majority of the farmers. The
s econdary (s pecific) ones  such as  farmyard  manure,
nitrogenous and phosphatic fertilizers were also available with
farmers to some extent . However, tertiary  inputs  (more
specialized ones) like quality seed, ridge maker, sulphur, zinc,
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carbendazim, thiram, Trichoderma , and  recommended
insecticides were least available with the farmers. Moreover,
medium and high input categories of farmers also had irrigation
and stocks of nitrogenous and phosphatic fertilizers whereas
the lower one did not have these inputs.  The farmers under
high input category  were also innovative and had good
linkages with the line departments. Thus, they were able to
manage some of the tertiary inputs and had high productivity
of crops.

A comparison among three pulses showed that overall
input availability with farmers was lowes t fo r pigeonpea
followed by chickpea and lentil. The availability of quality
seed was comparatively  higher in ch ickpea fo llowed by
pigeonpea and lentil.  The demand of wilt resistant varieties
of lentil as well as chickpea was very high and needed attention
on priority. The study also revealed that the village had 36
tractors but a few sprayers and therefore, the recommendation
on ins ecticides, herbicides and foliar s prays could not be
carried out timely.  Poor and imbalance use of fertilizers was
also due to poor awareness about soil fertility and soil testing
among farmers.  Risk against natural calamities and weather
conditions under changing climatic scenario also played an
important role in input use by farmers. Therefore, farmers
minimized the risk by several ways th rough resort ing to
measures such as intercropping (linseed/mustard) or mixed
cropping (linseed/chickpea/mustard) in chickpea and lentil,
and sorghum/urdbean in pigeonpea and fallow land. Hence,
the average yield observed with available inputs in chickpea,
lentil and pigeonpea was only 650, 520, 300 kg/ha, respectively
and this could be at least doubled by ensuring availability of
a few technological inputs.

Thus, it may be inferred from the above that the overall
input availability may decide the productivity of a pulse crop
in bundelkhand region. Meager input availability in case of

pigeonpea is the main reason for its low yields. Availability of
inputs with the farmers is also dependant on many socio-
economic and biophysical factors associated with farming
condition which should also be taken into account.
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ABSTRACT

Two hundred forty five genotypes of lentils were evaluated for
seed yield and its quality traits during 2009-2010. S ignificant
genotypic differences were observed for all the quality traits
studied, indicating considerable amount of variation among
genotypes. PCV was greater than GCV for all the characters.
High GCV was observed for seed yield/plant, 100-seed weight,
number of pods /pl ant, biologi cal  yie ld and harvest inde x.
Heritability estimates were high (>80%) for all the characters
except number of primary branches. Genetic advance were high
for seed yield/plant, 100-seed weight, number of pods/plant and
biological yield. Correlation studies indicated that most of the
yield contributing characters were positively and significantly
corre lated at both phe notypi c and genotypi c l eve ls. Path
analysis revealed direct effects of biological yield and harvest
index on seed yield. These characters merit special attention
in formulating selection strategy in lentils for developing high
yielding varieties.

Key words: Correlation, Heritability, Lentils, Path coefficient,
Quality traits, Yield

Lentil o r masoor (Lens cu l inaris  Medik. subsp .
culinaris, 2n = 14), is one of the important pulse crop of India
and belongs to the Leguminosae family. This crop is originated
in Eastern Mediterranean region which is the centre of genetic
divers ity  (Zohari 1973, Ladizinsky 1979). Len til s eed is
digestible, constipating tonic and useful in diseases of chest
and ulcer treatment. It is called poor man’s meat because lentil
seeds contain 22-34.6% protein (Adsule et al. 1989). In India,
lentil occupies 1.35 million ha area with an annual production
of 0.96 million tons and hav ing  693 kg /ha p roductivity
(Anonymous 2011). It is mainly cultivated in Uttar Pradesh,
Madhya Pradesh, Chhattisgarh, Jharkhand, Bihar and West
Bengal. These states together account for 85% and 90% of
the total area and production, respectively (Dixit et al. 2011).
For making genetic improvement  in s eed y ield through
conventional breeding approaches, it is necessary to have
basic knowledge on genetic variability, heritability and direct
effect of contributing traits on grain yield. This information
can  be useful to  formulate s elect ion  criteria fo r len til
improvement.

It is more useful to estimate heritability value together
with genetic advance in predicting the expected progress to

be achieved through selection. Germplasm serves as the most
valuable natural reservoir in providing needed attributes for
engineering successful varieties (Hawkes 1981, Burton 1952,
Johns on et  al. 1955). The correlat ion coefficient gives a
measure of the relationship between traits and provides the
degree to which various characters of a crop are associated
with productivity. Singh et al. (2009) reported positive and
sign ificant  ass ociat ions  o f s eed yield  with pods/plan t,
biological yield/plant and harvest index in lentil. Negative
correlat ions  are o ften  found  between  morpholog ical
components of yield  in crop plants. They probably arise
primarily from developmentally induced relationships (Tambal
et al. 2000). In present investigation, genetic variability with
the aid of genetic parameters and it s association between
yield and its components such as GCV, PCV, heritability (h2),
genetic advance (GA) and direct effect were studied among
lentil genotypes.

The experimental material was  comprised  o f two
hundred forty five (245)  genotypes/strains including 5 checks
namely, ‘NDL-1’, ‘NDL-2’, ‘DPL-15’, ‘DPL-62’ and ‘PL-5’ of
lentil were collected from Indian Institute of Pulses Research,
Kanpur  and NDUA&T, Kumarganj, Faizabad. These entries
were evaluated in Augmented Block Design in 12 blocks during
rabi season of the year 2009-11 at Research Farm, NDUA&T,
Faizabad.  Each genotype was sown in field of three meters
length with row to row and plant to plant spacing of 30 cm and
5 cm, respectively. All recommended cultural practices and
plant protection measures were followed to raise a healthy
crop. Five randomly taken plants of each genotype was used
to record the observations on 11 characters viz., days to 50%
flowering, days  to maturity, p lant  heigh t (cm), p rimary
branches, secondary branches, pods/plant, seeds/pod, 100-
seed weight (g), biological yield/plant (g), seed yield/plant (g)
and harvest  index. Standard  s tat is tical p rocedures  and
methods were used to analyse variance, genotypic (GCV) and
phenotypic (PCV) coefficients of variation, heritability (h2),
genetic advance as  per cen t  o f mean , geno typ ic and
phenotypic correlation coefficients.

Significant difference among the genotypes for all the
characters  was  observed , s uggest ing  the p res ence o f
considerable amount of variability as  reported earlier by Rahul
et al. (2007).  The estimates of GCV were high for seed yield/
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plant, 100-seed weight, pods/plant, biological yield/plant and
harvest index (Table 1). These results were in conformity with
the findings of Anita et al. (2007) and Singh et al. (2009).
Other characters  showed low to moderate est imates of
coefficient of variability; suggesting hybridization involving
diverse genotypes may led to an overall increase in spectrum
of genetic recombinants in lentil.

Heritability (broad sense) estimates were high (>80%)
for all the characters except primary branches/plant. Genetic
advance as per cent of mean for different characters ranged
from 6.216% to 54.994% and were high for seed yield/plant,

100-seed weight, pods/plant and biological yield/plant. High
heritability coupled with high genetic advance over mean was
observed for pods/plant, harvest index, days to 50% flowering,
days to maturity. High estimates of heritability value together
with genetic advance is usefu l in predicting the expected
progress to be achieved through selection.

Knowledge of nature and magnitude of associations
among different characters are important for the breeder to
make an effect ive selection based  on the correlated and
uncorrelated respons e. The geno typic and  phenotyp ic
correlation coefficients between yield and yield attributes are

Table 2. Genotypic and phenotypic correlation coefficients among different characters in lentil genotypes
Characters Days to 

50% 
flowering 

(no.)  

Days to 
maturity 

(no.) 

Plant 
height 
(cm) 

Primary 
branches/ 
plant (no.) 

Secondary 
branches/ 
plant (no.) 

Pods/ 
plant 
(no.) 

Seeds/ 
pod (no.) 

Biological  
yield/ 

plant (g) 

 Harvest 
index (%) 

100-seed 
weight (g) 

Seed 
yield/ 

plant (g) 

1.000 0.894** -0.035 0.076 0.066 -0.052 -0.159** -0.022 -0.033 0.163** -0.045 Days to 50% 
flowering (no.) 1.000 0.906** -0.037 0.126 0.074 -0.052 -0.161** -0.020 -0.035 0.164** -0.045 

 1.000 0.032 0.138* 0.115* 0.014 -0.214** 0.081 -0.005 0.224** 0.039 Days to maturity 
(no.)  1.000 0.033 0.192** 0.128* 0.017 -0.218** 0.083 -0.011 0.228** 0.037 

  1.000 0.047 -0.113 -0.073 -0.037 0.109 -0.248** 0.045 -0.078 Plant height(cm) 
  1.000 0.071 -0.120 -0.077 -0.039 0.106 -0.250** 0.049 -0.080 
   1.000 0.676** 0.475** -0.076 0.501** 0.127* 0.079 0.407** Primary branches 

/plant (no.)    1.000 0.784** 0.544** -0.085 0.551** 0.162** 0.083 0.462** 
    1.000 0.683** -0.098 0.672** 0.331** 0.149** 0.653** Secondary branches 

/plant (no.)     1.000 0.728** -0.097 0.721** 0.352** 0.155** 0.695** 
     1.000 0.096 0.801** 0.612** -0.025 0.905** Pods/plant (no.) 
     1.000 0.097 0.810** 0.617** -0.024 0.907** 
      1.000 -0.075 -0.171** -0.929** -0.148* Seeds/ pod (no.) 
      1.000 -0.075 -0.171* -0.932** -0.148* 
       1.000 0.236** 0.185** 0.815** Biological 

yield/plant(g)        1.000 0.250** 0.185* 0.819** 
        1.000 0.287** 0.749** Harvest index  

(%)         1.000 0.292** 0.753** 
         1.000 0.294** 100-seed weight (g) 
         1.000 0.294** 
          1.000 Seed yield/plant (g) 
          1.000 

 *, **: Significant at P = 0.05 and 0.01, respectively

Table 1. Analysis of variance, coefficient of variability, heritability and genetic advance for different characters in lentil genotypes

Characters/ 
Source of 
variation 

d.f. Days to 
50% 

flowering 
(no.) 

Days to 
maturity 

(no.) 

Plant 
height 
(cm) 

Primary 
branches/

plant 
(no.) 

Secondary 
branches 

/plant (no.) 

Pods/ plant 
(no.) 

Seeds/ pod 
(no.) 

Biological 
yield/ 

plant (g) 

Harvest 
index (%) 

100-seed 
weight 

(g) 

Seed 
yield 

/plant  (g) 

Blocks 11 2.739** 2.767** 10.412** 0.158** 0.888* 327.869** 0.0009* 4.567** 6.735** 0.008** 0.337** 
Checks 4 145.567** 345.047** 73.572** 2.441** 4.124** 721.423** 0.6268** 3.986** 40.249** 3.912** 0.141** 
Error 44 0.335 0.606 1.097 0.037 0.249 2.189 0.0003 0.051 0.267 0.001 0.001 
PCV  5.483 3.141 10.821 12.463 13.791 22.791 1 3.277 18.571 14.956 23.927 26.731 
GCV  5.435 3.078 10.452 10.944 12.969 22.735 13.237 18.448 14.853 23.856 26.714 
Heritability (h2) 0.983 0.961 0.933 0.771 0.884 0.995 0.994 0.987 0.986 0.994 0.998 
Genetic Advance 
(GA) 

8.799 7.795 7.785 0.635 2.678 43.629 0.468 4.021 8.946 0.993 1.737 

Genetic advance 
(% of mean) 11.098 6.216 20.798 19.796 25.125 46.721 27.186 37.754 30.387 48.998 54.994 

L 71.133 111.050 21.773 2.167 7.260 53.317 1.028 5.562 18.614 1.169 1.655 Range 
H 99.533 140.450 51.813 4.217 14.340 139.597 2.108 14.382 42.852 3.986 5.017 

 *, **: Significant at P = 0.05 and 0.01, respectively; L= Low, H= High
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presented in Table 2 revealed that association of seed yield
was positive and significant with pods/plant, biological yield/
plant, harvest index and secondary branches/plant both at
genotypic and phenotypic levels, whereas it was significantly
and negatively correlated with days to 50% flowering, plant
height and seeds/pod . Th is indicates  that  late flowering
genotypes had short reproduct ive period that results into
low yield. The degree of ass ociation was highest between
pods/plant and seed yield followed by biological yield/plant
and pods/plant. High positive correlation of pods/plant with
seed y ield /plant may be at tributed  to the increased sink
strength. Rahul et a l. (2007) and Singh et a l. (2009) also
suggested that yield could be raised by selecting for earliness,
tallness and more pods/plant which is evident in the present
study. Amongst the other characters, pods/plant showed
pos itive and  significant correlation with b iological yield,
secondary branches/plant and harvest index, suggesting that
increased pods/plant is associated with more production of
biological yield/plant, harvest index and secondary branches/
plant.

Biological yield/plant also exhibited significant positive
association with primary branches/plant and 100-seed weight.
Days to 50% flowering revealed significant association with
days to maturity. However, at phenotypic level, seeds/pod
revealed negative significant correlation with 100-seed weight.
Days to maturity showed positive significant correlation with
primary branches/plant, secondary branches/plant and 100-
seed weight at both phenotypic and genotypic levels. These
results are in good agreement with Anita et al. (2007) and
Tyagi and Khan (2010). As per the primary branches/plant is
concerned, it showed the positive correlation with seed yield/
plant, secondary branches/plant, biological yield/plant and
pods/plant. Similarly, s econdary  branches /plant revealed
significan t as sociation with pods /plant, bio logical yield,
harvest index and 100-seed weight at both levels, similar results
were also reported by Anita et al. (2007) and Singh et al.
(2009); which indicated the inherent relationship among the
characters and masking effects of environments.

Path coefficient analysis measures the direct influence
of one variable upon  the other and permits s eparation of
correlation coefficients into components of direct and indirect
effects. Portioning of total correlation into direct and indirect
effects prov ides  actual in fo rmat ion on  con tribut ion of
characters and thus forms the basis for selection to improve
the yield. Path coefficient analysis for seed yield/plant revealed
that the traits like biological yield/plant (0.6238) and harvest
index (0.5449) showed highest positive direct effect towards
seed yield. These results agree with the earlier reports of Tyagi
and Khan (2010).

Days to 50% flowering, days to maturity, plant height
and primary branches/plant exhibited negative direct effect
on seed yield. Although primary branches/plant had negative
direct effect on seed yield but it also had positive indirect

effect on seed yield through biological yield/plant. Similarly,
pods/plan t had  positive indirect effect on seed yield via
bio logical yield were the main reason  for s trong  posit ive
correlation of this character with seed yield (0.905**). While,
positive ind irect  effect  on  s eed  y ield als o exh ib ited by
secondary branches/plant, harvest index and 100-seed weight
via biological yield. Similar findings were also recorded by
Singh et al. (2009) and Tyagi and Khan (2010).

For seeds/pod, the direct effect was positive while its
association with seed yield was observed to be negative,
indicating  the importance of restricted selection  model for
exploitation of the direct effect noticed. Days to 50% flowering,
days to maturity and plant height had negative or low direct
effect but showed high negative indirect effect on seed yield
through harvest index. These results indicated that harvest
index, biological yield, pods/plant, secondary branches/plant
and 100-s eed weigh t were important yield  con tribu ting
characters. The negative contribution of days to flowering
and days to maturity indicated that our selection criteria should
be focused on earliness to improve yield. At both (genotypic
and phenotypic) level, indirect contribution of harvest index
was positive on seed yield via secondary branches /plant,
pods/plant, biological yield/plant, 100-seed weight and primary
branches/plant  and also association with seed yield was
positively significant. Similarly, the indirect contribution of
100-seed weight was positive via all the traits except pods/
plant and seeds/pod. Tyagi and Khan (2010) also identified
harvest index and biological yield as important characters for
determining lentil seed yield. The residual effect was found to
be moderate which indicates that there may be some more its
asso-components that are contributing towards seed yield.

On the basis of results, it can be concluded that whatever
may  be the character chos en fo r increas ing the y ield  by
selecting ideotypes having high biological yield, harvest index,
more pods/plant, secondary branches /plant and 100-seed
weight. These traits showed positive direct effects along with
significant and  positive association with yield. Therefore,
these traits are likely to be success fully employed  for the
selection of high yielding lentil genotypes.
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ABSTRACT

This investigation was carried out to identify superior genotypes
of chickpea on the basi s of yield and milling quality traits
grown under rice fallow condition during genetic coefficient of
variation, heritability and genetic advance were observed for
total pods/plant, effective pods/plant, 100 seed weight, seed yield/
plant and biological yield.  S eed yiel d shared positive and
significant association wi th harvest index, bi ological yield,
effective pods/plant, total pods/plant, secondary branches and
pri mary branches. Biological yield, harvest i ndex, days  to
maturity, effective pods/plant and seeds/pod exhibited maximum
direct positive effect on seed yield/plant. Some lines such as
‘ICCV 07111’, ‘Pusa 372’, ‘Vaibhav’, ‘PG 186’, ‘JG 16’, ‘DCP
92-3’, ‘JG 11’ and ‘JG 14’ had better milling quality traits.

Key words: Chickpea, Clust er analys is, Correlation, Genetic
variability, Milling quality, Path analysis

Among puls es, Chickpea is the world ’s third most
important food legume cultivated in Indian subcontinent,
West Asia, the Mediterranean, North Africa and the America.
India contributes the major share to the global chickpea area
(about 65%) and production (68%) of chickpea. In India, it is
g rown in  8.75 million  ha area with a product ion  and
productivity of 8.25 million tons and 943 kg/ha, respectively
(DAC 2011).

In India, substantial area after the harvest of kharif rice
remains fallow during the rabi season. Nearly 82% of the rice
fallows are located in the states of Bihar, Madhya Pradesh,
Chhattisgarh, Orissa and Assam.  Such fallow land can be
used to grow an additional crop. Chickpea can be a suitable
crop that can be grown profitably on residual soil moisture in
rice fallow with minimum irrigation. It is well adapted to grow
on residual soil moisture in the post rainy season because of
its deep and prolific root system. There is an ample scope for
expans ion of chickpea area th rough  adopt ion of short
duration, high yielding and disease resistant varieties. Early
sowing and minimum tillage in rice fallow make chickpea
production more economical and sustainable (Pande et al.
2009).

Chickpea is widely consumed  as a s upp lement in
combination with cereals, making it a well balanced human
food. Most of the produce in India is milled into dal at domestic
level and the rest is sold in the market at low price where it is

converted into dal by o rganis ed pu lse milling industries.
Therefore, it is  imperative to assess the genetic variability
and interrelationship of the traits related to milling quality.

The experimental materials comprised 16 genotypes of
chickpea. These were evaluated in a rice fallow field following
randomized  complete b lock des ign (RCBD) with th ree
replications during rabi 2010-11 at Seed Breeding Farm, JNKVV,
Jabalpur. Each genotype was sown in 12 rows plot of 4m length
with a spacing of 30 cm × 10 cm. Recommended agronomic
practices were followed to raise a good crop. The data were
recorded on 5 randomly taken competitive plants in each plot
for days to flower initiation, days to 50% flowering, days to
pod initiation, days to maturity, plant height (cm), primary
branches (no.), secondary branches (no.), total pods per plant
(no.), effective pods per plant (no.), 100 seed weight (g), seeds
per pod (no.), seed yield per plant (g), biological yield (g),
harvest index (%) and seed yield (kg/ha). Standard statistical
procedures were adopted for calculating values of various
genetic parameters, correlat ion coefficient  and  genet ic
divergence.

Fourteen desi genotypes (Table 1) were subjected to
milling analysis by small scale dal mill developed by CFTRI,
Mysore at Post Harvest Laboratory, JNKVV, Jabalpur. The
grains were milled at 8-10% moisture content. One kg of each
genotype was milled in two replications. The bulk of milled
sample was  co llected and its  d ifferent ingred ients  were
separated. The ingredients were categorized in six groups,
viz., hull, dal, gota, gota mixture, broken and powder. On the
basis of weight of different ingredients, gota index, dal index,
dal with hull index, broken index, gota + dal index, overall
milling efficiency and dal recovery rate were calculated.

High  genet ic coefficien t  o f variation  (GCV) and
phenotypic coefficient of variation (PCV) were shown by the
100 seed weight, seed yield per plant, effective pods per plant,
total pods per plant, harvest index and biological yield, whereas
low values of these parameters were recorded for days to 50%
flowering  (Data not  p resented). Thes e resu lts were in
agreement with the findings of Meena et al. (2006).

High  heritab ility estimates  were recorded  for all the
characters except seeds per pod (32.85%) and primary branches
per plant (28.90%). Similar finding have also been reported by
Arshad et al. (2002), Muhammad et al. (2004) and Anbessa
et a l. (2006). High  heritability coupled with high genet ic
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advance (GA) was observed for 100 seed weight, seed yield
per plant, seed yield, effective pods per plant and total pods
per plan t. The characters that  s howed high  GCV, high
heritability and high GA were total pods per plant, effective
pods per plant, 100 seed weight, seed yield per plant and
biological yield. This will enable the breeders to select plants
on the basis of phenotypic expression as additive gene effects
are more important for such characters.

Seed  y ield per plan t  s hared pos it ive significan t
association with harvest index, biological yield, effective pods
per plant, total pods per plant, secondary branches per plant

and primary branches per plant (data not presented). Thus
selection for these traits would be effective for improvement
in seed yield. Similar findings have also been reported by
Taleb i et a l. (2007), Singh  and  Sandhu  (2008),
Bhushan and Jaiswal (2009), Bicer (2009)  and Hahid  et al.
(2010).

The path analysis revealed that biological yield showed
highest positive direct effect on seed yield followed by harvest
index and  days to maturity (data no t mentioned). Thus,
selection based on harvest index and biological yield per plant
would be effective for improving yield. This further implies
that these components are important yield determinants in
chickpea. The earlier reports similar to the present studies
have also been reported for biological yield and harvest index
(Babbar and  Patel 2005), days to maturity, plant  heigh t,
secondary branches per plant. Hence, prime emphasis should
be given to these traits during selection of promising genotypes
for further advancement of yield in chickpea.

All the 16 genotypes fell into five clusters. The cluster
I was the largest, consisting of 11 genotypes (Table 2). Cluster
II compris ed  2 geno types ‘ICCV 05106’, ‘ICCV 06107’.
Remaining three clusters contained one genotype only. These

Table 1. Genetic parameters of variability for yield and its
components of chickpea under rice fallow condition

Character Mean Range SEm CV (%) 
Flower initiation (days) 59 53 – 63  0.49 1.44 
Days to 50% flowering 
(days) 

65 61 – 68  0.46 1.25 

Days to pod initiation 
(days) 

71 64 – 78  0.48 1.18 

Days to maturity (days) 112 105 – 119  0.68 1.06 
Plant height (cm) 48.07 41.80 – 63.06    1.05 3.80 
Primary branches (no.) 2.33 2.00 – 2.93  0.19 14.14 
Secondary branches 
(no.) 

6.51 4.00 – 8.06 0.51 13.73 

Total pods /plant (no.) 50.22 29.26 – 76.33 0.97 3.37 
Effective pods/plant 
(no.) 

43.75 24.20 – 66.66 1.14 4.52 

100 Seed weight (g) 23.16 13.06 – 34.70 0.41 3.12 
Seeds/pod (no.) 1.08 0.94 – 1.25 0.04 7.60 
Seed yield/ plant (g) 12.34 8.38 – 21.00 0.82 11.60 
Biological yield (g) 23.85 14.66 – 29.33 1.13 8.21 
Harvest index (%) 52.31 34.73 – 85.53 1.26 4.19 
Seed yield (Kg/ ha) 2377.97 1490.66 – 3620.33 132.63 9.66 

 

Table 2. Dis tribution of chi ckpea genotypes i n di fferent
clusters grown under rice fallow condition

Cluster no No. of 
genotypes 

Genotype 

I 11 Rajas, JG 14, JG 11, Pusa 547, Vaibhav, 
GCP 105, ICCV 07111, PG 186, Pusa 

372, JAKI 9218, JG 16 
II 2 ICCV 05106, ICCV 06107 
III 1 DCP 92-3 
IV 1 AIG 21 
V 1 Subhra 

 

Table 3. Milling performance of desi chickpea genotypes grown under rice fallow condition

S.N. Genotypes Milling 
time (s) 

Gota 
index 

Dal index Dal with 
hull index 

Broken 
index 

Gota + dal 
index 

Overall 
milling 

efficiency 

Dal recovery rate 
(%) 

1 Rajas 3.65 0.05 0.53 0.89 0.73 0.56 0.37 47.76 
2 Pusa 372 2.82 0.56 0.53 0.93 0.72 0.56 0.38 45.54 
3 JG 11 3.12 0.16 0.42 0.89 0.73 0.56 0.37 37.06 
4 DCP 92-3 2.71 0.05 0.63 0.96 0.77 0.66 0.48 53.26 
5 GCP 105 3.11 0.08 0.45 0.90 0.67 0.52 0.32 40.44 
6 Pusa 547 4.49 0.06 0.48 0.89 070 0.58 0.36 42.62 
7 PG 186 3.54 0.09 0.55 0.76 0.94 0.79 0.57 48.02 
8 Vaibhav 4.46 0.03 0.60 0.96 0.73 0.61 0.43 52.38 
9 JG 14 4.25 0.07 0.46 0.92 0.65 0.53 0.36 42.88 
10 JG 16 3.95 0.10 0.60 0.88 0.86 0.68 0.52 51.82 
11 JAKI 9218 3.14 0.13 0.49 0.88 0.78 0.64 0.44 42.64 
12 ICCV 06107 4.82 0.02 0.50 0.93 0.62 0.50 0.29 43.88 
13 ICCV 07111 4.25 0.08 0.63 0.88 0.89 0.68 0.53 55.64 
14 AIG 21 4.86 0.08 0.58 0.93 0.67 0.56 0.35 50.34 
Mean 3.79 0.14 0.53 0.92 0.75 0.60 0.44 43.44 
CD (P=0.05) 1.08 0.21 1.35 2.38 0.64 1.68 0.17 2.26 
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resu lts indicated  existence of ample diversity  amongst
genotypes . Therefore, crossing  genotypes from different
clusters would produce more genetic variability. On the basis
of inter cluster distance cluster III and IV had maximum inter
cluster distance followed by II and III and cluster III and V.
Maximum contribu tion towards genetic d ivergence was
observed by 100 seed weight followed by harvest index, total
pods per plant and seed yield.    These results are in conformity
with the findings of Dwivedi and Gaibriyal (2009), Hahid et al.
(2010), Wadikar et al (2010) and Tomar et al (2011).

Dal milling basically consists of removal of pericarp,
and transforms grains into split (dal) cotyledons without any
breakage. The milling characters depend on the size of seed
and the ratio of different ingredients present during milling
(Table 3). In the milling quality analysis, gota index were high
for ‘Pusa 372’ (0.56) followed by the ‘JG11’ (0.16), ‘JAKI 9218’
(0.13) and ‘JG 16’ (0.10), whereas minimum in ‘ICCV 06107’
(0.02). The highest dal index were found in the ‘ICCV 07111’
(0.63) followed by ‘DCP 92-3’ (0.63), ‘JG 16’ (0.60) and ‘Vaibhav’
(0.60), whereas lowest in ‘JG 11’ (0.42). Dal with hull index
were highest in ‘Vaibhav’ (0.96) followed by ‘DCP 92-3’ (0.96),
‘ICCV 06107’ (0.93) and ‘Pusa 372’ (0.93), whereas lowest in
‘PG 186’ (0.76). Broken dal index were maximum in ‘PG 186’
(0.94) with the minimum value (0.62) for ‘ICCV 06107’. The
highest Gota + dal index were observed in ‘PG 186’ (0.79)
followed by ‘JG 16’ (0.68), ‘ICCV 07111’ (0.68) and ‘DCP 92-3’
(0.66). ‘PG 186’ showed the highest overall milling efficiency
(0.57) followed by ‘ICCV 07111’ (0.53), ‘JG 16’ (0.52) and ‘DCP
92-3’. Dal recovery rate was  the maximum in ‘ICCV 07111’
(55.64%) followed by ‘DCP 92-3’ (53.26), ‘Vaibhav’ (52.38) and
‘JG 16’ (51.82). In conclusion, genotypes such as ‘ICCV 07111’,
‘Pusa 372’, ‘Vaibhav’, ‘PG 186’, ‘JG16’, ‘DCP 92-3’, ‘JG11’ and
‘JG 14’ could be rated good on the bases of their yield and
quality attributes.
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ABSTRACT

A field experiment was conducted during rainy season of 2008-
09 and 2009-10 to study the effect of phosphorus levels (0, 25, 50
and 75 kg P2O5 per ha) and bioinoculants (untreated control,
PSB, PGPR and PSB + PGPR) on growth and yield of long
duration pigeonpea. The results showed that the application of
75 kg P2O5 pe r ha recorded the  maxi mum plant hei ght,
branche s/plant, dry matte r production/plant, chlorophyll
content (SPAD), leaf area, LAI, grain yield, stalk yield, biological
yield and harvest index, which were significantly superior over
25 kg P2O5 per ha and control (without phosphorus application)
but at par with 50 kg P2O5 per ha during both the years of
experiment. Among the bioinoculants, dual inoculation of PSB
+ PGPR significantly increased higher growth attributes such
as plant hei ght, branche s pl ant, dry matte r producti on,
chlorophyll content, leaf area, LAI, grain yie ld, stalk yield,
biological yield and harvest index, which were significantly
supe rior over alone appli cation of PSB, PGPR and control
(without see d inocul ation) duri ng both  ye ars of
experimentation. Combined application of 75 kg P2O5 per ha +
PSB + PGPR was found significantly superior to 25 kg P2O5 per
ha + PSB + PGPR and control (without phosphorus application
+ without seed inoculation), which was at par with 50 kg P2O5
per ha + PSB + PGPR during both years in respect of dry matter
production (g), grain yield (kg/ha) and stalk yield (kg/ha).

Key words: Bioinoculants, Dry matter production, Grain yield,
LAI, Phosphorus levels

Long duration pigeonpea (250-260 days) is generally
grown in mono/mixed cropping system in eastern U.P. without
any improved agro-technology. This is main reason of low
productivity of long duration pigeonpea. Phosphorus (P) is a
key plant nutrient, but its fixation is another problem as only
20-25 per cent of the phosphorus  app lied to the s oils  is
available to the crop in the year of its application and the
remaining part is converted into insoluble unavailable forms
(Raju et al., 2005). Some heterotrophic microorganisms possess
ab ility to solubilis e phos phorus  from ins oluble sources
occurring in soil. Phosphate Solubilising Bacteria (PSB) and
Plan t Growth  Promoting  Rhizobacteria (PGPR) as  s eed
dress ers in nodulating legumes are highly beneficial in
enhancing N and  P con tent due to  more N fixat ion by
Rhizobium and solubilisation of native P by PSB, thus, making

two essential nutrients availab le to p lants (Bansal, 2009).
Cons idering the s ign ifican t ro le o f phos phorus  and
biofertilizers in sustainable production of pulses, an experiment
was conducted to study the effect of phosphorus levels and
bioinoculants on productivity of pigeonpea.

The field  experiment was  conducted  during two
consecut ive rainy  s eas ons o f 2008-09 and  2009-10 at
Agriculture Research  Farm of Banaras Hindu  University,
Varanasi. The experimental soil was sandy clay loam in texture
having pH 7.46 and 7.53 in 1st and 2nd year, respectively. It was
moderately fertile being low in organic carbon (0.34 and 0.37%)
with available N, P2O5, K2O and sulphur were 188.7, 18.5, 205.3,
19.3 kg/ha and 194.2, 22.4, 210.6, 21.5 kg/ha during both the
years, respectively.  The experiment was laid out in split plot
design with three replications keeping phosphorus levels
(control, 25, 50 and 75 kg/ha) in main plot and bioinoculants
(Control, PSB, PGPR and PSB + PGPR) in subplot at the same
site during both the years. The recommended dose of nitrogen,
potassium, sulphur at 30, 40, 30 kg/ha and phosphorus as per
treatment were applied though urea, diammonium phosphate
(DAP), muriate of potash and elemental sulphur, respectively.
Pigeonpea seed were inoculated with phosphate solubilizing
bacteria (Baci l lus po lymyxa ), PGPR (Rhizob ium +
Pseudomonas fluorescens) and dual seed inoculation of PSB
+ PGPR before sowing. Sowing of long duration pigeonpea
cv. ‘Bahar’ was done by ridge-furrow method of planting on
July 14, 2008 and July 20, 2009 and the crop was harvested on
April 06, 2009 and April 12, 2010, respectively. The required
plant population (60 cm row to row and 20 cm plant to plant)
was maintained after a month of seeding by thinning the plant.

Perusal of data (Table 1 and  2) revealed that  the
application of 75 kg P2O5/ha increased the growth attributes
viz. plant height (cm), branches/plant, chlorophyll content,
leaf area (cm2/plant), LAI and dry matter production/plant (g)
and this treatment was significantly superior over 25 kg P2O5/
ha and  con trol (no  application of phosphorus ) bu t, was
statistically at par with 50 kg P2O5/ha during both the years.
Maximum seed yield, stalk yield and bio log ical yield of
pigeonpea was found with application of 75 kg P2O5/ha which
was at par with 50 kg P2O5/ha and significantly superior over
25 kg  P2O5/ha and contro l during  bo th  the years o f
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Table 2. Effect of phosphorus levels and bioinoculants on pigeonpea seed, stalk, biological yield and harvest index

Seed yield (kg/ha) Stalk yield (kg/ha) Biological yield (kg/ha) Harvest index (%) Treatment 
 2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 

Phosphorus levels (kg/ha) 
Control 1673 1508 6731 6405 8404 7913 19.87 19.02 
25 1945 1795 7708 7363 9653 9158 20.11 19.58 
50 2218 2068 8600 8398 10818 10465 20.47 19.71 
75 2265 2124 8695 8528 10960 10651 20.64 19.89 
SEm (±) 39 36 153 147 192 183 0.40 0.39 
CD (P=0.05) 134 123 529 510 663 633 NS NS 
Bioinoculants 
Control 1693 1530 6913 6490 8605 8020 19.64 19.08 
PSB 1999 1846 7818 7655 9816 9501 20.33 19.38 
PGPR 2095 1945 8084 7920 10179 9865 20.55 19.67 
PSB + PGPR 2314 2173 8920 8628 11233 10800 20.57 20.08 
SEm (±) 29 27 114 110 143 138 0.28 0.27 
CD (P=0.05) 86 80 333 321 419 401 NS NS 

 

Table  3. Interaction effect of phosphorus levels (P) and bioinoculants (M) on pigeonpea dry matter production/plant (g) at harvest

2008-09 2009-10 Treatment 
Control PSB PGPR PSB + PGPR Control PSB PGPR PSB + 

PGPR 
Control 197.0 246.9 255.0 294.6 196.0 234.7 242.7 282.5 
25 230.8 278.0 286.0 326.4 230.0 265.8 272.7 314.2 
50 286.6 316.3 326.5 359.4 274.0 304.0 314.4 347.1 
75 296.1 326.6 336.1 381.6 289.0 316.0 324.0 365.0 

 SEm (±) CD (P=0.05) SEm (±) CD (P=0.05) 
M at same P 8.6 25.1 8.3 24.2 

P at same/diff M 9.4 29.5 9.1 28.4 

 

Table 1.  Effect of phosphorus levels and bioinoculants on pigeonpea growth attributes

Plant height  
(cm) 

Branches/plant 
(no.) 

Dry matter 
production/plant (g) 

Chlorophyll 
content (SPAD) 

Leaf area 
(cm2/plant) 

Leaf area index 
(LAI) 

At harvest At 200 DAS At 150 DAS 

Treatment 

2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 2008-09 2008-09 2008-09 2009-10 2008-09 2009-10 
Phosphorus levels (kg/ha) 
Control 180.7 174.7 19.3 18.4 248.4 239.0 34.4 32.5 3645 3390 3.04 2.82 
25 196.0 190.3 21.7 20.8 280.3 270.6 39.4 36.7 3991 3736 3.33 3.11 
50 212.7 205.2 24.3 23.3 322.2 309.8 44.5 41.0 4347 4092 3.62 3.41 
75 215.2 206.8 25.1 23.7 335.1 323.5 45.1 41.8 4370 4114 3.64 3.43 
SEm (±) 3.9 3.8 0.4 0.4 5.8 5.6 0.8 0.7 80.3 75.1 0.07 0.06 
CD (P=0.05) 13.6 13.2 1.5 1.4 20.0 19.3 2.7 2.5 277.8 260.0 0.23 0.22 
Bioinoculants 
Control 184.5 177.7 19.6 18.9 252.6 247.3 36.1 34.0 3785 3529 3.15 2.94 
PSB 199.3 193.4 22.7 21.4 291.9 280.1 40.8 37.5 4010 3755 3.34 3.13 
PGPR 205.0 198.2 22.9 21.9 300.9 288.5 41.3 38.2 4163 3907 3.47 3.26 
PSB + PGPR 215.9 207.7 25.2 23.9 340.5 327.2 45.2 42.3 4396 4140 3.66 3.45 
SEm (±) 2.8 2.7 0.3 0.3 4.3 4.2 0.6 0.5 57.5 54.1 0.05 0.05 
CD (P=0.05) 8.3 8.0 0.9 0.9 12.6 12.1 1.7 1.6 167.9 157.8 0.14 0.13 

 

investigation. Maximum harvest  index was  recorded with
application of 75 kg P2O5/ha followed by 50, 25 kg P2O5/ha and
minimum in control during both the years of study. Similar
results have been reported by Mahetele and Kushwaha (2011),
Deshbhratar et al. (2010), Kumar and Kushwaha (2006).

Seed  inocu lation with  bio inoculants  proved  it s
superiority over untreated contro l with res pect to g rowth
attributes viz. plant height (cm), branches/plant, dry matter
production/plant (g), chlorophyll content (SPAD), leaf area
(cm2/p lan t) and  LAI in p igeonpea (Tab le 1 and 2). Dual
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inoculation of PSB + PGPR recorded higher value of all the
growth attributes and which was significantly superior over
seed inoculation with PSB, PGPR and control. Seed inoculation
of PSB was significantly superior over control (without seed
inoculation) and  at par with  seed inoculation with PGPR.
Higher seed yield, stalk yield and biological yield was obtained
with dual s eed inoculat ion of PSB + PGPR which was
significan tly superior over s eed inoculation of PSB, PGPR
and control during both the years of experimentation. Highest
harvest index was obtained with dual seed inoculation of PSB
+ PGPR followed by PGPR, PSB and lowest in control during
both the years of invest igation. Similar results have been
reported by Bansal (2009) in mungbean and Tilak et al. (2006)
in pigeonpea.

Interact ion  effects  o f phos phorus  levels  and
bioinoculants on dry matter production/plant at harvest, seed
yield and stalk yield were found significant (Tables 3,4 and 5)
during both the years of experimentation. Maximum dry matter
production/plant, seed  and stalk yield were obtained with
combined application of 75 kg P2O5/ha + PSB + PGPR and this
combinat ion  was  s ign ificant ly  s uperio r over o ther
combinations and which was at par with combined application
of 50 kg P2O5/ha + PSB + PGPR during bo th the years of
experimentation. Similar results were also reported by Singh
and Pareek (2003) in mungbean and Dubey (1997) in rainfed
soybean.

Thus, it can be inferred that application of 75 kg P2O5/
ha alongwith seed inoculation with PSB + PGPR would be
helpful in getting more growth attributes and higher yield of
pigeonpea.
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Table  4. Interaction effect of phosphorus levels (P) and bioinoculants (M) on pigeonpea seed yield (kg/ha)

2008-09 2009-10 Treatment 
 Control PSB PGPR PSB + PGPR Control PSB PGPR PSB + PGPR 

Control 1400 1660 1720 1910 1200 1500 1570 1760 
25 1620 1880 2000 2280 1470 1730 1850 2130 
50 1850 2205 2315 2500 1700 2055 2165 2350 
75 1900 2250 2345 2565 1750 2100 2195 2450 

 SEm (±) CD (P=0.05) SEm (±) CD (P=0.05) 
M at same P 59 172 55 160 

P at same/diff M 64 199 59 185 

 
Table  5. Interaction effect of phosphorus levels (P) and bioinoculants (M) on pigeonpea stalk yield (kg/ha)

2008-09 2009-10 Treatment 
Control PSB PGPR PSB + PGPR Control PSB PGPR PSB + PGPR 

Control 5880 6670 6775 7600 5200 6500 6620 7300 
25 6670 7500 7860 8800 6000 7350 7700 8400 
50 7500 8500 8800 9600 7300 8340 8640 9310 
75 7600 8600 8900 9678 7460 8430 8720 9500 

 SEm (±) CD (P=0.05) SEm (±) CD (P=0.05) 
M at same P 228 666 220 643 

P at same/diff M 250 780 241 753 
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ABSTRACT

A roving survey was conducted during 2008-09 and 2009-10 of
pigeonpe a crop at vari ous places of Varanasi and Mirzapur
districts of Uttar Pradesh to know the status of Macrophomina
stem canker (MSC). The MSC incidence recorded in the range
of 1 to 60% in 2008-2009 and 0 to 19.5% in 2009-2010. The
incidence during 2008-2009 was highest at Dhaurahara (60%)
followed by Chilbilla (25%),   Dugmugpur, Arjunpur and Basani
(20%), Lalpurchatti (10.25%), Fulwaria (10%) and Sagarpur
(9.5%). During 2008-09, hundred per cent disease prevailed in
both the districts, while in 2009-10 crop season, the disease
prevalence was 52.63% and 75% in Mirzapur and Varanasi
di stri ct, respectivel y. Due to the more conduci ve weather
conditions for disease development in 2008-09 crop season, the
disease prevalence was so high.

Pigeonpea [Cajanus cajan (L.) Millspaugh] is one of
the important food legume crops of the tropics and sub-tropics.
It is mainly consumed as split pulse as ‘dal’ or fresh vegetable
(de-hulled split peas) in some parts of India such as Gujrat,
Maharashtra and Karnataka or as green vegetable in some
tribal areas of various states (Saxena et al. 2010). Stem canker
incited by  Macrophomina  phaseo lina (Tassi) Goid has
emerged as one of the very important diseases of pigeonpea.
M. phaseo lina is p rimarily  so il borne in  nature, with
heterogeneous host specificity, that is, the ability to infect
monocots as well as dicots and non-uniform distribution in
the soil (Mayek-Perez et al. 2001, Su et al. 2001). The pathogen
incites the disease by producing microsclerotia / pycnidia
(primary s ource o f inoculum). Since the first report of its
occurrence by Kannaiyan et al. (1979) in this part of Eastern
Uttar Pradesh (Varanasi and Mirzapur districts), the incidence
of Macrophomina stem canker has increased gradually to take
an alarming proposition in recent years. This may probably
be attributed to an increased environmental temperature and
drought conditions prevailing during past few crop seasons.
The disease incidence varied from 2 to 70% in most fields and
its severity ranged from 17 to 55% in the aforesaid regions of
Eastern Uttar Pradesh (Kaur et al. 2009). Knowledge of the
occurrence and distribution of the stem canker of pigeonpea
and environmental variables that affect the disease is lacking.
In view of the above facts, a survey was conducted to elucidate
the status of stem canker disease of pigeonpea in two districts
of Eastern Uttar Pradesh.

A roving survey of pigeonpea grown at various places
in Varanasi and Mirzapur districts was conducted during the
years 2008-09 and 2009-10 near maturity growth stage of the
crop. The pigeonpea fields were randomly selected at the
interval of 5-10 km along the roadside depending upon the
topography and the cultivation of pigeonpea in the aforesaid
area. Four 1.0 m2 quadrants were used, number of diseased
and healthy plants was counted and incidence of disease was
calculated. The per cent disease prevalence was calculated
using following formula:

                   Locations showing stem canker disease
Per cent Prevalence = ---------------------------------------------- × 100

          Total locations observed

Plants showing symptoms of stem canker from each
place were collected for disease diagnosis and confirmation
of the pathogen. A fungus  was isolated asep tically from
diseased parts on potato dextrose agar medium. The plates
were incubated at 25 ± 1°C for growth and development of
fungus. Koch’s postu late was  proved  and identity of the
pathogen was confirmed. Meteorological data for the year
2008-09 and 2009-10 were obtained from the Department of
Agronomy, Institute of Agricultural Sciences, Banaras Hindu
University, Varanasi.

The disease incidence varied from 1 to 60% and 0 to
19.5% in  the aforesaid  two years (Table 1). The incidence
during 2008-2009 was highest at Dhaurahara (60%) followed
by Chilbilla (25%),   Dugmugpur, Arjunpur and Basani (20%),
Lalpurchatti (10.25%), Fulwaria (10%) and Sagarpur (9.5%).
While at rest of the places it ranged from 1.0-6.0%. Mirzapur
district had higher disease incidence as compared to Varanasi.
In Mirzapur, disease occurrence varied from 1.0 to 60% and
1.0 to 19.5% whereas in Varanasi it ranged from 1 to 25% and
1 to 15% in two respective surveyed years. During 2008-09,
hundred per cent disease prevailed in both the districts while
in 2009-10 crop seasons; it was 52.63% and 75% in Mirzapur
and Varanasi district, respectively (Fig. 1).

Occurrence of disease at various places indicates wide
geographical distribution of the Macrophomina stem canker
in the area covered. In the year 2009-10, the disease incidence
was lower than in 2008-2009. It could be attributed to the
weather factors which affected growth and development of
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the disease. The maximum and minimum temperature recorded
during 2008-09 was 30.35°C and 21.49°C, respectively, while
in 2009-10 it was 29.97°C and 18.51°C. The mean temperature
during the months of October to March varied from 28.54°C -
19.55°C and 27.35°C - 14.12°C and the rainfall recorded during
October to March in 2008-09 and 2009-10 was 1.0 mm and 62.1
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Fig 1. Stem canker prevalence (%) during 2008-09 and 2009-10
in pigeonpea crop in Varanasi  and Mirzapur districts

Table 1: Per cent incidence of Macrophomina stem canker
of pigeonpea in different villages of Varanasi and
Mirzapur districts during 2008-09 and 2009-10

All the values are mean of 4 replicates

Disease incidence (%) District Village 
2008-09 2009-10 

Mirzapur Narayanpur 4.0 1.0 
 Sivnagar  2.0 1.0 
 Dudharpur 5.0 5.0 
 Arjunpur 20.0 0 
 Aamghat 5.0 1.5 
 Jhingura 6.0 5.0 
 Bharpura 5.0 0 
 Badri 6.0 1.0 
 Dugmagpur 20.0 10.0 
 Dhaurahara 60.0 19.5 
 Gurkhule 4.0 0 
 Tedha 2.0 0 
 Barsodha 5.0 0 
 Umeria 2.0 0 
 Sagarpur 9.5 1.0 
 Baripur 1.0 0 
 Lalpurchatti 10.25 2.0 
 Basarat 1.0 0 
 Lakhanpura 5.0 0 
Varanasi Lohta bhatti 2.0 0 
 Akelwa 1.0 0 
 Gorai bajar 5.0 5.0 
 Nawada 2.0 2.0 
 Kapsehi 5.0 2.0 
 Fulwaria 10.0 6.0 
 Chilbilla 25.0 15.0 
 Basani 20.0 13.2 
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Fig 2. Weather parameters during Oct ober-March in 2008-09
and 2009-10 crop seasons

mm, respectively (Fig. 2). In 2008-09 crop season, the weather
conditions were more conducive for diseas e development.
The average maximum and minimum temperature during the
crop maturity was higher in 2008-09. Presen t observations
corroborate the results of Noble and Richardson  (1968) in
which they noted  that  under favourab le environmental
conditions stem canker disease increases as the plant achieves
maturity.

It has also been reported that the stress conditions such
as  drought and  resultan t h igh temperature increas e the
vu lnerab ility of the crop to  d is ease and  enhances the
aggressiveness of the pathogen (Mihail 1989). In the present
studies, dry spell prevailing during 2008-2009 cropping season
may be attributed to the scanty rainfall in the said period. It
has also been reported that in the agricultural areas where
changing climate occur, the resultant longer drought periods
and higher temperature may result in unpredicted epidemics
of M. phaseolina (Garrett et al. 2006).

It has been recorded that  the stem canker pathogen
causes infection in the early stage of the crop and remain
dormant in the plant (personal observation). As the plant
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approaches its maturity, the growth and development of the
disease increases. During the survey of the fields, it was also
observed that most of the fields were having sole-cropped
pigeonpea which may lead to the increase of the pathogen
populat ion  and  hence the increas ed d is ease. Recen t
observations on enhanced stem canker severity in pigeonpea
are an alarming situation which has increased in - turn the
responsibilities of the scientific communities in agriculture to
come forward for rescue of the farmers. In perspective of the
above statement, sincere efforts are needed to elucidate the
impact of different weather variables on the pathogen and
implicate the in format ion thus generated to  combat th is
dreaded disease of pigeonpea.
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ABSTRACT

Ascochyta blight caused by Ascochyta rabiei occurs in most of
the chickpea growing areas of the world. Chickpea breeding
material were screened against Ascochyta blight (AB) in the
fie ld using fie ld scree ning technique. Out of 1000 stocks
received as FLIP numbers, stocks were identified with consistent
reaction to AB. FLIP 97-121C was tested for 8 years and average
score of the stock was 2.7. S imilarly FLIP 97-110C and FLIP 97-
219C were tested for 6 years and gave an average disease score
of 2.6. Consistent good resistance was observed in ‘ILC182’,
‘ILC200’, ‘ILC3279’, ‘ILC3912’, ‘ILC3919’, ‘ILC3274’,
‘ILC3856’, ‘ILC7374’, ‘ILC7795’, ‘PHC 15’ and ‘ICC12004’.
‘ICC12004’ used as the check remained resistant over the years
of testing.

Key words: Ascochy ta blight , Ascochyta rabiei,  Durable
resistance, Kabuli chickpea

Chickpea (Cicer arietinum L.) is the only species of the
genus Cicer, which is exploited for cultivation in various agro-
ecological zones. It occurs in two versions, desi mostly small
seeded with seed coat colour varying from tan, brown to black
and bold seeded kabuli with seed coat colour light beige.
Kabul i’s  are popular and  extensively  g rown in  wes t
Mediterranean region, West Asia, North Africa and North
America. Kabuli fetch higher price owing to large seed size
and other culinary traits. Turkey, Canada and Mexico are the
major exporters of kabuli chickpea. Due to high domestic
demand, India is the largest importer of chickpea accounting
for 40 per cent of the Asia’s import from the world market.
India needs to develop strategies to be self-sufficient, if not,
to cut down its import.

Chickpea in general is prone to ascochyta blight (AB)
with Kabuli’s inherently more susceptible than desi’s (Kaur
et al. 2008). With systematic breeding efforts AB has been
controlled to large extent in desi varieties but in Kabuli, this
is still at a distant dream (Kaur and Singh 2009). Chickpea is
conventionally sown as spring crop in Mediterranean region
which was followed by hot summer. Low rain fall during this
period led to low biomass of the crop and low yield. With shift
to winter sowing due to cool weather, crop produced higher
biomass and yield (Singh et al. 1997). But increased biomass
coupled with extensive cropping, cool moist  conditions in

winter exposed the crop to the attack of ascochyta blight, a
devastating disease. Unless some very good  resistance is
made possible against AB, winter sowing here is difficult to
be popularized in Mediterranean region (Halila et al. 2000).
High level of ascochyta blight resistance is not available in
kabuli material in chickpea growing countries (Toker and
Canci 2003). The major aim is to develop genetic material with
high and stable yield and addition of resistance to AB as it
was observed that the shift from spring to winter sowing of
kabuli chickpea doubled the yield but this also subjected the
crop to AB. A systematic approach for screening of breeding
materials and fixed lines in Chickpea International Ascochyta
Blight Screening Nurseries (CIABN) against AB was started
in 1985 at Punjab Agricultural University, Ludhiana. The field
screening technique used since 1985 was devised taking into
consideration the two important factors viz., ‘leaf wetness’
and ‘temperature’. Though, later studies also concluded that
the disease severity is positively correlated with  optimum
temperature, leaf wetness and inoculum concentration (Khan
et al. 2002).

Approximately, 1000 chickpea breeding material received
from ICARDA, Syria in segregating generations in CIABN
(1984-85 to 2010-11) were screened in  the field using field
screening technique. Test material was planted in 2 m rows
spaced at 40 cm apart in replicated trials. The indicator cum
infector rows  of highly  suscep tib le varieties L550/C214/
ILC1929/ILC482/ILC263 were planted after every 4/8 rows.
Inoculations were done when  the plants were at maximum
branching and flowering in month of February with composite
conidial suspension in water of A. rabiei @ 40x104conidia/ml
in all the years of screening, raised on Potato Dextrose Broth,
after sun set in the evening in the irrigated field.  Night dew
and wet so il created enough humidity and  the p revailing
temperature of 12-18°C was conducive for rapid germination
of conidia and successful infection process. Free moisture
and relative humidity beyond 85% was maintained by running
the water sprinkler system from 10 to 16 h at the gap of one
and half hour daily for 21days. The day and night temperature
varied  between 18-24°C and  12-18°C was  s u itab le fo r
development of d is ease epidemic. The d is ease s tarted
appearing after 9-10 days of inoculation and more than 80%
mortality was observed in susceptible material and check
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varieties after 15 days. Final observations were recorded after
21 days on 1-9 point scale (Singh et al. 1982, Singh 2004). The
d is eas e d id  no t increase thereafter and there was  no
requirement for second observations. Disease rating =3.0 was
considered resistant, 3.1-5.0 moderately resistant, 5.1 to 7.0
susceptible and 7.1 to 9.0 as highly susceptible.

Table 1 depicts that out of 1000 breeding lines received
from ICARDA in CIABN 30 lines as FLIP numbers showed
resistance for number of years of testing. Among these, three
lines, ‘FLIP 98-231’, ‘FLIP 97-116’ and ‘FLIP 93-176’ exhibited
the disease rating < 4.0 in all the years of testing. ‘FLIP 97-
121C’ was tested for 8 years and average score of the stock
was 2.7 and disease rating ranged from 2 to 3.5. Similarly ‘FLIP
97-110C’ and ‘FLIP 97-219C’ were tested for six years and
gave average disease score of 2.6 each with disease rating
range 2 to  3.0 for former and 2 to 3.5 for latter stock. The
stocks ‘FLIP 98-230C’, ‘FLIP97-131C’, ‘FLIP93-174C’, ‘FLIP
95-51C’, ‘FLIP 98-228C’, ‘FLIP 98-227C’, ‘FLIP 95-58C’ , ‘FLIP
95-60C’, ‘FLIP 95-67C’, ‘FLIP 96-47C’, ‘FLIP 96-75C’, ‘FLIP
96-26C’, ‘FLIP 97-195C’, ‘FLIP 97-239C’ that have an average
disease score of  3.0 and the disease range was up to 3.0 in all
the years of testing can serve as good sources of resistance
for utilizing in breeding programme for gene pyramiding or
may be directly recommended for cultivation.

resistance have been identified from ICARDA hybridization
material and released in different countries, still desired results
are awaited. The major limitations faced are non availability of
high level of resistance and lack of understanding of pathogen
variability (Malhotra et al. 2003).

The experience with AB resistance suggests that no
single strategy in breeding can impart absolute resistance
against AB. A combination of more than one strategy involving
pyramiding of genes, and use of diverse germplasm with multi-
race resistance is required to get rid of the threat emancipating
from AB.
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Table 1. Ascochyta blight resistant Kabuli chickpea stocks
in CIABN (ICARDA) from 1985-2011

No. of years of 
resistance 

 

FLIP No. 

8 97-121C (1) 
6 97-110C, 97-219C (2) 
5 98-226 C, 98-230C, 98-231C, 97-116C, 97-131C (5) 
4 93-174 C, 93-175C, 93-176C, 93-181C, 95-51C, 95-

51C, 95-53C, 95-58C, 95-60C, 95-67C, 96-47C, 96-
57C, 96-76C, 97-195C, 97-229C, 97-239C, 98-37C, 
98-53C, 98-107C, 98-227C, 98-228C, 05-45C (22) 

2 84-182C, 90-85C, 91-196C, 92-155C, 92-162C, 92-
164C, 92-174C, 92-175C, 93-160C, 93-186C, 93-
128C, 94-510C, 94-509C, 94-508C, 95-68C, 96-68C, 
97-25C, 97-74C, 97-127C, 97-132C, 97-139C, 97-
171C, 97-191C, 97-205C, 97-208C, 97-227C, 97-
111C, 97-173C, 97-220C, 97-221C, 97-230C, 97-
174C, 97-85C, 97-185C, 98-15C, 98-22C, 98-128C, 
98-130C, 98-133C, 99-19C, 99-33C, 99-44C, 99-54C, 
98-106C, 98-177C, 98-204C, 98-205C, 98-224C, 98-
225C, 98-254C, 98-131C, 98-176C, 98-174C, 00-46C, 
00-50C, 00-55C, 03-29C, 03-41C, 03-42C, 04-22C, 
04-23C, 05-11C, 05-16C, 05-17C, 05-33C, 05-40C, 
05-50C (67)  

 Some stable kabuli genotypes with consistent good
res istance were ‘ILC182’, ‘ILC200’, ‘ILC3279’, ‘ILC3912’,
‘ILC3919’, ‘ILC3274’, ‘ILC3856’, ‘ILC7374’, ‘ILC7795’ and ‘PHC
15’. ‘ICC 12004’ (Table 2) used as resistant check and remained
resistant over the years of testing. ‘ILC200’ and ‘ILC 3279’
showed consistent resistant reaction  over the 12 years of
testing depicting no reshuffle in races flora of the pathogen.
Though some resistant sources with acceptable level of AB

Table 2. Ascochyta blight (AB) stable resistant chickpea lines
from ICARDA

Lines Av. AB score Lines Av. AB score 
ILC182 3.0 ILC13729 5.0 
ILC200 3.3 ILC3274 3.5 
ILC7795 3.0 ILC3856 3.5 
ILC3279 2.8 ILC7374 3.0 
ILC3912 5.0 ICC12004 3.2 
ILC3919 5.0 PHC 15 2.0 
ILC4975 5.0 ILC263 (C) 9.0 

 C: Check
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ABSTRACT

Fourteen genotypes of lentils were screened during rabi seasons
(2006-07, 2007-08 and 2008-09) in Fusarium wilt sick plot the
Department at Plant Pathology, Birsa Agricultural University,
Ranchi. The initial Fusarium wilt symptoms appeared on 25th

day after sowing in susceptible check ‘L 9-12’. Only three
genotypes ‘VL 133’, ‘LL 985’ and ‘VL 515’ representing small
seeded, large seeded and extra large seeded groups, respectively
were identified as resistant to Fusarium wilt, which could be
exploited in breeding programme for varietal improvement.
The genotype ‘L 688’ could be recommended as an alternative
susceptible check as it had more wilted plants than the present
susceptible genotype ‘L 9-12’.

Key words: Fusarium wilt, Lentil, Varietal improvement

Lentil is one of the most important pulse crops of India.
It is cultivated in 7.7 thousand ha area with an average yield
of 805 kg/ha. The wilt of lentil caused by Fusarium oxysporum
f. sp. lentis is a very destructive disease and is considered a
major constraint for its production (Vasudeva and Srinivasan
1952). Most of the cultivated varieties are susceptible to
Fusarium wilt; hence inoculum is spreading to all the lentil
growing areas of the state. This pathogen causes losses in
grain yield to the extent of over 90% (De et al. 2003). The
development of high yielding resistant genotypes is the only
alternative to overcome losses incurred due to Fusarium wilt

in lentil (Kamboj et al. 1990). Therefore, the present study
was undertaken to find out s ources o f resistance against
Fusarium wilt that can be us ed in breeding programme for
developing wilt resistant varieties of lentil.

To assess field performance of the lentil genotypes, an
experiment was carried out in Fusarium wilt sick plot of the
Department at Plant Pathology, Birsa Agricultural University,
Ranchi which is geographically situated at 230 17’ N latitude
and 850 19’ E longitudes with an altitude of 625 meter above
mean sea level in the Chotanagpur region of Jharkhand.
Fourteen promising  geno types (Table 1) including  one
susceptible check ‘L 9-12’ were screened during rabi seasons
for three consecutive years (2006-07, 2007-08 and 2008-09) in
Fusarium wilt sick plot, where two rows of test genotypes
were alternated by  one row of suscep tible check. The
experiment was laid out in complete randomized block design
with three replications. Each plot comprised of four rows of
test genotypes having row length and inter-row distance of
5.0 m and 0.3 m, respectively. The number of days of initial
wilting and wilt incidence for each genotype was recorded.
Based on pooled data of Fusarium wilt incidence for three
years, disease reaction of individual genotypes was worked
out. Finally, suscept ibility of genotype ‘L 9-12’ and test
genotype ‘L 668’ over three years (206-07, 2007-08 and 2008-
09) in terms of soil sickness were  plotted onto a graph to
quantify the sickness of wilt sick plot.

Observations recorded on the wilt reaction indicated
that the initial Fusarium wilt symptoms appeared on 25th day
after sowing in susceptible check ‘L 9-12’ whereas in test
genotypes wilt started to appear about  35-40 days  after
sowing. The complete wilting/mortality was recorded  on
susceptible check between 28-30 days after sowing whereas,
in all the test genotypes it was recorded between 50-70 days
except ‘L 688’ where mortality was recorded between 25-30
days after sowing.

During 2006-07, out of 13 test genotypes, 3 genotypes
‘LL 985’, ‘VL 133’ and ‘VL 515’ showed only 1-3% Fusarium
wilt incidence. Five genotypes viz., ‘VL 514’, ‘LH 3-12’, ‘KLS
2003-3’, ‘IPL 81’ and ‘PL 406’ showed 5%  wilt incidence and
remaining 4 genotypes viz., ‘DPL 52’, ‘IPL 213’, ‘LH 84-4’ and
‘IPL 525’ showed varying degree of Fusarium wilt incidence

Table 1. Details of the genotypes used for testing

Entry Pedigree Seed Size 
LL 985 DPL 15 x H 92-127 Small 
VL 133 VL 103 x DPL 58 Small 
VL 515 VL 501 x Sehore 74-3 Large 
VL 514 VL 501 x VL 103 Extra large 
LH 3-12 LH 84-8 x LG 362 Extra large 
L 688 – small 
KLS 2003-3 KLS 139 x WBL 58 Small 
IPL 81 K 75 x PL 369 Large 
DPL 62 JLS 1x LG 171 Extra large 
IPL 213 ILL 7163 x DPL 58 Small 
LH 84-8 L 9-12 x JLS 2 Large 
IPL 525 K 75 x ILL 1712 Small 
PL 406  Selection from P 495 Small 
L 9-12 (check) Selection from P 495 Small 
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ranging from 5.5 to 10%. Out of the thirteen test genotypes,
only ‘L 668’ recorded 55% wilt incidence whereas susceptible
check ‘L 9-12’ showed 51.50% wilt incidence (Table 2).

During 2007-08, s imilar res ults were ob tained  with
slightly higher wilt incidence in most of the test genotypes.
But test genotype ‘L 668’ and suscep tible check ‘L 9-12’
showed relatively higher Fusarium wilt incidence 64.5% and
57.5%, respectively (Table 2) indicat ing an increas e in the
level of sickness  which could be due to increased level of
inoculum in sick plot. During 2008-09, all 13 test genotypes
showed relatively higher wilt incidence and only 2 genotypes
viz., ‘LL 985’ and ‘VL 133’ were recorded with less than 5%
Fusarium wilt  incidence (Table 2). In  10 geno types  wilt
incidence ranged between 5 to 16%, whereas in one genotype
‘L 668’ wilt incidence was relatively higher (85%) in comparison
to susceptible check ‘L 9-12’ (79%).

Pooled data of wilt incidence of three years revealed
that out of  thirteen  genotypes screened,  only three genotypes
viz., ‘LL 958’, ‘VL 133’ and ‘VL 515’ proved to be highly resistant
with an average Fusarium wilt incidence of 1.83, 1.66 and 3%,
res pect ively.  Genotypes ‘VL 514’ and ‘LH 3-12’ showed
resistant reaction with  average wilt incidence of 5.83%  and
remaining six genotypes viz., ‘KLS 2003-3’, ‘IPL 81’ ‘DPL 62’
‘IPL 213’ ‘LH-84-8’ and ‘IPL 525’ were moderately resistant
with  wilt incidence between 6.83-12.66%. Further analysis
revealed that at the end of third year wilt incidence increased
by 2.5% in genotype ‘LL 985’ whereas in genotypes ‘VL 133’
and ‘VL 515’, wilt incidence increased  by  1.50 and 2%,
respectively and average wilt incidence o f these three
genotypes remained below 5% (Table 2) for three consecutive

Table 2. Incidence  and re acti on of l enti l genotypes  to
Fusarium wilt

Wilt incidence (%) Entry 
2006-07 2007-08 2008-09 

Average Reaction 

LL 985 1.0 1.0 3.5 1.83 
VL 133 1.0 1.5 2.5 1.66 
VL 515 3.0 3.0 5.0 3.66 

Highly  
resistant 

VL 514 5.0 6.0 6.5 5.83 
LH 3-12 5.0 5.0 7.5 5.83 

Resistant 

PL 406  5.0 5.0 9.5 6.50 
IPL 525 2.5 03.0 15.0 6.83 
KLS 2003-3 5.0 7.5 12.5 8.33 
IPL 213 5.5 7.5 14.0 9.00 
IPL 81 5.0 7.5 16.0 9.50 
DPL 62 10.0 12.0 12.0 11.33 
LH-84-8 9.5 12.5 16.0 12.66 

Moderately 
resistant 

L-9-12 
(Check) 

51.5 57.5 79.0 62.66 

L 688 55.0 64.5 85.0 68.16 

Susceptible 
 

CD 
(P=0.05) 

   8.05  

CV (%)    29.33  
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Fig 1. Wilt incidence of genotypes ‘L668’ and susceptible check
‘L 9-12’ indicating increase in t he s ickness of
wilt sick plot

years. Therefore, the genotypes ‘VL 133’, ‘LL 985’ and ‘VL
515’ representing small seeded, large seeded and extra large
seeded  groups , respectively were iden tified  as res istant
against Fusarium wilt.

The data presented (in Fig. 1) shows that wilt incidence
of test genotype ‘L 668’ increased  from 55% in first year
(2006-07) to 85% in third year (2008-09), whereas in susceptible
check ‘L 9-12’ wilt incidence increased  from 51.5% in 2006-07
to 79% in 2008-09. This clearly indicated that the inoculum of
F. oxysporum. f. sp. lentis continued to buildup in wilt sick
plot. On the other hand, the average wilt incidence and
mortality in genotype ‘L 688’ was also higher (68.17% and
95.35%, respectively) as compared to susceptible check ‘L 9-
12’ (62.67% and 85.97%, respectively) (Table 2).

Genotypes , ‘VL 133’, ‘LL 985’ and ‘VL 515’ identified as
wilt resistant in the present study can be exploited in breeding
programme for varietal improvement. One of the main reasons
for the slow progress in the development of wilt  resistant
genotypes could be due to lack of stable sources of resistance
against wilt. The intensity of the inoculum varies within sick
plot. Therefore, planting susceptible check at regular intervals
is relevant in wilt resistant breeding programme to maintain
proper s o il s ickness .  The genotype ‘L 688’ can be
recommended as an alternative susceptible check as it had
more wilt than ‘L 9-12’.
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ABSTRACT

Pheromone technology possesses enormous potential as one of
the  tools  in IPM. Population dynamics of gram pod borer,
Helicoverpa armigera was studied using sex pheromone lures
developed at Tamil Nadu Agricultural University, Coimbatore.
Result showed that the peak emergence of H. armigera adults
during 51st (8.25 moths  /trap/ week) and 52nd (8.00 moths)
standard weeks followed by 1st standard week (7.25 moths). The
corre l ation and re gre ss ion anal ys i s indicate d that the
emergence of H. armi gera adults  had a significant ne gative
associati on with  mi ni mum te mperature  whi l e, othe r
parameters (maximum temperature, relative humidity, rainfall
and rainy days) had no influence on H. armigera activity. The
simple liner regression analysis showed a R2 value of 0.528
revealing that 52.8% of the variation in the trap catches of H.
armigera was influenced by minimum temperature alone.

Key words: Helicoverpa armigera, Indigenous pheromone lures,
Pigeonpea, Trap catches, Weather parameters

Gram pod borer, Helicoverpa armigera  (Hubner)
(Lep idoptera: Noctu idae) is  the mos t importan t pes t of
pigeonpea out of 200 species recorded at various stages of its
growth with an estimated loss of 328 million dollars annually
in the semi-arid tropics  (Sharma et al. 2011). High polyphagy,
mobility and fecundity are major factors contributing to the
serious pest status of H. armigera. This insect has developed
a high level o f resistance to many of the commonly  used
insecticides due to indiscriminate use (Deepa and Srivastava
2011). Hence, various Integrated Pest Management (IPM)
practices are being upgraded periodically for the management
of H. armigera. Pheromone technology possesses enormous
poten tial as one of the tools in IPM. Pheromone helps in
monitoring pest  population and indirect con trol of insects
either by male annihilation through mass trapping or by mating
disruption. Continuous monitoring aids in timely detection
and  als o helps for t imely application of pest icides when
absolutely essential. Adoption of pheromone technology by
the farmers is meager for want of quality and timely availability
of lu res . Hence, the present  study  is focused on the
indigenously developed H. armigera pheromone lures and
its effect on H. armigera population dynamics. The impact of
weather parameters on the trap catches  was also studied
through correlation and regression analysis.

Pheromone lures of H. armigera was formulated in the
Department o f Agricu ltu ral En tomology, Tamil Nadu
Agricultural University (TNAU) based on the methodology
developed by Ind ian Inst itu te of Chemical Technology,
Hyderabad. The lures thus formulated were field evaluated in
pigeonpea ecosystem for H. armigera from July 2010 to June
2011 at New Area Farm, TNAU, Coimbatore. Pheromone traps
(plastic funnel traps - funnel dia. 11 cm) were installed into the
field with rubber septa impregnated with pheromone blend of
Z-11: hexadecenal and Z -9: hexadecenal in the ratio of 97: 3
with four replicates. The traps were deployed at a height of 1
m (approximately to crop canopy level). The distance between
the traps was 40 ± 5 m (at this distance there is no attraction
interference between two traps). Observations on number of
males trapped were made twice a week and the data were
converted into weekly catches. The pheromone catches was
subjected to correlation and regression analysis with weather
parameters viz., maximum temperature, minimum temperature,
relative humidity, rainfall and rainy days  in respect of the
corresponding standard week. The meteorological data for
the above analysis were obtained from the Department of
Agricultural Meteorology, TNAU, Coimbatore. Significance
of simple correlation was estimated by using t-test (Saxena
and  Ujagir 2007). Regress ion  s tudies  for the s easonal
experiment, the method suggested by Panse and Sukhatme
(1967) was followed.

Studies conducted on the population dynamics of H.
armigera during July 2010 to June 2011 indicated that the
peak emergence was maximum (8.25 moths /trap/ week) during
the 51st standard week (2nd fortnight of December) followed by
52nd standard week (8.0 moths) and 1st standard week (7.25
moths.) (Fig.1). Pres ent find ing  is in agreement with the
findings of Loganathan (1981) who reported the peak activity
of H. armigera during December in Tamil Nadu. Chitra (1989)
reported that moth activity was high from the first week of
November in Tamil Nadu. Present study also revealed that
there was no H. armigera activity during 26th to 31st standard
weeks of (July to 2nd fortnight of August). Under Tamil Nadu
condition there was only one peak period of activity. However,
in Andhra Pradesh two peaks were observed during August
to September and November to December in groundnut and
pigeonpea ecosystem respect ively (Trivedi et al. 2005).
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Observation on H. armigera larval population during the same
period of study showed a maximum larval population of 18
larvae/plant in third week of December. Significant positive
correlation (r = 0.560) was obtained between moths trapped
and larval population. Similar kind of positive correlation was
obs erved by Prabhakar et  a l. (1998) and Srivastava and
Srivastava (1995) in chickpea. Ahmad (2003) suggested that
5 to 6 moths/trap/day for 3 to 4 days continuously during
post winter months may be used as warning signal for close
monitoring of eggs and larval population in pigeonpea.

The correlation and a simple linear regression analysis
between pheromone trap catches of H. armigera and weather
parameters showed that the trap catches had  a significant
correlation with minimum temperature (r = -0.7263) and there
was no sign ificant  correlation with maximum temperature,
relative humidity, rainfall and rainy days (Fig. 2 and Table 1).
The peak pheromone catches of 8.25 males / trap / week was
recorded during 51st standard week. During this period no
rainfall was observed and the mean maximum and minimum

temperature recorded were 27.70C and 17.40C respectively with
a RH of 76.4%. Hence, the above weather parameters may be
favourable for the adult emergence. The simple liner regression
analysis showed a R2 value of 0.528 revealing that 52.80 per
cent of the variation in the trap catches of H. armigera was
influenced by minimum temperature alone. The simple linear
regression equation fitted with weather parameters to predict
the pheromone trap catches of H. armigera is Y = 21.86 - 0.946
X. Equation ind icated that, for every one unit increase in
minimum temperature, the trap catches of H. armigera lowered
by 0.946 unit.

Through correlation and regres sion analysis, it was
found that the H. armigera pheromone trap catches had a
significant negative associat ion with minimum temperature
while, other parameters had no significant impact. In contrast,
Mehto et al. (1985) revealed that incidence of H. armigera
was  pos it ively and sign ificant ly  related  with minimum
temperature. Earlier work done by Vaishampayan (1980)
revealed that there were no correlation existed between trap
catches and temperature, relat ive humidity and rainfall.  In
con tras t, Srinivas (1987) reported  negat ive sign ifican t
correlation o f trap catches o f   H. armigera for maximum
temperature alone at Bangalore. Pat il and  Kulkarni (1997)
obtained significant negative correlation between H. armigera
t rap catches with  maximum temperatu re and  min imum
temperature. Balasubramanian et al. (1981) opined a negative
correlation between moth activity and intensity of rainfall and
number of rainy days.

The large scale adoption of pheromone technology in
IPM depends on availability of quality lure. The quality of the
lure is of greater significance in deciding the efficacy of the
lure under field condit ion. There is every chance for the
presence of sub-standard lures in the market. Hence, TNAU
made an attempt to develop indigenous lures and through
present study it is proved to be effective. Based on the present
findings there are possibilities for the production of quality
lu res which may be t imely available to  the farmers . In
conclusion, the p res en t  s tudy  s howed  that the lu res
formulated at TNAU was found to be effective against H.
armigera. The peak emergence of H. armigera adults was
observed during 2nd fortnight of December. The simple liner
regression analysis showed a R2 value of 0.528 revealing that
52.80 per cent of the variation in the trap catches of H. armigera
was influenced by minimum temperature alone.
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Fig 1. Pheromone trap cat ches  of H. armigera in p igeonp ea
ecosystem (July 2010 to June 2011)

Standard week

Table 1. Correlation between pheromone trap catches of H. armigera and weather parameters

Temperature Pheromone 
trap catch Maximum Minimum 

R.H % (Morning) Rainfall (mm) Rainy days Period 

Mean Mean r Mean r Mean r Total r Total r 
July 2010 to 
June 2011 

2.1 30.5 -0.4811NS 20.9 -0.7263* 71.7 -0.0649NS 94.5 -0.4282 NS 4.5 -0.4415  NS 

 *: Significant at P=0.05;  NS: Non significant

Fig 2. Male moth trap cat ches  of H. armigera/ trap/ month
with weather parameters
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International Conference on Legumes in the Changing
Climate Scenario:  Challenges and Opportunities
February 9-11, 2013
Kanpur, India

ICL 2013

Background

Chickpea, dry beans, pigeonpea, lentils, peas, lupines, grass
pea and common vetch are the major grain legume crops produced
worldwide and play an important role in food and nutritional security
and sustainable agricultural production. Besides, there are a number
of forage legumes that are grown primarily for fodder purposes.
Among these, chickpea, pigeonpea, dry pea, mungbean, urdbean and
lentils are a major protein source in the diet of the populations of
South Asia. India, Pakistan and Bangladesh are together major
producers and importers of these crops, while Canada, France, the
USA, Australia, Turkey and Myanmar the major exporting countries.
With ever-growing population, the demand for these legumes will
also increase in that proportion.

Climate models have predicted increased atmospheric CO2
concentrations, increasing global temperatures, modified rainfall
patterns and increased frequency of extreme weather events in the
next 100 years. Overall, these predicted climate changes may result
in increased yields in temperate countries (such as Canada, the USA,
France, and the like) but decreased yields in developing countries of
the tropics and sub-tropics (India, Pakistan, Bangladesh and Ethiopia,
for instance). The negative effects of climate change on grain legume
production in these latter countries can be mitigated by adaptation
s trat egies  such as  crop  relocation, changes  in sowing date,
development of stress tolerant varieties and increased nutrient and
plant protection inputs.

Keeping these facts in view, the Indian Society  of Pulses
Research and Development (ISPRD) and Indian Institute of Pulses
Research (ICAR) are delighted to announce an International
Conference on Legumes in the Changing Climate Scenario: Challenges
and Opportunities (ICL 2013) during February 9-11, 2013 at IIPR,
Kanpur, India. T he conference will p rovide an except ional
opportunity to scientists, policy makers and executives, extension
workers, traders and entrepreneurs to discuss various strategies for
mitigating the negative effects of climate change on grain and forage
legumes and draft a consensus road map for increasing productivity
and profitability of legumes under such changes.

The Conference will comprise well structured technical
sessions with 1-2 keynote lectures by the distinguished scientist(s)
of the respective area. The technical sessions will also include a
number of parallel sessions. Poster exhibition will also be arranged
on major themes. There will be provision for the best poster award
on each major theme. During the conference, an excursion may be
arranged for the participants. The organising committee will make all
out efforts to make this conference a memorable event.

Themes

1. Global scenario on legume production

 Production and consumption

 Marketing and trade

 Policies and issues

2. Crop adaptation to climate change

 Adaptation mechanism

 Mitigation strategies

 Crop modelling

3. Innovative techniques towards legumes improvement

 Pre-breeding and germplasm enhancement

 Restructuring plant types

 Genomics enabled improvement

 Transgenics

4. Resource conservation in extreme environments

 Resource use efficiency

 Crop diversification and sustainability

 Soil health improvement

5. Disease - pest dynamics in climate change

 Surveillance and forecasting

 Host plant resistance

 Diagnostics and bio-ecology

 Novel pest management techniques

6. Improving nutritional quality of legumes

 Nutrition and human health

 Biofortification vis-a-vis micronutrient malnutrition

 Value addition

7. Mechani zation for i mprovi ng l egume  production
efficiency

 Efficient resource saving machineries

 Drudgery reduction and energy management

8. Participatory technology development

 Public-private partnership

 Technology assessment, refinement and dissemination

 Social, economic and policy issues
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Date and Venue

The conference will be held at the Indian Institute of Pulses
Research (IIPR), Kanpur during February 9-11, 2013. Kanpur is the
industrial city of the state of Uttar Pradesh, India. It is ~ 425
kilometers away from New Delhi and is connected by road, rail and
airways. There is a limited number of flights directly from New
Delhi to Kanpur. One can also reach Kanpur via Amausi Airport
(Lucknow), which is only 75-80 km away from Kanpur. The weather
condition at Kanpur remains usually pleasant with the temperature
range of 10 – 25°C during the second week of February.

Call for Papers

The participants of the Conference are invited to contribute
abstracts of the papers for oral or poster presentation on all the
major food legumes (including peanuts and soybean), arid legumes
(guar, moth bean, cowpea and horse gram) and forage legumes (lucerne,
berseem, etc.). However, abstracts for poster presentation can be
submitt ed on any legumes of even minor or local importance.
Abstracts not exceeding 250 words should be submitted on A4 size
p ap er in MS Word and/or mailed elect ronically  at
isprd.icl2013@gmail.com. The title of the abstract should be in bold
font followed by t he name(s) of author(s) and affiliat ion. The
Abstracts will be published pre-conference.

Schedule and Important Deadlines

Submission of Abstract: July 31, 2012

Notification of Acceptance: August 31, 2012

Submission of Full Paper: October 31, 2012

Registration Fee

Title: Prof/Dr/Mr/Ms/Mrs

Name:________________________________________________

Organization:__________________________________________

Address:_______________________________________________

PIN: _________________________________________________

Mobile No.: ___________________E-mail: ___________________

Passport details (only for foreigners including SAARC delegates)

Nationality: ____________________________________________

Passport No.: __________________________________________

Date of issue: __________________________________________

Validity date: ___________________________________________

Whether submitting an abstract of a paper: Yes/No

If yes, whether for:           Oral Poster

Title of presentation: ____________________________________

______________________________________________________

______________________________________________________

Theme: _______________________________________________

Sub-theme: ____________________________________________

Category of participant: ISPRD member/Non-member,
SAARC delegate/
Foreign delegate/Student

________________________________________________

Payment of Fees

I am sending registration fee for Rs/US$______________________
through DD No. ______________________dated______________
in favour of ISPRD-ICL 2013,  payable at Kanpur.

Date:                                                            Signature

______________________________________________________

* Participants are requested to return filled-in registration form
along with payments to the Dr AK Choudary,  Organ izing
Secretary (ICL 2013), IIPR, Kanpur - 208 024 on or before
September 30, 2012.

*** Registration form can be downloaded from conference
website: http://www.isprd.in

*** Please add 30% more (of registration fee) for accompanying
person(s)

REGISTRATION FORM
ICL 2013

Member Non-member Student* Schedule 

Indian   
& 

SAARC 

Foreign Indian   
& 

SAARC 

Foreign Indian   
& 

SAARC 

Foreign 

Early birds 
(on or before 
September 
30, 2012) 

Rs 5000 $300 Rs 6000 $ 350 Rs 3000 $ 200 

From 
October 01 – 
December 
31, 2012 

Rs 5500 $ 325 Rs 6500 $ 375 Rs 3500 $ 225 

On spot 
registration 

(February 9, 
2013) 

Rs 6000 $350 Rs 7000 $ 400 Rs 4000 $ 250 

 Research Fellows and Research Associates will also be included in
students' category
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Research) publishes original papers, short communications
and review articles by renowned scientists, covering all areas
of food legumes research. The paper should not have been
published or communicated elsewhere. Authors will be solely
responsible for the factual accuracy of their contribution.
Language of publication is English (British).
Please send your manuscript to following address:
Secretary
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