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ABSTRACT
Chickpea is an important food legume grown worldwide.
There is an increasing concern on narrowing of genetic base
in mos t of the gra in legumes including chickpe a.
Mutagenesis using ionizing radiations is one of the many
ways of increasing genetic variability. To explore the potential
of electron beam irradiation for mutagenesis and to compare
it to gamma rays, seeds of a popular chickpea variety ‘Vijay’
were irradiated with four doses (200-500 Grey) of either
electron beam or gamma rays. The M1 plants were grown in
the field, harvested individually, and sown in the subsequent
year to raise M2 plant to row progenies. Chlorophyll and
other morphological mutants were identified in the M2
generation. The mutation frequency was found to be more
for electron beam irradiation as compared to gamma rays
treatments of the same dose. The overall mutation frequency
calculated as chlorophyll mutants per 1000 M2 plants was
almost double in case of electron beam (17.82) as compared
to gamma irradiation (8.64). The overall percent of M1 derived
families segregating for chlorophyll mutations was 4.42 %
for gamma rays while it was 9.42% for electron beam.
Mutagenic effectiveness and efficiency was also higher for
electron beam irradiation as compared to gamma rays of
same doses. Some morphological mutants like no serration
mutant, missing leaflet mutant, round leaflets with open
flower were observed. Other putative mutants with
agronomical importance (large pod, more branches, green
canopy at harvest, early flowering, early maturity etc) were
also isolated. These mutants constitute an important
repository and may find uses in basic studies as well as in
chickpea improvement program.
Key words:

Ionizing radiations, Effectiveness, Efficiency,
Mutation breeding, Mutation frequency

Chickpea (Cicer arietinum L.) is the second most
important grain legume and is internationally cultivated in
over 50 countries with about 13.2 Million hectare area and
a production of about 11.6 Million tonnes (FAO, 2013).
Chickpea is a good source of protein, carbohydrates, dietary
fibre and minerals (Jukanti et al. 2012). The average global
chickpea yield is far below its presumed potential, and
conventional breeding has not been able to increase the
productivity as per its potential (Choudhary et al 2013). In
order to realise the genetic yield potential of pulses
including chickpea, several research strategies have been
proposed that include germplasm enhancement, breeding

for suitable plant type, wide hybridization, multiple disease
and pest resistance, development of short duration
varieties, high temperature tolerance, drought tolerance,
etc. (Nadarajan and Chaturvedi 2010). Worldwide efforts
are being made to improve various qualitative and
quantitative traits in this crop. However, there have been
recent concerns over narrowing of genetic base and the
consequent vulnerability to biotic and abiotic stresses in
chickpea (Choudhary et al. 2012, Sharma et al. 2013, JoshiSaha and Reddy 2014, Upadhyaya et al. 2014). The most
cited cause for these concerns is the underutilization of
novel/exotic/wild germplasm in crop improvement programs
despite the massive efforts to develop and characterise
large germplasm collections of chickpea (Upadhyaya et al.
2011), The major reason for non-preference of such
germplasms by breeders are apprehensions regarding their
adaptability and association of linkage drag (Upadhyaya
2015). Use of mutations to create genetic variability in the
existing gene pool or to develop characters unavailable or
lost from the existing gene pool, can be very promising
supplementary breeding activity. Mutation breeding has
additional advantages when only one or two traits need
improvement in an already well adapted high-yielding
cultivar (Gottschalk 1986, Joshua 2000). The use of ionizing
radiation, chemical mutagens or their combination for
induced mutagenesis and mutation breeding is not new as
evident from mutant variety database (http://mvgs.iaea.org/
Search.aspx) that has registered over 3000 mutant varieties
in more than 175 plant species. In chickpea, only 21 such
mutant varieties have been released for cultivation of which
only 6 are released from India (Kozgar 2014), suggesting
under exploitation of mutation breeding efforts in this
important grain legume.
Chickpea being a highly self pollinated, diploid
legume, is highly suitable for mutation breeding efforts for
increasing its genetic diversity and to improve upon various
yield and quality parameters. Use of gamma rays, fast
neutrons, chemical mutagens and their combinations to
create mutations have previously been reported in chickpea
(kharkwal 1998, Kharkwal 1999, Khan et al. 2005, Wani 2009,
Kamble and Patil 2014). However, to the best of our
knowledge there are no previous reports on the use of
electron beam irradiation to induce mutations in chickpea.
Electron beams are concentrated and highly charged stream
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of electrons produced in accelerators. Like gamma rays,
they are also ionizing radiations but with a lesser penetration
power and a higher dose rate (Woo and Sanford 2002). The
reports on use of electron beams for mutagenesis are sparse
(Luo et al. 2012). In the present work we report the use of
electron beam irradiation for mutagenesis in chickpea and
compare electron beam and gamma rays for their mutagenic
potential.
MATERIALS AND METHODS
Seeds of chickpea cultivar ‘Vijay’ (Phule G-81-1-1)
were obtained from Indian Institute of Pulses Research,
Kanpur, India and were multiplied at Trombay, Mumbai.
The freshly harvested, dried, healthy seeds with 10-12%
moisture content were irradiated with either gamma rays or
electron beam irradiation with a dose of 200, 300, 400 and
500 Grey. For each dose, 150 g of seeds was irradiated. For
gamma rays (GR) irradiation, a Co60 source was used
available at Bhabha Atomic Research Centre, Trombay,
Mumbai. The doses were given at the dose rate of 0.83 Gy/
sec. Electron beam (EB) irradiation was carried out at Raja
Ramanna Centre for Advanced Technology, Indore. The
EB irradiation was carried out in a linear accelerator using
7.5 MeV electron beam. Aluminium scatterer was used to
achieve low dose of about 8 Gy/S in a field width of 15 X 15
cm. The required doses were delivered in the step of 100Gy.
The irradiated seeds were sown in October 2013 under
field condition at the experimental station of Bhabha Atomic
Research Centre, Mumbai India, with a spacing of 10 cm
within rows and 30 cm between rows to raise the M1 plants.
Single plants were harvested and were raised in plant to
row progenies in M2 generati on in Oct 2 014. The
unirradiated control was sown after every 10 rows for
comparison.
One week to ten days old seedlings in the M 2
population were observed for chlorophyll mutations as
described by Khan et al. 2005. Various other viable
morphological mutants that were observed throughout the

Table 1.
Dose

G200
G300
G400
G500
Overall (G)
E200
E300
E400
E500
Overall (E)

life cycle of t he plants were tagged and harvested
individually.
Germination percentage was calculated in the M1
generation. The frequency of chlorophyll mutations was
calculated in the M2 generation as described by Kharkwal
1998. The mutation frequency (Mf) was reported as either
mutation percent based on M1-derived families segregating
for mutations or as mutations per 1000 M2 plants. The
mutagenic effectiveness and efficiency was calculated as
described by Konzak et al. 1965. Mutagenic effectiveness
was calculated as ratio of mutation frequency per unit dose
of mutagen (Grey). Effectiveness (physical mutagen) = Mf/
Dose of mutagen (in Grey). Mutagenic efficiency was
calculated as the Mf/L, where Mf is the percent of families
segregating for chlorophyll mutations and L is percent
lethality in M1 generation.
RESULTS AND DISCUSSION
Vijay, a popular variety of chickpea released for
commercial cultivation in central zone of India, was irradiated
using electron beam and gamma rays. Although ionizing
radiations, particularly gamma rays, have extensively been
used for mutagenesis and mutation breeding of various
crops including chickpea (Pathirana 2011), reports on the
use of electron beam for mutagenesis are very limited. In
the present study, potential of electron beam as mutagen
was tested and compared with gamma rays of same doses.
The relative germination percentage with respect to
unirradiated control in M1 generation was found to be
reduced in a dose dependent manner (Table 1). However,
there was no difference in relative germination percentage
of seeds irradiated with either electron beam or gamma
irradiation with similar doses. Waje et al. (2009) showed
that broccoli seeds irradiated with same dose of either
electron beam or gamma rays had similar germination
percentages. They also reported a decrease in sprout length
of germinated seedlings with increase in dose of either
gamma ray or electron beam. Similar to these results, in

Frequency of chlorophyll mutations induced in M2 progeny of chickpea cultivar Vijay irradiated with varying doses
of gamma rays (G) or electron beam (E)
M1 derived
families

M2 plants

169
213
132
142
656
47
103
74
52
276

1413
1677
970
1261
5321
442
859
484
403
2188

Percent of M1
derived families
segregating for
chlorophyll
mutations
2.37
5.16
5.30
4.92
4.42
8.51
9.70
9.45
9.61
9.42

Mutations per
1000 M2 plants

Percent lethality
in M1

Mutagenic
Effectiveness

Mutagenic
Efficiency

5.66
9.54
8.25
11.10
8.64
9.04
17.46
24.79
19.85
17.82

16.62
23.93
23.75
32.75

0.012
0.017
0.013
0.0098

0.142
0.216
0.223
0.150

21.5
21.5
24.03
29.96

0.043
0.032
0.023
0.019

0.396
0.451
0.393
0.320
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vitro germination of chickpea seeds irradiated with 400 and
500 Gy of electron beam showed a pronounced decrease in
radicle and plumule lengths (data not shown).
Single M1 plants were harvested and seeds were
sown as plant to row progeny in the next generation to
obtai n M2 po pulati on. Due to the ease o f scoring
chlorophyll mutations, chlorophyll mutations frequency has
been a useful tool to assess the potency of mutagens. No
spontaneous chlorophyll mutants were observed in
unirradiated control populations, while such mutations were
scored in M2 progenies of all the doses. Chlorina were the
most abundant type of chlorophyll mutants observed. The
mutation frequency was calculated based on either
percentage of M1 derived families segregating for mutation
or mutants observed per 1000 M2 plants. Electron beam
produced a higher mutation frequency as compared to
gamma rays of similar doses (Table 1). Additionally, mutagen
effectiveness, which is a measure of gene mutation in
relation to a particular dose and mutagen efficiency that
reflects mutation frequency with respect to biological effect
induced such as lethality, sterility or injury was also
calculated. For all the doses used, electron beam was found
to be more effective as well as more efficient as compared
to gamma rays in producing chlorophyll mutants (Table 1).
In earlier studies to induce mutations in chickpea, both
chemical (EMS, sodium azide, hydrazine hydrate) and
physical (X rays, gamma rays, neutron irradiation) mutagens
either alone or in combinations have been used (kharkwal
1998, Gaur and Gour 2003, Khan et al. 2005). Many studies
showed a higher mutagenic efficiency in a combined dose
of EMS and gamma rays followed by EMS alone and then
gamma rays alone (Kharakwal 1998, Wani 2009)
In additio n to chl orophyl l mu tati ons, other
morphological mutants were also scored for all the doses
of gamma and electron beam. Many mutations of leaf type
(like light green leaves, small leaf, large leaf, narrow leaf,
angular leaf, elongated leaf), plant stature (semi-erect/erect,
dwarf), branching, etc. were common to both type of
irradiation treatments. A comparison of mutation frequency
of light green leaf, narrow leaf and small leaf mutation in
different doses again reveal a higher frequency of these
mutations in electron beam as compared to gamma rays of
similar doses (Table 2). Baojiang et al. 1982 have also
Table 2.
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reported a relatively higher mutagenic efficiency and a
broader mutagenic spectrum of electron beam irradiation
as compared to gamma rays on rice seeds. The mutation
effect of radiation are known to be a function of their linear
energy transfer (LET), which is defined as the energy
deposited to the target material when ionizing radiations
pass through it. LET is usually expressed in kilo electronvolt
per micrometer (KeV/µm). Both gamma rays and electron
beams have low LETs of around 0.2KeV/ µm (Magori et al.
2010). However, electron beam has a higher dose rate of
8Gy/sec as compared to gamma rays (0.83Gy/sec) and is
administered as short pulses while gamma irradiation is
continueous. Effect of dose rate on mutation frequency
might differ among different species. A higher dose rate
was found to be more effective than lower dose rate in
inducing mutations in oats and maize, while such a
correlation was not found in chrysanthemum (Yamaguchi
et al. 2008). Dose-dependent chromosomal aberrasion of
root tip cells of electron beam irradiated dry Vicia faba
seed was observed by Baojiang et al. 1989. However, the
biological effects of elcrton beam are still not very well
investigated. Zhu et al. (1988) studied the effect of highenergy-pulse-electron beam on various biomolecules in
yeast and showed that in aqueous solutions electron beam
caused higher double strand breaks as compared to gamma
rays.
Mutations for early flowering, early maturity, green
canopy at the time of harvest, long root were also obtained.
Many unique leaf mutants were obtained with gamma 300
and 400 Gy treatments as well as electron beam 300, 400
and 500 Gytreatments. A unique mutant with missing leaflets
(Fig. 2a) and another with round leaflets and open flower
(Fig. 2b) were obtained with 400 Gy gamma rays. Mutants
with altered branching patterns as compared to control (Fig.
2c, c’, c’’) were obtained with 500 Gy electron beam. Another
mutant with very small leaves and altered leaf arrangement
was obtained with 300 Gy electron beam irradiation (Fig.
2d). Induced mutagenesis has cont ribu ted to t he
identification of many useful mutants including disease
resistance (Shah et al. 2009), compact growth habit (Gaur
et al. 2008), stem fasciation (Gaur andGour 1999), variegated
leaf and apical chlorosis (Gaur et al. 2004), broad few leaflets,
outwardly curved wings (Gaur and Gour 2003), iron

Mutation frequency for leaf mutations induced in M2 progeny of chickpea cultivar Vijay irradiated with varying
doses of gamma rays (G) or electron beam (E)

Dose

Total number of M2 plants

G 200
G300
G400
G500
E200
E300
E400
E500

1413
1677
970
1261
442
859
484
403

Light green leaf
mutants/1000 M2 plants
3.53
5.96
2.06
5.55
9.04
8.15
14.46
7.44

Narrow leaf mutants/1000 M2
plants
0.71
1.79
1.03
2.38
8.15
2.06
4.96

Small leaf mutants/1000
M2 plants
2.12
1.03
4.66
8.26
2.48

102

Journal of Food Legumes 28(2), 2015

Fig. 2 Unique mutants obtained by gamma and electron beam
irradiation a. Missing leaflet mutant obtained by irradiation
with 400 Gy gamma rays; inset: enlarged image of leaflets
from mutant b. Round leaf mutant, with open sterile flower
obtained by 400 Gy gamma irradiation. Left inset: round leaf,
right inset: open flower c. branch of unirradiated control (cv
Vijay) c’, c’’ branching mutants obtained by irradiation with
500 Gy electron beam irradiation d. Mutant with changes in
leaflet shape, size and arrangement obtained by 300 Gy
electron beam irradiation.

deficiency chlorosis resistant mutant (Toker et al. 2012).
Recently, two induced mutations conferring open flower
and determinate growth habit were identified in Cicer
arietinum and its progenitor Cicer reticulatum (Yildirim et
al. 2013). Similar open flower mutation was also observed
in the present study,
Many of the gross leaf mutants like no serration
mutant, more serration mutant, large leaf mutant (Fig. 3a, b,
c, d) were sterile. However, such mutants could be
maintained asexually using a previously described excised
branch technique for future studies (Reddy et al. 1989,
Joshi-Saha and Reddy2015) (Fig. 3e, f).
Most of the previous reports on uses of electron
beam relates to their applications for sterilization, removal
of infestations from seeds and post-harvest storage (Bhat
and Sridhar 2008, Waje et al. 2009, Han and Bae 2013).
There have been very limited reports on the use of electron
beam i rradiati on for mutagenesis i n ri ce, wheat,
chrysanthemums and azduki beans (Baojiang et al. 1982,
An and Wang 1988, Sun et al. 2007, Luo et al. 2012). In the
recent past, the use of high energy pulse electron beaminduced mutations have been reported in yeast (Zhang et
al. 2012). In the present study, we report the use of electron
beam to obtained agro-morphological mutants in chickpea.

Figure 3. Leaf mutants with sterile flower a. Large leaf (right)
as comp ared to control (left), b. more serration in
leaflets,c.smooth leaflets (no serration), d. sterile flower in
smooth leaf mutant, e. rooting in excised branches of smooth
leaf mutant, f. rooted branches maintained in soil.

The electron beam was found to have higher effectiveness
and efficiency than gamma rays of similar doses. The
mutants identified in the present study add to the repository
of germplasm collections in this important grain legume.
They will be forwarded to the next generations to obtain
true breeding lines and will be evaluated for yield
parameters. Some of the unique leaf mutants can also be
used in basic studies to understand leaf development and
morphogenesis.
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ABSTRACT
Hybrid pigeonpea [Cajanus cajan (L.) Millsp.] breeding
technology based on CGMS was recently developed. A
program was initiated to track the purity of female parental
lines by incorporating an obcordate leaf shape marker in
established male sterile A-lines. Seven obcordate A-lines
developed by backcrossing and selection were crossed with
four known fertility restorers in line x tester mating design
to study their general and specific combining ability. Higher
magnitude of SCA effect showed that, hybrid yield was under
the control of non-additive genes. Among A-lines, ICPA 2204
was the best general combiner. Among testers, ICPL 20116
was the best general combiner. Among hybrids, ICPA 2208 x
ICPL 20108 a cross between high GCA parents was the best
with positive significant SCA effect and higher mean
performance for grain yield, 100-seed mass, number of seeds/
pod and resistance to fusarium wilt disease. The success of
this technology will help addressing the issue of seed quality
to some extent.
Key words:

Combing ability, Line × tester, GCA, SCA,
Obcordate leaf shape, Pigeonpea

In order to achieve a breakthrough in the productivity
of pigeonpea, hybrid breeding technology based on
cytoplasmic genetic male sterility was developed at
ICRISAT (Saxena 2008). Significant yield gains with
improved disease and drought resistance in the hybrids
over traditional cultivars are likely to help in enhancing
production and productivity of pigeonpea (Saxena et al.,
2013). To achieve this mission, it is important to establish a
stable and robust hybrid seed production technology that
will fulfil the ever increasing demand for quality hybrid
seed. The genetically uniform parental lines and commercial
hybrids are necessary in production and marketing of
quality hybrid crops. Quality control of hybrid seeds is
traditionally done by Grow out Test (GoT) in most of the
crops. In pigeonpea this process is more resource intensive
in terms of time and labour due to its long generation time.
Considering t his const raint , efforts were made to
incorporate an easily identifiable morphological marker
[naked eye polymorphism (NEP)] in female parents to track
the purity of the female parent and hybrids. Although
morphological markers are limited in nature but their assays
neither require sophisticated equipment nor complicated
procedures (Singh, 1992). The obcordate leaf shape used
as NEP is a highly heritable trait with single recessive
genetic control. To develop hybrid technology based on

NEP, the obcordate leaf marker was transferred to A-lines
through backcrossing (Saxena et al., 2011). The objective
of this study was to identify obcordate male sterile lines
with good general and specific combining ability for use in
hybrid breeding program.
MATERIALS AND METHODS
Seven CGMS lines with obcordate leaf marker and
their corresponding B-l ines were develo ped by
backcrossing two established male sterile lines ICPA 2047
and ICPA 2048 with obcordate leaf donor ICP 5529. These
A-lines designated as ICPA 2200, ICPA 2201, ICPA 2202,
ICPA 2203, ICPA2204, ICPA2206 and ICPA2208 were crossed
with four known male fertility restorers (ICPL 20116, ICPL
87119, ICPL 20108 and ICPL 20093) in a line x tester mating
design. A field experiment was conducted with 28 F1 hybrids
and three standard checks ICPL 87119 (Asha), ICPH 2671,
and ICPH 2740 in a randomized complete block design with
two replications. The experiment was conducted at
Patancheru in 2012 rainy season. Each plot consisted of
two rows of 4 m length with inter and intra row spacing of
75 cm and 30 cm, respectively. To avoid border effect one
border row was planted at each side of the plot. All the
hybrids and their parents were also grown in single row
plots in disease sick nursery for assessing their reaction to
fusarium wilt and sterility mosaic diseases. Fusarium wilt
incidence was recorded based on the number of plants
wilted out of total plants available in a plot, and expressed
in percentage. The incidence of sterility mosaic was studied
using leaf stapling method. In this technique 10-15 day old
seedlings were stapled with leaves infected with eriophyid
mite (Aceria cajani) that carries sterility mosaic virus.
Sterility mosaic incidence was recorded based on the
number of plants infected out of total plants available in a
plot, and expressed in percentage. The agronomic practices
included basal application @ 100 kg/ha of di-ammonium
phosphate. Pre-emergence herbicide application using
pendimenthalin and paraquat dichloride @ 2 and 4 l/ha was
done to control weeds. Two hand weedings, two irrigations,
and three sprays of pesticides (acephate and spinosoid @
1 kg/ha and 0.2 L/ha, respectively) were done to control
pod borer complex. Data were recorded on days to 50 %
flowering, days to 75 % maturity, plant height, plant stand,
number of seeds/pod, 100-seed mass and seed yield (kg/
ha). The st atistical analysis was perfo rmed usi ng
AGROBASE GEN-II software.
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magnitude of GCA than SCA and it indicated that these
traits were under the control of additive gene action. Similar
results were also reported by Khorgade et al. (2000),
Thiruvengadam and Muthiah (2012) for days to 50 %
flowering and seeds/pod.

RESULTS AND DISCUSSION
The analysis of variance (ANOVA) along with
estimates of GCA (general combining ability) and SCA
(specific combining ability) variances for six characters is
presented in Table 1. The analysis revealed significant
differences among testers and crosses for days to 50 %
flowering, days to 75 % maturity, and grain yield. Variance
due to lines x testers was also significant for grain yield
indicated the importance of specific combining ability.
These results are in agreement with those of Kumar et al.
(2003) and Phadet al. (2007). The mean squares due to
testers were of larger magnitude than those of lines and
line x tester for all the characters except number of seeds/
pod indicating greater diversity among the testers than the
lines and this is expected becausethe seven lines were
derived using two females and one donor parent.

The estimates of GCA effects (Table 2) revealed that
male sterile lines ICPA 2204, ICPA 2208, ICPA2200 and ICPA
2203 had positive GCA effects for grain yield. For days to
50 % flowering, ICPA 2200 and ICPA 2201 showed highly
significant negative GCA effects. Among the testers ICPL
20116 and ICPL 20108 were superior parents considering
their GCA effects for yield and maturity. ICPA 2206 exhibited
highly significant positive GCA effect for the character 100seed mass. Lines ICPA 2204, ICPA 2208, ICPA 2203 and
testers ICPL 20116 and ICPL 20108 were selected based on
their higher GCA effects for yield and yield contributing
characters.

General and specific combining ability

SCA effect is generally considered the best criteria
for selection of superior hybrid combination. In the present
investigation no cross combination was found good for all
the characters studied (Table 3). However hybrids ICPA
2204 xICPL20093, ICPA2208 x ICPL20108 andICPA2203 x
ICPL 20116 showed significant positive SCA effects for
grain yield. For earliness, hybrid ICPA 2202 x ICPL 20093

The magnitude of SCA variance for grain yield was
much greater than t hat of GCA, suggesti ng t he
preponderance of non-addi tive gene action. This
observation is in agreement with the results of Baskaran
and Muthiah (2007), Waghela et al. (2009) and Acharya et
al. (2009). The rest of the characters showed greater
Table 1. Combining ability analysis for different traits
Source

Mean sum of squares
Plant height
Seeds/pod
(cm)
429.02
0.00
76.90
0.04
88.24
0.06
220.69
0.01
49.16
0.04
61.43
0.03
9.57
0.00
-6.13
0.01
-1.56
0.00

df

Days to 50 %
Days to 75 %
flowering
maturity
Replication
1
5.79
28.57
Crosses
27
26.38*
30.02*
Lines
6
14.35
41.37
Testers
3
114.40**
71.43**
Line x Tester
18
15.72
19.35
Error
27
11.16
12.83
Variance of GCA
4.42
3.37
Variance of SCA
2.28
3.26
GCA/SCA
1.94
1.03
*, ** Significant at p= 0.05 and p=0.01 %, respectively

100-seed mass
(g)
0.12
0.88
1.78
2.15
0.38
0.74
0.14
-0.18
-0.80

Grain yield
(kg/ha)
4350.53
198365.24*
166296.15
292601.67*
193348.05*
89625.19
3281.71
51861.43
0.06

Table 2. Estimates of general combining ability effects for different characters
Parents
Lines
ICPA 2200
ICPA 2201
ICPA 2202
ICPA 2203
ICPA 2204
ICPA 2206
ICPA 2208
Testers
ICPL 20116
ICPL 87119
ICPL 20108
ICPL 20093
SE (Lines)
SE (Testers)

Days to 50 %
flowering

Days to 75 %
maturity

Plant height
(cm)

Number of
seeds/pod

100-seed mass
(g)

Grain yield
(kg/ha)

-1.018
-0.768
-1.518
-0.518
1.607
1.982
0.232

-3.30**
-2.68*
-0.80
1.70
1.70
2.32
1.07

-2.68
1.07
6.70*
-1.43
-3.30
-0.18
-0.18

0.06
-0.14*
0.11
-0.07
-0.01
-0.02
0.06

-0.18
-0.41
-0.26
-0.27
0.33
0.93**
-0.16

77.51
-266.04*
-62.72
21.31
188.71
-38.92
80.14

-3.11**
-0.32
-0.39
3.82**
1.093
0.773

-2.14*
0.71
-1.43
2.86**
1.172
0.829

-2.77
0.45
5.45*
-3.13
2.565
1.814

0.03
0.00
0.01
-0.04
0.054
0.038

0.56
-0.22
-0.08
-0.26
0.282
0.199

154.73
-59.14
76.08
-171.68*
97.994
69.292

*, ** Significant at p= 0.05 and p=0.01 %, respectively

Patil et al. : Combining ability studies of pigeonpea CGMS lines with an obcordate leaf marker

107

Table 3. Estimates of specific combining ability effects in 28 hybrids for different characters
Days to 50 % Days to 75
flowering
% maturity
ICPA 2200 X ICPL 20116
-0.27
-0.98
ICPA 2200 X ICPL 87119
3.95
3.66
ICPA 2200 X ICPL 20108
-3.98*
-4.20*
ICPA 2200 X ICPL 20093
0.30
1.52
ICPA 2201 X ICPL 20116
-0.52
-4.11
ICPA 2201 X ICPL 87119
0.70
0.54
ICPA 2201 X ICPL 20108
1.77
2.68
ICPA 2201 X ICPL 20093
-1.95
0.89
ICPA 2202 X ICPL 20116
2.73
4.02
ICPA 2202 X ICPL 87119
2.45
1.16
ICPA 2202 X ICPL 20108
0.02
0.80
ICPA 2202 X ICPL 20093
-5.20*
-5.98**
ICPA 2203 X ICPL 20116
-0.27
-0.98
ICPA 2203 X ICPL 87119
-1.05
1.16
ICPA 2203 X ICPL 20108
-0.48
-1.70
ICPA 2203 X ICPL 20093
1.80
1.52
ICPA 2204 X ICPL 20116
0.61
1.52
ICPA 2204 X ICPL 87119
-1.68
-1.34
ICPA 2204 X ICPL 20108
-1.61
0.80
ICPA 2204 X ICPL 20093
2.68
-0.98
ICPA 2206 X ICPL 20116
-2.27
-1.61
ICPA 2206 X ICPL 87119
-3.55
-4.46*
ICPA 2206 X ICPL 20108
2.02
2.68
ICPA 2206 X ICPL 20093
3.80
3.39
ICPA 2208 X ICPL 20116
-0.02
2.14
ICPA 2208 X ICPL 87119
-0.80
-0.71
ICPA 2208 X ICPL 20108
2.27
-1.07
ICPA 2208 X ICPL 20093
-1.45
-0.36
*, ** Significant at p= 0.05 and p=0.01 % respectively
Hybrids

showed highly significant negative SCA effect, whereas
ICPA2206 x ICPL87119 andICPA 2200 x ICPL20108 showed
signifi cant negative SCA effect s su ggesting their
importance in developing short duration hybrids. The SCA
effects for plant height and 100-seed mass were nonsignificant indicating little or no variation among the
parental lines for these traits. This was further confirmed
with the results obtained in analysis of variance (Table 1).
Hybrids ICPA 2201 x ICPL 20116 and ICPA 2203 x ICPL
20093 exhibited significant positive SCA effects for seeds/
po d. Consi deri ng SCA effects for yield and yield
contributing traits, hybrids ICPA 2204 x ICPL 20093, ICPA
2208 x ICPL 20108, ICPA 2203 x ICPL 20116 were found
promising for improving grain yield.
Vanniarajan et al. (1999) reported that some of the
cross combinations having parents with high x low and
low x high gca effects for grain yield also produced
significant sca effects. It was observed for the crosses,
ICPA 2204 x ICPL 20093 and ICPA 2203 x ICPL 20116 for
grain yield kg/ha. This high sca effect of high x low
combinations indicated the operation of additive x nonadditive gene effects and hence these crosses can be
utilized in heterosis breeding. The cross ICPA 2208 x ICPL
20108 showed significant sca effects when both the parents
also had average general combining ability. It revealed the
operation of non-additive gene effects. Similar results were

Plant height
(cm)
-1.61
-2.32
5.18
-1.25
2.14
-8.57
1.43
5.00
6.52
0.80
-6.70
-0.63
-2.86
3.93
3.93
-5.00
-3.48
3.30
-1.70
1.88
3.39
-2.32
-4.82
3.75
-4.11
5.18
2.68
-3.75

Number of seeds
per pod
-0.03
-0.05
-0.06
0.14
0.22*
0.05
0.04
-0.31
-0.08
0.00
-0.06
0.14
0.01
-0.11
-0.12
0.22*
-0.10
0.08
-0.03
0.06
0.01
0.04
0.08
-0.13
-0.03
0.00
0.14
-0.11

100 seed mass
(g)
-0.16
-0.32
-0.06
0.54
0.06
-0.25
0.12
0.06
-0.34
0.46
-0.03
-0.09
0.33
0.07
0.08
-0.48
0.23
-0.18
-0.37
0.33
0.73
0.02
-0.37
-0.38
-0.84
0.21
0.62
0.01

Grain yield
(kg/ha)
96.19
106.31
-140.36
-62.15
-158.31
67.01
53.69
37.60
-182.57
57.00
252.23
-126.66
381.94*
-425.14*
174.84
-131.65
66.94
209.36
-758.21**
481.90**
78.38
56.05
-30.62
-103.81
-282.58
-70.61
448.42*
-95.23

also reported by Devi et al. (2011) for grain yield and its
component characters.
Heterosis and per se performance
Standard heterosis was estimated over control ICPL
87119 (Asha) which is the best ruling varietyin the country.
Hybrid ICPA 2200 x ICPL 20108 expressed significant
negative heterosis for maturity (Table 4) which is a desirable
characteristic. Plant height recorded significant increase in
only one cross ICPA 2202 x ICPL 20116. Number of seeds/
pod showed significant heterosis (11.1 %) in crosses ICPA
2202 x ICPL 20093 and ICPA 2208 x ICPL 20093 over the
standard check. Considering per se performance, high
positive heterosis was revealed for crosses ICPA 2208 x
ICPL 20108 (60.4 %), ICPA 2203 x ICPL 20116 (55.8 %) and
ICPA 2204 x ICPL 20116 (50.1 %) with seed yield of 1649 kg/
ha, 1604 kg/ha and 1544 kg/ha respectively.Hybrid ICPA
2203 x ICPL 20116 showed high level of resistance to
fusarium wilt and sterility mosaic disease (Table 4). It is
clear from the yield data, that obcordate leaf shape of Alines has no effect on the per se performance of hybrid
combinations.
In the present investigation, the long term process
of converting already established male sterile lines in to
obcordate leaf marker seems to be working with the recovery
of some competitive hybrids such as ICPA 2208 x ICPL
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Estimates of standard heterosis (superiority over cultivar Asha) and per se performance for yield and yield contributing
traits and disease reaction of crosses

Days to 50 %
Days to 75 %
flowering
maturity
Mean Heterosis Mean Heterosis
(%)
(%)
ICPA 2200 X ICPL 20116 116
-4.9
160
-4.9
ICPA 2200 X ICPL 87119 123
0.8
168
0.8
ICPA 2200 X ICPL 20108 115
-5.7 *
158
-5.7*
1.2
168
1.2
ICPA 2200 X ICPL 20093 124
ICPA 2201 X ICPL 20116 116
-4.9
158
-4.9
ICPA 2201 X ICPL 87119 120
-1.6
165
-1.6
ICPA 2201 X ICPL 20108 121
-0.8
165
-0.8
ICPA 2201 X ICPL 20093 122
-0.4
168
-0.4
-2.9
168
-2.9
ICPA 2202 X ICPL 20116 119
ICPA 2202 X ICPL 87119 121
-0.8
168
-0.8
ICPA 2202 X ICPL 20108 119
-2.9
165
-2.9
ICPA 2202 X ICPL 20093 118
-3.7
163
-3.7
-4.5
165
-4.5
ICPA 2203 X ICPL 20116 117
ICPA 2203 X ICPL 87119 119
-2.8
170
-2.9
ICPA 2203 X ICPL 20108 119
-2.5
165
-2.5
ICPA 2203 X ICPL 20093 126
2.8
173
2.9
-2.0
168
-2.1
ICPA 2204 X ICPL 20116 120
ICPA 2204 X ICPL 87119 120
-1.6
168
-1.6
ICPA 2204 X ICPL 20108 120
-1.6
168
-1.6
ICPA 2204 X ICPL 20093 129
5.3
170
5.3
ICPA 2206 X ICPL 20116 117
-4.1
165
-4.1
ICPA 2206 X ICPL 87119 119
-2.9
165
-2.9
ICPA 2206 X ICPL 20108 124
1.6
170
1.6
6.6*
175
6.5*
ICPA 2206 X ICPL 20093 130
ICPA 2208 X ICPL 20116 118
-3.7
168
-3.7
-2.1
168
-2.0
ICPA 2208 X ICPL 87119 120
ICPA 2208 X ICPL 20108 123
0.4
165
0.4
0.8
170
0.8
ICPA 2208 X ICPL 20093 123
SE+/- 2.37
2.55
2.17
CV (%) 2.79
Hybrids

Plant height
Number of seeds
100-seed mass
(cm)
per pod
(g)
Mean Heterosis Mean Heterosis Mean Heterosis
(%)
(%)
(%)
227.5
0.0
3.9
6.9
10.6
-6.6
230.0
1.1
3.8
5.6
9.7
-15.0
242.5
6.6
3.8
5.6
10.1
-11.4
227.5
0.0
4.0
9.7*
10.5
-7.9
235.0
3.3
3.9
8.3
10.6
-6.6
227.5
0.0
3.7
2.8
9.5
-16.3*
242.5
6.6
3.7
2.8
10.0
-11.8
237.5
4.4
3.3
-8.3
9.8
-14.1
245.0
7.7*
3.9
6.9
10.4
-8.8
242.5
6.6
3.9
8.3
10.4
-8.8
240.0
5.5
3.9
6.9
10.0
-12.0
237.5
4.4
4.0
11.1*
9.8
-14.1
227.5
0.0
3.8
4.2
11.0
-3.1
237.5
4.4
3.6
0.0
10.0
-12.3
242.5
6.6
3.6
0.0
10.1
-11.0
225.0
-1.1
3.9
8.3
9.4
-17.6*
225.0
-1.1
3.7
2.8
11.5
1.3
235.0
3.3
3.9
6.9
10.3
-9.2
235.0
3.3
3.8
4.2
10.3
-9.7
230.0
1.1
3.8
5.5
10.8
-5.3
235.0
3.3
3.8
5.6
12.6
11.0
232.5
2.2
3.8
5.6
11.1
-2.2
235.0
3.3
3.9
6.9
10.9
-4.4
235.0
3.3
3.6
0.0
10.7
-6.5
227.5
0.0
3.9
6.9
10.0
-12.3
240.0
5.5
3.9
6.9
10.2
-10.1
242.5
6.6
4.0
11.1*
10.8
-5.3
227.5
0.0
3.7
2.8
10.0
-12.3
5.63
0.11
0.60
3.41
4.22
8.17
-

Grain yield
(kg/ha)
Mean Heterosis
(%)
1373.3
33.5
1170.6
13.7
1058.1
2.9
888.6
-13.6
775.3
-24.6
786.7
-23.5
908.6
-11.7
644.8
-37.3
954.3
-7.2
980.0
-4.7
1311.5
27.4
683.8
-33.5
1603.9
55.8
581.9
-43.4
1317.1
28.1
762.9
-25.8
1455.3
41.5
1384.8
34.5
551.5
-46.4
1543.8
50.1
1239.1
20.5
1002.9
-2.5
1051.4
2.2
730.5
-29.0
997.2
-3.1
995.3
-3.2
1649.5
60.4
858.1
-16.6
28.69
213.58
-

Disease reaction
(%)
Sterility Fusarium
mosaic
wilt
0.0
12.5
0.0
12.5
0.0
0.0
0.0
33.3
0.0
0.0
0.0
0.0
0.0
33.3
0.0
0.0
0.0
0.0
0.0
50.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
33.3
15.4
7.7
10.0
10.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
23.1
0.0
0.0
0.0
0.0
45.5
0.0
33.3
8.3
25.0
0.0
0.0
0.0
-

*, ** Significant at p= 0.05 and p=0.01 %, respectively

20108 (1649.4 kg/ha), ICPA2203 x ICPL20116 (1603.9 kg/ha)
and ICPA2204 x ICPL 20093 (1543.8 kg/ha). This is the first
report to use obcordate leaf shape in pigeonpea to track
the purity of hybrids and their parental lines. These hybrids
will be tested in large scale plots to test their commercial
application. The obcordate leaf shape used as NEP is
working well and cab be used as a marker both in the
maintenance of A-lines and production of F1 hybrids. The
seed production scheme using obcordate leaf marker is
presented in Fig. 1. When the obcordate leaf male sterile Aline is crossed with the corresponding obcordate leaf male
fertile B-line, the resultant progeny will be obcordate leaf
male sterile due to the sterile cytoplasm from A-line and
presence of obcordate leaf trait in homozygous recessive
form. The same seed will be used for A x R hybrid seed
production and selfed seed from B-lines will be used for A
x B maintenance. The hybrid between obcordate leaf A-line
and normal leaf restorer lines will be normal leaf fertile due
to complete dominance of normal leaf over obcordate leaf
shape and hybrid is fertile due to the interaction of
cytoplasmic and nuclear genes.
When farmers buy a seed from any institute or
company, they expect to receive a good quality seed. To
remove impurities like other crops seeds, weed seeds and
any inert matter is possible through seed graders and

cleaners. The most important factor that deteriorates the
actual performance of any hybrid or variety is genetic
impurity. In case of hybrids, it is very important to produce
and manage the supply of adequate quantities of pure
hybrid seeds (Saxena et al. 2010). It is not possible to remove
all these admixtures completely with the use of cleaning
machines and some seeds always remain present and there
is necessary to take purity test or analysis, to determine
how much % of the admixture is present in the seed lot. It is
traditionally done with grow out test but not practically
and economically possible due to long growing season of
pigeonpea crop. The main idea with this technology is,
when a commercial seed lot comes for seed purity
assessment from different production sources, we can use
a representative sample from each lot to undertake grow
out test to check the purity of hybrid seed. It takes around
4-6 weeks after sowing to express the obcordate leaf shape
which is very less period as compared to regular grow out
test in which we have to wait six months or more. Since
normal leaf shape is completely dominant over obcordate
leaf shape, the pure hybrid will have a normal leaf seedling.
The off types in the A-line maintenance can be identified
with any normal leaf seedlingand if hybrids showed
obcordate leaf shape seedlings, we can easily discard such
material for further seed distribution.
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Figure 1. Schematic representation of hybrid seed production activity with obcordate leaf marker
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combine high yield potential and rust resistance in lentil.

ABSTRACT
Lentil rust caused by Uromyces viciae-fabae is considered as
a major limiting factor in successful cultivation of lentil. In
order to combine rust resistance and high yield potential, 53
elite lentil lines were developed through hybridization of
well adapted high yielding rust susceptible lines with rust
resistant indigenous and exotic lines. The derivative lines
were evaluated under natural epiphytotic field conditions to
identify high yielding rust resistant lines during 2010-11
and 2011-12. Out of 53 lines, 7 lines viz.,LL1217, LL1218,
LL1219, LL1239, LL1240, LL1241 and LL1243 showed highly
resistant reaction, while 26 lines showed resistant reaction.
Of the highly resistant or resistant lines, one or two lines
can be released as cultivar or alternatively can be utilized in
lentil breeding programme as donor for the development of
rust resistant cultivars.
Key words:

Lentil, rust, resistance breeding, pustules

Lentil (Lens culinaris Medik.) is an important winter
season crop of India. It is one of the oldest domesticated
and adopted grain legumes in the world (Harlan 1992). Lentil
is a major source of protein (28%) for human consumption
and its straw is a valued animal feed. Its cultivation adds
nitrogen, carbon and organic matter to soil, which provides
sustainability to the production systems. It occupies 3.74
million ha area and producing 3.4 million tonnes grains in
the world with an average yield of 915 kg/ha (Erskine et al.
2011). Among the different lentil growing countries, India
accounts for the largest global area under lentil with 1.48
million ha area and 1.01 million tonnes production (AICRP
2010-2011). In Punjab, it occupied an area of 1000 hectares
with a production of 730 tonnes (Anonymous 2011-2012).
The present productivity level of lentil in India is very low
due to occurrence of various biotic and abiotic stresses
(Tikoo et al. 2005). Among the biotic stresses, lentil rust
caused by Uromyces viciae-fabae is considered as a major
limiting factor in successful lentil cultivation, especially in
north-eastern and northern plains of India. Rust usually
appears at later stages of crop growth i.e. flowering stage.
Under cool humid conditions, it may result in 70-100% yield
loss (Sepulveda 1985; Singh et al., 1996). Seed yield losses
up to 41.6% was also reported by Negussie and Pretorius
(2008). Among the various control measures, growing rust
resistant cultivarsis the most effective way to control the
disease on more economical and sustainable basis. Thus
the present study was under taken with the objective to

MATERIALS AND METHODS
The experimental material comprised of 51 advance
breeding lines developed through hybridization of four well
adapted high yielding but rust susceptible genotypes of
lentil with six rust resistant lines which include four
indigenous and two exotic lines. The list of well adapted
high yielding base parents and donor parents is given in
Table 1. The segregating generations were handled
following pedigree method of selection. In F5 generation,
promising rust resistant single plants were selected under
natural epiphytotic field conditions. Finally about 125
derivative lines were bulked in F6/F7 generations for further
evaluation for yield potential and rust resistance. Based on
preliminary evaluation for yield potential, 51 derivative lines
along with two released cultivars (LL699 and LL931) were
selected for evaluation against rust at Punjab Agricultural
University (PAU), Regional Research Station (RRS),
Gurdaspur during Rabi 2010-2011 and 2011-2012 under
natural field conditions.The PAU, RRS Gurdaspur is a hotspot location for rust. The test lines were planted in single
row of 2 m length spaced at 22.5 in the Randomized Block
Design with 3 replications. A mixture of highly susceptible
lines was used as susceptible check which was planted
around the experiment as infector row. Data on reaction to
rust were recorded at pod formation stage using 1-9 scale
(Khare et al. 1993) during both the years (Table 2).
Table 1. List of base parents and donor parents
Base parents
LL147, LL148, LL699,
LH90-103

Donor parents
L4603, DPL58, PL5, PL77-2,
FLIP11-51L, FLIP96-1L

Table 2. Description of disease rating scale for lentil rust
Scale Description
1
No pustules visible
3
Few scattered pustules, usually seen after
careful searching
5
Pustules common on leaves and easily
observed but causing no apparent damage
7
Pustule very common and damaging, few
pustules on petioles and stems
9
Pustules very extensive on all parts, some
death of leaves and other plant parts

Reaction
Highly Resistant
Resistant
Moderately
Resistant
Susceptible
Highly
Susceptible

RESULTS AND DISCUSSION
This study was conducted under natural epiphytotic
field conditions at PAU, RRS, Gurdaspur, a hot-spot location
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Table 3. Reaction of lentil genotypes against rust under natural epiphytotic field conditions
Disease score
1
2-3

Disease reaction
Highly resistant
Resistant

4-5

Moderately resistant

6-7
8-9

Susceptible
Highly susceptible

No. of lines Name of lines
7
LL1217, LL1218, LL1219, LL1239, LL1240, LL1241, LL1243
26
LL1190, LL1194, LL1196, LL1197, LL-7-822, LL931, LL1205, LL1206, LL1207, LL1208,
LL1209, LL1216, LL1222, LL1223, LL1224, LL1225, LL1226, LL12227, LL1229, LL1230,
LL1231, LL1232, LL1233, LL1237, LL1238, LL1242
15
LL1203,LL1204,LL-7-836, LL1210, LL1215, LL1221, LL1228, LL1234, LL1235, LL1236,
LL1244, LL1245, LL1246, LL1247, LL699
4
LL1211, LL1212, LL1220, LL1214
1
LL1213

for rust. The climatic conditions were highly conducive for
the development of lentil rust during both the years. Results
of disease reaction of lentil lines averaged over two years
have been presented in Table 3. A wide range of variation
was observed for disease reaction among the lentil lines.
The disease score of lentil lines for rust ranged from
1(Highly resistant) to 9 (Highly susceptible). Among the 53
lines, seven lines viz., LL1217, LL1218, LL1219, LL1239,
LL1240, LL1241 and LL1243 displayed highly resistant
reaction against lentil rust. It was found that donor parent
of first three highly resistant lines was PL5, while the latter
four highly resistant lines were derived from the donor
parent L4603. Twenty six lines showed resistant reaction,
while 15 lines showed moderately resistant reaction. Most
of the resistant lines were derived from four donor parents
namely PL5, L4603, FLIP11-51L and FLIP96-1L. The
derivatives lines developed from crosses involving PL77-2
and DPL58 as donor parents were either moderately
resistant or susceptible. The remaining four lines showed
susceptible reaction. The susceptible check showed highly
susceptible reaction indicated high incidence of disease.In
some previous studies also resistant genotypes were
identified under natural epiphytotic conditions (Shukla
1984, Singh and Sandhu 1988).Results of the present study
indicated that high yield potential and high degree of rust
resistance can be combined by carefully selecting well
adapted high yielding base parent and donor parents having
high degree of rust resistance (Singh et al. 2010). It was
also evident from the present study that the indigenous
lines or exotic lines were equally good as donor parents for
rust resistance. However, the local germplasm has the
adaptability genes and carries the advantage over exotic
genetic material for better adaptability. The high yielding
rust resistant lines are being evaluated in multi location
yield trials and one or two promising and stable lines can
be released as cultivars. Alternatively the highly resistant
lines can be used further as donor in rust resistance breeding
programme.
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ABSTRACT
Two cultivars of field pea viz. HFP-4 and Rachna were
irradiated with eight different doses (5, 10, 15, 20, 25, 30, 35
and 40 kR) of 60Co gamma-rays. The populations of both
cultivars were assessed in M 2 generation for genetic
variability, heritability and character association during crop
season 2009-10. Analysis of variance indicated significant
differences among the varieties, doses, and varieties x doses
interaction for all the traits. High heritability (>75%) was
recorded for all the quantitative traits in both cultivars from
one or another dose of gamma rays radiation. The maximum
genotypic and phenotypic coefficient of variation (GCV &
PCV) was observed from 40 kR for number of pods per plant
in cultivar Rachna. Seed yield per plant showed highly
significant and positive correlation with days to 50 per cent
flowering, number of seeds per pod, 100-seed weight, on the
contrary, a highly significant and negative correlation was
observed with plant height. Gamma rays mutation was found
effective in generating a considerable amount of genetic
variability and heritability for all the traits in both cultivars
which can be exploited through selection.
Key words:

Heritability, Mutation, Gamma rays, Genetic
variability, Pisum sativum

Pulses are the second most important group of crops
after cereals. Among the pulse crops, fieldpea (Pisum
sativum L.) is an important pulse crop grown during Rabi
season in India for versatile uses in both food and feed.
The genetic architecture of seed yield can be better resolved
through component traits rather than yield per se, as yield
is the end product of multiplicative interactions between
various yield components (Grafius 1959). Therefore genetic
variability is essentially required for making genetic
improvement in component traits. Induced mutagenesis is
a very potent tool in the hands of plant breeders to create
variation in populations. Mutants in general behave as
simple monogenic recessive alteration i.e. upon crossing
with the origin variety they segregate in Mendelian ways
i.e. 3 normal: 1 mutant (Gottschalk 1968). Phenotypically,
most mutations are not expressed unless homozygosity is
reached (Joranowasky 1985). Significant genetic variability
was induced through use of mutagens (gamma rays &
EMS) for quantitative traits in two varieties namely T 44
and PDM 54 of mungbean (Singh 2009). Gamma irradiation
at 40 kR was the most effective among the radiation doses
in two genotypes of mungbean and was found more

effective than EMS and HA in inducing mutagenicity
(Nandanwar 2001). In a study, variation for qualitative and
quantitative characters in mutant lines developed from two
varieties of pea (Pisum sativum L.) showed greatest
variability for the fertile stem per plant and the least in
flowering date and seed yield per plant (Filippetti 1980).
The genotypi c coeffi cient of variati on (GCV) and
phenotypic coefficient of variation (PCV) were high in pea
cultivars for number of pods per plant, weight of seeds per
pod, number of branches per plant and pod yield per plant
(Kumar and Ojha 1997, Kumaran 1995). Induced mutations
in mungbean were found effective in creating genetic
variability for polygenic traits like plant height, number of
pods/plant and grain yiel d/plant, and showed high
heritability coupled with genetic for these characters (Lal
and Mishra 2006). In two genotypes of pea, it was observed
that the lower doses (Gamma rays) or concentration (EMS)
proved to be most effective than the higher one (Dhulgande
2011). The correlations provide information about interrelationship among yield and its components. Pods per
plant, 100-seed weight and seeds per pod showed highly
significant positive association with yield of greengram
(Momin and Mishra 2004). Patel et al. (2006) reported
positive correlation between seed yield per plant of field
pea with number of pods per plant, number of branches per
plant, pod length, days to maturity, however, 100-seed
weight was negatively correlated with seed yield per plant.
The induction of mutations has been accepted as a useful
tool in plant breeding, a systematic study of induced
mutagenesis creating variability for quantitative traits
appears to be very essential in a crop like field pea. The
present study was undertaken to assess the variability, ,
heritability and character association in the mutant
populations of field pea irradiated with gamma rays.
MATERIALS AND METHODS
In present study, two field pea cultivars Rachna and
HFP-4 were used to generate the mutant populations. The
source of gamma rays was 60Co which produced gamma
rays in a form of electromagnetic radiations and act as
physical mutagen. Two hundred dry seeds of each cultivar
were irradiated with 5, 10, 15, 20, 25, 30, 35 and 40 kR doses
of gamma rays @ 47 second/kR during October, 2008 at
Central Institute of Medicinal and Aromatic Plants
(CIMAP), Lucknow. Sixteen treatments were generated by
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giving eight doses of gamma rays (-rays) to each cultivar.
Two non-irradiated treatments were kept as checks. All
treatments were grown as M1 generation during Rabi 200809 at Genetics and Plant Breeding Research Farm of Narendra
Deva University of Agriculture and Technology, Kumarganj,
Faizabad (U.P.) and harvested seeds from M1 generation of
each treatment were kept separately to raise M2 generation
during Rabi 2009-10.
The treatments in M2 generation were allocated in
Randomized Block Design (RBD) with three replications.
Plot size of five rows of 3 m length, spaced 30 cm apart was
maintained. Both checks were randomly distributed among
irradiated populations. All the recommended agronomic
cultural practices were adopted to raise a good crop.
Twenty five competitive plants from each plot
(treatment) from each replication were randomly selected
for recording observations for all the quantitative characters
except days to 50 per cent flowering which was recorded
on plot basis. Days to 50 per cent flowering were recorded
from the date of sowing to date on which 50 per cent plants
of each plot were flowered. In addition to this, data was
recorded on number of pods per plant, 100-seed weight (g)
and yield per plant (g). Total number of pods per plant in
each plot were counted at the time of maturity and averaged.
The seeds of selected plants from each plot were mixed to
draw a representative sample of 100-seeds which was
weighed in grams. After threshing and cleaning, the seeds
obtained from each sampled plant were weighed in grams
and mean value was taken as yield per plant.
Average data from randomly selected plants of each
treatment with respect to different characters were used for
various statistical analyses.
The analysis of variance for the design of the
experiment was carried out (Panse 1978) and the significance
of differences among treatment means was tested by ‘F’
test. The genotypic coefficient of variation (GCV) and
phenotypic coefficient of variation (PCV) and heritability
in broad sense (h2b) were computed with the formula as
suggested by Burtan (1953).
The simple correlations between different characters
at genotypic (g) and phenotypic (p) levels were worked
out between characters as suggested by Searle 1961. The
significance of phenotypic correlation coefficients was

tested against (n-2) degrees of freedom at 5% and 1%
probability level. Where n is the number of genotypes on
which the observations were recorded.
RESULTS AND DISCUSSION
The aim of present study was to assess the genetic
variability, heritability and character association in M2
segregating populations of field pea. The analysis of
variance revealed that the effect of different doses of gamma
rays and cultivars × doses interactions were highly
significant for all the characters under study indicating the
presence of substantial amount of variation between the
genotypes and among the treatments (Gamma rays doses)
for the all traits studied (Table 1). Among the different dose
of gamma rays, a gradual increase of mean values was
observed up to optimal dose when compared to control in
M2 generation. Beyond the optimal dose of mutagen
showed decreasing of mean values of quantitative traits.
The highest mean value for days to 50 per cent flowering
was observed at 40 kR dose in HFP-4. In HFP-4, all the
treatments had more value of mean than control. On the
contrary, very less variation among all the treatments in cv.
Rachna was observed (Table 2). However, Sridevi (2012)
reported the significantly better mean performance of
different quantitative traits in 15 mM of EMS followed by
60 kR of gamma rays irradiated blackgram seeds when
compared with check and other doses. In variety HFP-4, all
the treatments showed reduced plant height except 30 kR,
whereas in Rachna, reduced plant height was observed in
all the treatments compared with control, indicating that
none of the treatments could generate the variation.
Although, mean plant height was found to be slightly higher
in 10, 20 and 25 kR doses which was non-significant. Among
all the treatments, only the treatments with 25 and 35 kR
doses in HFP-4 and 25 kR doses in Rachna increased number
of primary branches per plant significantly.
In HFP-4, only 15 kR dose increased the number of
pods per plant while in Rachna, 25 kR dose was found
effective in increasing the pod numbers significantly and
remaining treatments recorded less value of general mean
than control indicating reduction in number of pods per
plant. Arulbalchandran (2010) reported a wide range of
variation at 60 kR gamma rays for plant height, number of
branches/ plant, number of leaves/plant, number of fruit

Table 1. ANOVA for different quantitative traits in treated population of HPF4 and Rachna in M2 generation
Source of
variation

DF
Days to 50%
flowering

Days to
maturity

Plant height
(cm)

Replication
2
0.11
0.10
Cultivars
1
832.56**
30.23**
Doses
8
7.12**
5.27**
Cultivars×Doses
8
12.26**
9.86**
Error
34
0.08
0.08
* Significant at p < .05 ** Significant at p < .01

0.62
20791.71**
43.66**
40.10**
0.26

Quantitative traits
No. of primary No. of pods
branches /
/Plant
plant
0.01
0.61
0.38
45.31**
2.47*
22.97**
2.04
11.48**
0.02
0.12

No. of
seeds/pod
0.05
11.95**
0.87
0.71
0.04

100-seed
weight
(g)
0.34
1777.80**
12.10**
10.49**
0.10

Seed
yield/plant
(g)
1.44
1406.53**
21.42**
3.50**
0.17
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Table 2. Mean Performance of different quantitative traits in M2 generation
Treatments

Days to 50%
Flowering

Days to
maturity

HPF-4 (c)
5 kR
10 kR
15 kR
20 kR
25 kR
30 kR
35 kR
40 kR
Rachna (c)
5 kR
10 kR
15 kR
20 kR
25 kR
30 kR
35 kR
40 kR

80.60
83.49
82.73
84.64
85.49
85.64
85.36
85.78
85.82
77.03
77.44
77.27
76.98
77.31
77.38
74.29
78.42
72.76

125.20
123.27
124.67
124.62
125.87
126.13
126.02
125.78
125.82
125.73
123.64
123.62
125.00
124.40
123.73
124.00
123.49
118.73

Plant
height
(cm)
89.33
82.24
84.33
85.51
86.49
88.67
94.67
87.89
75.82
125.67
125.20
126.31
125.60
126.00
126.11
124.93
124.69
125.20

Number of primary
branches/plant
3.20
4.04
3.53
3.87
4.20
5.29
5.02
4.16
3.07
5.13
5.09
4.13
3.93
3.76
5.27
3.60
2.82
2.13

clusters/plant, number of pods/plant, number of seed/pod,
yield/plant and 1 00 seed weight. The mut agenic
effectiveness usually decreases with the increase in dose/
concentration of mutagens (Singh and Singh 2013).
Various doses of gamma rays increased the seed yield
per plant in both the cultivars, except 35 and 40 kR doses in
Rachna. Two cultivars differed significantly from each other
with respect to seed yield per plant. The variety HFP-4 had
high seed yield per plant (24.33g) than Rachna (13.79g).
The magnitude of induced variability as measured
by coefficients of variation (CV) varied from character to
character even at the same dose. It was observed that the
magnitude of phenotypic coefficients of variation (PCV)
was higher than the magnitude of genotypic coefficients
of variations (GCV) for all the characters (Table 3). Sharma

No. of
pods
/Plant
24.40
23.40
23.91
24.82
23.11
23.40
25.22
23.96
21.69
24.93
22.18
22.44
23.24
23.76
26.71
21.56
19.53
14.44

No. of
seeds/pod

100-seed weight Seed yield/plant
(g)
(g)

3.80
4.16
4.20
5.04
4.38
5.40
4.53
4.78
3.73
3.87
3.62
3.67
3.44
4.00
3.78
3.73
2.73
2.71

20.11
17.24
19.82
19.47
24.69
22.79
25.46
19.98
19.07
17.87
17.55
17.81
17.72
17.72
16.86
17.91
16.98
16.31

24.33
24.40
25.17
25.54
25.06
26.75
26.54
20.75
20.39
13.73
14.01
14.81
15.74
15.84
16.61
14.77
13.22
10.64

and Bora (2013) also reported higher PCV than that of GCV
for all the characters under study in vegetable pea.
All the treatments in both cultivars showed low
(<10%) estimates of genotypic and phenotypic coefficients
of variation for days to 50% flowering. In cv. HFP-4,
treatments, 20 kR, 25 kR, 35 kR and 40 kR including check
revealed moderate (10-25%) estimates of GCV and PCV for
100-seed weight and treatment 5 kR for number of pods per
plant, on the contrary, in cv. Rachna, treatments 25 kR, 30
kR and 40 kR for number of pods per plant and 25 kR for
100-seed weight and seed yield/plant, showed moderate
GCV and PCV. High GCV and PCV for 100-seed weight and
seed yield/plant also reported in black gram at 60 kR
(Arulbalachandran et al. 2010). Moderate values of GCV
and PCV, which were observed for the traits like 100-seed

Table 3: Estimate of variability coefficients and heritability (h2b) for selected quantitative traits in M2 generation
Treatments
HPF-4 (c)
5 kR
10 kR
15 kR
20 kR
25 kR
30 kR
35 kR
40 kR
Rachna (c)
5 kR
10 kR
15 kR
20 kR
25 kR
30 kR
35 kR
40 kR

Days to 50% flowering
h2b
GCV % PCV %
0.54
0.73
54.76
3.55
3.84
85.40
6.80
7.21
88.90
3.10
3.67
71.40
1.24
1.41
77.40
1.62
1.90
77.80
1.84
2.11
72.30
1.36
1.53
75.00
1.50
1.71
79.10
0.60
0.66
76.70
2.62
3.11
71.00
2.69
2.98
81.20
2.15
2.50
73.70
2.08
2.42
73.60
1.55
2.19
50.30
3.13
3.77
69.10
2.03
2.46
77.70
1.05
1.27
78.80

Number of pods/ plant
GCV % PCV %
h2b
11.22
12.52
78.93
20.32
22.53
81.40
6.17
7.36
70.20
7.77
9.11
72.60
13.66
14.85
84.60
14.14
15.87
79.40
8.45
9.55
78.40
9.78
11.68
70.10
6.89
7.79
78.20
2.43
2.84
73.33
4.43
5.11
75.80
5.07
6.17
67.50
4.32
5.24
68.00
4.03
4.86
68.70
10.67
12.38
75.40
12.61
15.44
66.70
5.20
6.67
66.50
21.70
24.66
77.90

100-seed weight (g)
GCV % PCV %
h 2b
13.19
16.77
61.84
9.63
10.52
83.90
4.03
9.01
60.00
7.76
8.82
77.20
14.26
15.63
83.20
15.60
17.94
86.36
9.50
10.99
74.90
11.40
13.80
68.20
11.61
13.93
69.50
1.76
2.35
76.43
2.01
2.26
79.50
1.74
1.95
79.80
2.40
2.54
89.30
2.35
2.96
62.80
10.98
11.60
89.60
3.36
3.86
76.10
3.07
3.76
66.20
2.31
2.97
61.00

Seed yield/plant (g)
GCV % PCV %
h 2b
11.73
12.47
88.40
11.55
12.63
83.60
7.36
8.42
76.40
8.67
10.07
74.10
8.30
9.23
80.70
10.72
12.60
75.40
8.93
9.59
86.70
6.90
8.50
65.80
9.55
10.72
79.40
6.31
8.02
60.81
9.16
10.68
73.50
8.03
9.28
74.90
11.03
13.20
70.00
10.55
11.48
84.50
13.32
14.86
80.30
6.72
7.36
83.40
4.20
5.17
65.90
5.10
6.38
64.00

Note: GCV: genotypic coefficient of variation, PCV:phenotypic coefficient of variation, h 2b = Heritability in broad sense, c= Check
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weight and number of pods per plant from one or another
dose of gamma rays, indicating towards the additive gene
action for these traits. Since, these traits have significant
effect on yield, therefore, selection can be made in advance
generation and such genetic variability can be exploited in
breeding programs.
The highest magnitude of GCV (15.60%) and PCV
(17.94%) was observed from 25 kR for 100-seed weight in
cv. HPF4, on the other hand, in cv. Rachna highest values
of GCV (21.70%) and PCV (24.66%) were observed from 40
kR for number of pods/plant (Table 3). GCV and PCV,
heritability were significantly high for plant height, number
of branches per plant, number of pods per plant, yield per
plant, 100 grain weight in soybean (Patil and Wakode 2011).
Differential sensitivity of various varieties of pulse crop to
different mutagenic treatment has been reported (Momin
2004 and Singh 2001). For the trait seed yield per plant,
check, 5 kR and 25 kR doses in HFP-4 and 15 kR, 20 kR and
25 kR doses in Rachna recorded moderate estimates of
genotypic and phenotypic coefficients of variation.
However, 15 kR and 40 kR doses in HFP-4 and 10 kR in
Rachna exhibited low GCV along with moderate PCV.
Remaining treatments showed low estimates of both these
parameters. Results revealed an appreciable amount of
genetic variability for number of pods per plant, 100-seed
weight and seed yield in gamma rays treated population of
HFP-4 and Rachna. The parents (Checks) also differed
appreciably for the extent of induced genetic variation. The
results of this study demonstrate the potentiality of induced
variability for polygenic traits in both the cultivars which
can form base for selection. However, the response of HFP4 variety was comparatively greater than the Rachna.
High heritability coupled with maximum genetic
variability was recorded from 10 kR for days to 50%
flowering (88.90) and from 25 kR for 100-seed weight (86.36)
in HPF4, while in Rachna, 40 kR for number of pods/plant
(77.90) and 25 kR for 100-seed weight (89.60) showed
maximum genetic variability and high heritability (Table 3).
This may be due to the additive gene action. Similar results
were also reported for a number of agronomically important
traits in pea (Tiwari and Lavanya 2012, Srivastava 1972).
Table 4:

The maximum heritabilitywas recorded from 25 kR for 100seed weight (89.60) in cv. HPF4 followed by88.90 from 10
kR for days to 50% flowering in cv. Rachna. High values of
heritability was observed from 60 kR for pods/plant (95.31),
seed yield/plant (75.45) and 100 seed weight (77.19) in black
gram in M2 generation (Arulbalachandran et al 2010). In
general, different traits at different doses showed moderate
to high heritability (Table 3). For example, heritability ranged
from 66.50 (35 kR dose of Rachna) to 84.60 per cent (20 kR
dose of HFP-4) for pods per plant, while it varied); from
60.00 (10 kR in HFP-4) to 89.60 per cent (25 kR in Rachna)
for 100-seed weight. Similarly, it varied from 64.0 (40 kR in
Rachna) to 88.40 % (check, HFP-4) for seed yield per plant).
Also in other legume crop like soybean highest heritability
in broad sense was reported at different dose such as 30
kR and 20 kR (Patil and Wakode 2011). In HFP-4 cultivar,
treatments 5 kR, 20 kR and 30 kR including check and in
Rachna, 20 kR, 25 kR and 30 kR revealed high heritability.
These results corroborated the findings of different
researchers in various pulse crops (Khan 2001, Momin 2004
and Singh 2001).
The magnit ude of correlation coefficient s at
genotypic level was higher than phonotypic ones (Fig. 1,
Table 4). These results were in concordance of Chaudhary
and Sharma (2003), Kumar et al. (2003).

Fig 1: Genotypic correlation of different quantitative traits
with seed yield per plant (g) in treated populations of HFP4 and Rachna in M2 generation
*, ** indic ates significant at P= 0.05 and P=0. 01,
respectively; 1: days to 50% flowering, 2: days to maturity,
3:plant height (cm), 4: number of primary branches/plant,
5:number of pods/ plant, 6:number of seeds/ pod and 7:[100seed weight (g)

Phenotypic correlation among different quantitative traits in treated populations of HFP-4 and Rachna in M2
generation

Characters

Days to 50% flowering
Days to maturity
Plant height (cm)
Number of primary
branches/plant
Number of pods/ plant
Number of seeds/ pod
100-seed weight (g)
Seed yield/plant (g)

Days to 50% Days to
flowering
maturity
-

0.624**
-

Plant
height
(cm)
-0.906**
-0.415
-

*, ** indicate significant at P=0.0 5 and P=0.01, respectively.

Number of
Number of Number of
primary
pods/ plant seeds/ pod
branches/plant
0.294
0.486*
0.734**
0.644**
0.833**
0.601**
-0.032
-0.312
-0.622**
0.656**
0.590**
-

0.658**
-

100-seed
weight
(g)
0.735**
0.559**
-0.616**
0.399

Seed yield/plant
(g)

0.452
0.626**
-

0.531*
0.766**
0.732**
-

0.860**
0.487*
-0.887**
0.245

Singh et al. : Assessment of Genetic Variability, Heritability and Character Association in Field pea

Seed yield per plant showed highly significant and
positive correlation with days to 50 % flowering (0.860),
number of seeds per pod (0.766), 100-seed weight (0.732)
and significant and positive with number of pods per plant
(0.531) and days to maturity (0.487). It also showed highly
significant and negative correlation with plant height
(-0.887). However, in contrast, earlier strong significant
positive association of seed yield was reported with yield
contributing traits including biological yield , plant height,
days to maturity, number of seeds per pod, number of
pods per plant, number of primary branches, number of
secondary branches, 100 seed weight, and number of
clusters (Tyagi and Srivastava 2002, Singh and Singh 2003,
Singh et al. 2011, Tiwari and Lavanya 2012). Therefore
these traits have been suggested for their potential use in
field pea improvement.
The significant positive as well as negative correlation
was also observed among the yield contributing traits. For
example, number of seeds per pod exhibited highly
significant and positive correlation with days to 50 per cent
flowering, days to maturity, number of primary branches
per plant and number of pods per plant and number of
pods per plant with days to maturity (0.833), number of
primary branches per plant (0.656) and days to 50 per cent
flowering (0.486). However plant height showed significant
negative correlation with number of seeds per pod, number
of pods per plant (-0.312) and 50 per cent flowering (-0.906).
The genotypic correlation coefficients among
quantitative traits have been presented in Fig 1. It is
observed that the correlation at genotypic level have similar
sign and pattern of association as that of phenotypic
correlations for all the traits under study. Through various
doses of gamma rays, a considerable amount of genetic
variability and heritability was observed for all the traits in
both cultivars, however, the cultivar HPF4 was found more
responsive. Further, the genetic variability can be exploited
for the improvement of field pea genotypes and heritability
in bro ad sense facilit ates in underst andi ng t he
transmissibility of characters to next generation.
REFERENCES
Arulbalachandran D, Mullainathan L, Velu S and Thilagavathi C.
2010. Genetic variability, heritability and genetic advance of
quantitative traits in black gram by effects of mutation in field
trial. African Journal of Biotechnology 9(19): 2731-2735.
Burton, GW and de Vane EH. 1953. Estimating heritability in tall
fescue (Festuca arundinacea) from replicated clonal material.
Agronomy Journal 45: 471-481.
Chaudhary DK and Sharma RR. 2003. Genetic variability, correlation
and path analysis for green pod yield and its components in
garden pea. Indian Journal of Horticulture 60(3): 251-256.
Dhulgande GS, Dhale DA, Pachkore GL and Satpute RA. 2011.
Mutagenic effectiveness and efficiency of gamma rays and
ethylmethanesulphate in pea (Pisum sativum L.). Journal of
Experimental Sciences 2(3): 07-08.

117

Filippetti A. 1980. Variation and interrelationships between yield
and other qualitative and quantitative characters in mutant lines
of two varieties of pea (Pisum sativum L.). Sementi Elette 26
(3): 5-14.
Gottschalk W. 1968. Simultaneous mutation of closely linked genes:
A contribution to the interpretation of ‘Pleiotropic’ gene action.
In: Mutations in Plant Breeding. II. IAEA Proc Ser (Proceedings
of Panel meeting, Vienna, 1967), pp 97-109.
Grafius JE. 1959. Genetic and environmental relationship of
components of yield, maturity and height in F 2-F 3 soybean
populations. Iowa State College Journal of Science 30: 373374.
Jaranowski J and Mickle A. 1985. Mutation breeding in peas. Mutation
Breeding Review 2: 1-23.
Khan MR and Qureshi AS. 2001. Quantitative variations induced by
gamma irradiation and gibberellic acid in M 1 generation of
chickpea. Sarhand Journal of Agriculture 17(3): 367-371.
Kumar B, Lakhi R, Singh JD and Singh B. 2003. Correlations and
pat h coefficient analysis in pea (Pisum sativum L.). Progressive
Agriculture 3
(1/2): 141-142.
Kumar D and Ojha CBC. 1997. Genetic variability and correlation
studies for grain yield and its components in pea (Pisum sativum
L.). Journal of Soils and Crops 7 (2): 139-142.
Kumaran SS, Natrajan S and Thamburaj S. 1995. Genetic variability
in pea (Pisum sativum L.). South Indian Horticulture 43 (1-2):
10-13.
Lal N and Mishra R. 2006. Induced genetic variability and divergence
in M3 generation in mungbean. Indian Journal of Pulses Research
19(1): 47-49.
Momin BW and Misra RC. 2004. Induced variability, character
association and path-coefficient analysis in mutant cultures of
green gram. Environment and Ecology 22(3): 608-611.
Nandanwar RS, Patil AN and Wakode MM. 2001. Mutagenic
effectiveness and efficiency of gamma rays, ethylmethane
sulphonate and hydroxylamine in mungbean (Vigna radiata (L.)
Wilczek.) in M2 generation. Journal of Soils and Crops 11(2):
223-225.
Panse VG and Sukhatme PV. 1978. Statistical method for agricultural
workers, ICAR publication (3 rd ed.), New Delhi, 235-247.
Patel, P.J.; Patel, N.H.; Prajapati, B.H.; Tikka, S.B.S. and Patel,
P.T. 2006. Correlation and path-analysis in fieldpea. Indian
Journal of Pulses Research 19 (1): 109-110.
Patil GP and Wakode MM. 2011. Induced genetic variability for
quantitative traits in M2 generation in soybean by mutagens.
Current Botany 2(1): 10-14.
Searle SR. 1961. Phenotypic, Genetic and Environmental
Correlations. Biometrics 17(3): 474-480.
Sharma VK and Bora L. 2013. Studies on genetic variability and
heterosis in vegetable pea (Pisum sativum L.) under high hills
condition of Uttarakhand, India. African Journal of Agricultural
Research 8(18): 1891-1895.
Singh A, Singh S and Babu JDP. 2011. Heritability, character
association and path analysis studies in early segregating
population of field pea (Pisum sativum L. var. arvense).
International Journal of Plant Breeding and Genetics 5(1): 86 92.
Singh AK. 2009. Induced genetic variability in M3 generation of
mungbean. Journal of Food Legumes 22(3): 162-165.
Singh G, Sareen PK, Saharan RP and Singh A. 2001. Induced variability

118

Journal of Food Legumes 28(2), 2015

in mungbean [Vigna radiata (L.) Wilczek]. Indian Journal of
Genetics and Plant Breeding 61(3): 281-282.
Singh K and Singh MN. 2013. Effectiveness and efficiency of Gamma
rays and Ethyl Methane Sulphonate (EMS) in mungbean. Journal
of Food Legumes 26(3 & 4): 25-28.
Singh M and Singh VP. 2003. Correlation and path coefficients
analysis in induced mutant lines of urdbean. Indian Journal of
Pulses Research 16(1):59-62.
Sridevi A and Mullainathan N. 2012. Effect of gamma rays and ethyl
methane sulphate (EMS) in M3 generation of blackgram (Vigna
mungo L. Hepper). African Journal of Biotechnology 11(15):
3548-3552.

Srivastava JP, Singh HN and Singh SP. 1972. Genetic studies on yield
components in pea (Pisum sativum L.) var. (arvense Poir).
Indian Journal of agricultural Sciences 42: 1001-1004.
Tiwari G and Lavanya G R. 2012. Genetic variability, character
association and component analysis in F4 generation of field
pea. Karnataka Journal of agricultural Sciences 25(2): 173175.
Tyagi MK and Srivastava CP. 2002. Genetic variability and
correlation among yield and yield characters over two
environments in pea. Indian Journal of Agricultural Research 36
(1): 53-56.

Journal of Food Legumes 28(2): 119-124, 2015

Evaluation of desi chickpea (Cicer arietinum l.) genotypes for yield and yield
contributing traits under rainfed rice based cropping ecosystem of chhattisgarh
T.S. THAKUR, P.L. JOHNSON and H.C. NANDA
Department of Genetics & Plant Breeding, Indira Gandhi Krishi Vishwavidyalaya, Raipur 492 012,
Chhattisgarh, India. Email: Pyare_johnson@yahoo.com
(Received: January 28, 2014; Accepted: May 25, 2015)

ABSTRACT
In the present investigation, 38 genotypes were evaluated
for estimation of variability and genetic diversity and
interrelationship for yield and yield attributing characters.
This study showed high heritability and genetic advance as
percentage of mean for 100-seed weight and low heritability
coupled with low genetic advance for plant height, primary
branches plant-1, secondary branches plant-1, pod bearing
length, days to maturity, pod length, seeds pod-1, biological
yield, harvest index indicating high impact of environmental
conditions on these characters. Divergence analysis revealed
considerable amount of genetic diversity among genotypes.
This analysis identified 18 superior diverse genotypes viz.
BG 3007, BDNG 2003-1, VIJAY, PHULE G 0105-10-1, BG
3008, NBeG 20, JG-14 -110, SAKI 95-16, BGM-772, IPC2004-98, RKG-114, BG-3009, PBC-74, Phule G-00110, JG74, JG-315, RG-03-15 and Indira Chana-1 for yield and yield
attributing characters that can be useful in hybridization
programme for obtaining better segregants. Correlation
coefficient analysis revealed that the characters namely,
plant population plot-1, days to maturity, pods plant-1, seeds
pod-1 and harvest index showed significant positive association
with seed yield plot-1 indicating that high seed yield can be
possible by improving these characters in future. The path
coefficient analysis showed that, plant population plot-1 had
the highest direct effect on seed yield. Hence, this character
seems to be important contributor to seed yield and must be
considered in selection for high seed yield.
Key words:

Correlation, Genetic diversity, Path analysis,
Variability.

Chickpea is an important cool season pulse crop of
India. It is grown in an area of 8.75 million hectares with the
annual production of 8.25 million tones. The average
productivi ty o f this crop is 9 43 kg/ha, which is
comparatively low that world productivity. In Chhattisgarh,
it is cultivated in around in 0.324 million hectare, under
rainfed ecosystem and particularly in rice and soybean
fallows. Hence, it is required to develop the suitable
chickpea varieties for suitable for this situation. This can
be achieved by selecting the diverse parents from the
germplasm having sufficient genetic variability . Genetic
diversity for selection of suitable and diverse genotypes
should be based on sound statistical procedure, such as
D2 statistic and non hierarchical Euclidean clusters analysis.
The procedure characterizes genetic divergence using the

criterion of similarity or dissimilarity based on the aggregate
effects of a number of agronomical important characters.
Correlation coefficient analysis measures the mutual
rel ationship between variou s plant characters and
determines the component characters on which selection
can be based for genetic improvement in yield. The path
analysis helps in partitioning the correlation coefficient of
yield components with seed yield into its direct and indirect
effects to ensure the actual contribution of an attribute as
well as its influence through other traits
MATERIALS AND METHODS
In present study, 36 genotypes along with two checks
(Vaibhav and Indira Chana-1) of chickpea was grown in
Randomized Complete Block Design during rabi 2009-10
(Table 1) at Research cum Instructional Farm, College of
Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur.
Each genotype was grown in 4 rows plot with each row of
4 meter length. Row to row distance and plant to plant to
plant distance was t 30 and 10 cm. respectively .
Observations were recorded on five randomly selected
competitive plants from each plot and replication. The soil
type of experimental field was clayand loam, recommended
practices were adopted to raise the crop.
The various genetic parameter viz. genotypic and
phenotypic coefficient of variation, heritability estimate in
broad sense and expected genetic advance were estimated
and selection indices were formulated as suggested by
Burton (1952). Genetic diversity analysis was done by the
formula proposed byMahalanobis (1936). Mahalanobis D2
and clustering of genotypes was done according to
Tocher’s met hod as described by Rao (1952). The
correlation coefficient analysis was done by the formula
proposed by Miller et al. (1958). The path analysis helps in
partitioning the correlation coefficient of yield components
with seed yield into its direct and indirect effects to ensure
the actual contribution of an attribute as well as its influence
through other traits. Path coefficient analysis suggested
by Dewey and Lu (1959) proves helpful, in partitioning the
correlation coefficient into measures of direct and indirect
effects of a set of independent variables on the dependent
variable. If the correlation is due to direct effect, it reflects
true and perfect relationship and such characters can be
selected for improving yield.
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Table 1. Experime nts materials used under study variability and genetics divergence
S.N.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

GENOTYPE
JG -11
GJG-0724
BG 3007
GNG 1946
BDNG 2003-1
Vijay
H 05-10
Phule G 0105-10-1
GJG 0504
BG 3008
RVSSG-3
BGD 1057
GNG 1941
NBeG 20
H-05-24
CSJ 313
JG-14
JG-16
JG-1307
NBeG 3
PBC 119
BGD 1058
GCP 101
IPC 2006-6
CSJ 303
BDNG 2001-2-1
BGM 572
SAKI 95-16
IPC 2004-98
RKG 114
BG 3009
PBC -74
Phule G. 00110
JG 74
JG 315
RG -03-15
Vaibhav (ch.)
Indira Chana-1(ch.)

PEDIGREE
(Phule-G-5×Narsingpur) × (ICC86026529P-BP)
GCP315 × FG712
PUSA 256 × F6936
GL 94008 × FG711
BDN 9-3 × Vijay
P127 × Annegiri
NARC 9006 × HC 5
Vijay × Phule G 92926
Phule G 92028 × BG 1006
(GL 84038 × BG 209) × BG 212
Selection from ICRISAT material
(BG 256 × BGD 112) × BG 372
H 208 × BGD 112
Annegiri 1 × ICCV 4958
(HC 5 × GNG 711) × (PDG 84-16 × NARC 9006)
RSG 931 × RSG 932
IPC 92-39 × JG 74
ICCC42 × ICCV10
JG 130 × JG 7
Annegiri 1 × ICCV 4958
BDN-9-3 × Vijay
(GL84038× BG209) × BG212
GCP-2 × ICCV-2 (F71CC×80108-5-1-2)
DCP 92-3 × DCP 92-1
RSG 888 × RSG 581
BDN 9-3 × Vishal
Mutant of BG -256 ( by gamma irradiation )
ICCC 42 × ICCV-10
Phule G 5 × DCP 92-1
ICC950156 × DCP 92-3
(DCP 20 × KPG 143-1) × ICCV 92067
BDN-9-3 × Vijay
JG-9215 × ICCV 10
Selection from genetic stock
P-315 (genetic stock from Kanpur)
P -6112-2
Selection from GP ICCV91106
JG 74 × ICCL 83 105

RESULTS AND DISCUSSION
The choi ce of genetical ly diverse parents for
hybridi zati on i s an important featu re o f any crop
improvement programme for getting desirable segregants.
. The D2 analysis used for divergence analysis classifies
the genotypes into relatively homogeneous groups in such
a way that, within cluster diversity is minimized and between
clusters diversity is maximized. The 38 genotypes were
grouped into 3 clusters showing significant variability for
selecting the genotypes for future breeding programmes
(Table 2 a ). The cluster I was the largest which consisted
of 18 genotypes, followed by clusters II (12 genotypes)
and III (8 genotypes). The maximum inter cluster distance
was observed in between cluster I and III (4.432) followed
by cluster I and II (3.282) whereas, cluster II and III (3.158)
with minimum distance (Table 2 b). This suggested that the
hybridization programme involving parents from these
clusters is expected to give higher frequency of better
segregants or desirable combinations for development of
useful genetic stocks or varieties. The maximum intra cluster

SOURCE
J.N.K.V.V., Jabalpur
J.A.U., Junagarh
I.A.R.I., New Delhi.
R.A.U., Sriganganagar
A.R.S., Badnapur
M.P.K.V.V., Rahuri
H.A.U., Hisar
M.P.K.V.V., Rahuri
J.A.U., Junagarh
I.A.R.I., New Delhi.
R.V.S.K.V.V., Sehore
U.A.S., Dharwad
R.A.U., Sriganganagar
A.N.G.R.A.V., Nandyal (A.P.)
H.A.U., Hisar
R.A.U., Durgapura
J.N.K.V.V., Jabalpur
J.N.K.V.V., Jabalpur
J.N.K.V.V. , Jabalpur
A.N.G.R.A.V., Nandyal (A.P.)
A.R.S., Badnapur
I.A.R.I., NewDelhi
J.A.U., Gujrat
IIPR, Kanpur
R.A.U., Durgapura.
A.R.S., Badnapur
I.A.R.I, New Delhi
J.N.K.V.V., Jabalpur
IIPR., Kanpur
R.A.U., Kota
I.A.R.I., NewDelhi
A.R.S., Badnapur
M.P.K.V.V., Rahuri
J.N.K.V.V., Jabalpur
J.N.K.V.V. , Jabalpur
I.G.K.V.V., Raipur
I.G.K.V.V., Raipur
I.G.K.V.V., R aipur

distances was observed in cluster II (4.126) followed by
cluster I (3.987), and cluster III (3.355) indicating minimal
diversity (differences) for the genes under study.
As depicted in Table 2c, cluster II having maximum
intra cluster distance (divergence) had the seed yield plot1
574.64 g but cluster I had highest seed yield plot-1 (648.98)
followed by cluster III (623.33). Clusters mean for plant
population plot-1 was found high in cluster I (169.04) followed
by cluster II (142.97) while it was noted low for cluster II
(97.79). Present study showed considerable divergences
among the 38 genotypes for different characters. Based on
the present results, it is concluded that, the mean values of
clusters for different characters and per se performance of
the genotypes grouped in the respective cluster can be
selected as parent for a hybridization programme in order
to improve that particular character.. For example, Mean
value of genotype JG-315 followed by JG-11 can be used
for early flowering from cluster I and cluster II respectively
(Table 2 c). Indira Chana-1 (0.22 ml) from cluster I can be
utilized for bold seed size as it had highest seed volume
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Table 2 a. Grouping of genotypes in different clusters under
rainfed condition.
Cluster

Genotypes included

I

BG 3007, BDNG 2003-1, VIJAY, PHULE
G 0105-10-1, BG 3008, NBeG 20, JG-14
-110, SAKI 95-16, BGM-772, IPC-200498, RKG-114, BG-3009, PBC-74, Phule
G-00110, JG-74, JG-315, RG-03-15,
Indira Chana-1
VAIBHAV, JG-11, GJG0-754, GNG1946, JG-16, JG-1307, NBEG-3, PBC119, BGD-1058, GCP-101 , IPC-2006-6,
CSJ-303, JG-14-110
H-05-10, GJG0504, RVSSG-3, BGD1057, GNG-1941, H-05-24, CSJ-313,
BDNG 2001-2-1
-

II

III

Total

Number of
genotypes
included
18

12

8

38

Table 2b. Estimation of average intra & inter cluster
distance for three clusters in chickpea under
rainfed condition
Clusters
I
II
III

I
3.987
3.282
4.432

II

III

4.126
3.158

3.355

Note: Diagonal and bold values indicates the intra cluster distances.

Table 2c. Cluster mean for different traits in chickpea
under rainfed condition.
S.N.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Characters
Days to flower initiation
Days to 50% flowering
Plant height (cm)
Plant population plot -1
Primary Branches Plant -1
Secondary branches plant -1
Pod bearing length
Days to maturity
Pod length (cm)
Pods plant -1
Seeds Pod -1
Biological yield
100 seed weight
Harvest index
Seed yield plot -1
Seed volume
Seed density
Hydration capacity seed -1
Hydration index
Swelling index

I
53.52
58.20
41.88
169.04
3.07
3.46
2.20
103.33
1.79
29.08
2.16
83.28
21.75
34.51
648.98
0.17
54.94
0.21
0.02
4.00

II
54.78
59.58
43.63
142.97
3.09
3.86
2.41
102.08
1.83
27.82
2.11
87.60
20.06
42.18
574.64
0.17
64.20
0.16
0.02
4.14

III
57.54
61.92
41.84
97.79
2.62
3.53
2.58
102.67
1.78
33.45
2.16
91.00
16.92
40.13
623.33
0.16
64.33
0.18
0.02
4.30

among all the genotype. For medium maturity and plant
height NBeG-3 and JG-11 from cluster II can be used. For
maximum number of primary branches plant-1 IPC-2006-06
(3.43), for seeds pod-1 JG-11 (2.77) cluster II can be used for
improvement on these traits. While from cluster III, CSJ313 (41.60), and H-05-24 genotypes may be used for
improvement of maximum pods plant-1 and 100-seed weight,
respectively. For improving pod length NBeG-3 (2.33) from
cluster II and for harvest index JG-1307 (51.65 %) from cluster
II can be used. Phule-G-00110 (773.339) can be used as
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parent for improvement of seed yield plot-1 from cluster I.
The present findings are accordance with these of Dwevedi
and Lal (2009), Akthar et al. (2011), Parameshwarappa et al.
(2011), Jayalakshmi et al. (2012) and Singh et al. (2012).
Genetic variability (Table 3) revealed that gcv was
found moderate for 100-seed weight followed by seed yield
plot-1, harvest index, pods plant-1 and hydration index and
it observed low for rest of all the characters. These findings
are in general agreement with the findings of several
research workers who have reported moderate to low gcv
for various yield attributes in chickpea (Saleem et al. (2005),
Khan et al. (2006) and Joshi and Babu (2008). High
heritability was recorded for 100-seed weight, moderate for
plant population plot-1 and it was low for seed density,
harvest index, pods plant-1, pod bearing length, plant height,
seeds pod-1, hydration index, swelling index, primary
branches plant-1, seed volume and hydration capacity seed1
. Genetic advance as percentage of mean was observed
high in 100-seed weight followed by plant population plot1
, seed yield plot-1 and harvest index. The results indicated
the role of additive genetic variance towards expression of
these characters. Other traits had low to high heritability
coupled with medium to low genetic advance as percentage
of mean which is mainly due to the role of non-additive
genetic component in their expression. Similar findings were
also reported earlier by Kashiwagi et al. (2006), Yucel et al.
(2006), Pandey et al. (2007), Sidramappa et al. (2008), Sharma
and Saini (2010).
Seed yield plot-1 exhibited highly significant positive
correlation with plant population plot-1 at phenotypic,
genotypic and environmental levels (Table 4). Days to
maturity showed highly significant positive correlation with
seed yield plot-1 at genotypic level. Pods plant-1, harvest
index and seed volume had significant positive correlation
with seed yield at genotypic level. Biological yield showed
high significant negative correlation with seed yield at both
phenotypic level and genotypic level. It may be concluded
from all the above findings that the traits viz., days to
maturity, pods plant -1, seeds pod- 1 and harvest index
appears to be important criterion for improving seed yield
in Chickpea. Khan et al. (2006), Johnson et al. (2010) and
Sidramappa et al. (2010) reported similar results for days to
maturity. Similar relation was also reported by and
Obaidullah et al. (2006), Singh et al. (2007) Malik et al.
(2009), Kobraee et al.(2010), Sharma and Saini (2010 ) for
pods plant-1. Shirivastava and Babbar (2007), Vaghela et al.
(2009) for seeds pod-1. Thakur and Sirohi (2009), Meena et
al. (2010) for harvest index. Singh et al. (2000) for seed
volume.
Indirect effect of components on seed yield
The path coefficient analysis has shown some
interesting results (Table 5). Firstly, the significant positive
genotypic correlation of days to maturity with seed yield
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Table 3.

Estimation of genetic parameters of variation for different traits in chickpea under rainfed condition.

S.N.

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

Characters

Days to flower initiation
Days 50% flowering
Plant height (cm)
Plant Population plot-1
Primary Branches Plant-1
Secondary branches Plant-1
Pod bearing length (cm)
Days to maturity
Pod length (cm)
Pods plant-1
Seeds pod-1
Biological yield (g)
100 seed weight (g)
Harvest index (%)
Seed yield plot-1
Seed volume (ml)
Seed density (ml/g)
Hydration capacity/seed (ml)
Hydration index
Swelling index

Mean

54.76
59.42
42.42
145.8
2.98
3.60
2.35
102.8
1.78
29.60
2.14
86.30
20.20
38.12
620.11
0.17
59.84
0.19
0.02
4.11

Range
Minimum Maximum
50.00
56.33
37.03
58.33
2.23
2.47
1.77
100.67
1.37
19.77
1.73
70.97
15.01
26.14
293.33
0.13
45.90
0.11
0.01
3.25

plot-1 seems to be due to its high indirect effects via. plant
population plot-1 rather than its direct contribution to seed
yield. Similarly, pods plant -1 had significant positive
genotypic correlation with seed yield plot-1 due to high
indirect effect of pod length followed by plant height in
spite of its negative direct effect on seed yield plot-1. The
significant positive genotypic correlation of seeds pod-1
with seed yield plot-1 seems to be due to its high indirect

60.00
64.00
54.20
217.00
3..43
4.53
3.13
104.33
2.33
41.60
2.77
97.33
27.96
51.65
773.33
0.22
78.76
0.32
0.03
4.99

GCV
(%)

PCV
(%)

2.75
1.16
4.96
26.92
6.31
7.81
9.57
0.45
9.40
14.43
6.51
4.24
19.53
15.51
15.62
6.79
10.48
10.94
14.42
6.65

7.10
6.14
10.07
34.37
17.18
22.25
16.17
1.74
16.75
23.78
14.29
13.00
20.59
23.13
21.75
19.04
15.01
31.17
32.39
15.07

Heritability Genetic
‘h2 bS’
Advance
(GA)
(%)
14.9
3.6
24.3
61.4
13.5
12.3
32.8
6.7
1.5
36.8
20.8
10.6
90.0
45.0
51.6
12.7
48.7
12.3
19.8
19.5

1.20
0.27
2.13
76.41
0.14
0.20
0.27
0.25
0.20
5.34
0.13
2.45
11.2
8.17
143.32
0.01
9.02
0.01
0.001
0.25

Genetic
Advance as
percentage of
mean
2.19
0.45
5.02
52.12
4.79
5.57
11.54
0.24
11.30
18.04
6.07
2.84
55.44
21.44
23.11
6.25
15.07
5.56
10.00
6.10

effects via. plant height rather than its direct contribution
to seed yield. Therefore, while handling the material, caution
has to be exercised to use seeds pod-1 as selection criterion;
secondly the significant effect of harvest index on seed
yield plot-1 indicates that this trait is important for improving
yield. However, the path coefficient analysis has clearly
shown the importance of harvest index by way of positive
direct effect on seed yield. In the present investigation of

Table 4: Correlation coefficient analysis for yield contributing traits in chickpea under rainfed condition.
Characters
1

2
3
4
5
6
7
P
0.006
-0.033
0.025
-0.115
o.002
0.128
G
-0.023
0.431**
-0.175
-0.219
-0.138
0.486**
2
P
-0.208
0.209
-0.084
-0.013
-0.037
G
-0.250
0.405*
-0.211
-0.034
-0.062
P
0.008
-0.070
-0.087
0.169
3
G
-0.069
-0.409*
-0.143
0.097
4
P
-0.011
0.046
0.168
G
-0.185
0.048
0.429**
5
P
0.005
-0.081
G
0.001
-0.193
P
-0.188
6
G
-0.360*
7
P
G
P
8
G
9
P
G
10
P
G
P
11
G
*Significant at 5% probability level, ** highly significant at 1% probability level.
1. Plant height
5. Pod length
2. Plant population plot-1
6. Pods plant-1
-1
3. Secondary branches plant
7. Seeds pod-1
4. Days to maturity
8. Biological yield

8
0.019
-0.320
-0.453**
0.971**
0.166
0.400*
-0.017
-0.634**
-0.018
0.268
0.247
0.539**
-0.082
0.097

9
0.147
0.478**
-0.153
-0.267
0197
0.356*
0.142
0.315
-0.187
-0.368*
-0.085
-0.240
0.182
0.527**
0.051
-0.150

9.
10.
11.
12.

10
0.106
0.046
-0.346*
-0.483**
0.284
0.508**
0.087
0.027
0.102
0.224
0.095
0.197
0.068
0.045
-0.322
0.583**
0.347*
0.576**

11
0.053
0.097
0.198
0.319
0.035
0.051
0.424**
0.828**
0.002
-0.039
0.028
0.038
0.138
0.491**
-0.001
-0.273
0.052
-0.033
0.106
0.100

100-seed weight
Harvest index
Seed volume
Seed yield plot-1

12
-0.063
-0.172
0.897**
0.967**
-0.197
-0.204
0.199
0.493**
-0.113
-0.273
0.023
0.343*
-0.022
0.390*
-0.445**
-0.833**
-0.079
0.239
-0.253
0.370*
0.186
0.350*
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Table 5.
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Path coefficient showing direct and indirect effects of yield contributing traits on yield plot-1 in chickpea under
rainfed condition.

Characters
1
2
3
4
5
6
7
8
9
10
11

1
-0.102
0.002
-0.110
0.018
0.022
0.181
0.218
0.147
0.244
0.005
-0.01

2
-0.023
0.979
-0.245
0.397
-0.206
-0.033
-0.061
-0.951
-0.262
-0.473
0.312

3
-0.036
0.008
-0.033
0.002
0.014
0.01
-0.003
-0.013
-0.012
-0.017
-0.002

4
-0.054
0.125
-0.021
0.309
-0.057
0.075
0.133
-0.196
0.097
0.062
0.255

5
0.048
0.046
0.090
0.041
-0.220
0.235
0.042
-0.059
0.081
0.049
0.01

6
0.325
0.006
0.026
-0.009
0.012
-0.184
0.066
-0.099
0.044
0.036
-0.007

7
0.288
-0.008
0.013
0.058
-0.026
-0.049
0.135
0.013
0.071
0.036
0.066

8
0.052
0.035
-0.015
0.023
-0.01
-0.02
-0.004
-0.036
0.038
0.121
0.01

9
-0.62
0.070
-0.093
-0.082
0.096
0.063
-0.137
0.039
-0.261
0.15
0.008

10
-0.018
-0.192
0.201
0.011
0.089
0.078
0.018
0.231
0.188
0.396
0.04

11
-0.032
-0.106
-0.017
-0.275
0.013
-0.013
-.0163
0.091
0.011
0.005
-0.332

‘r’
-0.172
0.967**
-0.204
0.493**
-0.273
0.343*
0.390*
-0.833**
0.239
0.370*
0.350*

Note: diagonal values in bold are showing direct effects and dark cell indicates genotypic correlation coefficient
Note: residual: 0.0165; Characters- 1: plant height; 2: plant population plot -1;3: secondary branches plant-1; 4: days to maturity; 5: pod length;
6: pods plant-1; 7: seeds pod-1; 8: biological yield; 9: 100-seed weight;10: harvest index; 11: Seed yield plot -1

association among traits days to maturity, pods plant-1 ,
seeds pod-1 and harvest index can be considered as
important traits for improving seed yield in chickpea. In
accordance with the present findings Singh and Sandhu
(2008) also reported that selection for better parents of
chickpea was associated with high harvest index and pods
plant-1 .
Direct effect of components on seed yield
Plant population plot-1 had the highest direct effect
on seed yield plot-1. It also had highly significant positive
association with seed yield plot -1 . Other i mportant
characters having considerable direct effects were harvest
index, days to maturity and seeds pod-1. The above findings
are in support with the findings given by Patel and Babbar
(2005), Renukadevi and Subbalakshmi (2006) and Borate
and Dalvi (2010) revealing high direct effect of days to
maturity on seed yield. Ali et al. (2009) and Kobraee et al.
(2010) also suggested high direct effect of seeds plant-1 on
seed yield. Muhammad et al. (2008) Vaghela et al. (2009)
and Yucel and Anlarsal (2010) reported high direct effect of
harvest index on seed yield. Though the pods plant-1 had
significant positive correlation with seed yield plot-1 at
genotypic level but exhibited negative direct effects on
seed yield. Therefore, it is apparent that positive correlation
is due to indirect contribution via. other traits on seed yield.
The characters seeds pod -1 and harvest index were
identified as main selection criteria for improving seed yield
in Chickpea, as these characters recorded strong positive
correlation as well as high positive direct effects with seed
yield plot-1.
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ABSTRACT
A quantitative assessment of genetic diversity for ten
characters in fifty genotypes of soybean has been worked
out by Mahalanobis’s D2 statistics. Fifty genotypes were
grouped into six clusters, which revealed that there exists
no correlation between the geographical origin and genetic
diversity. Maximum 21 genotypes were grouped in cluster
III. The clusters V (Co1, Co (Soy)3, CSB 0903) and IV (LU100
and LU133) were the distant clusters, while clusters I (EC
2514 and OS 612) and II (JS 98-62 and LU 89) were the
nearest clusters. Yield per plant and number of seeds per
plant contributed maximum to the genetic diversity. The
clusters V possessed the high mean values for many of the
traits. Therefore entries belonging to distantly related
clusters can be used in the crossing programme for the
development of good recombinants for seed yield.
Key words:

Soybean, Genetic Diversity, Cluster.

Soybean Glycine max (L.) is a marvellous world’s
leading economic oilseed crop and ranks first among the
oilseeds in the world. Soybean tops in the World production
of both oilseed and edible oil. Hence it is called as the
Miracle Golden Bean of the 21st Century. The economic
importance of Soybean is mainly due to its chemical
constituents primarily oil and protein. A logical way to start
any breeding programme for crop improvement is to survey
the variations present in the germplasm. Precise information
on the nature and degree of genetic divergence helps the
plant breeder in choosing the diverse parents for purposeful
hybridization. The development of new varieties is mainly
governed by the magnitude of genetic variability present
in the base material. In breeding programme, progenies
derived from diverse crosses, which are selected based on
genetic divergence analysis, are expected to show a broad
spectrum of genetic variability. Therefore, under the present
investigation, an effort was made to understand the
quantum and nature of genetic variability present in a set
of 50 elite soybean accessions.
MATERIALS AND METHODS
The experiment was conducted during Kharif 201112. Fifty soybean genotypes maintained in the Department
of Pulses, Centre for Plant Breeding and Genetics, Tamil
Nadu Agricultural University, Coimbatore were utilized for
analysing the morphological diversity. Morphological

characters viz., days to 50% flowering, days to maturity,
plant height, number of primary branches per plant, number
of pods per cluster, number of pods per plant, pod length,
number of seeds per plant, hundred seed weight and single
plant yield were recorded on five randomly selected plants
for different characters on each genotype in t hree
replications. The replicated data were subjected to genetic
divergence analysis using Mahalanobis’s D2 – statistic
(Mahalanobis 1936) as suggested by Rao (1952). All the
soybean accessions were grouped into respective clusters
on the basis of values following Tocher’s method.
RESULTS AND DISCUSSION
Analysis of variance showed significant differences
among the genotypes for all the ten characters studied.
The calculated D² values ranged from 26.85 to 720.92
indicating the existence of considerable amount of genetic
di versity among the genotypes studied. The fifty
genotypes were grouped into 6 clusters revealing the
presence of wide genetic diversity. The present study
indicated that the distribution of genotypes into different
clusters was at random and the absence of relationship
between genetic diversity and geographical origin suggests
a similarity in their genetic constitution, free exchange of
breeding material over places (Sharma et al., 2005) or due
to unidirectional selection practiced by breeders of different
locations. The genotypes developed from different
geographical regions were included in the same clusters
(Table 1). Similar results have been reported by Gawande et
al., (2002) and Ramana and Satyanarayana (2006).
Among 6 clusters, cluster III was the largest with 21
genotypes followed by cluster VI with 20 genotypes, cluster
V with 3 genotypes. Cluster I, II and IV had 2 genotypes
each Intra cluster D2 values and distance values are given
in Table 2. Maximum difference among the genotypes within
the same cluster (intra cluster) was shown by cluster VI
(720.92) with a distance of 26.85, followed by clusters III
(535.13), V (308.29), IV (27.35) and II (17.25). Cluster I had
the lowest value of 15.23.
Diversity among clusters varied with inter-cluster D2
values of 53.01 to 1730.46. The clusters V and IV showed
maximum inter cluster D2 values (1730.46), which was closely
followed by clusters V and II (1690.77) and clusters V and I
(1638.87). Several authors have suggested that the crossing
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Table 1. Composition of soybean genotypes into 6 different clusters
Clusters No.
I
II
III

IV
V
VI

Number of accessions
Accessions/Genotypes
2
EC 2514, OS 612
2
JS 98-62, LU 89
21
IC 141431, AMSS 34-A, BIOLOXI-3, WC 03, LU 98,
SL 710, NRC 2007-L-1-5, IC 15088, SL 64-A, EC 13056, TAS 40, LU 90, TS 5, LSB 23, NSO 111, LU
51, MAUS 285, HIMSO 1608, NSO 78, JS 56, IC 151515
2
LU 100, LU133
3
Co 1, Co (Soy)3,CSB 0903
20
RKS 48, VLS 41, IC 39250, JS 395, IC 18733, IC 25166,
IC 10808, WC 35, NSO 29, CSB 0808, MAUS 2, BRAGG, LU 70, NSO 15, JS (SH) 2002-11, WC
31, STB-2, Co 2,
LU 106, NSO 383

Table 2. Inter and Intra cluster D2 values and distance D of soybean
Cluster
1

1
15.23
(3.90)

2

2
53.01
(7.28)
17.25
(4.15)

3
569.52
(23.86)
613.39
(24.76)
535.13
(23.13)

3
4

4
79.04
(8.89)
64.52
(8.03)
661.90
(25.72)
27.35
(5.23)

5
6

5
1638.87
(40.48)
1690.77
(41.11)
843.23
(29.03)
1730.46
(41.59)
308.29
(17.55)

6
897.03
(29.95)
927.98
(30.46)
641.05
(25.31)
975.50
(31.23)
706.91
(26.58)
720.92
(26.85)

Values in parenthesis ( ) are distance values (D)

between the genotypes of clusters with high inter cluster
would yield good segregants for selection (Ramgiry, 1999,
Shadakshari et al., 2011, Tyagi et al., 2011). The lowest
inter cluster values was noticed between cluster II and I
(53.01).
In the present study, it can be observed that out of
the ten characters studied, single plant yield and number
of seeds per plant contributed for more than 89 per cent of
Table 3.

Relative Contribution of yield and its components
to genetic diversity
Number of
first rank
11
68
10
3
2
5
0
161
32
933
1225.00

Characters
Days 50 % flowering
Days to maturity
Plant height (cm)
Number of primary branches
Number of pods per cluster
Number of pods per plant
Pod length (cm)
Number of seeds per plant
Hundred seed weight (g)
Single plant yield (g)
Total

Percentage
contribution
0.89
0.55
0.81
0.24
0.16
0.40
0.00
13.14
2.61
76.16
100.00

genetic diversity (Table 3) among the 50 germplasm
accessions. The cluster means of ten characters (Table 4)
showed an interesting picture of the nature of genetic
diversity. Cluster V recorded highest mean values for six
traits, viz., single plant yield, number of seeds per plant,
number of pods per plant, number of pods per cluster,
number of primary branches and plant height. While the
clusters II and I possessed very low mean values for many
of the traits studied. It is inferred that with respect to single
plant yield and number of seeds per plant (the characters
which contributed more to genetic diversity among 50
genotypes), cluster V and cluster VI were the superior
clusters. The genotypes in these clusters could be widely
used in crossing programme for generation of wide spectrum
of variability for yield.
From the genetic diversity studies of 10 morphological
characters of 50 soybean genotypes it could be concluded
that, the traits like yieldper plant and number of seeds per
plant contributed maximum to the genetic diversity. The
clustering pattern revealed that no correlation exits between
the geographical diversity and genetic diversity. The

Table 4. Cluster means of the 10 characters used in the study
Character /
Cluster
1
2
3
4
5
6

Days to
50%
flowering
33.50
33.66
36.14
33.50
37.66
36.51

Days to
maturity
88.50
90.50
91.77
89.50
90.22
91.50

Plant
height
(cm)
31.81
29.88
44.80
24.30
69.83
56.04

Number of
primary
branches
4.00
3.00
4.39
4.33
5.11
4.98

Number of Number of
pods per
pods per
cluster
plant
3.83
41.16
2.66
51.33
4.31
73.87
4.16
46.50
4.66
121.66
4.56
93.10

Pod
length
(cm)
4.34
4.36
4.19
4.22
4.23
4.07

Number of
Single
Hundred seed
seeds per
plant
weight (g)
plant
yield (g)
115.50
11.66
10.25
150.50
11.00
10.10
225.22
12.02
17.76
151.00
13.58
8.50
372.33
12.77
24.16
274.01
11.63
18.78

Jency & Kalaimagal : Genetic diversity in soybean [Glycine Max (L.) merill] based on morphological characters

clusters V (Co1, Co (Soy)3, CSB 0903) and IV (LU100 and
LU133) are the distant clusters and clusters I (EC 2514 and
OS 612) and II (JS 98-62 and LU 89) are the nearest clusters.
The cluster V possessed the high mean values for many of
the traits studied. With respect to yield per plant yield the
clusters V and VI were the superior clusters. The results
indicated that inclusion of genotypes grouped in cluster V
viz., Co 1, Co (Soy)3, CSB 0903 and the twenty entries of
the cluster VI in the crossing programme in soybean is
expect ed t o gi ve u sefu l segregants in subsequent
generations as diverse parents could generate good amount
of genetic variability.
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ABSTRACT
Mungbean is adapted to relatively warm, dry climatic
conditions of summer when day temperatures rise above
40°C during reproductive period which often results in
substantial yield reduction. Therefore breeding for heat
tolerance with improved yield had been a long term goal for
mungbean vaietal improvement programme. The effect of
heat stress during reproductive stage was investigated based
on yield attributing traits, stress indices and growing degree
days (°Cd) in 20 high yielding mungbean cultivars released
from different agro climatic zones of India. The cultivars
were grown in Randomized Block Design with three
replica tions in two environments, viz., non-stress
environment (NSE) (15 th July sowing) and heat-stress
environment (HSE) (7 th April sowing). It was seen that
genotypic differe nces and genotype × environment
interactions were significant for all the characters. Among
the cultivars studied, three cultivars viz., Samrat, IPM 02-3
and IPM 2-14 were identified as the heat tolerant cultivars
as indicated by their low heat susceptibility index. The
thermal time (Growing degree days, °Cd) to reach mean
crop growth duration was 1662 °Cd under NSE while, it was
1471 °Cd under HSE.
Key words:

Mungbean, High temperature tolerance, growing
degree days, seed yield, heat susceptibility index.

Climate change and associated temperature rises are
considered as a major challenge to future agricultural
production and food supply. Heat stress affects crop
productivity through their direct or indirect effects on crop
plants including pulses (Basu et al, 2009). In peninsular
and northern India, especially rice-wheat cropping system
belt, there is a good scope for summer mungbean cultivation
and it can play a greater role towards India’s self sufficiency
in pulses through summer mungbean (Prasad and Sharma,
2010). In this belt, during summer,mungbean crop
experiences terminal heat stress (>40°C) during reproductive
period and that has become an important factor limiting
mungbean yields (Khattak et al, 2009). Growing food legume
demand and global warming would further push the
mungbean crop to heat stress environment (Singh et al,
2012; Ali and Gupta, 2012). Therefore breeding for heat
stress tolerance is an important objective of mungbean crop
impro vement programmes. The present study was,
therefore, aimed to evaluate mungbean genotypeswith
better adaptation under high temperatures regimes. Twenty
genotypes of mungbean were evaluated for heat tolerance

in the field under irrigated condition. Mungbean cultivars
were sown at the research farm of IIPR, Kanpur during two
seasons, kharif (non-stress environment) and summer (heat
stress environment) season of 2011 and 2012. The
reproductive period of all mungbean cultivars experienced
terminal heat stress (>40°C) under summer sowing. The
stability in seed yield was analysed through statbility in
phenology, yield and yield components.
MATERIALS AND METHODS
Field evaluation was conducted during the kharif and
summer seasons of 2011 and 2012 on an Inceptisol (sandy
loam) at Main Research Farm, Indian Institute of Pulses
Research, Kanpur. The Kharif sown crop environment was
considered as Non Stress Environment (NSE) when
temperature was optimum for mungbean growth with
maximum temperature ranging between 27.1-36.2°C and
minimum temperature ranging between 20.9-26.9°C, while
summer sown crop was co nsidered as Heat Stress
Environment (HSE) t hat often experi enced hi gh
temperatures (>40°C) especially during its reproductive
phase. Trend of maximum and minimum temperature, rainfall
and growing degree days during different phonological
stages of mungbean under contrasting environments are
given in the Table 1. Both the kharif and summer sowing
were done on a flat bed with plant spacing of 30 × 10 cm
and a plot size of 5×1.5m on 15th July (2011 and 2012) and
07 th April (2011 and 2012), respectively along with
recommended package and practices. Each cultivar was
replicated thrice in a randomized block design in each
sowing. Fertilizer was applied at the rate of 25:50:25:20 kg
NPKS per ha as a basal dose. In addition, four recommended
irrigations were given at 25, 35, 45, 55 DAS during summer
season, while the kharif crop received natural rainfall without
any wat er stress. Observati ons on yield and yield
attributing characters viz. seeds per m2, pods per m2, seed
number per pod and phenology in relation to growing
degree days were recorded. Yield and yield components
data for two years were pooled for kharif and summer sown
crop. The Statistical analyses were conducted using AGRIS
(analytical software) Heat susceptibility index (“S”)HSI;(1Y/Yp )/ (1-X/Xp ) of all the cultivar based upon yield was
calculated using the formula of Fischer and Maurer (1978).
The genotypic mean values for yield under stress (Ys) and
potential yield under non-stress (Yp) were used for
calculating indices. Xs and Xp are the mean yield of all the
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Table 1:

Trend of maximum and minimum temperature, rainfall and growing degree days during different phenological
stages of mungbean under contrasting environments, IIPR, Kanpur, India.
NSE/
HSE

Characters
Germination to 50% flowering
50% flowering to physiological
maturity
Crop growth duration

NSE
HSE
NSE
HSE
NSE
HSE

Maximum Temperature (°C)
Range
27.0-37.4
32.8-43.8
27.1-35.7
38.3-44.8
27.1-36.2
32.0-44.9

Mean±SE
32.5±0.38
39.3±0.41
32.3±0.31
41.8±0.38
32.5±0.27
40.4±0.36

Minimum Temperature (°C)
Range
21.8-27.1
19.0-27.1
21.9-26.7
22.2-29.9
20.9-26.9
18.9-29.9

Mean±SE
24.8±0.19
23.1±0.41
24.7±0.18
25.8±0.40
24.1±0.19
24.1±0.35

Rainfall
(mm)
Total
322.6
12.1
130.3
4.4
459.1
16.5

GDD
(oCd)
816
849
846
621
1662
1471

NSE – Non-stress environment, HSE – Heat stress environment, GDD = Growing degree days ( oCd)

Analysis of variance revealed significant genotypic
differences for all the characters studied. Environment
effects and genotype × environment interactions were
significant for all the characters except seed per pod.

cultivars in 2011 and 2012 were significant (r=0.771; r2=0.595;
P<0.01), which indicates the ranking of cultivars in “S” over
the two years was consistent for yield. Cultivars,Samrat,
IPM 02-3 and IPM 2-14 were relatively tolerant to heat stress
as their ‘S’ value were <0.5. A mean yield of highly stable
cultivar ranged from 95 to 124 g m-2 in all environments. In
earlier studies, high stability in seed yield under drought
stress was associated with poor (or) moderate seed yield
potential (Fisher & Maurer, 1978; Bansal&Sinha, 1991 and
Krishnamurthy et al, 2011). In this study, high yielding
cultivars PUSA 9531, AKM 9904, MEGA and PM-5 were
moderately tolerant and produced mean yield of 74 to 97 g
m-2. Although high stability was associated with poor/
moderate yield, all poor/moderate yielders were not heat

Yield stability

Table 3.

Under non stress (NSE) and heat stress (HSE)
environment, the range of yield and yield components in
mungbean cultivars is given in (Table 2). The cultivar with
more yield or yield components over mean yield of all the
cultivars in all environment were considered more stable
under heat stress (Table 3). The degree of heat tolerance in
yield and yield components varied greatly among the
cultivars. The results indicated that some of the cultivars
were superior for heat tolerance based on the stress indices.
The correlation between “S” value of yield of mungbean

Yield components
Biomass (m-2 )
HI (%)
Pod number m-2
Seeds m-2
100 seed weight (g)
Seed pod-1
* = significant at P=0.05;

cu ltivars under st ress and non-stress conditio ns
respectively. A cultivar having less than or equal to HSI
“S=1.0” was considered as having better adaptive potential
to high temperatures compared to those having HIS more
than “S>1.0”. Pearson’s rank correlation coefficient was
performed using SPSS version 15.0 (Levesque and SPSS
Inc., 2006) to draw arelationship between stability in
phonological traits, yield components and yield.
RESULTS AND DISCUSSION

Table 2:

NSE
HSE
0.220
0.510*
0.820**
0.965**
0.590**
0.837**
0.657**
0.893**
0.398
0.451*
0.125
0.126
** = P=0.01

“S”
0.597**
0.946**
0.850**
0.875**
-0.305
-0.028

Heat stress effects on certain growth and yield characters in mungbean, IIPR, Kanpur, India

Characters

Yield (g m-2 )
Biomass (g m-2)
Harvest index
(%)
Pod no. m-2
Seed no. m-2
Seed weight (g)
Seed pod-1

Coefficient of correlation (r) between yield
components with yield of mungbean cultivars in
NS E and HS E and be twee n “S ” of yie ld
components with “S” of yield in mungbean
cultivars.

Mean value for yield and yield components under 2011 and 2012
(NSE)
(HSE)
Range
Mean
Range
Mean
± SEM
± SEM
89.3-32.2
103.2
30-105.5
56.9
(±3.1)
(±5.6)
376-484
411.1
288-385
338.6
(±6.5)
(±6.0)
19.3-31.8
27.2
8.2-28.2
19.6
(±0.69)
(±1.17)
2334-471
339
696-2945
238
(±9.6)
(±16.5)
3.3-4.8
3848
3.2-4.8
2153
(±104.1)
(±152.8)
252-400
4.2
97-398
3.6
(±0.08)
(±0.08)
10.8-11.8
11.4
8-9.6
9.12
(±0.05)
(±0.11)

Heat susceptibility
index (S)
Range
Mean
± SEM
0.321-1.83
1.00
(±0.10)
0.177-1.77
0.945
(±0.37)
0.198-2.41
0.990
(±0.27)
-0.151-2.27
0.960
(±0.26)
0.482-1.64
0.987
(0.12)
-1.06-1.86
0.968
(±0.18)
0.698-1.48
0.996
(±0.15)

Stress intensity
(D)
Mean
± SEM
0.400
(±0.001)
0.176
(±0.021)
0.278
(±0.018)
0.297
(±0.019)
0.440
(±0.018)
0.126
(±0.009)
0.198
(±0.016)
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tolerant among the cultivars examined in this study. In
contrast , high yielding cultivars such as TMB 37 PM 4,
HUM 1, CO 6, AKM 96-1, VBN(Gg) 3 and VBN(Gg) 2 were
susceptible to heat stress (S>1.00).
Hu and Rajaram (1994) observed no association
between the yield potential and the performance of cultivars
under heat stress. However, in this study significant
correlation was (r = 0.510*) observed between potential
yield and yield under heat stress in all cultivars. Since
Samrat, IPM 02-3 and IPM 2-14 performed well under high
temperatures with high yield which could be due to the fact
that IPM 02-3 and IPM 2-14 were developed through wide
hybridization between mungbean and urdbean that might
have led to release of additional gene pool and also extend
scope for combining the desirable characters that could
likely confer more productive and adaptive advantage.
Factors contributing to the yield stability

and their stability under heat stress between the cultivars
(Table 2).The heat tolerant cultivars Samrat and IPM 02-3
showed high stability in seeds m-2. Among moderately stable
cultivars PM 5 was highly stable in their seeds m-2 while
MH 3-18 was susceptible. Seed number m-2and pod number
m-2 are more important than seed weight under heat stress
(Omaeet al., 2006). In the present investigation, seeds m2
and pod m-2correlated significantly with seed yield both
under NSE (r=0.657** and r=0.590**, respectively) and HSE
(r=0.893** andr=0.837**, respectively) (Table 3; Fig.1 C),
while stability in seed m -2 and pod m -2 are correlated
significantly (r=0.875** andr=0.850**, respectively) with
stability in seed yield (Fig. 2 C). Seed number pod-1and its
stability did not correlate significantly with seed yield under
both NSE and HSE (Table 3),Pod m-2 was more susceptible
than seed pod-1 (Table 2). Hence, heat tolerance of
mungbean cultivars can be further improved by improving
stability in seed m-2 and pod m-2.

Total biomass and its allocation to the seed yield
Stability under heat stress could be conferred by a
better stability of components of seed yield (Ismail and
Hall, 1998; Wang et al., 2006 and Canci and Toker, 2009).
The yield of mungbeanis determined by the portion of
biomass allocated towards seed development. In NSE and
HSE mean dry matter production was 413 and 338 g m-2
respectively. Wide variation was observed in biomass
production and harvest index among cultivars (Table 2).
The highly stable cultivar Samrat and IPM 02-3 showed
high stability in biomass (S=0.5), while IPM 2-14 was
moderately stable (0.5<S<1.00) in their biomass production
under heat stress. In all stable cultivars, the HI increased
under heat stress. Thus, a moderate to high stability in
biomass combined with high stability in HI conferred high
seed yield stability in these cultivars (Table 2). The
moderately stable cultivars showed moderate to high
stability in biomass (except MH 3-18) and moderate to high
stability in HI.
A simple correlation analysis revealed that HI was
highly correlated with seed yield (P=0.01), while biomass
correlated with seed yield was significant only under heat
stress (Table 3; Fig. 1A&B). Previous studies in chickpea
showed no significant correlation (Krishnamurthy, 2011)
whilecowpea showed negative and significant correlation
with yield under heat stress (Thiaw and Hall, 2004). Hence,
high biomass production under heat stress could be an
important trait to achieve high yield. However ‘S’ in biomass
(or) HI correlate significantly with ‘S’ in seed yield (P=0.01)
(Table 3; Fig. 2 A&B). Of these two traits, biomass was
more stable than HI under heat stress, as shown by D value
(Table 2).
Seed number unit area-1
Wide variation was observed in yield components

Figure 1A

Figure 1B

Figure 1C
Figure 1 A-1C. Linear reg ression between biomass,
harvest and grain number m-2 with seed yield under heat
stress in mungbean cultivars
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Figure 2A

Figure 2B

flowering and pod set might have contributed to the
formation of the multiple flushes and extended the crop
growth duration. The stability in phenology (in GDDs)
significantly correlated with stability in seed yield, while
crop growth duration (CGD) and seed growth duration
(GGD) did not correlate significantly with seed yield stability
(Table 3). The stability of flowering duration from
germination (GTF) correlated significantly with that of
biomass, while ‘S’ of CGD and GGD did not correlate
significantly with that of biomass.
The stability in duration of phenological phases leads
to exposure of the crop to warmer temperature than those
cultivars in which the duration is reduced under summer
sowing. However, the reduction in duration may also lead
to reduction in total dry matter accumulation, if the growth
rate is not sufficiently high to compensate for the reduction
in duration under HSE. Hence an optimum combination of
stability of these two traits will be important in providing
heat tolerance, for which variation is available among the
cultivars.
CONCLUSION

Figure 2C
Figure 2A-2C. Line ar regre ssio n be twee n he at
susceptibility index of yield components with that of
seed yield in mungbeancultivars

Seed weight
Heat stress during seed filling affects both the seed
weight and seed quality (Stone & Nicolas, 1994). Hence,
stability in seed weight under heat stress environment is
an important trait that determines the seed quality and yield.
High variation in seed weight was observed among cultivars
as their ‘S’ value was ranged from -1.07 to 1.86 (Table 2)..The
seed weight was not correlated significantlywith yield under
both NSE and HSE, while ‘S’ value of seed weight correlated
negatively and significantly with that of seed yield (Table
3). Of the two components of seed yield, seed m-2 was more
susceptible than seed weight, as shown by D value (Table
2). Hence heat tolerance of these cultivars could be further
improved for seed m-2 through increasing the heat tolerance
of pod setting.
Phenology
In terms of thermal time (Growing degree days
GDD,oCd) taken to reach mean crop growth duration,
1662oCd was recorded under NSE while, it was 1471 oCd
under HSE (Table 1). Such increase in requirement of thermal
time to attain any developmental stage by the higher soil
moisture grown crop is well documented (Krishnamurthyet
al, 1999). Under NSEhigh soil moisture content during

In highly stable cultivars, the yield stability was
achieved through stability of yield components while; in
moderately stable cultivars the yield stability was achieved
through different combinations of yield components. Thus
a wide variation in seed yield stabilitythrough different
mechanisms is available among cultivars. The susceptible
cultivar showed heat tolerance for some of the yield
components, for example, seed weight (VBN(Gg) 2 and
HUM1), and biomass (AKM 96-2).
In this study, Samrat, IPM 02-3 and IPM 2-14 were
found to have comparatively better heat tolerannce than
other cultivars. This tolerance was achieved through
moderate to high stability of yield components. Biomass
partitioning was more sensitive to heat stress than biomass
production. Although stability in seed pod-1 and pod m-2
were both important to provide stability in seed m-2, pod m2
was found to be more important than seed pod -1 in
determining seed yield under heat stress and hence can be
considered a potential selection criteria. Since seed pod-1
showed susceptible to moderate stability even in tolerant
cultivars and also stability in seed weight is important to
maintain quality and marketability, tolerant cultivars for this
trait can be used to further improve the heat tolerance
inmungbean.
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ABSTRACT
Four processing treatments [soaking (12 & 18h), germination
(24 & 48h), boiling, steaming, and roasting (20 & 40min)]
were evaluated for their effect on chemical composition, in
vitro protein digestibility, antinutrients and functional
properties of chickpea (Cicer arietinum L.). Boiling reduced
tannins (97%) and trypsin inhibitory activity (60%), and
increased the amount of gelatinized starch (25%) most
effectively, but adversely decreased in vitro protein
digestibility. Processing treatments affected fatty acids (FAs)
levels of lipids significantly, with germination retaining the
highest level of polyunsaturated fat (57%) and the lowest
monounsaturated fat (28%). Bulk density, oil and water
absorption and swelling capacities of flours improved upon
most treatments, whereas, emulsifying, foaming and gelling
capacities were altered. All treatments reduced nitrogen
solubility at all the pH and concentrations evaluated.
Chickpea processed by different modes showed that the
chemical components and some of the quality parameters
were affected to different extent depending on the treatment.
Eac h proces sing tre atme nt s howe d so me positive
improvement in quality parameters, including functional
properties that will guide appropriate industrial processing.

(Barampama and Simard, 1995). Germination after seed
soaking induces biochemical reactions degrading protein
and carbohydrate, beneficially changing the sensory and
nutritional quality of the legume seed. Whole ground
legume or legume flours offer physico-chemical and
functional properties required in food products such as
breads, cakes, biscuits, doughnuts, tortillas, pasta, and some
snacks (Benítez et al, 2013), mainly due to the carbohydrate,
protein and fibre components. Therefore any pre-treatment
in the form of heat or germination that affect these seed
constituents may change the physico-chemical properties
and functionalities that seed flour can provide in food
applications. Considering the importance of chickpea in
Algerian diet, the aim of this study was to evaluate the
effects of different heat processing and germination
treatments on the chemical composition, including
antinutrients, protein digestibility and functional properties
of locally produced seeds. It is expected that this study will
provide insight in selecting the best treatments for food
product application of chickpea to widen their use in
Algerian diet.
MATERIALS AND METHODS

Key words:

Chickpea, Processing, Chemical composition,
Functional properties, in vitro protein digestibility,
Antinutrients

In Algeria the Kabuli-type chickpea (Cicer arietinum
L.), a nutritionally and economically important legume, is
used as a condiment in all traditional dishes. Besides that,
it is a widely consumed snack with bread or figs after mixing
with lemon juice and/or olive oil. Kabuli chickpea seeds are
comparatively large in size, salmon-white in colour, and
therefore many food applications are possible as whole
seeds or milled flour. Chickpea is high in carbohydrate (41–
47%) and protein (~23%) contents and starch represents
about 84% of the total carbohydrates (El-Adawy, 2002).
Chickpea also contains antinutritional factors such as
trypsin inhibitors, phytic acid and phenolics that can affect
protein digestibility and mineral availability (Leiner, 1984).
Heat treatments such as roasting, boiling and steaming
change the physical characteristics and some chemical
constituents making them more suitable for human food

Chickpea grown during winter in the region of MerjOuamane, commune of Amizour, Wilaya of Bejaia, Algeria
and harvested in June 2010 was cleaned and used for the
study. All treatments except roasting used seeds soaked in
tap water (1:10. w/v seed: water) for 12h at ambient
temperature (22±2°C) in the dark. After each treatment, dry
seeds obtained as described below were ground with a
mortar and pestle, and then sieved (Tap sieve shaker AS
200; Retsch GmbH, Haan, Germany) to pass a 500 µm screen.
Flours obtained were stored in opaque containers at ambient
temperature until use. Cleaned raw chickpea (RW) seeds
ground and processed without any heat treatment were
considered as the control. Remaining seed treatments were
as follows: Roasting; seeds were roasted in an oven
(Bergstr14D-78532, Tuttlingen) at 180°C for 20 min (R20) or
40 min (R40). Soaking (S); seeds were soaked in tap water
(1:10. w/v seed: water) for 12 h (S12) or 18 h (S18) at room
temperature (22±2°C) in the dark. Boiling (BO); soaked
seeds were cooked in boiling tap water (1:10. w/v seed:
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ratio) ~15min (soft as felt breaking between the fingers).
Steaming (ST); soaked seeds were steamed for 15 min (soft
as felt breaking between the fingers), and Germination (G);
soaked seeds in tap water for 12 h similar to S12 treatment
were allowed to germinate between two sheets of wet filter
papers for 24 h (G24) or 48 h (G48) at ambient temperature
(22±2°C) in the dark.
All the treated seeds (except roasted) were rinsed
with tap water (1:10.w/v seed: water), drained and then dried
overnight in an oven maintained at 60°C.
Chemical analysis
Proximate composition: The contents of moisture, ash,
fat, crude fiber and crude protein (% N ×6.25) of the flour
were determined according to AOAC official methods
(AOAC, 1990). The percentage of carbohydrates was
estimated by difference [100 – (% protein + % fat + % fiber
+ % ash + % water)]. The gross energy was calculated as:
Gross energy(kJ/100 g) = (protein × 16.7) + (lipid × 37.7) +
(carbohydrates x 16.7) (Ekanayake et al, 1999). FA
composition of the lipids (extracted in a Soxhlet extractor
(Gerhardt) with hexane at 40–60°C) was quantified by GCflame ionization (Aguerrebere et al, 2011).
Total available carbohydrates (TAC): TAC were extracted
using 0.8 g of sample and 15 mL of 52% (v/v) perchloric
acid (HClO4) (Berrios et al, 2010). TAC was determined by
the Anthrone method.
Total starch: Total starch content was determined by the
AACC method 76.13.01 (AACC, 2000), using the Megazyme
total starch assay kit (Megazyme International Ireland Ltd.,
Bray, Ireland).
Gelatinized starch: Gelatinized starch content was
measured by degrading the gelatinized starch to glucose
using amyloglucosidase (Megazyme). The resulting
glucose was determined using a Megazyme total starch
assay kit (Megazyme) according to the method of Emami et
al, (2010).
Antinutritional factors
Condensed tannins: Tannins were determined as
described by Osman (2004).
Phytic acid (PA): PA levels were determined in flour
by the method of Vaintraub and Lapteva (1988).
Trypsin inhibitor activity (TIA): TIA was determined
according to the method described by Smith et al, (1980).
In vitro protein digestibility (IVPD): The IVPD was
determined as described by Marambe et al, (2011). The
IVPD was quantified as the percentage of the N content in
the TCA non precipitated supernatant per the N content of
the amount of flour used for this analysis.

Physico-chemical and Functional properties
Bulk density (BD): BD was determined according to
Chau and Huang (2003), and expressed in g/ mL.
Water and oil absorption capacity (WAC and OAC): WAC
and OAC were determined according to Beuchat (1977).
Swelling capacity (SWC): SWC was determined according
to Robertson et al, (2000).
Emulsifying activity (EA): EA was determined according
to the method of Sathe et al, (1983). EA was calculated as
follows:
EA % = (volume of emulsified layer/volume of whole
layer in centrifuge tube) × 100.
Gelation capacity: The least gelation concentration (LGC)
was determined as the concentration of flour in the tube
when the sample did not slide upon inverting (Chau and
Cheung 1998).
Foaming capacity (FC): FC was determined according to
the method of Bencini (1986).
Nitrogen solubility index (NSI): The standard method 4623 of AACC, was employed to determine NSI of flours (flour
to liquid ratio of 1:10 (w/v), 120 min extraction). After each
extraction, the supernatant was analyzed for total N using
the combustion method (AOAC, 1990.
Pasting properties: Pasting properties were determined
according to AACC method 76–21, (AACC, 2000) using a
Rapid Visco Analyser (Super 3, Newport Scientific,
Warriewood, Australia). Parameters recorded were peak
viscosity (PV), trough viscosity (TV), breakdown viscosity
(BV), final viscosity (FV), setback (STB), peak time (PT)
and pasting temperature (PTemp).
Statistical analysis
At least three determinations were made for all
assays. Analysis of variance by the general linear models
(GLM) procedure, means comparison by Duncan’s test and
Pearson correlation were performed according to Statistical
Analysis System, SAS 9.1 for windows (SAS, 1990).
RESULTS AND DISCUSSION
Effect on composition of major nutrients
The raw chickpea flour used in this study showed
proximate composition (Table 1) similar to the values
available for Kabuli chickpea varieties from other countries
(Canada (Sanjeewa et al, 2010), Egypt (El-Adawy, 2002),
India (Kaur et al, 2005) and Algerian cultivars (Amir et al,
2007). Carbohydrate and protein comprised nearly 87% of
the dry matter of chickpea and the reported 6.04% of lipid
content is a comparatively high for food pulses. Sanjeewa
et al., (2010) and Mittal et al., (2012) also reported similar
lipid content for chickpea grown in different geographical
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Table 1. Proximate composition of raw and processed chickpeaa
Treatment

Protein

(%)

Carbohydratec

(%)

Lipids

(%) Fibre

Raw
21.85±0.18c
66.42±0.74ab
6.36±0.49ab
Roasted
20 min (R20)
21.44±0.12d
66.49±0.65ab
6.85±0.11a
40 min (R40)
22.22±0.10b
65.48±0.41c
6.17±0.34b
Soaked
12 h (S12)
21.72±0.18c
67.09±0.23a
6.37±0.18ab
18 h (S18)
22.65±0.23a
65.60±0.04c
6.61±0.19ab
Soaked b+boiled (BO)
21.88±0.11c
65.90±0.37bc
6.93±0.50a
Soaked b +steamed (ST)
21.89±0.12c
66.20±0.40bc
6.68±0.25ab
Germinated b
24h (G24)
21.70±0.07c
65.83±0.32bc
6.61±0.39ab
48h (G48)
22.27±0.14b
65.93±0.20bc
6.21±0.29b
a
Means in a column with different letters are significantly different (p< 0.05). b Soaked
difference

regions. Fibre content of Kabuli chickpea is lower than
Desi type which has smaller seeds and thicker dark seed
coat (Khan et al, 1994). The energy value of 1711 kJ/100g
for this chickpea sample was comparable with literature
values (Efeirej and Haddad, 2001). When the treatments
are considered, the val ues for prot ein, lipid and
carbohydrate showed some degree of variation depending
on the treatment (Table 1). Some components leached out
during soaking and boiling of the seeds, indicating
reducti on i n ash co ntent, possi bly providing a
concentration effect on other components. Overall,
although slight differences were observed in the numbers
for each component due to the treatments including
germination, the macronutrients and energy value of
chickpea flour remained intact.

(%) Ash

(%)

Energy (kJ/100g)

2.59±0.22d

2.92±0.03ab

1711±7.13bc

2.43±0.10d
3.23±0.01a

3.07±0.50a
2.90±0.05abc

1727±8.85a
1697±7.26c

2.49±0.09d
2.39±0.06d
2.87±0.10c
2.47±0.15d

2.32±0.16e
2.75±0.06cd
2.19±0.39e
2.76±0.12bcd

1723±5.41ab
1723±3.85ab
1727±13.94ab
1723±7.20ab

3.08±0.06ab
2.77±0.09bcd
1711±8.17bc
2.91±0.06bc
2.66±0.04d
1707±1.19c
for 12 h c Carbohydrate content was calculated by

unsaturated FAs (Table 2). About 94% of FAs were
comprised of linoleic (C18:2, 50.9%.), oleic (C18:1, 29.0%),
palmitic (C16:0, 10.2%), linolenic (C18:3, 2.25%) and stearic
(C18:0, 1.67%) acids. Saturated FAs were about 14% of
total FA content (Table 2). The particular variety used in
this study was low in palmitic acid content (10.2%) than
previously reported (~19%) for chickpea (Vasishtha and
Srivastava, 2012; Zia-Ul-Haq et al, 2007). Although the lipid
content did not show any significant change due to the
treatments, FA content showed few alterations (Table 2).
Soaking for 12 and 18 h reduced palmitic acid content by
7% and 13% respectively, consequently increasing linoleic
acid content by 1.7% and 3.5%, respectively. The two
germination time periods resulted in 6 to 7% increase in the
linolenic acid content. According to Vasishta and
Srivastava, (2012), saturated FA level of chickpea seeds

The lipid fraction of the seeds mostly comprised of
Table 2. Fatty acid content of raw and processed chickpeaa

Samples and treatments
Fatty acid
C 14:0
C 16:0
C 16:1
C 17:0
C 17:1
C 18:0
C 18:1
C 18:2
C 20:0
C 20:1
C 18:3
C 20:2
C 22:0
C 20:3
C 24:0
Saturates (S)
MUFA
PUFA
PUFA/S

Raw
0.47±0.00a
10.22±0.01c
0.38±0.01a
0.13±0.02a
0.31±0.01a
1.67±0.01a
28.98±0.08d
50.94±0.14d
0.77±0.02a
0.62±0.01a
2.25±0.00f
0.20±0.01a
0.44±0.01a
0.18±0.01a
0.28±0.01a
13.96b
30.28c
53.57e
3.84e

Roasted
20 min
0.38±0.00a
9.70±0.06e
0.25±0.00d
0.11±0.03a
ND
1.56±0.01de
29.83±0.22a
52.41±0.38bc
0.71±0.01bc
0.59±0.01b
2.33±0.01d
0.10±0.00f
0.39±0.00a
0.18±0.01a
0.24±0.01b
13.05d
30.71ab
55.02bc
4.20c

40 min
0.36±0.05a
10.84±0.06a
0.29±0.00c
0.14±0.04a
ND
1.68±0.00a
29.26±0.14bc
52.17±0.22c
0.65±0.01e
0.50±0.01f
2.30±0.01e
0.15±0.01cd
0.25±0.00b
0.15±0.00cd
0.24±0.01b
14.14a
30.01de
54.76cd
3.87e

Soaked
12 h
0.45±0.00a
9.47±0.01fg
0.28±0.01c
0.13±0.04a
0.15±0.01bc
1.54±0.02e
29.82±0.07a
52.07±0.12c
0.65±0.02e
0.54±0.02d
2.08±0.01h
0.17±0.02bc
0.39±0.01a
0.15±0.00cd
0.27±0.01a
12.79e
30.79a
54.47d
4.26b

18 h
0.45±0.00a
9.41±0.01g
0.29±0.01c
0.11±0.01a
0.19±0.05bc
1.62±0.03c
29.19±0.21cd
52.72±0.31b
0.72±0.01b
0.58±0.02bc
2.39±0.01b
0.10±0.00f
0.40±0.00a
0.17±0.02ab
0.27±0.02a
12.95de
30.35cd
55.38b
4.28b

Soaked b+
boiled

Soaked b+
steamed

0.43±0.11a
10.57±0.08b
0.28±0.00c
0.12±0.01a
0.20±0.01b
1.66±0.01ab
29.49±0.20b
51.06±0.36d
0.66±0.01e
0.51±0.02ef
2.12±0.01g
0.13±0.01de
0.39±0.01a
0.17±0.01ab
0.28±0.01a
14.02ab
30.49bc
53.48e
3.83e

0.33±0.06a
9.99±0.01d
0.31±0.00b
0.09±0.01a
0.14±0.04c
1.63±0.02bc
28.96±0.04d
52.74±0.11b
0.68±0.01de
0.54±0.02d
2.25±0.01f
0.11±0.02ef
0.39±0.03a
0.16±0.00bc
0.27±0.01a
13.38c
29.95e
55.25b
4.13d

Germinatedb
24 h
0.35±0.00a
9.97±0.03d
0.26±0.01d
0.12±0.02a
0.15±0.00bc
1.63±0.01bc
27.34±0.11f
54.21±0.21a
0.68±0.01cd
0.53±0.00de
2.42±0.02a
0.17±0.03ab
0.40±0.01a
0.14±0.01d
0.25±0.00b
13.38c
28.90f
56.95a
4.26bc

48 h
0.34±0.03a
9.55±0.03f
0.29±0.00c
0.09±0.01a
0.16±0.04bc
1.58±0.00d
27.96±0.10e
54.65±0.21a
0.69±0.01cd
0.56±0.02cd
2.36±0.02c
0.14±0.01cd
0.41±0.01a
0.18±0.00a
0.27±0.00a
13.00d
28.35g
57.33a
4.41a

a
Means in a row with different letters are significantly different (p< 0.05). SFA. MUFA. and PUFA respectively denote saturated, monounsaturated
and polyunsaturated fatty acids. ND: not detected b Soaked for 12 h
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decreases after soaking for 12 h, primarily due to reduced
palmitic, stearic (C18:0) and increase in linolenic acid
content relative to the raw seed. Soaking in combination
with steaming or germination was similar in changing the
ratio of polyunsaturated to saturated FAs. Roasting of raw
seeds for 20 min also resulted in similar values. This may be
significant in terms of the lipid content since it may affect
production of some flavour related compounds (Gul et al,
2008) and also among pulses, chickpea has high lipid
content.
The carbohydrate fraction (Table 3), 60.10 and 66.42%
as total carbohydrates obtained by colorimetric assay and
by difference respectively, contained 38.04% starch. Other
oligosaccharides and soluble sugars were not determined
in this study. TAC was significantly (P < 0.0001) affected
by prolonged soaking (18 h), and boiling. TAC was reduced
on roasting for 20 and 40 min by 29% and 40% respectively,
and soaking for 18h by 17%, partlyreflecting 10% reduction
in starch content. The starch content of the Algerian variety
was lower than those of Kabuli (45 -50%) or Desi (41-43%)
varieties produced in Canada (Sanjeewa et al, 2010).
Soaking is known to induce loss in chickpea starch (614%) due to leaching of soluble starch. Boiling and steaming
Table 3:

Carbohydrate fraction of raw and processed
chickpea a
Carbohydrate fraction (%)

Treatment

Total carbohydrate

Starch

60.10±3.08 b

38.04± 2.67ab

42.80± 1.76d
35.80±1.42 e

37.70± 1.82ab
36.80± 1.69ab

8.41± 0.78d
17.76± 0.29b

57.10±3.04 b
50.20±4.67 c
64.53± 2.64a
60.20± 3.17b

39.16± 3.56ab
34.10± 2.19b
39.71± 2.34ab
39.71± 2.73ab

15.97± 0.19b
13.67±0.75 c
25.25± 1.39a
20.68± 0.35a

59.50± 5.05b
57.00±4.58 b

40.52± 3.43a
42.71± 3.52a

ND
3.13± 0.19d

Raw
Roasted
20 min (R20)
40 min (R40)
Soaked
12 h (S12)
18 h (S18)
Soakedb+boiled (BO)
Soakedb +steamed (ST)
Germinatedb
24 h (G24)
48 h (G48)

Gelatinized starch

a

Means in a column with different letters are significantly different
(p< 0.05). b Soaked for 12 h ND: not detected

maintained the same starch level after 12 h of soaking
whereas extended soaking (18 h) actually reduced the starch
level. Heat treatments or germination showed different, but
non-significant changes in starch content. Starch of
chickpea gelatinized on heat treatment, and raw or
germinated seeds had no gelatinized starch, except for (18
h) germination (Table 3) which may be an artifact in the
analysis. Soaking increased gelatinized starch content (13
- 17%) and furthermore heat in the form of boiling and
steaming increased that level to 25%.
In vitro protein digestibility (IVPD) and antinutrient
content
Protein digestion of chickpea samples occurred
mostly during gastric phase (Table 4) and IVPD values
ranged from 35 (R40) to 59% (G24). The IVPD values for
chickpea samples after gastric and intestinal phases were
between 43 and 64% and no significant (p>0.01) difference
was observed between treatments except for the S12 and
boiled seeds. The simulated intestinal digestion provided
7.8% more digested protein in the RW flour than gastric
digestion alone. Boiling or steaming of soaked seeds
provided additional 3.6% and 2% to IVPD, respectively
during the intestinal phase. The short (20 min) and long (40
min) roasting provided nearly 18% more digestibility to the
protein fraction although these seeds showed low IVPD
values during gastric phase (Table 4), and a similar situation
was observed for S18. These IVPD values were within the
range reported for Desi chickpeas (Singh and Jambunathan
1981) and similar to that of whole soybean after gastric +
intestinal digestion, (Honig and Rackis, 1979) despite the
different physiological conditions. According to Gauthier
et al., (1986), pepsin hydrolysis in the gastric phase
facilitates pancreatin activity on proteins in the intestinal
phase by increasing the solubility and opening the
molecular structure, which improves accessibility of peptide
bonds. All heat treatments, except boiling reduced solubility
in the gastric phase but the modifications occurred at this
phase facilitated the access of protein to be digested in the

Table 4: in vitro protein digestibility (IVPD) and antinutrients of raw and processed chickpeaa
IVPD (%)
Treatment
Raw
Roasted
20 min (R20)
40 min (R40)
Soaked
12 h (S12)
18 h (S18)
Soaked b+boiled (BO)
Soaked b +steamed (ST)
Germinatedb
24 h (G24)
48 h (G48)
a

Antinutients (mg/g)

Gastric phase

Gastric + intestinal

Tannins

Phytic acid

53.25±0.95 ab

61.06±0.30 ab

0.95±0.04c

14.66±0.02b

Trypsin inhibitory
activity
13.80±0.13a

44.11±0.73 c
35.19±0.45 d

62.94±0.90 ab
61.60±1.50 ab

0.35±0.02f
0.28±0.01g

9.22±0.01f
12.30±0.02d

7.26±0.03c
5.86±0.14d

54.83±4.88 ab
41.66±0.37cd
39.05±2.57cd
55.77±2.48 b

60.97±1.40 ab
59.98±1.50 ab
42.66±1.00 c
57.76±1.90 ab

0.84±0.02d
0.75±0.03e
0.03±0.00i
0.11±0.01h

11.68±0.02e
17.73±0.04a
9.18±0.03f
9.26±0.02f

13.76±0.56a
13.82±0.38a
5.57±0.24d
5.63±0.20d

59.40±3.41a
51.16±3.18 b

63.95±4.48 a
61.03±1.5 ab

1.12±0.02b
1.23±0.02a

13.13±0.02c
12.34±0.02d

7.87±0.07c
10.40±0.37b

Means in a column with different letters are significantly different (p< 0.05).

b

Soaked for 12 h
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pancreatin containing environment. Germinated seeds
showed high IVPD values fo r bo th gastric and
gastric+intestinal phases. The chickpea variety had low
tannin content similar to other reports on Kabuli types
(Wang et al, 2010). PA content and TIA were higher than
reported values for Kabuli chickpea varieties (Alajaji and
El-Adawy, 2010). Soaking for 12 or 18 h decreased the level
of tannin and a further decrease was observed when the 12
h soaked seeds were boiled (97% reduction) or steamed
(Table 4). Germination increased tannin content probably
due to concentration effect caused by loss of storage
components during early germination stages (Dueñas et
al, 2009). Soaking alone or in combination with boiling and
steaming, germination or roasting treatments reduced PA
level of chickpea (Table 4). The TIA of chickpea was reduced
by heat treatment (~ 60%) via boiling or steaming of seeds
soaked for 12 h (Table 4). Germination for 24 h also reduced
TIA (40%).
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treatments except germination (16% increase) had no effect
on WHC (Table 5). The SWC values reflected the trend
observed in WHC for these flour; heat treated seeds soaked
for 12 h and germinated seeds gave high SWC values (31
to 57% increase) compared to raw flour. This property was
estimated after allowing the flour to equilibrate with water
for longer time than WHC. The WAC values for the flours
showed strong association with SWC (r = 0.77, p< 0.0005).
Heat treatment enhanced OAC values significantly (p<0.05),
by at least 24%. The ST treatment increased OAC by 73.5%
and G24 also had enhanced values. EA and foam forming
ability decreased upon heat treatment and germination
(Table 5). Soluble proteins and starch are the biopolymers
primarily responsible for emulsion and foam formation in
flours and heat treatment generally reduces soluble protein
in seed flours. The solubility values at pH 7 (Table 6) is a
good indicator for this observed behaviour. S18 actually
retained and also enhanced EA and FC of the resulting
flour. The LGC actually measures the least amount of flour
that can form a heat induced gel network formation, and all
treatments required more flour to generate a gel than the
raw flour (Table 5). The EA and LGC of the RW were
comparable to those reported for Canadian grown chickpea
(Sanjeewa et al, 2010). The pasting properties of the flours
were directly affected by the treatments. The RW flour had
low viscosity relative to those reported for Canadian
varieties (Hughes et al, 2009) for example PV and TV were
approximately 28% lower. The Ptemp indicates the minimum
temperature required to cook the flour and the RW flour
had lower Ptemp compared to Canadian (61.7 – 68°C) or
Indian (73.1 – 75.2°C) varieties. This suggests that
potentially less energy would be required to cook this

Functional properties
BD values of the flours varied due to treatment.
Roasting of seeds for 40 min may have caused smaller
particles upon milling that can be compacted into unit
volume giving BD of 0.85 g/mL compared to 0.77 g/mL for
the RW flour (Table 5). Germinated and steamed seeds had
the lowest BD (0.68 g/mL). These values need to be
considered when product formulation is based on volume
of ingredients, for example the roasted flours may have
more particles than germinated flours therefore affect liquids
required to hydrate and similarly the other functional
aspects. Heat treatments followed by 12 h soaking
enhanced water holding ability by 70%, while the other

Table 5. Physico-chemical and functional properties of processed chickpea floursa
Samples and treatments
Physicochemical
properties
BD (g/ml)
OAC (ml/g)
WAC (ml/g)
SWC (ml/g)
EA (%)
FC (%)
LGC (%)

Raw

Roasted

Soaked

Soaked b+ boiled

Soakedb+steamed

Germinatedb

0.77±0.01 c
1.59±0.01 e
1.98±0.00 de
2.60±0.09 e
26.32±0.00 b
40±0 b
8±0 d

20 min
0.73±0.01 d
1.99±0.00b
1.97±0.00 de
2.77±0.01 d
5.17±0.00 g
20±0 c
14±0 b

40 min
0.85±0.00 a
1.99±0.00b
1.98±0.00 d
2.7±0.02 de
5.26±0.00 f
10±0 d
16±0 a

12 h
0.67±0.00 g
1.97±0.00 c
1.97±0.00 e
3.41±0.08c
8.33±0.00 e
80±0 a
14±0 b

18 h
0.78±0.01 b
1.97±0.00 cd
1.97±0.00 e
2.34±0.01f
35.09±0.00 a
80±0 a
12±0 c

0.71±0.00 e
1.98±0.00 b
2.78±0.01 a
3.57±0.15 b
8.77±0.00 d
6±0 e
16±0 a

0.69±0.00 f
2.76±0.00 a
2.79±0.00 a
4.09±0.04 a
17.54±0.00 c
6±0 e
12±0 c

24 h
0.68±0.01fg
1.96±0.00 d
2.36±0.00 c
2.78±0.04 d
5.00±0.00 h
6±0 e
14±0 b

48 h
0.68±0.00f
1.58±0.00 f
2.39±0.00 b
3.70±0.03 b
3.51±0.00 i
6±0 e
16±0 a

962±17c
898±17c
63.3±5.1cd
1160±16d
262±9de
5.8±0.1bcd
50.1±0.1c

1269±64a
1064±45a
204.7±20.0a
1380±66b
316±21c
5.6±0.1cd
50.3±0.1bc

586±55e
530±55e
56.5±8.6cd
823±61f
296±8cd
7.0±0.0a
50.5±0.3bc

1054±28b
1015±24ab
39.7±4.0d
1245±5c
230±18e
6.4±0.5abc
54.4±3.6a

794±52d
731±58d
63.0±6.9cd
965±42e
234±11e
5.4±0.1d
50.6±0.6bc

45±2f
36±10f
8.3±1.9e
108±4h
72±7g
7.0±0.1a
50.7±1.1bc

116±5f
106±8f
9.5±0.35e
240±22g
134±30f
6.8±0.2ab
50.1±0.1c

662±45e
598±126e
114.5±17.7b
1332±73b
792±29a
6.5±0.4abc
53.0±2.7ab

1008±55bc
935±71bc
73.3±3.0c
1635±44a
700±33b
6.0±0.5abcd
50.2±0.0c

Pasting propertiesc
PV (cP)
TV (cP)
BV (cP)
FV (cP)
STB (cP)
PT (min)
Ptemp (°C)
a

Means in a row with different letters are significantly different (p< 0.05).
Soaked for 12 h
BD, OAC, WAC, SWC, EA, FC and LGC denote respectively bulk density, oil absorption capacity, water absorption capacity, swelling capacity,
emulsifying capacity, foaming capacity and least gelation concentration.
c
PV, TV, BV, FV and STB denote respectively Peak, Trough, Breakdown, Final and Setback viscosities. PT: peak time, PTemp: pasting
temperature.
b
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Table 6. Protein solubility of processed chickpeaa
Treatment
Raw
Roasted
20 min (R20)
40 min (R40)
Soaked
12 h (S12)
18 h (S18)
Soaked b+boiled (BO)
Soaked b +steamed
(ST)
Germinated b
24 h (G24)
48 h (G48)

No NaCl
6.52±0.41 ab

Solubility at pH 4
with or without NaCl, %
0.10± M
0.35 M
11.42±0.80 a
21.42±1.48 a

No NaCl
62.25±3.20 a

Solubility at pH 7
with or without NaCl, %
0.10 M
0.35 M
44.68±3.70 a
53.32±2.00 a

8.56±0.1 a
5.30±0.3 b

7.42±0.41 b
5.53±0.47 c

12.94±1.11 b
6.60±0.45 c

37.63±2.20 c
8.29±0.30 e

26.90±2.60 c
8.03±0.50 e

38.06±2.60 c
9.09±0.40 f

8.02±0.50 ab
6.23±0.53 ab
5.39±0.00 b

10.47±0.46 a
10.58±0.09 a
4.64±0.46 c

21.74±0.48 a
20.93±1.08 a
6.83±0.45 c

44.56±2.30 b
63.80±1.64 a
11.60±0.90 e

34.83±2.60 b
36.62±2.40 b
10.63±0.50 e

44.44±1.00 b
51.71±4.50 a
12.69±0.40 ef

5.26±0.22 b

5.28±0.09 c

6.92±0.35 c

16.50±0.09 d

11.28±0.80 e

13.05±0.66 e

6.23±0.15 ab
8.56±0.28 a

8.42±0.20 b
10.43±0.30 a

13.13±0.66 b
14.76±1.98 b

37.26±2.50 c
37.25±1.50 c

22.49±0.10 d
34.36±2.60 b

28.13±2.50 d
37.80±2.10 c

a

Means in a column with different letters are significantly different (p< 0.05).

particular chickpea starch compared to those in other
chickpea growing regions. The boiling and steaming
treatments produced flours with low values for peak, trough,
breakdown and final viscosities of the cooked paste. They
had longer PT but unaltered peak Ptemp compared to RW.
The flours of roasting treatment using dry unsoaked seed
had quite different pasting properties although it is a form
of heat treatment. Soaking allows starch granules to swell
and subsequent heating may change the rehydration and
generates swelled granules. Overall G48 improved some of
the pasting parameters of resulting flour compared RW.
Soluble protein was low at pH 4, indicat ing good
functionalities cannot be obtained in acidic environments
(Table 6) thereby limiting applications in low-pH foods. In
contrast, at the neutral pH more protein in raw flour was
soluble but heat treatments or germination actually
decreased solubility. NaCl in the medium improved protein
solubility for all flours, except the ones from soaked seeds.
However, at pH 7, NaCl at both concentration (0.1 M and
0.35 M) reduced soluble protein level of RW. These results
indicate that in the neutral pH applications, the chickpea
flour may perform better in the functionalities that require
soluble proteins without NaCl in the medium and the
treatments studied here cannot improve this ability.
Overall effect of seed trea tmen t on
characteristics and properties

b

Soaked for 12 h

generated three factors with eigen values exceeding 1.0
that explained 86% of the total variance. The high total
variance (86%) emphasizes the highly correlated multidimensionality of the protein characteristic data. The first
component (PC1) accounting for 52% of total variance had
approximately equal positive loadings for the NSI at pH 4/
0.35 M (0.430), pH 7(0.431), pH 7/0.1M (0.417) and pH 7/
0.35M (0.429). The second component (PC2, 19.2%) was
primarily influenced by positive loadings of energy (0.543)
and TAC (0.583) and negative loadings for simulated gastrointestinal IVPD (-0.554). Although smaller variation was
assigned to PC3 (15%), it was influenced by simulated
gastric IVPD (0.702), EA (-0.347) and FC (-0.333). The threedimensional plot (Figure 1) illustrates the distribution of
the treatments based on the three principal components.
The thermal treatments (BO and ST) contrast with the
extended roasting (R40) due to their high TAC and energy.
R40 with the lowest energy, TAC and IVPD is easily

flours

PCA was conducted on the 30 variables/constituents
analyzed in this study to explore their underlying complex
interrelationships influenced by treatments. The PCA
analysis generated seven factors with eigen value exceeding
1.0 (Kaiser’s rule) that accounted for 98% of the total
variance. The first three components (PC1 37.8%; PC2
20.2%; and PC3 15.3%) accounted only for 73.4% of the
total variance and were therefore not investigated further.
Instead, PCA analysis based on variables with standard
deviation of the mean exceeding 5 (gross energy, TAC,
IVPD [simulated gastric; simulated gastro-intestinal], EA,
FC, NSI at pH 4/0.35 M, pH 7, pH 7/0.1M, and pH 7/0.35M)

Figure 1. Chickpea flours grouped according to principal
components (PC) of chemical, physic o-chemic al and
functional properties. RW, G24, G48, S12, S18, BO, ST, R20
and R40 denote raw, germinated 24 h, germinated 48 h,
soaked 12 h, soaked 18 h, soaked 12 h and boiled, soaked
12 h and steamed , roasted 20 min and roasted 40 min
chickpea, respectively.
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differentiated from all other treatments. Soaked, germinated
and roasted (R20) chickpea with moderate IVPD and similar
NSI profile occupy the central point of the plot, together
with the untreated raw (RW) sample. The proximity of RW
and G48 is due to their similar gastric IVPD (61%), whereas
that of R20 and S24 is influenced by their IVPD (44 and
42%. respectively).
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ABSTRACT
A field experiment was conducted during Kharif 2008-10 at
Agricultural Research Station, Gulbarga, University of
Agricultural Sciences, Raichur (Karnataka) under rainfed
condition of North Eastern Dry Zone of Karnataka on a
shallow black soils to study the effect of fertilizers, farm
yard manure and biofertilizers on growth and yield of
pigeonpea. Three years pooled data revealed significantly
higher seed yield (1239 kg/ha), net return (INR 35466/ha)
and BCR (2.37) following application of 100% RDF over that
in 50% RDF (999 kg/ha, INR 25931 and 1.75, respectively).
Addition of FYM at 5 t/ha also significantly increased seed
yield (1183 kg/ha), net return (INR 31924/ha) and BCR (2.16)
over that in control (1056 kg/ha, INR 29472/ha and 1.95,
respectively). Combined inoculation of Rhizobium +
Phosphate solubilising bacteria (PSB) + plant growth
promoting rhizobacteria (PGPR) out-performed in terms of
seed yield (1192 kg/ha) and net return (INR 33613/ha)
significantly over both control and Rhizobium + PSB.
Key words:

Biofertilizers, PGPR, Pigeonpea, PSB, Rhizobium,
Seed inoculation

Pigeonpea (Cajanus cajana) is an important pulse
crop of dryland agriculture because of its ability to produce
economic yield even under limited moisture conditions due
to its deep root system. It is also an important pulse crop of
Karnataka covering an acreage of 0.58 m ha with the
production of 0.26 m tonnes and 448 kg/ha (against a
national average productivity of 584 kg/ha). Poor yield of
the crop is attributed to its cultivation in marginal lands
and terminal stress at the critical stages with imbalances in
nutrient management (Praharaj et al. 2015). Since the use of
costly chemical fertilizers in case of pulses is very limited,
there is a need to explore an alternative(s) to chemical
fertilizers which can be used by farmers. Seed inoculation
with Rhizobium, phosphate solubilizing bacteria (PSB) and
Plant growth promoting rhizobacteria (PGPR) are useful in
reducing the fertilizer dose applied to crop besides raising
the input use efficiency. Conventional available organic
manure (FYM) is also an important source of organic
manure which sustains crop productivity through providing
good substrate for growth of microorganisms and by
maintaining favorable nutritional balance and soil physical
properties.
Being a biological N fixer, pigeonpea not only meet
the N demand through atmospheric N fixation but also

improve the productivity of most soils. It has a variety of
nitrogen fixing bacteria in its rhizosphere that may release
growth promoting substances like indole acetic acid,
gibberellins and cytokinin. These substances help in
increasing root biomass. Seed inoculation with Rhizobium
also enhanced the productivity of pigeonpea by 16 to 32
per cent under varying agro ecological conditions (Subba
Rao 1988). Phosphate solubilizing bacteria (PSB) also plays
an important role in making phosphorus available to crop
resulting in seed yield enhancement in most field crops.
PGPR have also been reported to directly enhance plant
growth by a variety of mechanisms viz., fixation of
atmospheric N that is transferred to the plant, production
of siderophores that chelate iron and make it available to
the plant root, solubilization of minerals such as P, and
synthesis of phyto hormones (Glick 199 5). Direct
enhancement of mineral uptake due to increase in specific
ion fluxes at the root surface in the presence of PGPR is
also reported (Bashan and Levanony 1991). Deficiency is
these information especially under rain fed conditions made
as impetus to undertake the present study.
MATERIALS AND METHODS
A field experiment was conducted on a shallow black
soils at Agricultural Research Station, Gulbarga, University
of Agricultural Sciences, Raichur (Karnataka), India during
Kharif 2008, 2009 and 2010 to study the effect of integrated
nutrient management practices including seed inoculation
of Rhizobium, PSB and PGPR in pigeonpea. The experiment
was laid out in a split plot design with three replications.
The treatments in main plot included RDF at 100% and 50%
levels while sub plot included FYM levels (5 t/ha and No
FYM) and sub-sub plot included biofertilizers (Control,
Rhizobium + PSB and Rhizobium + PSB + PGPR). The soil
of the experimental field was clayloam (with EC of 0.41 dS/
m and with pH 8.80) with 0.50% SOC and available N, P2O5
and K2O at 180,25 and 350 kg/ha, respectively. Seeds of
pigeonpea ‘ICP-8863’ (Maruti) was treated with Rhizobium
followed by PSB and PGPR (500 g each/ 5 kg seed) in that
order; and these were mixed well to ensure the inoculums
to stick on to the surface of seeds. The treated seeds were
dried in shade for an hour and used for sowing. The strains
of Rhizobium, PSB and PGPR were the same for all the
three seasons of experimentation. Recommended dose of
fertilizers (20 kg N, 50 kg P2O5/ha through urea and DAP)
along with FYM was applied as a basal dose. The crop was
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cultivated with the recommended package of practices along
with need based weed control and plant protection
measures.
During the year 2008, the crop received 744.5 mm of
rain in 41 rainy days while the corresponding values for
2009 and 2010 are 730 mm in 39 days and 1076.5 mm in 45
days. Since same trend was reported for all the three years,
the results were pooled so as to interpret these in an
appropriate way. Fischer’s method of analysis of variance
was used for analysis and interpretation of the data as
outlined by Gomez and Gomez (1984).
RESULTS AND DISCUSSION
Yield and yield attributes: On an average, there was
24.0 percent increase in seed yield of pigeonpea following
application of 100% RDF (1239 kg/ha) over that in 50%
RDF (999 kg/ha) (Table 1). Similar trend in stalk yield and
leaf litter yield was also observed (Sharma et al 2009).
Application of fertilizers also significantly influenced the
growth and yield attributes which could be attributed to
profuse shoot and root growth resulting i n higher
availability of these nutrients to plants (Praharaj et al. 2015).
Farm yard manure plot also had a significantly higher seed
yield over that in no manure plot during all the three years
of experimentation although crop response to FYM
increased (by 123, 102 and 149 kg/ha over control in 2008,
2009 and 2010, respectively) gradually with time. As a result
on an average, use of FYM @ 5 t/ha increased the grain
yield by 12.0 percent over control. Similar trend was also
observed with respect to stalk yield and leaf litter yield.
Higher seed yield could be attributed to beneficial effect of
FYM on different physical and chemical properties of soil
resulting in enhancement in various yield attributes viz.,
pods/plant, pod weight/plant and 100 seed weight (Namdev
and Gupta 1999; Goud and Kale 2010).
Seed inoculation with biofertilizers also influenced
the seed yield significantly. Seed treatment with Rhizobium,
PSB and their combination with PGPR recorded significantly
higher seed yield (1192 kg/ha), stalk yield (3916 kg/ha) and

leaf litter yield (774 kg/ha) over no inoculation (1040, 3525
and 700 kg/ha, respectively). This favourable effect of
combined inoculation of Rhizobium + PSB + PGPR was
evident due to synergistic compatibility among Psolubilizing microorganisms and Rhizobium that enhanced
both availability of nutrient in soil and nutrient uptake by
pigeonpea. Similar results were also reported by Devanand
et al. (2002) and Goud and Kale (2010). Total dry matter
production at maturity also revealed that significantly
higher dry matter was accumulated due to 100% RDF (204
g/plant), FYM (199 g/plant) and combined inoculation of
Rhizobium + PSB + PGPR (200 g/plant) as compared to
respective control treatment. This showed the effect of
balanced fertilization in improving the nutrient status in
soil resulting in greater uptake.
Growth parameters: Crop growth parameters, like
plant height, leaf area and total dry matter production
differed significantly due to treatments. Application of
100% RDF recorded significantly higher plant height (193
cm), Leaf area (10.7 dm2/plant) and total dry matter (204 g/
plant) as compared to 50% RDF (180 cm, 9.4 dm2/plant and
181 g/plant, respectively). Improvement in growth and yield
parameters like plant height, leaf area, total dry matter
production, pods/plant, pod weight/plant and 100 seed
weight could be the result of enhanced photosynthetic
activity supplemented with efficient transfer of these
metabolites unto the seed with the resultant increase in the
size and weight of individual seed.
Similar to RDF, application of FYM @ 5 t/ha
significantly improved plant height (190 cm), leaf area (10.4
dm2/plant) and total dry matter production (199 g/plant) as
compared to control (183 cm, 9.7 dm2/plant and 186 g/plant,
respectively). Such beneficial effects were due to the supply
of nutrients including all major and micronutrients through
FYM to the crop. Similar beneficial effects of FYM on
growth, yield attributes and grain yield of pigeonpea have
been reported by Namdev and Gupta (1999) and Goud and
Kale (2010).
This appreciable increase in all the yield parameters

Table 1. Crop growth and yield attributes in pigeonpea as influenced by different sources of nutrients
Treatments

RDF (%)
100% RDF
50% RDF
C.D.(0.05)
FYM levels
5 t/ha
No FYM
C.D. 0.05)
Inoculation
Control
Rhizobim+PSB
Rhizo+PSB+PGPR
C.D. 0.05)

Plant height
Leaf area
Total dry matter
pods/plant
Pod wt/plant
100 seed weight
(cm)
(dm2/plant)
(g/plant)
(g)
(g)
2008 09 10 Pooled 2008 2009 2010 Pooled 2008 2009 2010 Pooled 2008 2009 2010 Pooled 2008 2009 2010 Pooled 2008 2009 2010 Pooled
197 180 204
182 170 187
4.1 3.6 5.5

193
180
5.0

10.0 9.8 12.2
8.8 8.6 10.8
0.4 0.4 0.5

10.7
9.4
0.4

200 196 217
178 173 190
7.4 6.6 8.3

204
181
6.7

173 159 188
154 141 165
6.6 6.5 7.5

173
153
7.7

69
61
2.4

57
51
2.0

80
70
2.8

69
61
2.3

9.99 9.61 10.36 9.99
9.63 9.23 9.93 9.60
0.13 0.13 0.12 0.14

193 177 200
185 172 191
4.1 3.6 5.5

190
183
5.0

9.7
9.1
0.4

9.5 11.9
8.9 11.1
0.4 0.5

10.4
9.7
0.4

195 191 211
183 179 196
7.5 6.6 8.3

199
186
6.7

168 155 183
158 145 171
6.6 6.5 7.5

169
158
7.7

67
63
2.4

56
52
2.0

77
72
2.8

67
62
2.3

9.91 9.52 10.26 9.89
9.72 9.32 10.03 9.69
0.13 0.13 0.12 0.14

184
190
194
5.0

182
187
191
6.1

9.0
9.4
9.8
0.5

8.8 11.0
9.3 11.7
9.6 11.9
0.4 0.6

9.6
10.1
10.4
0.5

182
190
196
9.2

185
193
200
8.2

157
164
169
8.1

157
164
169
9.4

63
65
67
2.9

52
54
56
2.4

71
75
77
3.4

62
65
67
2.9

9.69
9.83
9.93
0.16

172
175
178
4.4

190
196
201
6.7

Interaction was not significant

177
185
192
8.1

195
204
212
10.2

144 169
151 177
156 184
7.9 9.2

9.29
9.43
9.53
0.16

10.00
10.17
10.28
0.15

9.66
9.80
9.91
0.17
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Table 2. Seed yield and economic in pigeonpea as influenced by different sources of nutrients
Treatments
RDF (%)
100% RDF
50% RDF
C.D. (0.05)
FYM levels
5 t/ha
No FYM
C.D. (0.05)
Inoculation
Control
Rhizobim + PSB
Rhizo+PSB+PGPR
C.D. (0.05)

Seed yield (kg/ha)
Stalk yield (kg/ha)
Leaf litter yield (kg/ha)
Net returns (INR/ha)
BCR
2008 2009 2010 Pooled 2008 2009 2010 Pooled 2008 2009 2010 Pooled 2008 2009 2010 Pooled 2008 2009 2010

Pooled

1202 1069 1448 1239 3729 3561 4970 4087
969 862 1168 999 3069 2929 4089 3362
67 56 72
62
192 156 206 175

723 775 879
623 667 758
33 31 35

792
683
33

22320 40499 43579 35466 1.64 2.70 2.77
15530 29955 32308 25931 1.15 2.02 2.08
924 1333 1457 1254 0.06 0.13 0.12

2.37
1.75
0.08

1147 1020 1383 1183 3585 3423 4778 3929
1024 918 1234 1056 3213 3067 4282 3520
67 56 72
62
192 156 206 175

701 751 852
645 692 784
33 31 35

768
707
33

19520 36705 39549 31924 1.48 2.48 2.54
18330 33749 36338 29472 1.31 2.24 2.31
924 1333 1457 1254 0.06 0.13 0.12

2.16
1.95
0.08

1008
1093
1155
83

639 685 777
673 722 819
706 757 859
40 38 43

700
738
774
41

16640
19130
21005
1130

1.85
2.08
2.25
0.09

897
972
1028
69

1215 1040 3216 3071 4287 3525
1317 1127 3407 3252 4539 3733
1393 1192 3574 3412 4763 3916
88
76
235 192 252 214

31684
35551
38447
1632

34153
38290
41389
1785

27492
30990
33613
1536

1.23
1.41
1.54
0.08

2.13
2.39
2.57
0.16

2.18
2.45
2.63
0.15

Price of Pigeonpea (kg) 2008- INR 30, 2009- INR 52 and 2010- 41; Interaction was not significant

following inoculation might be due to higher N fixation and
pho sphate solu bilization besides ot her favourable
influences (Praharaj et al. 2015) including release of growth
promoting substances, suppression of plant pathogens
and proliferation of beneficial organisms in the rhizosphere.
The combined response might be also due to combined
inoculation of two or more compatible organisms (Kundu
and Gaur 1980). As a result, seed inoculation of Rhizobium
+ PSB + PGPR resulted in significant improvement in plant
height (191 cm), leaf area (10.4 dm2/plant) and total dry
matter production (200 g/plant) as compared to their
individual application and control. Thus, combined
inoculation of Rhizobium + PSB + PGPR improved the
nutrient status of soil resulting in their enhanced crop
uptake. A similar result was also recorded by Devanand et
al (2002).
Economics: Application of 100% RDF fetched higher
net return (INR 35466/ha) and BCR (2.37) over that in 50%
RDF. However, application of FYM @ 5 t/ha recorded
significantly higher net return (INR 31924/ha) and BCR (2.16)
over that in control. On the contrary, seed inoculation with
Rhizobium + PSB + PGPR had significantly higher net
monetary benefit (INR 33613/ha) and BCR (2.25) over rest
of the seed inoculation treatments. Similar findings were
reported by Sharma et al. (2009).
It was inferred that simultaneously inoculation of
Rhizobium + PSB + PGPR along with 100% RDF and FYM
@ 5 t/ha could be recommended for improving growth and

seed yield of pigeonpea under rainfed conditions of North
Eastern Dry Zone of Karnataka.
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ABSTRACT
Mitochondrial cytochrome oxidase I (Mt COI) sequences
were utilized as marker to reconstruct a phylogenetic tree
for representative populations or genetic groups of Bemisia
tabaci. To determine the distribution and correlation with
different crop specificity of whiteflies with Mt COI marker
a survey was conducted, samples were collected from 4
districts of western Madhaya Pradesh India and the
nucleotide sequences of Mt COI were compared. The
whiteflies collected from cotton in Ratlam district, brinjals
in Khandwa districts belong to the genetic group Asia I type,
similarly three whitefly samples collected from bean in
Ratlam district, soybeans Khargone and Indore districts were
matched with the genetic group Asia II type. Predominance
of samples collected from different crops and geographical
area no correlation were established with area and crops.
Keywords:

Bem isia taba ci, phylogenetic analysis,
mitochondrial cytochrome oxidase I (Mt COI)

Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae)
is one of the most destructive whiteflies of many filed crop
plants, horticultural crops and ornamental crops around
the world (Cahill et al. 1996). Certain potentials of the insect
includes but is not limited to, its vast host range,
polyvoltinism and short generation time, cosmopolitan
nature, ability to transmit important plant viruses and
capability of quickly developing resistance against almost
all groups of insecticides, which should contribute to its
enormous outbreak and serious damages to many crops
(Luan et al. 2012). Among the 37 species of whiteflies, B.
tabaci is the most economically important, and ubiquitous
and distributed in tropical, subtropical and temperate zones
(Brown et al. 1995, Brown 2000). B. tabaci consists of
cryptic species complex with at least 32 species having
been discovered so far based on the 3.5 % divergence of
the par tial mitochondrial cytochrome oxidase subunit 1
(MtCO1) sequence (Dinsdale et al. 2010, Hu et al. 2011,
Alemandri et al. 2012, Chowda-Reddy et al. 2012,
Esterhuizen et al. 2012, Parrella et al. 2012). Previously, the
complexes were regarded as biotypes. However, on the
basis of divergence limit and mating interactions, the term
“species” is accepted to members of the complex (De Barro
et al. 2011). Nevertheless, the term “biotype” is still retained

for the purpose of connecting the present researches to
the previous those.
Use of the mitochondrial cytochrome oxidase I (Mt
COI) gene in the Aleyrodidae was first reported in 1999 by
Frohlich and coworkers. Earlier, other molecular diagnostic
methods, including esterase zymogram profiles (Byrne and
Devonshire 1993, Brown et al. 1995), restriction length
polymorphisms (Botstein et al. 1980), random amplified
polymorphic DNA (RAPD) gel profiles (Gawel and Barlett
1993, Perring et al. 1993, De Barro and Driver 1997, Guirao
et al. 1997, Calvert et al. 2001, Lima et al. 2002, Horow-itz et
al. 2003) and amplified fragment length polymorphism (Vos
et al. 1995, Cervera et al. 2000) were used as molecular
markers for genetic variation and biotype determination.
Esterase zymogram comparison, the first molecular method
used to distinguish B. tabaci biotypes (Wool et al. 1989)
requires either living or frozen samples and does not tolerate
samples that have been collected in alcohol or degraded
samples such as those found on sticky cards used for
monitori ng pu rposes. RAPD methods can be very
problematic as a result of artifacts related to sample quality,
sample contamination, and differences in PCR conditions
(Lamboy 1994, Shatters et al. 1995). Although many
molecular markers have been developed, little work has
been done so far on the prevalence of whitefly populations
in the western Madhya Pradesh of India. Our objectives
for this study were to determine the current situation of
genetic diversity among whiteflies and their distribution
across the crops and area.
MATERIALS AND METHODS
Sampling of whiteflies: During Kharif season (July-Nov.
2012) six whitefly samples including approximate 50
individual were collected from bean (Phaseolus vulgaris),
soybean (Glycine max), brinjal (Solanum melongena) and
cotton (Gossypium arboreum) in the 4 districts; Indore,
Khandwa, Khargaon, Ratlam of western Madhya Pradesh,
India. The individual whitefly from these crop plants were
collected by the use of aspirator and stored in 100% acetone
at -20ºC until DNA extraction.
DNA extraction and PCR amplification: An individual
whitefly was placed on a section of parafilm and grinded in
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60 µl of ice-cold lysis buffer with a round end of a 0.4 ml
microfuge tube, and was incubated for 15 min at 65ºC. Lysis
buffer was 4 mM Tris HCl pH 8.0 containing 0.2mM EDTA
(pH 8.0), 0.5% nonidet P-40 and 2 mg/ml of proteinase K.
Extracts were incubated at 95ºC for 10 min to inactivate
proteinase K, prior to brief centrifugation (10,000 rpm for 10
min) to pellet debris. The supernatant was used as source
of template DNA for polymerase chain reaction (PCR)
amplification. PCR primers for amplifying the mitochondrial
COI
gene
fragment
were
C1-J-21 95
(5´TTGATTTTTTGGTCATCCAGAAGT-3´) and L2-N-3014
(5´TCCAATGCACTAATCTGCCATTAT-3´) obtained from
Integrated DNA technologies IDT. PCR assays were
conducted using 1 µl of each template DNA in a total
reaction volume of 50 µl. The PCR reaction mix contained
100µM of dNTPs, 2.5 mM of MgCl2, 2.5 units of Taq DNA
polymerase and 1µM of each primer. All PCR reagents were
purchased from Merck. PCR conditions were an initial 2
min at 95°C (denaturation), followed by 1 min at 95°C
(denaturation), 1 min at 52°C (primer annealing), 1 min at
72°C (amplification) for 35 cycles and 5 min at 72°C. After
the PCR products were confirmed on 0.8% agarose gel with
a transilluminator under the UV light source (Biorad), the
nucleotide sequences of the PCR products were determined.
Mt COI sequencing and genetic analysis: The Mt COI
sequencing was outsourced to the Macrogen Company,
Kumchun-Ku-Seoul, Korea. Six sequences of the partial
Mt COI gene were used to perform genetic analysis. All
sequences were aligned with clustal W (Thompson et al.
1994) and the end trimmed on Mega 6. All sequences were
checked for gaps, idels, numts and psuedogene. The
sequences which have no gaps, idels or numts were
compared against the consensus sequence of the B, the Q
biotypes and, the genetic groups of the Asia I, the Asia II
and the New world. Each unknown sequ ence was
associated to the consensus sequence with which it had
the lowest divergence match difference. Phylogenetic
relationships were analyzed using the MtCOI sequences
from our sample populations with reference sequences
obtained from the NCBI databases.
RESULTS AND DISCUSSION
PCR amplification of Mt COI gene of Bemisia tabaci: By
PCR using the specific primers for the COI gene of B. tabaci,
the DNA fragments of the expected size (~700 bp) were
successfully amplified (Fig. 1). The amplicons of the COI
gene were shown in lane 1 and 2 from bean and cotton crop
in the Ratlam district, similarly in lane 3 and 6 collected from
brinjals grown in the Khandwa district. Two samples from
the soybeans of the Indore and the Khandwa district were
loaded in lane 4 and 5 respectively. Most of the B. tabaci
collected in the month of September and that time crops
were grown in the western parts retain the reproductive
stage of growth. No distinctive differences were observed
among the insects from different places and crops by the
PCR analysis.

145

Figure 1: DNA fragments of Mt COI gene amplified by
PCR from Bemisia tabaci collected from bean (lane 1)and
cotton crops (lane 2) in the Ratlam district, brinjals (lane 3
and lane 6) in the Khandwa district , soybean (lane 4) in the
Indore district, and soybean (lane 5) in the Khandwa district.
The size marker of 100 bp ladder was indicated in the left
lane.

Phylogenetic analysis of the Mt COI gene sequences of
Bemisia tabaci: All the six aligned sequencing data of B.
tabaci from the Western Madhya Pradesh were blast on
NCBI data bank. The blast result (Table 3) of Namly, Ratlam
(Lane 1) collected from beans expressed 99% homology
with the Delhi COI gene partial cds mitochondrial isolate of
the whitefly, similarly Badnawar-Ratlam, RushtampurKhandwa and Kundhi-Khandwa samples of B. tabaci
reveled 99%, 99% and 100% homology with the database
of the B. tabaci isolate Amravati cytochrome oxidase
subunit 1 (COI) gene partial cds mitochondrial, respectively
Table 1:
S.No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Origin, biotypes, accession number and base pair
of Bemisia tabaci

Accession no.
GQ371165
DQ365857
HE863761
EU099428
DQ365878
AB297898
FN557470
AJ877260
FN821806
AJ867555
AM696208
AM040594
HQ268814
DQ842050
DQ842045
DQ842047
AF110704
DQ842049
AF342779
AF110694
AF110700

Origin
China
Greece
France
USA
Greece
Japan
Italy
Saint Pierre
France
China
Cyprus
UK
India
India
Turkey
Malaysia
South India
Taiwan
Nepal
USA
Costa Rica

Biotype/Genetic group
Q
Q
Q
Q
Q
Q
Q
B
B
B
B
B
B
Asia I
Asia I
Asia I
Asia II
Asia II
Asia II
New World
New World

BP
817
761
780
776
751
777
866
751
816
841
777
805
817
396
396
396
423
396
776
423
423
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Figure 2. Phylogenetic tree based on nucleotide sequences of the evolutionary history was inferred using the Neighbor-Joining
method. The optimal tree with the sum of branch length = 0.43245566 is shown. The tree is drawn to scale, with branch lengths
in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were
computed using the Maximum Composite Likelihood method is in the units of the number of base substitutions per site. The
analysis involved 27 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps
and missing data were eliminated. There were a total of 259 positions in the final dataset. Evolutionary analyses were conducted
in MEGA6.
Table 2:
S. No.
1.
2.
3.
4.
5.
6.

Samples of whitefly collected from different crops and places of western Madhya Pradesh

District
Namly, Ratlam
Badnawar, Ratlam
Rustampur, Khandwa
NRCS, Indore
Sanawat, Khargaon
Kundhi, Khandwa

Host
Beans
Cotton
Brinjal
Soybean
Soybean
Brinjal

Scientific name
Phaseolus vulgaris
Gossypium hirsutum
Solanum melongena
Glycine max
Glycine max
Solanum melongena

(Table 3). Soybean sample of NRCS, Indore showed 96%
homology with the isolate of Guangzhou COI gene of
whitefly. The sample of whitefly collected from SanawatKhargaon showed 100% close homology with the isolate

Time of sampling
29-09-2012
29-09-2012
23-09-2012
18-09-2012
23-09-2012
23-09-2012

Stage of crop
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive

of the COI gene of Kanpu r COI gene, partial cds
mitochondrial. To prepare the phylogenetic relationship in
between the whitefly collected from different parts of the
Western Madhya Pradesh and the representative of the
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Table 3: Homology of samples strains with the NCBI-Gene bank database of Bemisia tabaci
Identity
S.No Sample code Base pairs Homology
1
1
832
99%
Bemisia tabaci isolate Delhi cytochrome oxidase subunit 1 (co1) gene, partial cds; mitochondrial
2
2
828
99%
Bemisia tabaci isolate Amravati cytochrome oxidase subunit 1 (co1) gene, partial cds; mitochondrial
3
3
659
99%
Bemisia tabaci isolate Amravati cytochrome oxidase subunit 1 (co1) gene, partial cds; mitochondrial
4
5
615
96%
Bemisia tabaci isolate Guangzhou2 cytochrome oxidase subunit 1 (COI) gene, partial cds; mitochondrial
5
6
832
99%
Bemisia tabaci isolate Kanpur cytochrome oxidase subunit 1 (co1) gene, partial cds; mitochondrial
6
7
824
100% Bemisia tabaci isolate Amravati cytochrome oxidase subunit 1 (co1) gene, partial cds; mitochondrial

genetically diverse groups and the biotypes of whitefly.
Total 21 representative sequences belonging to
diverse grou ps and bio types were incorpo rated in
evolutionary relationship of taxa preparation (Table 1).
These sequences of B. tabaci were aligned by bioedit and
phylogenetically analyzed by Mega 6.0 software. It was
found that there was no crop and geographical specificity
among the whitefly of the Western Madhya Pradesh At 94
% level of similarity 4 clusters were formed. Cluster 1
contains the Asia II genetic group and 3 whitefly (Indore
Soybean, Ratlam Bean and Khargone Soybean) from west
M.P. Cluster 2 contains the New world genetic group. Cluster
3 contains the Asia I genetic group and 3whitefly (Ratlam
Cotton, Khandwa Brinjal and Khandwa Brinjal) from west
M. P. Cluster 4 and 5 contains the Q biotype and the B
biotype of B. tabaci. Hence it is evident from phylogenetic
analysis resembled by DNA sequencing of six isolates of
B. tabaci, there was no any evidence of the B and the Q
biotypes of B. tabaci and these isolates are belonging to
the Asia I and the Asia II genetic group of B. tabaci.
Three whitefly strains (Ratlam Cotton, Khandwa
Brinjal and Khandwa Brinjal) showed 99.8% homology with
the Asia I genetic group (DQ842050, DQ842047 and
DQ842045). Strain of whitefly from Ratlam Bean, Indore
Soybean and Khargone Soybean shows 96 %-99.8%
homology with the Asia II type (AF110704, DQ842049 and
AF342779). Overall six whitefly of west MP showed
resemblance either to the Asia I or the Asia II genetic group.
Mt COI mol ecul ar marker has been u sed to
differentiat e B. taba ci variants based o n genet ic
polymorphism, because Mt COI is the most informative
marker for detecting the genetic differences between
haplotypes of B. tabaci (Frohlich et al. 1999, Simon et al.
1994, Brown 2000 and De Barro et al. 2005). Lisha et al.
(2003) reported the occurrence of whiteflypopulations from
eggplant and tobacco plants showed the polyphagous
nature of B. tabaci. All the six whitefly belongs to two
genetic groups i.e. the Asia I and the Asia II, the whitefly
collected from cotton and brinjal found in the Asia I clades,
however, whitefly collected form soybean and bean were
grouped in the Asia II types. It was seen that Asia I is
present in Indonesia, Malaysia, China, Pakistan, Turkey,
Singapore and Thailand whereas Asia II is reported from
India, Nepal, China and Pakistan (Boykin et al. 2007). All
the countries are very close to each other geographically.
Singh et al. 2012 reported North India B. tabaci population

clustered with sequences corresponding to Asia I and Asia
II genetic group. B. tabaci samples of Indore, Amravati
and Lucknow belonged to Asia I genetic group whereas
rest other locations clustered in Asia II genetic group. So
far the prevalence of biotypes specifically in west MP is
concern there are very less information available on data
base. There was no correlation between specificity of crops
and biotypes/genetic group of the whitefly during the
season.
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ABSTRACT
An investigation was carried out at Department of Plant
Pathology, JNKVV, Jabalpur to know the antagonistic
potential of Pseudomons fluorescens against Sclerotium rolfsii.
The result of the In vitro testing revealed that highest growth
inhibition zone was obtained on King’s B medium (82.2%)
followed by Pseudomonas Agar (77.1%) and Potato Dextrose
Agar medium (62.3%) after 9 days of incubation as compared
to control. Combined application of soil and seed treatment
of P. fluorescens was found best for increasing germination
percentage i.e. 96.6%, 90%, 100% and 86.6% in JG 62, JG
63, JG 315 and JG 74 respectively as compared to seed and
soil treatment alone. The combined application of soil and
seed treatment of P. fluorescens effectively helped to increase
plant growth, vigour index and to minimize disease incidence.
Out of 190 chickpea entries comprising of 115 desi and 75
kabuli types evaluated for resistance against S. rolfsii under
net house conditions, 18 entries of the desi ware found
resistant, however, 12 entries were moderately resistant. In
Kabuli type, 3 entries were found resistant, while 4 entries
were graded as moderately resistant. In a field screening of
284 chickpea germplasm accessions against collar rot, 9 were
found free from disease and 29 exhibited < 10 per cent
mortality due to collar rot.
Key words:

Cicer arietinum L., Chickpea, Collar rot,
Pseudomonas fluorescens Resistance, Vigour index

Chickpea (Cicer arietinum L.) is one of the most
important post rainy season pulse crops both in acreage
and production next to wheat, cultivated in Madhya
Pradesh. In India, it is cultivated in an area about 9.51 million
ha with a production of 8.83 mt and 929 kg/ha productivity.
Madhya Pradesh contributes an area 3.5 million ha, 4.7 mt
production and 1350 kg/ha productivity during 2013-14
(www.mpkrishi.org). Collar rot caused by Sclerotium rolfsii
Sacc. is becoming more serious disease. The pathogen
caused significant reduction in plant population having
wide host range. Biological control management is an
ecology-conscious and environment friendly strategy to
control the various root related diseases in chickpea. Several
fungal (Trichoderma sp.) and bacterial (Pseudomonas sp.
and Bacillus sp.) antagonists, have been successfully used
as biocontrol agents in the control of seed and soil borne
pathogens like Sclerotium rolfsii, Rhizoctonia solani,
Fusarium oxysporum and Sclerotinia sclerotiorum in the
various crops (Sharma et al., 1999; Mukhopadhyay et al.,
1992; Raguchander et al., 1997; Abrahm Mathew and Gupta,

1998). Plant growth promoting Pseudomonas and Bacillus
species generally employ an array of mechanisms like
antibiosis, site competition, HCN production, siderophore
production, fluorescent pigments and/or antifungal
volatiles (Weller 1988, Voisard et al.,1989, Gardener et al.,
2000, Pal et al.,2000, Validov et al., 2005, Singh et al., 2006)
to antagonize pathogens. In the present studies efforts
have been made to manage the di sease by usi ng
Pseudomonas fluorescens as seed treatment and soil
application and to find out possible sources of resistance
against collar rot of chickpea.
MATERIAL AND METHODS
Mass culturing of S. rolfsii in chickpea straw medium:
The mass culture of the pathogen was done on chickpea
straw, which was first washed with water, squeezes then
sterilized in an autoclave by filling in polypropylene bags.
The sterilized chickpea straw was inoculated with S. rolfsii
and incubated at room temperature (25±2oC) for 15 days to
obtain the profuse and dense growth of fungal mycelium
and Sclerotia.
Testing of antagonistic potential of Pseudomonas
fluorescens against S. rolfsii: An antagonistic activity
(Jabalpur isolate) of P. fluorescens isolated from rhizosphere
of chickpea field of Department of Plant Pathology, JNKVV
Jabalpur (in vitro) and commercially available talk based
formulation product of P. fluorescens from JNKVV Jabalpur
(for in vivo ) was studied against S. rolfsii.
In vitro: P. fluorescence isolated from rhizosphere of
chickpea field (Jabalpur isolate) was screened for their
antagonistic activity by dual culture method on different
media (PDA, King’s B, Pseudomonas agar media). An
amount of 20 ml media was poured in sterilized Petri plate,
after solidification of media 4 days old pure culture of
antagonist and the pathogen were inoculated separately at
the same time. A five mm disc was taken from the margin of
young vigoursly growing culture and placed in petri plate
at the opposite point from each other. The plates were
incubated in the BOD incubator at 27+2 0C. Isolate of
Pseudomonas spp. were tested for their effectiveness
against the pathogen. Observation on the pathogen growth
in the presence of P.fluorescens was recorded after 9 days
of inoculation with the help of a scale. The mean of three
replications was calculated and expressed in mm in each
case.
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I = C-T X 100

Disease reaction

C
Where, I = Percent inhibition; C = Growth of test
pathogen in control plate; T = Growth of test pathogen in
presence of P. fluorescens
In vivo : The experiment was conducted to find out an
effecti ve antagonistic treatment which enhance
germination, shoot length, root length and minimize
mortality of seedling. Trays were filled with inoculated soil.
The soil was inoculated with test fungus S. rolfsii grown
on chickpea straw medium. Seeds of chickpea variety JG 62
(early wilter), JG 63 (resistant), JG 315 (wilt resistant) and JG
74 (late wilter) were sown with different treatments viz; seed
treatment, soil application and soil application + seed
treatment with isolate of Pseudomnas sp. (commercial
product of JNKVV). FYM was the best substrate for
multiplication of Pseudomonas fluorescens. Ten seeds were
sown in each tray. Untreated seeds sown in the inoculated
soil with S. rolfsii and healthy soil served as control. Four
replications were maintained. Observations on germination,
pre and post emergence mortality were recorded.
Vigour index = Germination percentages × seedling length
of final day count.

Rating
1
2
3
4
5

Category
R
MR
TR
S
HS

Testing of antagonistic potential of Pseudomonas
fluorescens against Sclerotium rolfsii
In-vitro: The result of in vitro testing of P. fluorescens
(Jabalpur isolate) on growth of S. rolfsii, presented in Table
1 showed that highest growth inhibition zone was obtained
on King’ B (81.2%) followed by Pseudomonas agar medium
(77.1%) in comparison to potato dextrose agar (62.3%) after
9 days of incubation. Whereas in control plate the growth
of S. rolfsii was foundmaximum i.e. 85.1 mm on PDA followed
by King’ B (48.0 mm) and Pseudomonas agar medium (45.0
mm).
Table 1: Antagonistic potential of Pseudomonas fluorescens
(Jabalpur isolate) against collar rot on different
media by dual culture technique.

Types of treatment along with dosages:

T4
T5

Types of treatment
Seed treatment
Soil treatment
Seed + Soil
treatment
Control *
Control **

Dosages
10 g/kg seed
50 g/kg soil
10g/kg for seed and 50g/ kg for
soil
-

Control* = Inoculated soil with S. rolfsii + no treatment, Control**=
Healthy soil + no treatment

Screening of chickpea genotypes (Net house and Sick
field): To locate the sources of resistance against collar
rot, chickpea germplasm lines were procured from AICRP
on chickpea and NBPGR. Germplasm lines were screened
in the multiple disease sick field at Seed Breeding farm,
JNKVV, Jabalpur. Two rows of test entries were sown in 4 m
long row at 30 cm apart in multiple disease sick fields.
Inoculum multiplied on chickpea straw were added in rows
to maintain sickness. One row of susceptible check (JG 62)
was alternated after every two row of test entries and
replicated twice in randomized block design. Observation
was recorded on emergence count and per cent seedling
mortality and disease reaction was calculated by using the
following formula as mentioned:
Total infected plant
Percent collar rot = –––––––––––––––––––––– × 100
Total emergence of plant
The percentage of mortality for each germplasm line
was calculated and the level of resistance/susceptible was
grouped as per disease rating scale.

Seedling mortality (%)
0-10
10.1-20
20.1-40
40.1-60
60 and above

RESULTS AND DISCUSSION

Media

Treatment
T1
T2
T3

Reaction type
Resistant
Moderately resistant
Tolerant
Susceptible
Highly susceptible

PDA
King’ B
Pseudomonas
agar medium

Radial growth of S. rolfsii
(mm)* after 9 days
Control
Dual culture
85.1
32.1
48.0
9.0
45.0

10.3

Per cent
inhibition
62.35
81.25
77.11

*Average of three replications

Effect of seed and soil treatment of Pseudomonas
fluorescens on vigour index on four varieties of chickpea:
The treatment with bio agent also affects the vigour index
of plant. The vigour index is multiplication of germination
percentages and seedling length of the final day count.
Application of FYM colonized with P. fluorescens @ 10g/
kg of seed plus 50g/kg soil effectively help to increase the
plant growth. The data presented in Table 2 revealed that
the soil +seed treatment is found best in increasing vigour
index (19831.9, 17631.0, 23570.0 and 19433.0 in JG 62, JG 63,
JG 315 and JG 74 respectively) as well as enhanced
germination (96.6%, 90%, 100% and 86.6% in JG 62, JG 63,
JG 315 and JG 74 respectively) percentages as compared to
seed and soil treatment alone. Hameeda et al. (2010) isolated
bacteria from compost and macro fauna, seven of the 207
isolates showed antagonistic activity against S. rolfsii in
pot culture. Two of the seven isolate were Bacillus sp. and
rest belonged to Pseudomonas sp. Kaur and Sharma (2013)
reported 35 isolates of rhizobacteria from 25 soil sample
collected from healthy chickpea rhizosphere. Out of thirty
five isolates, ten isolates of rhizobacteria were characterized
as Pseudomonas sp. on the basis of morphological and
growth promotion activities.
In vivo: The studies conducted to explore the use of P.
fluorescens in improving germination percentage and
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Table 2: Effect of seed and soil treatment with Pseudomonas fluorescens on vigour index of chickpea
Treatment

Germination (%)
JG
JG 74
JG 62 JG 63
315
90.0 96.6 73.3 90.0
100 96.6 96.6 96.6
96.6 90.0 100 86.6
90.0 96.3 93.3 86.6
86.6 90.0 96.6 100
0.04 0.03 0.02 0.01
0.13 0.09 0.07 0.05

Varieties
T1
T2
T3
T4
T5
SE m(±)
CD 5%

Shoot length (cm)

Root length (cm)

JG 62

JG 63 JG 315 JG 74

JG 62 JG 63 JG 315 JG 74

JG 62

JG 63

JG 315

JG 74

7.6
9.9
10.9
6.8
6.9
0.003
0.010

8.9
9.9
10.3 11.9
11.5 12.7
7.1
7.5
7.0
7.9
0.003 0.002
0.008 0.006

7.9
9.0
9.9
8.3
6.9
8.8
9.8
7.7
9.6
8.0
10.8 10.2
7.0
7.6
6.2
7.0
7.3
7.8
7.2
7.9
0.038 0.003 0.002 0.001
0.117 0.009 0.005 0.004

13988.7
16840.0
19831.9
12515.4
12321.4

17330.0
18624.4
17631.0
14212.9
13359.6

14545.6
21061.7
23570.0
12943.5
14682.2

15912.0
18141.4
19433.0
12123.1
15174.0

9.3
10.9
12.1
6.9
7.1
0.001
0.004

reducing the mortality due to collar rot resulted that,
combined application of seed treatment + soil application
(T3) of commercial product of JNKVV, significantly
increased the plant growth and decreased the per cent collar
rot (13.6%, 5.5%, 7.5% and 8.1 % in JG 62,JG 63,JG 315 and
JG 74 respectively) of chickpea as compared to soil
treatment (20%, 5.6%, 10% and 13.3% in JG 62,JG 63,JG 315
and JG 74 respectively ) and seed treatment individually
(30.3%, 14.3%, 11.2% and 14.3% in JG 62,JG 63,JG 315 and
JG 74 respectively) (Table 3). Among treatments application
Table 3:

Te sting of the antagonistic po tential of
Pseudomonas fluorescens against Sclerotium rolfsii
using different treatment under Net house

Treatment
Varieties
JG 62
T1
30.3
T2
20 .0
T3
13.6
T4
97.2
T5
93.7
SE m (±)
2.868
CD 5%
8.72
*Average of four replications

Vigour index

Percent mortality*
JG 63
JG 315
14.3
11.2
5.6
10.0
5.5
7.5
81.5
45.8
79.7
11.4
2.061
0.903
6.27
2.74

JG 74
14.3
13.3
8.1
74.7
62.1
2.224
6.76

of FYM colonized with Pseudomonas fluorescens @10 g/
kg of seed plus 50 g/kg soil effectively help to increased
plant growth and minimum per cent disease incidence.
Usharani et al. (2009) conducted pot experiment to evaluate
different delivery system for P. fluorescens in the
management of Fusarial wilt of tomato revealed that FYM
enriched with P. fluorescens as seed and soil application
was very effective in minimizing wilt incidence.
Screening of chickpea entries against collar rot under
Net house: Experiment was conducted to screen the
chickpea entries (Desi and kabuli) against collar rot under
artificially inoculated condition in Net house. It is evident
that the pathogen caused both seed rot (0 to 55 %) and

seedling mortality (6 to 100 %) up to 30 DAS. Of the 115
desi types screened in inoculated plastic tray, 11 entries
(DC 2012-3,GNG 1581, GCP 105, GNG 2216, RSG 963, JG 38,
H 10-05, Pant G186, H 10-41, JG 40, RVSSG 21) found free
from disease, 7 entries showed <10 per cent mortality and
may be graded as resistant, however 12 entries exhibited
moderately resistant. Seventy five kabuli types were also
screened to find out the resistant genotypes. The pathogen
caused seed rot (0 to 80 %) and seedling mortality (16 to
100 %) up to 30 DAS. Of the 75 entries screened in
inoculated plastic trays, 3 entries (Phule G 0627-3, GNG
2237and NBeG 176) was found free from disease and may
be graded as resistant; however 4 entries exhibited
moderately resistant reaction having the disease incidence
up to 20 per cent, overall disease was found to occur in the
range of 16 to 100 per cent (Table 4). Singh et al. (2012)
reported 50 germplasm lines of chickpea against collar rot.
The germplasm lines KG-1226, KG-8, B-321 and B-311 were
found moderately resistant. Gupta and Babbar (2006)
reported that among 423 Desi and kabuli chickpea
genotypes screened in multiple diseased sick plot, 5
genotype of Desi and 4 of Kabuli type were found as
resistant and 39 as moderately resistant.
Evaluation of chickpea germplasm accession against
collar rot under field condition: To find out resistant
sources against collar rot, chickpea germplasm accessions
were also screened along with susceptible check JG 62 under
disease sick field. Observations on per cent mortality due
to disease were recorded up to 45 days after sowing (Table
5).
The disease was observed in the range of 0.0 to 100.0
per cent. The data exhibits that among 284 entries 33 entries
were found resistant, out of them 9 entries (IC 305641, IC
83515, IC117779, IC117783, IC117784, IC117792, IC117800,
IC487500, IC487394) were found free from disease, 24 entries
showed <10 percent mortality, 82 entries exhibited 10.1 to

Table 4: Resistant chickpea genotypes (Desi and Kabuli) against collar rot identified in net house
Reaction
Resistant
(0 to 10.0%)

Moderately resistant
(10.1 to 20.0%)

Desi

Kabuli
Desi
Kabuli

Genotypes
DC 2012-3, GNG 1581, GCP 105, GNG 2216, RSG 963, JG 38, H 10-05, Pant G186,
H 10-41, JG 40, RVSSG 21,GJG 1001, IPC 2006-126, H 10-21, IPC 2008-69, H 1022, JAKI 9218, IPC 2009-191
Phule G 0627-3, GNG 2237, NBeG 176
H 10-57,Phule G 0405, RSG 963, IPC 2007-13, IPC 2010-62, RSG 931, CSJ 515,
GAG 1107, GNG 2210, GNG 1115, JG 315, GL28295
HK 2, BG 3026, BG 1003,GLK 10082

Total
18

3
12
4
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Table 5: Reaction of chickpea germplasm accession against collar rot under field condition
Reaction
Resistant
(0 to 10.0%)

Genotypes
IC 305641, IC 83515, IC 117779, IC 117783, IC 117784, IC 117792, IC 117800, IC 487500, IC 487394,
IC 271762, IC 487469, IC 488127, IC 551962, IC 305523, IC 305297,IC 486528, IC 305299, IC 552343,
IC 305510, IC305537, IC 486055,IC 248133, IC 248136, IC 837668, IC 83808, IC 305464, IC 485764,IC
271725, IC 117810, IC 117812, IC 209502, IC 209500, IC 117761.

Moderately resistant
(10.1 to 20.0%)

Total
33

82

20 percent mortality and regarded as moderately resistant
(entries name are not given).

Raguchander T, Rajappan K and Samiappan R.1997. Evaluating
methods of application of biocontrol agents in the control of
Mungbean root rot. Indian Phytopathology 50:229-234.

REFERENCES

Sharma SK, Verma BR and Sharma BK. 1999. Biocontrol of
Sclerotinia sclerotiorum causing stem rot of chickpea. Indian
Phytopathology 52:44-46.

Abrahm Mathew K and Gupta SK. 1998. Biological control of root
rot of French bean caused by Rhizoctonia solani. Journal of
Mycology and Plant Pathology 28:202-205.
Gardener BBM, Schroeder KL, Kalloger SK, Raaijmakers JM,
Thomashow LS and Weller DM. 2000. Genotypic and
phenotypic diversity of phlD-containing Pseudomonas strains
isolated from the rhizosphere of wheat. Applied Environment
Microbiology 66: 1939-1946.
Gupta O. 2001. Occurrence of sources of resistance in desi and
kabuli chickpea genotypes against collar rot and yield attributing
character, presented in International chickpea conference held
at IGKVV, Raipur (Abst), p. 64.

Singh A, Verma R and Shanmugam V. 2006. Extracellular chitinases
of fluorescent pseudomonads antifungal to Fusarium oxysporum
f.sp. dianthi causing carnation wilt. Current Microbiology 52:
310-316.
Singh SP, Agarwal RK and Bhagawati R. 2012. Screening of
chickpea germplasms, date of sowing and integrated management
of collar rot caused by Sclerotium rolfsii. Annals of Plant
Protection Sciences 20: 397-399.

Gupta O and Babbar A. 2006. Identification of desi and kabuli
chickpea genotypes for multiple disease resistance against soil
borne diseases. Indian Journal of Pulses Research 19:129-130.

Usharani S, Christopher DJ and Sujaritha A. 2009. Effect of delivery
system of Pseudomonas fluorescens on the rhizosphere survival
and management of fusarial wilt of tomato. Journal of Biological
Control 23: 195-198.

Hameeda B, Harini G, Rupela OP, Rao JVDKK and Reddy G. 2010.
Biological control of chickpea collar rot by co-inoculation of
antagonistic bacteria and compatible rhizobia. Indian Journal of
Microbiology 50: 419-424.

Validov S, Mavrodi O, Fuente L, Boronin A, Weller D, Thomashow
K and Mavrodi D. 2005. Antagonistic activity among 2,4diacetylphloroglucinol producing fluorescent Psedomonads sp.
FEMS Microbiology Letters, 242, 249.

Mukhopadhyay AN, Shrestha SM and Mukherjee PK.1992.
Biological seed treatment for control of soil borne plant
pathogens. FAO Plant Protection Bulletin 40: 221-30.

Voisard C, Keel C, Haas D and Defago G. 1989. Cyanide production
by Pseudomonas fluorescens helps suppress black root rot of
tobacco under genobiotic conditions. EMBO J. B., 351-358.

Pal KK, Tilak KVBR, Saxena AK, Dey R and Singh CS. 2000.
Antifungal characteristics of a fluorescent Pseudomonas strain
involved in the biological control of Rhizoctonia solani.
Microbiological Research 155: 233-242.

Weller DM. 1988. Biological control of soilborne plant pathogens
in the rhizosphere with bacteria. Annual Review of
Phytopathology 26: 379-4.

Journal of Food Legumes 28(2): 153-156, 2015

Screening of cowpea (Vigna unguiculata) varieties against Callosobruchus
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ABSTRACT
Investigations were carried out at Department of Entomology,
B. A. College Agriculture, Anand Agricultural University,
Anand, Gujarat, India during 2011-12 on ten cowpea varieties
viz., ‘Anand-1’, ‘Anand-3’, ‘Anand-4’, ‘Anand-5’, ‘RCV-7’,
‘RC-19’, ‘RC-101’, ‘Divya-405’, ‘Local Nirmali’ and ‘Pusa
Phalguni’ to see their reactions against Callosobruchus
chinensis in storage condition. Among them ‘Pusa Phalguni’
had the lowest number of adult emergence (3.62) followed
by ‘Divya-405’ (4.25) and ‘RCV-7’ (5.95). On the basis of per
cent weight loss due to infestation of C. chinensis, ‘RCV-7’
was found superior with lowest (1.73%) per cent weight loss
after six months of cowpea storage followed by ‘Divya-405’
(1.76%) and ‘Pusa Phalguni’ (1.82%). Significantly lower
germination loss was recorded in ‘Pusa Phalguni’ (14.03%),
‘Anand-1’ (14.61%) and ‘Divya-405’ (14.66%). Based on the
above three parameters varieties ‘Anand-1’, ‘Anand-5’,
‘RCV-7’, ‘RC-101’, ‘Divya-405’ and ‘Pusa Phalguni’ found
highly resistant against Callosobruchus chinensis under
storage.
Key words:

Screening, Cowpea, Callosobruchus, Storage.

Cowpea (Vigna unguiculata Linnaeus), commonly
known as lobia, is a major pulse crop belonging to family
Leguminosae. It is cultivated as pulse, fodder and green
manure crop. On dry weight basis, cowpea seeds contain
23.4 per cent protein, 1.8 per cent fat and 60.3 per cent
carbohydrates. It is also rich source of calcium and iron
(Khan, 2011). It is used for both human consumption and
as a concentrate feed for cattle. However, cowpea suffers a
great damage during storage due to the various insect pests.
Three major species of pulse beetles viz., Callosobruchus
chinensis Linnaeus, C. maculatus and C. analis damaged
cowpea seeds under storage condition (Semple et al., 1992).
The average seasonal loss due to C. chinensis ranged from
10.58 to 42.64 and 4.40 to 18.20 per cent in terms of number
and weight, respectively in different species of legume
grains (Ghosal, 2011). The damage incurred in terms of per
cent weight loss during storage of cowpea due to C.
chinensis remained 18.6 per cent (Rawat and Srivastava,
2011). Storage pests are a major constraint in tropical and
subtropical regions and for their management, cheap and
effective control methods are needed. In recent years,
attempts have been made to replace synthetic pesticides
with natural pesticides of plant origin which are cheap,
safe, eco-friendly, less persistent and more specific (Raikar

et al., 2011). Under such circumstances, use of resistant
varieties in management of this pest is considered as
ecologically viable proposition.
MATERIALS AND METHODS
The study was carried out in the Department of
Ento mology, B. A. College of Agricult ure, Anand
Agricultural University, Anand, Gujarat, India during 201112. For initiation of culture, about 300 adults of C. chinensis
were introduced in plastic jar (20 cm x 14 cm) containing 1
kg cowpea grains (var. Anand-1). The glass jar was
previously sterilized at 55°C for 4 hours in an oven and
covered tightly with muslin affixed with rubber band to
prevent the adults from escaping. The adults of C. chinensis,
thus obtained from the laboratory culture, were used for
further studies. Ten varieties of cowpea viz., Anand-1,
Anand-3, Anand-4, Anand-6, RCV-7, RC-19, RC-101, Divya405, Local Nirmali and Pusa Phalguni were screened for
their susceptibility to C. chinensis in completely randomized
design (CRD) with 3 repetitions (Steel and Torrie, 1980).
Evaluation based on population growth: The study on
population growth of C. chinensis on each variety, method
described by Deb and Borad (2014) was followed. For the
purpose, three samples of cowpea grain each of 50 g were
filled in plastic tube (6 cm x 5 cm). Ten pairs (two days old)
of C. chinensis were released in each tube for egg laying
and each tube was covered with two-fold muslin clothe
kept in position using rubber band. The adults were
discarded from each tube after 7 days. The observations
on number of adults (live + dead) developed in each
repetition were recorded after six months of storage.
Evaluation based on weight loss: To conduct the study
on weight loss of cowpea due to C. chinensis, 100 grains
were collected randomly from each sample and segregated
into grain damaged by pulse beetle and germ eaten grain.
The damaged grains, germ eaten and 100 undamaged grains
were weighed using monopan electronic balance. Based
on data, the per cent loss in weight was calculated sample/
replication-wise formulas (Srivastava et al. (1973).
Evaluation based on germination loss: To test the
susceptibility of each variety to C. chinensis based on
germination loss, three samples of cowpea grains (100 seeds
collected randomlyfrom each sample) were drawn from each
variety. The test was carried out on moist Whatman no. 1
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filter paper kept in petri-plates (diameter 10 cm). The seeds
were spread on germination paper at uniform distance in
the petri-plate. The petri-plate was covered with the lid
carrying the moist filter paper and kept in a seed germinator
maintained at 21 ± 1°C and 95 ± 2 per cent relative humidity.
Small quantity of distilled water was sprinkled on filter paper
once a day to keep it moist. The number of grains germinated
was counted after 7 days of incubation.
Categorization of varieties: The cowpea varieties were
grouped into four categories of susceptibility to C.
chinensis viz., highly resistant (HR), resistant (R),
susceptible (S) and highly susceptible (HS) based on three
parameters viz., population growth, per cent loss in weight
and germination loss. For the purpose, mean value of
individual variety ( Xi ) was compared with mean value of
all varieties ( X ) and standard deviation (SD) following the
scale as adopted by Patel et al. (2002). The scale for
categorization of different varieties was as under.
Category of resistance

Scale for resistance

Highly Resistant (HR)

Xi < X

Resistant (R)

Xi > X < X + 1 SD

Susceptible (S)

Xi > ( X + SD) < ( X + 2 SD)

Table 1:

Xi > ( X + 2 SD)

RESULTS AND DISCUSSION
Evaluation based on population growth: After six months
of storage, variety Pusa Phalguni had the lowest (3.62)
number of C. chin ensis adul ts devel oped and was
statistically at par with Divya-405 (4.25) and RCV-7 (5.95
per 50 g grains). Thus, varieties Pusa Phalguni, Divya-405
and RCV-7 were less preferred by C. chinensis. Significantly
highest (43.32) number of adults of C. chinensis developed
on RC-19 and it proved to be the most preferred cowpea
variety followed by Anand-3 (30.86) and Anand-4 (20.94
per 50 g grains).
Evaluation based on weight loss: The data on per cent
grain weight loss due to infestation of C. chinensis in stored
cowpea after six months (Table 1) clearly indicated that the
lowest weight loss was observed in case of RCV-7 (1.73%)
and was at par with Divya-405 (1.76%). Variety RC-19
recorded significantly highest weight loss (6.99%) and was
found to be the most preferred to C. chinensis.
Evaluation based on germination loss: The germination
count of cowpea varieties before insect infestation ranged
from 83.31 to 93.16 per cent (Table 1). The difference in
germination per cent was non-significant among the
varieties which indicated the uniform germination of all the
varieties under study. After six months of insect infestation,

Susceptibility of cowpea varieties to C. chinensis based on population growth and weight loss after six months of
storage

Varieties
Anand – 1
Anand – 3
Anand – 4
Anand – 5
RCV – 7
RC – 19
RC – 101
Divya – 405
Local Nirmali
Pusa Phalguni
S. Em. ±
CD at 5 %
C. V. %

Highly Susceptible (HS)

Number of adults developed
(per 50 grains)*

Weight loss
(%) **

3.23 c
(9.93)
5.60 e
(30.86)
4.63d
(20.94)
3.40 c
(11.06)
2.54b
(5.95)
6.62f
(43.32)
3.53 c
(11.96)
2.18ab
(4.25)
3.48 c
(11.61)
2.03a
(3.62)
0.15
0.44
7.01

8.53a
(2.20)
8.76a
(2.32)
9.42a
(2.68)
8.86a
(2.37)
7.56a
(1.73)
15.33b
(6.99)
9.19a
(2.55)
7.63a
(1.76)
9.44a
(2.69)
7.76a
(1.82)
0.65
1.94
12.00

Germination (%)
Before insect
After 6 months of insect
infestation
infestation
59.67 f
(83.31)
(74.50)
39.79b
(85.19)
(40.96)
46.32c
(91.81)
(52.30)
55.11def
(92.47)
(65.63)
57.66 ef
(89.31)
(71.38)
30.05a
(84.38)
(25.08)
50.75c
(93.16)
(59.97)
60.49 f
(89.29)
(75.74)
52.52cde
(91.50)
(62.97)
61.18 f
(91.76)
(76.76)
4.15
2.20
NS
6.50
10.11
7.36

Notes:
1. *Figures in parentheses are square root transformed values.
** Figures in parentheses are arc sine transformed values.
2. Treatment means with alphabet in common are not significant at 5 % level of significance within a column.

Germination loss
(%)
22.47a
(14.61)
47.05 de
(53.57)
42.35d
(45.38)
33.60bc
(30.62)
29.04b
(23.56)
50.65 e
(59.80)
35.88 c
(34.35)
22.51a
(14.66)
35.48 c
(33.69)
22.00a
(14.03)
1.74
5.15
8.88
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highest germination was recorded in Pusa Phalguni
(76.76%), followed by Anand-1 (74.50%). Variety RC-19
(25.08) and Anand-3 (40.96) recorded significantly lower
per cent germination count after six months of insect
infestation. Based on the per cent germination loss due to
the infestation of C. chinensis during six months of storage
(Table 1), significantly lowest germination loss was recorded
in Pusa Phalguni (14.03%), followed byAnand-1 (14.61%).
Significantly highest (59.80%) germination loss due to the
infestation of C. chinensis was observed in variety RC-19
and was at par with Anand-3 (55.57%).
Categorization of varieties: On the basis of insect
population growth, varieties Anand-1, Anand-5, RCV-7, RC101, Divya-405, Local Nirmali and Pusa Phalguni were
categorized as highly resistant (HR) to C. chinensis (Table
2). Variety Anand-4 was categorized as resistant (R),
whereas, Anand-3 was categorized as susceptible (S).
Variety RC-19 was grouped as highly susceptible (HS) to
C. chinensis. On the basis of weight loss due to C.
chinensis, Anand-1, Anand-3, Anand-5, RCV-7, RC-101,
Divya-405, Anand-4, Pusa Phalguni and Local Nirmali were
categorized as highly resistant (HR) (Table 2). None of the
varieties were found to be resistant (R) and susceptible (S).
Variety RC-19 came under highly susceptible (HS) category
as it recorded more than 5.81 per cent weight loss.

On the basis of germination loss due to C. chinensis,
Anand-1, Anand-5, RCV-7, Divya-405 and Pusa Phalguni
were categorized as highly resistant (HR) (Table 2). Anand4, RC-101 and Local Nirmali were found to be resistant,
whereas Anand-3 and RC-19 were categorized as susceptible
to C. chinensis. None of the variety was found to be highly
susceptible in respect to per cent germination loss due to
the C. chinensis.
Based on all the three parameters, varieties Anand-1,
Anand-5, RCV-7, Divya-405 and Pusa Phalguni were highly
resistant (HR) to C. chinensis. Possibly, some physical
mechanism of resistance in cowpea varieties like smooth
seed surface, bold seeded characters alone or in
combination with chemical properties like high protein and
anti-nutritional elements were responsible for imparting
resistance against C. chinensis. Varieties with smooth seed
coats were more susceptible to cowpea bruchid than
varieties that possessed rough seed coats. Those bruchids
that attach their eggs to the external surfaces of legume
seeds lay fewer eggs on rough coated varieties than on
smooth-coated varieties (Nwanze and Horber, 1976; Abdel
Fattah and Ahmed, 2007). In a similar study, Fawki et al.
(2012) reported that morphological characters like seed coat
texture, volume and weight were not responsible for
imparting resistance to C. maculatus, however, female
bruchids preferred the smooth surface for egg oviposition.
In addition, Sulehrie et al. (2003) recorded that genotypes

Table 2: Categorization of different varieties of cowpea for their susceptibility to C. chinensis based on different parameters
Scale

Variety
Based on population (number of adults emerged)

Category of resistance

X = 15.32
SD = 12.82
Anand-1, Anand-5, RCV-7, RC-101, Divya-405, Local
Nirmali, Pusa Phalguni

Highly resistant (HR)

> 15.32 < 28.14

Anand-4

Resistant (R)

Xi > 28.14 < 40.96

Anand-3

Susceptible (S)

Xi > 40.96

RC-19

Highly susceptible (HS)

Xi < 15.32

Xi

Based on per cent loss in weight

Xi < 2.71

X = 2.71
SD = 1.55
Anand-1, Anand-3, Anand-5, RCV-7, RC-101, Divya-405,
Anand-4, Pusa Phalguni, Local Nirmali

Highly resistant (HR)

Xi > 2.71 < 4.26

-

Resistant (R)

Xi > 4.26< 5.81

-

Susceptible (S)

Xi > 5.81

RC-19

Highly susceptible (HS)
Based on per cent loss in germination

X = 32.43

SD = 16.41

Xi < 32.43

Anand-1, Anand-5, RCV-7, Divya-405, Pusa Phalguni

Highly resistant (HR)

Xi > 32.43 < 48.84

Anand-4, RC-101, Local Nirmali

Resistant (R)

Xi > 48.84 < 65.25

Anand-3, RC-19

Susceptible (S)

Xi > 65.25

-

Highly susceptible (HS)
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of green- and black-grain of Leguminosae seeds with
smooth seed coats were preferred for oviposition of C.
maculatus. Larger-seeded varieties of cowpeas are better
hosts to C. maculatus, while fewer progeny emerged from
smaller cowpea seeds, possibly due to high levels of antinutritional chemicals (trypsin and chymotrypsin inhibitors).
A negative correlation was indicated between the seed total
protein content and the susceptibility index (Ignacimuthu
et al., 2000; Singh et al., 2004; Abdel Fattah and Ahmed,
2007; Fawki et al., 2012). Growth index (GI) of C. chinensis
had a positive relation with amylase inhibitor activity (Sen
Gupta and Pandey, 2009; Tripathi et al., 2013).
Variety RC-19 was found to be highly susceptible to
C. chinensis based on population growth and weight loss.
The results obtained in present experiment could not be
discussed due to uncommonness of varieties except the
finding of Singh and Sharma (2003) who reported RC-19 as
tolerant to C. chinensis. This may be possibly due to
development of resistance (morphological or physiological
adaptation) of the bruchid against the variety.
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ABSTRACT
A participatory study to disseminate pulses production
technologies in an integrated manner was made during 201214 in adopted villages of Kanpur Dehat and Fatehpur districts
of Uttar Pradesh so as to evaluate the appropriate
technologies for enhancing profitability and productivity of
pulses. Findings revealed that ridge planting in pigeonpea
was highly beneficial (15-20% higher yield) and farmers’
friendly to get rid of vagaries related to Kharif rainfall over
flat planted one. Post emergence application of Imazethapyr
for Kharif pulses (urdbean and pigeanpea) was remarkably
useful as it was successfully evaluated at farmers’ field. The
farmers realized the competition imposed by (diverse) weed
flora and opted for a combined application of pendimethalin
at 1 kg/ha (pre-emergence or pre) + imazethapyr @ 100 g/ha
(post emergence, PE at 20-25 DAS) instead of single herbicide
(Pendimethalin pre) application. This weed control was
efficient giving adequate control of weeds especially in
Kharif mungbean, urdbean and pigeonpea. During Rabi
(2012-13 and 2013-14), successful intercropping intervention
involving chickpea + mustard (6:2 ratio in replacement
series) could motivate farmers for its adoption as an efficient
intercropping system. Intercropping had an additional
mustard yield of 300 kg/ha resulting in superiority in
chickpea equivalent yield (CEY) to the tune of 13.9-18%
(250-289 kg/ha).Growing of summer mungbean has been a
viable and profitable enterprise for farmers having irrigation
facility. Higher mungbean seed yield (750 kg/ha) under
farmers’ field was realized for a period of 2 months and
necessity for second picking of matured pods did not arise as
the genotype “SAMRAT” offers synchronous maturity. For
successful intervention and adoption of viable technologies
and system sustainability, need based integrated plant
protection has been the key. Soil and water conservation
intervention involving IIPR improved zero till seed drill has
been a boon to small and marginal farmers as it could be
used during summer/winter season to save scarce resources.
Short duration pulses like, mungbean was remunerative to
both diversify and intensify the predominantly rice-wheat
system of Indo-Gangetic Plains. Further, growing of pulses
had helped the farmers to enhance their soil quality/fertility
and raising the farm income judiciously coupled with
gainfully utilization of farm inputs/resources like, land,
labour, fertilizer, water and plant protections measures etc.
from their small/marginal land holdings.
Keywords:

Participatory approac h, Pulses production
techno logies, Seed yield, Technolo gy
Dissemination, Zero till seed drill

India is a key player in pulse production contributing
28 per cent to the global basket from an area of about 37 per
cent. The country contributes more than 75 per cent to the
global production of the two major pulses of Indian subcontinent viz., chickpea and pigeonpea. Besides these, other
pulses like, lentil, mungbean, urdbean, lathyrus, rajmas and
peas are grown profitably in many parts of India. At national
level the most important states for pulses include Madhya
Pradesh, Rajasthan, Uttar Pradesh, Maharashtra and Andhra
Pradesh which together account for 82 per cent of the
production from an area of about 74 percent (Srivastava et
al. 2013). Uttar Pradesh occupies a very important place in
pulses area (2.45 m hectares) and production (2.43 m tonnes)
in the country where pigeonpea, chickpea, lentil, fieldpea,
urdbean and mungbean are the major pulse crops. Kanpur
Dehat and Fatehpur are leading pulses growing districts of
Uttar Pradesh where the major pulse crops grown were
pigeonpea in Kharif, chickpea/lentil in Rabi and mungbean
in Summer. However, the productivity of these important
pulses is low which needs a fill up in the context of bridging
both technological and input gaps.
There is a need to ascertain t he appro priate
techno logy(ies) fo r enhancing pro fitabili ty and
productivity of pulses especially in farmers’ field. For this,
a participatory approach is suitable as its aims at studying
to dissemi nate the appropriate pul ses producti on
technologies in an integrated manner so as to benefit the
farmers the most. Therefore, a participatory approach for
disseminating the inclusive farmers’ friendly technologies
holds good for successful adoption by the farmers. These
could benefit the clientele farmers through their own
involvement in refining adoptable technologies for
enhancing farm income/profit. Not only assessing/refining
of proven technology in large scale in farmers’ field is
important, but also active participation of farmers during
evaluation process of technologies is the key enabling them
confident and is liable to gainfully benefitting them.
Although the farmers of Uttar Pradesh are usually
innovative yet they need exposures/expertise about the
improved pulse production technologies. The genesis for
inclusive part icipatory approach connects to
recommendations of several research bodies including
Research Advisory Committees for meeting at a common
goal for enhancing farm output/profit through refining the
proven technologies at farmers’ field with farmers’
participation.

158

Journal of Food Legumes 28(2), 2015

Many of the recent developed technologies need a
focused approach to redefine these with farmers’ perception
within their own surroundings/environment. Weed control
is such a practice. Weed control is important as it is the
single most important factor contributing huge loss in terms
of plant stand and biomass (later on productivity) especially
from the beginning (sapling phase). Moreover, control of
weeds particularly those emerged and grown for few weeks
along with crops (post emergence weed control) is difficult
as these becomes robust and hardy resisting the herbicidal
effect of agrochemicals applied later in the crop growth. In
addition, non-availability of post emergence herbicides
poses further challenge towards effective weed control in
pulses which by and large are considered as a poor
competitor. The use of improved herbicide such as
imazethyapr has been found to control the weeds in Kharif
pulses which needs further refinement. Similarly, Kharif
pulses are predominantly affected by water logging as a
result of rainfall extremities or drought due to dry spell.
This is supported from uneven rainfall pattern/distribution
and prevailing irrigation facilities in Uttar Pradesh.
Planting of pigeonpea on ridges made by ridge maker
and supplementary foliar spray of nutrient could alleviate
such stress condition and help realize higher yields. To
boost up overall crop productivity per unit space and time
and to avoid crop failure especially in the later stages,
contingency crop planning through intercropping or strip
cropping are too advisable. When the crop is grown, it
embodies with management of pests optimally including
weeds where adoption of an integrated pest management
strategy or concept holds key as this approach ensures
diminishing pests build up. Since most of the pulses
(because of slow growth initially) are accompanied with
upland habit and pod bearing characteristics, these are
subjected to attack by many pests including that of pod
borer complex. As a rule every intervention should at least
involve some sorts of IPM strategy to contain pests build
up over the season/crop(s). Similarly, in the fallow patches
after wheat, a remunerative low water requiring summer
pulse such as mungbean could add existing farm income to
the farmers and fetch indirect benefits (through soil fertility
build up) where no other enterprise offers such flexibility
as that of a low risk pulse. Therefore, these proven and
profitable enterprises or technologies need to be further
refined under farmers’ condition to scale up their profit and
resources. Keeping these objectives in view, several key
(Cafeteria of) pre-technologies were needed to be evaluated
with the participation of the farmers. Therefore, the present
investigation was carried out during 2012-14 in adopted
villages of Barhapur and Sariyapur of Barhapur block in
Kanpur Dehat, and those of Mauhar and Alipur of Malwan
block in Fatehpur districts in Uttar Pradesh in Indian State.
Both Kanpur and Fatehpur were chosen as the study area
as both these districts were irrigated and located within
proximity of the Institute for conduct of the experiments

and the availability of farmers for a participatory research
(based on dissemination of proven technologies).
MATERIALS AND METHODS
A study was made to disseminate pulses production
technologies in an integrated manner at farmers’ field during
2012-14 in adopted villages of Barhapur and Sariyapur of
Barhapur block in Kanpur Dehat, and those of Mauhar and
Alipur of Malwan block in Fatehpur districts in Uttar
Pradesh.
The interventions used in the study included planting
pattern (ridge versus flat planting) in pigeonpea, post
emergence weed control (application of Imazethapyr for
Kharif pulses viz., urdbean and pigeonpea versus farmers’
practice, FP or one weeding, and pendimethalin at 1 kg/ha
Pre + Imazethapyr at 100 g/ha PE at 20-25 DAS versus
pendimethalin alone) during Kharif season in mungbean,
urdbean and pigeonpea, Intercropping (chickpea + mustard
in replacement series in 6:2 ratios versus sole or pure
cropping during Rabi), growing a summer mungbean
(versus absence of pulses/crop) during summer along with
need based (i ntegrated) plant protect ion measures,
(balanced) fertilization and IIPR improved zero till seed drill
versus manual seeding for small and marginal farmers. Each
of these interventions/trials (involving controls or checks)
was tried approximately in one acre area at five sites
belonging to 5 farmers consecutively for 2 years during
2012-14.
Besides survey, soil samples from the selected
farmer’s field were analyzed for its major nutrient content
to assess the fertility status of the soil. The fertilizer and
other inputs were applied based on the soil test values/
recommendations. FYM samples were also collected and
analyzed for studying its nutrient content and its application
rate. The crop was taken care from sowing to harvesting
stages of the crop and the need based plant protection
measures and other agronomic management were taken at
appropriate time. Spraying of imazethyapr was made as per
schedule. During crop growth, certain plant observations
like, plant biometrics, biomass accumulated and nodulation
for biological N fixation were also recorded. At the time of
harvest, the yield and major yield attributes were recorded.
Statistical techniques like percentage, mean, yield gap
analysis and economics were calculated as per standard
procedure (Singh and Singh 2014).
RESULTS AND DISCUSSION
Performance evaluation of technology interventions
Post emergence application of imazethapyr for
mungbean, urdbean and pigeanpea: Application of
imazethapyr as post-emergence (20-25 DAS) was observed
effective against diverse weed flora under farmers’ existing
condition. Imazethapyr at 100 g/ha PE was effective in Kharif
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urdbean and pigeonpea. Although there was a rainfall
following spraying resulting in little dilution of herbicide
hindering its efficacy in few places under Kanpur Dehat,
yet the effect was conspicuous and remarkable in both the
locations. The farmers convinced that under diverse weed
flora, instead of single herbicide (pendimethalin pre), a
combined application of pendimethalin at 1 kg/ha Pre +
imazethapyr @ 100 g/ha PE (at 20-25 DAS) was useful giving
adequate control of weeds especially in Kharif mungbean,
urdbean and pigeonpea (Autar et al. 2013, Fig 1).This
practice enabled an additional seed yield and farm income
through saving of both labour and money (Table 1) besides
a significant reduction in weed biomass and weed counts.
Table 1.

Performance of Imazethapyr PE in Kharif pulses
(seed yield, kg/ha)

Treatment
Mungbean Urdbean Pigeonpea
Farmers practice (FP) (one
560
600
2150
weeding)
Pre-emergence (Pendimathalin)
585
650
2080
Pre- + Post-emergence
710
790
2450
Superiority (%) over FP
26.8*
31.7*
13.9
Additional Return over FP (INR)
5600
7170
10550

*Significant at 5% level of significance

Performance of pigeonpea under ridge vis-à-vis flat
planting: Adverse effect of temporary water logging
subsequent to a heavy downpour is well known and is the
major cause for plant mortality in pulses. The resultant plant
population is inadequate to cover up the gap and is unlikely
to compensate for yield. To mitigate this excess water related
stress, ridge planter attached to a tractor led to higher
seedling survival and crop performance in pigeonpea. The
trials conducted in farmers’ field indicated outperformance
of ridge planted seedling in comparison to flat planted one
(Praharaj and Singh 2012). Long duration pigeonpea variety
(NA-1) performed fairly well under ridge planting (Praharaj
et al. 2015; Table 2). Besides improvement in growth and
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above ground biomass, there was yield superiority to the
extent of 15-20% following ridge planting of long duration
pigeonpea under farmers’ condition over the existing
practice of flat planting (Table 2). Farmers were convinced
that the technology is viable and remunerative when
combined with machine (tractor operated ridge planter)
thereby reducing weed infestation and its effects on crop.
It also facilitates other intercultural operations including
pesticide spraying against major pests such as Helicoverpa
and pod fly in pigeonpea.
Popularization of summer mungbean: Diversification
and intensification of rice-wheat cropping system through
introducing pulses has long been neglected by farmers as
a profitable and viable enterprise. Development of
infrastructure facilitysuch as irrigation facilityrenders these
feasible and economically viable now than before. Over
several trials conducted on-farm and experimental research
stations, it has been amply demonstrated that such
possibility does exist and wherever possible/feasible, low
input requiring pulses should be popularized due to its soil
restorative nature and addition of N through biological N
fixation (BNF) to soil-plant system. In the existing study,
farmers sowed mungbean just after harvest of winter wheat.
Varieties such as ‘SAMRAT’ were planted with minimum
available input at farmers’ ‘own’ condition with only 2-3
irrigations as per need. The mungbean seed yield realized
was around 750 kg/ha for a period of 60-65 days. Second
picking of matured po ds was no t required due to
synchronous maturity. Large profit to the extent of INR
33000 (gross return per hectare calculated at INR 4400/100
kg seed) within the short period motivated farmers to take
up spring/summer mungbean cultivation. Farmers also
realized that yield of succeeding rice crop was also higher
due to improved soil fertility (Singh et al. 2010). As a result
of better return, the farmers have started cultivating summer
mungbean and are seeing it as a highly remunerative crop

Table 2. Performance of ridge planting vis-à-vis flat planting in pigeonpea
2012-13
Dry weight
Plant height Root length
at 60 DAS
at 60 DAS
at 60 DAS
(cm)
(cm)
(g/plant)
Flat (control)
81.3
17.6
8.3
Ridge
86.7
18.0
9.3
Superiority over flat (%)
7.0
2.3
12.0
Planting method

Seed yield
(kg/ha)

Branch/
plant

Pods/
plant

1500
1800
300
(20.0*)

18.2
23.1
26.9*

210
259
23.3*

2013-14
Seed yield
(kg/ha)
2130
2450
320
(15.0*)

Additional return
over control
(INR/ha)
11120
-

*Significant at 5% level of significance ; # Rs.1200/- was the cost/ha towards making ridges

Table 3: Performance of chickpea + mustard versus chickpea sole cropping (seed yield, kg/ha)
Intercropping
Chickpea
Chickpea + mustard
Chickpea sole
Superiority over sole (%)
Additional return over sole (INR/ha)
*Significant at 5% level of significance

17.5
18.0
-

2012-13
Mustard
3.0
-

Chickpea
Equivalent Yield
20.5
18.0
13.9*
7750

Chickpea

2013-14
Mustard

1530
1610
-

375
-

Chickpea
Equivalent Yield
1899
1610
18.0*
8959
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after wheat/garlic or even potato (Singh et al. 2010).
Intercropping of chickpea + mustard for higher
return: Profitability for the farmers is ensured even under
certain contingencies only when it is backed by appropriate
forecast/remedial measures taken to counter anticipated
crop loss against vagaries related with weather/pest
scenario and other natural calamities or farmers’ own
constraints during crop growth. Certain precautions such
as intercropping have always been proved handy to
counter such unforeseen situation (Singh and Singh 2013).
In the current investigation, against a backdrop of chickpea
or mustard as a sole crop, intercropping of chickpea +
mustard (at 6:2 row ratios in replacement series) showed
that although chickpea seed yields were similar (both under
sole and intercropping situation) yet intercropping had an
additional mustard yield of 300 kg/ha (over that in chickpea
sole) resulting in yield superiority to the tune of 13.9-18%
(250-289 kg/ha) on chickpea equivalent yield basis (Fig 1,
Table 3). As a component of IPM practice, it had lower level
of pests and diseases incidence requiring lesser frequency
in pesticide application. The farmers perceived this
technology was profitable with additional income from
mustard besides improvement in soil fertility.
Introduction of Zero Till Seed Drill: Small implements
such as manual operated Zero Till Seed Drill for sowing of
pulses were very helpful in economizing cost of cultivation
through effective reduction in labour (money) and drudgery.
Participatory dissemination of technologies indicated the
usefulness of small equipments under small and marginal
farm condition adding the existing efficiency to planting or
intercultural operations. IIPR improved zero till seed drill
has been a boon to small and marginal farmers as it could
be used during summer/winter season to save scarce
resources (labour, money, input and time). It had also direct
impact on the dissemination of technologies among the
pulse farmers. It also helped them to include short duration
pulses like, mungbean to diversify and intensify the
predominantly rice-wheat system of Indo-Gangetic Plains.
In addition, these small implements proved very handy also
after wheat, garlic or even potato as the left over weed
count or biomass is very low. However, where vegetables
were grown previously, operation of small tools might not
be that much handy as the field required higher draft to
make it operational. In that case tractor operated zero till
drill was very much useful to cover large area within a short
time span. This was also advantageous under the farmers’
condition where farmers’ groups or cooperatives are
operational or land consolidation was in vogue (Singh et
al. 2004). This was also very useful under farmers’ condition
as it saved precious time during or after Rabi crop.
IPM and oth er intervention s: Participatory
technology dissemination had included the efficient pest
management components as IPM and need based pests
management were the key for cost cutting exercise in all the

pulses. IPM had a benefit of low pest resurgence with
optimum pest control. Besides farmers’ own ITKs,
application of need based pest control strategy could suit
their requirements by maximizing their return through
effectively containing the pests as judicious use of
pesticides with farmers’ participation was key to success
of IPM under field condition. Further, growing of pulses
had helped the farmers to enhance their soil fertility/quality
and increase the farm income with judicious and gainfully
utilization of farm inputs/resources like, land, labour,
fertilizer, water and plant protections measures etc. from
their small and marginal land holdings (Singh and Singh
2013).
Thu s, t here is a great scope fo r enhancing
productivity of pulses viz., pigeonpea, chickpea, summer
mungbean and urdbean with reduction in yield gap which
may be possible through adoption of region specific
technology modules, advance planning, critical monitoring/
input support, HRD or capacity building through training
and need based technology demonstrations. A simple
example is cited through by introducing short duration
pulses in summer season in different cropping systems
which renders enhanced profitability or farm income per
unit area.
Therefore, studies have shown that often the research
centre tend to think of farmer as targets of technology
transfer (Bebbington 1991, Farrington and Nelson 1997).
Thus, participatory approach has relevance as it is having
much importance with regard to technology response, cost
effectiveness and adoption of different technologies (Singh
et al. 200 4). The above study on impact of agrotechnologies involving improved pulses production
technologies showed elevated farm income or return to
farmers following participatory dissemination and decision
within the existing situation and/or constraints. Therefore,
assessment and refinement of t echno logy thro ugh
participatory approach holds key for its adoption and
popularization. In addition, along with creation of a platform
for interface with different stakeholders, the technology
dissemination model utilized through participatory
approach has enormo us potential for enhanci ng
productivity of pulses and farm income of farmers.
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ABSTRACT
A field experiment was carried out at Regional Agricultural
Research Station, Nandyal during rabi seasons of 2012-13
and 2013-14 to study the suitability of chickpea ‘NBeG47’
for mechanical harvesting through standardising its
appropriate plant density and optimum nitrogen levels. The
variety recorded significantly higher seed and haulm yields
at a plant density of 55/m2 (on par with those in 44/m2) as
compared to 33/m2. However, different levels of nitrogen did
not influence its seed yield, its attributes or other plant
biometrics.
Key words:

Chickpea, Erect plant type, Nitrogen levels, Plant
geometry

Mechanization of diverse farm operations right from
planting of seed in fields to storage of seeds is vital for
improving efficiency of production agriculture and reducing
cost of cultivation. Sowing of many field crops including
pulses is now progressively being carried out by seed drills
in India. Similarly many other farm operations are being
gradually taking the help of machines due to scarce
availability of costly labour especially at the time of need.
The requirement of machine is more likely in a situation
where there is a need for quick harvesting of the current
crop standing in the field and a quick sowing of another
crop in succession. Here it necessitates the use of harvesting
machine or combines as in case of crops like, wheat and
rice where it has been a boon.
In addition, with continuously increasing labour cost,
manual harvesting has become an expensive and time taking
field operation for any crop in Indi a. Therefo re it
necessitates the use of mechanical harvesting. Chickpea
(Cicer arietinum L.) is the foremost important pulse crop
growing all over the country during Rabi season. Among
states in India, Andhra Pradesh contributes significantly
to the National pool as compared to other states as the
crop is grown in the state in an area of 3.44 lakh hectares
with the productivity of 1050 kg/ha. The problem arises
when the crop needs to be manually harvested as the
availabl e cul tivars are not suit able to mechani cal
harvesting. It is mostly attributed to low height of the crop
(low plant height) and closeness of the branches to ground
(with semi-spreading growth habit). Hence, there is a need

to develop tall and non-spreading plant type with pods
borne considerably above the ground level. This in turn
will be amenable to mechanical harvesting at a low cost (of
cultivation).
In this regard, chickpea ‘NBeG47’ - a cultivar with
more plant height & erect type- was developed and released
from Regional Agricultural Research Station, Nandyal,
Acharya NG Ranga Agricultural University, Andhra
Pradesh. The seed yield of chickpea is highly dependent
on plant population (Ayaz et al. 1999) which can be
manipulated to obtain the maximum seed yield per unit land
area depending on variety, its growth habit and agro-climatic
condition (Kumar et al., 2015). As ‘NBeG47’ differs in its
morphology as compared to exi sting cu ltivars, its
requirements for row spacing and fertility may be different.
Therefore, the current experiment was planned with an
objective of having high density planting so that it could
lead to increased production per unit area due to its erect
nature although over population beyond the threshold level
could often led to competition for nutrients resulting in
poor growth and low seed yield.
Being a leguminous crop, chickpea meets significant
portion of its nitrogen requirement through symbiotic N2
fixation (4-85%) when grown in association with effective
and compatible Rhizobium strains (Saini et al. 2004;
Rudresh et al. 2005). Study shows that it could improve
soil fertility by fixing atmospheric nitrogen up to 99 kg/ha
(Schwenke et al. 1998). However, a starter dose of N fertilizer
could stimulate early growth of leguminous crops as it could
induce the activity of nitrogen fixing bacteria (Ali et al.
1998). Similarly, a higher dose of N might be useful for the
increased plant population as result of high plant density
which needed for the present investigation on redefining
the need for present starter dose recommendation (of 20 kg
N/ha) in case of increased plant stand. In this regard, the
present investigation was taken up to assess the effect of
high density planting and variable starter dose of nitrogen
for chickpea ‘NBeG47’ amenable to mechanical harvesting.
A field experiment was conducted at Regional
Agricultural Research Station, Nandyal, Kurnool district,
Andhra Pradesh during Rabi 2012-13 and 2013-14. The soil
texture is a deep clay with organic carbon of 0.56%, low
nitrogen (205 kg/ha), high phosphorus (42 kg/ha) and

Munirathnam et al. : Suitability of chickpea ‘NBeG47’ for mechanical harvesting under rainfed condition

Table 1.

163

Effect of different treatments on yield attributing characters, seed & haulm yields and Harvest Index (HI) of
chickpea cultivar NBeG 47.

Treatments

Plant height at harvest
Branches/
(cm)
plant
201220132012- 201313
14
13
14
Plant density/m2 (spacing)
33 (30 x 10 cm)
53.6
52.7
8.6
9.6
44 (30 x 7.5
53.0
52.2
6.4
6.7
cm)
44 (22.5 x 10
53.4
50.7
7.5
7.6
cm)
59 (22.5 x
52.9
49.4
7.5
8.0
7.5cm)
SEm(+)
1.1
0.5
0.4
0.4
CD (P=0.05)
NS
1.9
1.3
1.4
N levels (kg/ha)
20
53.8
50.4
6.9
8.0
30
52.4
50.9
7.8
7.6
40
53.5
51.7
8.2
8.4
SEm(+)
0.6
0.4
0.3
0.5
CD (p=0.05)
NS
NS
NS
NS

Pods/
plant
2012- 201313
14

Test weight
(g)
2012- 201313
14

Seed yield
(kg/ha)
2012- 201313
14

Haulm yield
(kg/ha)
2012201313
14

Harvest
Index
2012- 201313
14

25.1
22.7

26.8
22.0

30.7
30.5

32.4
32.1

1977
2200

2259
2476

2335
2558

2769
3096

0.46
0.46

0.45
0.44

23.4

23.4

30.7

31.3

2364

2559

2622

3187

0.47

0.45

19.2

20.2

31.3

31.6

2369

2672

2727

3423

0.46

0.44

1.0
3.1

0.6
1.3

0.3
NS

1.3
NS

57
196

38
132

60
183

46
138

-

-

22.5
22.4
24.1
1.0
NS

22.2
23.2
23.9
0.9
NS

31.0
30.8
31.0
0.2
NS

31.7
30.2
31.6
1.2
NS

2182
2325
2176
56
NS

2471
2508
2496
35
NS

2464
2683
2534
58
NS

3069
3164
3121
43
NS

0.47
0.46
0.46
-

0.45
0.44
0.44
-

potassium (410 kg/ha). The experiment consisted of twelve
treatment combinations of four plant densities 33 plants/
m2 (30 x10cm), 44 plants/m2 (30 x7.5cm), 44 plants/ m2 (25
x10cm) and 59 plants/m2 (25 x7.5cm) and three nitrogen levels
viz., 20, 30 and 40 kg N/ha; and were replicated three times
in a split plot design with a gross plot size of 13.44 m2.
Seeds of ‘NBeG47’ were sown by dibbling with a single
seed per hill. In each season, normal cultural practices for
raising successful chickpea crop were applied. The
recommended dose of nitrogen fertilizer was applied as per
treatments in the form of urea. A dose of 50 Kg P2O5/ha was
applied as single super phosphate at the time of seed bed
preparation. Irrigation was given at 55 days after sowing
because of inadequacy in rainfall events. The crop
protection measures were taken up and the crop was
harvested at maturity.
During 1st year (2012-13), plant height at harvest was
not influenced either due to planting density or nitrogen
levels although maximum (53.6 cm) and minimum (52.9 cm)
plant height were obtained at the plant density of 33/m2 (30
x 10cm) and 59/m2 (22.5 x 7.5cm) respectively. However,
during 2nd year (2013-14), significantly higher plant height
(52.7cm) was recorded at a plant density of 33/m2 following
a row spacing of 30 x 10cm (on par with 44/m2) as compared
to 59/m2 at 22.5 x 7.5cm (49.4 cm plant height). The increase
in height at 33/m2 might be due to availability of resources
or inputs (sunlight & nut rients); and was again in
disagreement with the notio n that increased pl ant
population might lead to increased plant height due to
competition for sunlight. From the study, it could be inferred
that increased planting density of ‘NBeG47’ to an extent of
59/m2 from 33/m2 could not compete for sunlight due to its
erect morphology as maximum plant height (Table 1) was
recorded at a plant density of 33/m2.

In addition, plant density of 33/m2 (30 x 10cm)
recorded significantly higher number of branches/plant
during both the years (on par with 55/m2) as compared to
44/m2 (30 x 7.5cm). Across the years of study, significantly
higher number of pods/plant were also recorded with plant
density of 33/m2 (30 x 10cm) over 59/m2 (22.5 x 7.5cm).
However, there was no significant variation in pods/plant
recorded with 44/m2 obtained either at 30 x 7.5cm or 22.5 x
10 cm. Similarly, 100 seed weight was not influenced due to
varied planting densities (Table 1).
Besides growth and yield attributes, seed yields
realized during both the years of experimentation clearly
indicated a yield advantage at a plant density of 55/m2 at a
row spacing of 22.5 x 7.5cm (on par with 44/m2) compared to
33/m2 at 30 x 10cm. The increase in seed yield with 55/m2
was in fact attributed to more plant population despite
recording significantlylower pods/plant (Table 1). A similar
result of increased seed yield by increasing plant population
per unit area was reported by Rathore and Patel 1991. Similar
trend was also observed with straw yields. However, higher
HI was recorded with plant density of 55/m2 (0.47 and 0.45
during 2012-13 and 2013-14, respectively). Contraryto row
spacing, plant height at harvest, primary branches/plant,
pods/plant, 100 seed weight, seed and straw yields were
not influenced by different nitrogen doses during both the
years. The interaction effect of plant densities and nitrogen
fertilization was also not apparent.
From the above study, it could be inferred that
chickpea ‘NBeG47’-a cultivar suitable for mechanical
harvesting-could perform well at a plant density of 55/m2
with the recommended dose of 20 kg N/ha in the vertisols
of Andhra Pradesh, India.
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Influence of storage conditions on quality of soybean [Glycine max (l.) Merill]
seeds
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ABSTRACT
Freshly harvested seeds of soybean cultivars viz., JS 335 and
DS 228 were stored in gunny bags and 400 gauge polylined
gunny bags under ambient condition for 14 months and
observations on germination (%), root shoot length of
seedling, vigour index-I and II, dry matter content of
seedlings, moisture content, electrical conductivity and seed
mycoflora were determined and recorded at two months
interval. Among the containers, the seeds stored in polylined
gunny bag were found to have better storability than the
seed stored in gunny bag. There was a decrease in viability
with advancement of storage period in all the storage
containers. Germination percent and moisture content had
positive correlation with the viability during storage. The
electrical conductivity and number of seeds affected by
fungus were negatively associated with seed viability
throughout the storage period. The cultivar JS-335 was found
to be better stored than DS-228.
Key words:

Cultivars, Germination, Natural ageing, Seed Vigor,
Soybean, Storage

Loss of seed viability during storage is a major
constraint in soybean production, particularly in tropical
and subtropical countries (Wine and Kueneman, 1981).
Soybean seed deteriorates faster (Priestley et al., 1985)
especially under tropical conditions (Delouche et al., 1973).
The most important factor affecting the viability and vigour
of seeds during storage is seed moisture, relative humidity
and temperature. Thus there is a need to understand the
genotypic variability in terms of viability of seeds during
storage. Present investigation was undertaken to study
the effect of cultivar and storage containers on quality of
soybean seeds during storage.
Freshly harvested seeds of soybean cultivars JS-335
and DS-228 of kharif- 2010 obtained and were stored from
Feb. 2011 to April 2012 in ambient condition in gunny bag
and polylined gunny bag (400 gauges) containers at Seed
Technology Research Unit, M.P.K.V., Rahuri. Observations
on germination percentage (Anonymous, 1999), root shoot
length (cm), dry matter content (g), vigour index-I, vigour
index-II (Abdul Baki and Anderson, 1973), moisture content
(%), electrical conductivity [mm hos/cm/g] (Loeffler et al.,
1988), and Seed mycoflora (%) were recorded bimonthly.
The moisture percentage was calculated on the wet weight

basis by formula given by Roberts and Roberts (1972), the
seed health was determined by blotter test to detect the
presence o f seed borne fungi o f so ybean seed
(Anonymous, 1999). The data obtained were analyzed by
using Factorial Completely Randomized Design (FCRD)
method as described by Snedecor and Cochran (1967). For
analyzing data on germination percent, moisture content
and seed mycoflora corresponding arc-sin values have been
taken.
The seeds stored in polylined gunny bag gave higher
germination percentage (84.19 %) than the seed stored in
gunny bag (76.83 %). The seeds of cultivar JS-335 stored in
polylined gunny bag have higher germination (86.54 %),
however, lowest germination (74.63 %) was recorded in
cultivar DS-228 when stored in gunny bag (Table 1). The
germination percent of the cultivar JS-335 and DS-228 was
above minimum seed certification standard (70%) up to 10
month of storage period irrespective of container. It was
maintained above minimum seed certification standard up
to 12 month (70.50) in polylined gunny bag and up to 10
month (71.16 %) in gunny bag irrespective of cultivars.
The decrease in germination could be attributed to the
deterioration in soybean seed during storage. The present
results are in conformity with those reported by Sajo et al.
(2013) and Kandil et al. (2013). The difference in root shoot
length due to cultivars, container and storage period were
found significant up to 10 months of storage. The root
shoot length of soybean seedling decreased with increase
in the storage period. The seeds stored in polylined gunny
bag recorded significantly higher root shoot length (31.00
to 9.56 cm) than the seeds stored in gunny bag (31.00 to
7.70 cm) during the all the storage periods, irrespective of
cultivars (Table 4). The root shoot length of seedling of
seed stored in polyline gunny bag was significantly higher
during all the period of storage which could be attributed
to the slow senescence or deterioration of soybean seed
stored in polyline gunny bag as compared to gunny bag.
These results are in conformity with Kandil et al. (2013).
The seeds stored in polyline gunny bag gave highest dry
matter content (9.92 g) than seeds stored in gunny bag
(9.70 g). The significantly higher dry matter content of
seedling was exhibited by the cultivar JS-335 (10.39 g) stored
in polylined gunny bag followed by cultivar DS-228 (9.44
g) stored in polylined gunny bag (Table 1). The seeds stored
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in polylined gunny bag was recorded higher dry matter
content (11.90 to 7.60 g) than the seeds stored in gunny
bags (11.90 to 7.15 g) during all the storage period. The
interaction effect among the cultivar, container and storage
period were significant at 2, 4, 6 and 8 month of storage.
The cultivar JS-335 and DS-228 stored in polylined gunny
bag recorded numerically higher dry matter than the seed
stored in gunny bags (Table 2). The dry matter content of
soybean cultivar was also decreased with increase in
storage period. This could be attributed to low rate of
germination reducing vigour and root shoot length of
seedling (Srimathi et al., 2003). The data revealed that the

vigour index-I of cultivar JS-335 and DS-228 stored in
polylined gunny bag was higher as compared to the cultivar
stored in gunny bag during the entire storage period. The
cultivar JS-335 recorded higher vigour index-II when seed
was stored in polylined gunny bag. The seed of both the
cultivar i.e. JS-335 and DS-228 stored in polylined gunny
bag recorded highest vigour index-II than the seed stored
in the gunny bag. The lowest vigour index-II was recorded
by the interaction of V1C1S8 (344.56) and V2C1S8 (240.46).
Resulting low vigour index was due to seed deterioration
during storage, it is in conformity with Srimathi et al. (2003)
and Kandil et al. (2013).

Table 1. Effect of cultivars, container and storage period on seed quality parameters of soybean seeds
Observation

Germination
(%)

Root shoot
length (cm)

Dry matter
content (g)

Vigour index Vigour index- Moisture
–I
II
content (%)

82.79
(67.19)
78.22
(63.45)

21.63

10.19

1869.50

864.30

19.68

9.43

1638.50

761.46

76.83
(62.81)
84.19
(67.83)
0.24
0.69

20.37

9.70

1643.79

773.36

21.24

9.2

1864.41

852.4

0.12
0.33

0.045
0.13

29.54
83.57

5.48
15.50

95.83
(78.44)
93.25
(75.12)
90.25
(71.96)
87.75
(69.64)
83.58
(66.19)
76.58
(61.33)
65.08
(53.86)
51.75
(46.02)
0.48
1.40

31.00

11.90

2977.33

1141.25

28.79

11.50

2686.62

1067.98

25.00

10.96

2096.94

994.18

22.46

10.50

1974.34

921.74

19.26

9.67

1601.28

810.45

17.09

8.70

1304.32

668.05

14.19

7.86

934.69

513.78

8.63

7.37

457.26

385.61

0.23
0.66

0.09
0.26

59.09
167.16

10.96
31.00

EC (mmhos/
cm /g)

Seed
mycoflora
(%)

Variety
V1 : JS-335
V2 : DS-228
Container
C1 : Gunny
bag
C2 : Polyline
bag
S.E. +
CD at 5 %
Storage period
S 1 : Initial
S2 : 2 month
S3 : 4 month
S4 : 6 month
S5 : 8 month
S 6 : 10 month
S 7 : 12 month
S 8 : 14 month
S.E. +
CD at 5 %

9.36
(17.77)
9.29
(17.75)

0.823
0.874

9.92
(18.33)
8.73
(17.19)
0.044
0.12

0.884

8.63
(17.08)
8.70
(17.16)
8.75
(17.20)
8.95
(17.37)
9.36
(17.81)
10.43
(18.86)
10.00
(18.40)
9.79
(18.20)
0.88
0.25

0.425

0.813
0.004
0.013

0.524
0.657
0.755
0.912
1.045
1.193
1.277
0.009
0.026

37.91
(37.47)
38.12
(37.78)
43.54
(41.25)
32.50
(33.99)
0.76
2.15
13.33
(21.14)
15.00
(22.50)
19.16
(25.64)
25.83
(30.39)
32.50
(34.59)
50.83
(45.55)
67.50
(56.22)
80.00
(64.96)
1.52
4.31

Table 2. Interaction of cultivar and container on seed quality parameters of soybean seeds
Observation
V1 C1
V1 C2
V2 C1
V2 C2
S.E. +
CD at 5 %

Germination
(%)
82.79
(67.19)
86.54
(69.88)
74.63
(61.12)
81.83
(65.78)
0.34
0.97

Root shoot length Dry matter content Vigour index
(cm)
(g)
–I

Vigour
index-II

Moisture content
(%)
9.36
(17.77)
8.73
(17.18)
9.85
(18.30)
8.74
(17.19)
0.06
0.17

21.63

10.19

1869.50

864.30

21.97

10.39

1970.49

912.33

19.45

9.41

1518.77

731.66

20.50

9.44

1758.32

791.86

0.16
0.46

0.064
0.18

41.78
118.20

7.75
21.92

EC
(mmhos/
cm /g)
0.823
0.796
0.920
0.829
0.065
0.018

Seed mycoflora
(%)
37.91
(37.47)
33.75
(34.85)
45.00
(42.41)
31.25
(33.14)
1.07
3.04
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The genotypes JS-335 and DS-228 stored in polyline
gunny bag recorded lowest i.e. 8.73 and 8.74 per cent
moisture content, respectively (Table 2). Whereas, the JS335 and DS-228 stored in gunny bag recorded highest i.e.
9.90 and 9.85 per cent moisture content, respectively. The
soybean seed possessed lowest moisture content (8.63 %)
when stored in polyline gunny bag as compared to gunny
bag (10.91 %) at the end of the storage period. The results
are in agreement with earlier report of Arulnadhy et al.
(1988). The electrical conductivity of seed when stored in
gunny bag was significantly higher (0.426 to 1.33 mmhos/
cm/g) than seed stored in polyline gunny bag (0.423 to
1.218 mmhos/cm/g) during all period of storage (Table 4).
The seed of JS-335 and DS-228, when stored in gunny bag
exhibited higher electrical conductivity than the seed stored
in polyline gunny bag. However, the seeds of cultivar DS228 had higher electrical conductivity during storage than
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the cultivar JS-335 (Table 5). The electrical conductivity of
soybean seed increased during storage. Similar results were
also reported by Hampton et al. (1992) and Kandil et al.
(2013). The seeds of cultivar DS-228 stored in gunny bags
recorded highest seed mycoflora (45.00 %). From the data,
it was seen that the interaction of cultivar, container and
storage period had significant effect on seed mycoflora of
soybean cultivar. The seed of soybean cultivar i.e. JS-335
and DS-228 when stored in gunny bag exhibited higher
seed mycoflora than the seed stored in polyline gunny
bag. The highest seed mycoflora 80.00 per cent was
observed in both cultivar JS-335 and DS-228, respectively
at 14 month of storage (Table 1). The present results are
also in agreement with the result of other workers viz.,
Bilgrami et al. (1976). They reported that Aspergillus niger
and Aspergillus flavus were most commonly occurring fungi
during storage of soybean seed.

Table 3. Interaction of cultivar and storage period on seed quality parameters of soybean seeds
Observation

Germination
(%)

Root shoot length
(cm)

Dry matter
content (g)

Vigour index
–I

Vigour
index-II

Moisture content
(%)

97.33
(80.64)
94.67
(76.78)
92.50
(74.17)
89.16
(70.96)
85.33
(67.46)
79.83
(63.66)
67.67
(55.43)
55.83
(48.42)
82.79
(67.19)

32.50

12.43

3163.46

1210.23

29.88

12.05

2829.01

1126.16

25.08

11.38

2351.65

1053.33

23.10

10.80

2067.41

962.83

20.11

9.87

1675.50

844.67

17.96

8.98

1394.70

722.26

15.11

8.30

993.48

561.96

9.25

7.71

481.96

432.93

21.62

10.19

1869.65

864.29

8.63
(17.10)
8.70
(17.15)
8.73
(17.18)
9.00
(17.38)
9.36
(17.81)
10.53
(18.88)
10.10
(18.49)
9.81
(18.22)
9.36
(17.77)

94.33
(76.24)
91.83
(73.46)
88.00
(69.76)
86.33
(68.32)
81.83
(64.92)
73.33
(58.99)
62.50
(52.23)
47.66
(43.61)
78.22
(63.45)
0.68
1.94

29.50

11.37

2791.20

1072.26

27.70

10.95

2544.23

1009.80

24.91

10.55

1842.23

935.03

21.83

10.20

1881.26

880.65

18.42

9.48

1527.06

776.23

16.22

8.43

1213.95

613.84

13.27

7.43

875.90

465.60

8.02

7.03

432.56

338.30

19.98

9.43

1638.55

761.46

0.32
0.93

0.13
0.36

83.57
236.30

15.5
43.84

EC
(mmhos/
cm /g)

Seed mycoflora
(%)

JS-335
0 month (S 1)
2 month (S 2)
4 month (S 3)
6 month (S 4)
8 month (S 5)
10 month
(S6)
12 month
(S7)
14 month
(S8)
Mean

0.42
0.523
0.647
0.743
0.889
0.990
1.138
1.231
0.823

13.33
(21.14)
15.00
(22.50)
20.00
(26.32)
26.67
(30.89)
31.67
(34.11)
48.33
(43.99)
68.33
(56.89)
80.00
(63.93)
37.91
(37.47)

DS-228
0 month (S 1)
2 month (S 2)
4 month (S 3)
6 month (S 4)
8 month (S 5)
10 month
(S6)
12 month
(S7)
14 month
(S8)
Mean
S.E. +
CD at 5 %

8.63
(17.08)
8.71
(17.17)
8.76
(17.22)
8.90
(17.35)
9.36
(17.81)
10.33
(18.85)
9.90
(18.31)
9.76
(18.18)
9.29
(17.75)
0.12
0.35

0.429
0.525
0.667
0.767
0.935
1.100
1.248
1.324
0.874
0.013
0.036

13.33
(21.14)
15.00
(22.50)
18.33
(24.96)
25.00
(29.89)
33.33
(35.07)
53.33
(47.11)
66.66
(55.56)
80.00
(65.99)
38.12
(37.78)
2.15
6.09
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Table 4. Interaction of container and storage period on seed quality parameters of soybean seeds
Observation
C1S1 : 0
month
C1S2 : 2
month
C1S3 : 4
month
C1S4 : 6
month
C1S5 : 8
month
C 1S6 :10
month
C 1S7 :12
month
C 1S8 :14
month
C2S1 : 0
month
C2S2 : 2
month
C2S3 : 4
month
C2S4 : 6
month
C2S5 : 8
month
C 2S6 :10
month
C 2S7 :12
month
C 2S8 :14
month
S.E. +
CD at 5 %

Germination
(%)
95.83
(78.44)
62.66
(74.46)
89.50
(71.26)
85.83
(67.91)
79.33
(62.69)
71.16
(57.58)
59.66
(50.58)
40.66
(39.58)
95.83
(78.44)
93.83
(75.78)
91.00
(72.66)
81.66
(71.37)
87.83
(69.69)
82.00
(65.08)
70.50
(57.14)
62.83
(52.45)
0.68
1.94

Root shoot
length (cm)
31.00

Dry matter
content (g)
11.90

Vigour
index –I
2973.15

Vigour
index-II
1141.25

28.41

11.46

2633.90

1053.40

24.80

11.03

1906.31

988.23

22.45

10.53

1923.56

907.20

18.50

9.36

1440.56

743.33

16.55

8.46

1160.33

599.13

13.55

7.71

805.00

461.84

7.70

7.15

307.46

292.51

31.00

11.90

2973.15

1141.25

29.16

11.53

2739.35

1082.56

25.20

10.90

2287.56

1000.13

22.48

10.46

2025.11

936.28

20.03

9.98

1762.00

877.56

17.63

8.95

1448.31

736.96

14.83

8.01

1064.30

565.71

9.56

7.60

607.06

478.71

0.33
0.93

0.13
0.36

83.57
236.39

15.50
43.84

Moisture content EC (mmhos/ Seed mycoflora
(%)
cm /g)
(%)
8.63
0.426
13.33
(17.08)
(21.14)
8.76
0.540
16.66
(17.22)
(23.85)
8.81
0.683
21.66
(17.27)
(27.42)
9.16
0.788
28.33
(17.55)
(32.00)
9.96
0.954
38.33
(18.39)
(38.18)
11.96
1.107
63.33
(20.37)
(52.92)
11.13
1.239
78.33
(19.48)
(62.57)
10.91
1.336
88.33
(19.29)
(71.92)
8.63
0.423
13.33
(17.08)
(21.14)
8.65
0.508
13.33
(17.10)
(21.14)
8.68
0.630
16.66
(17.13)
(23.85)
8.73
0.722
23.33
(17.18)
(28.78)
8.76
0.870
26.66
(17.22)
(30.99)
8.90
0.983
38.33
(17.36)
(38.18)
8.86
1.147
56.66
(17.32)
(49.87)
8.66
1.218
71.66
(17.11)
(58.00)
0.125
0.013
2.15
0.354
0.036
6.09

Table 5. Interaction of cultivar, container and storage period on seed quality parameters of soybean seed
Observation
V1C 1S1
Control
V1C 1S2
V1C 1S3
V1C 1S4
V1C 1S5
V1C 1S6
V1C 1S7
V1C 1S8
V1C 2S1
Control
V1C 2S2
V1C 2S3
V1C 2S4
V1C 2S5
V1C 2S6
V1C 2S7
V1C 2S8

Germination
(%)
97.33
(80.64)
94.33
(76.31)
92.00
(73.65)
86.33
(68.32)
80.66
(63.29)
73.33
(58.99)
62.33
(52.14)
46.00
(42.70)
97.33
(80.64)
95.00
(77.25)
93.00
(74.68)
92.00
(73.59)
90.00
(71.62)
86.00
(68.36)
73.00
(58.72)
65.66
(54.14)

Root shoot length Dry matter content Vigour index
(g)
–I
(cm)
32.50
12.43
3163.46

Vigour
index-II
1210.23

29.80

11.93

2811.66

1105.86

24.90

11.36

2353.26

1046.20

23.46

10.83

2026.46

941.13

19.00

9.20

1439.80

748.00

17.66

8.40

1220.66

618.06

14.76

8.20

856.73

511.22

8.06

7.50

278.60

344.56

32.50

12.43

3163.46

1210.23

29.96

12.16

2846.56

1146.46

25.26

11.40

2350.03

1060.46

22.73

10.76

2108.36

984.53

21.23

10.46

1911.20

941.33

18.16

9.56

1568.73

826.46

15.46

8.40

1130.23

612.70

10.43

7.93

685.33

521.30

Moisture content EC (mmhos/
(%)
cm /g)
8.63
0.420
(17.08)
8.73
0.543
(17.18)
8.76
0.670
(17.22)
9.26
0.760
(17.58)
9.96
0.942
(18.39)
12.23
1.030
(20.47)
11.36
1.165
(19.69)
10.93
1.262
(19.30)
8.63
0.420
(17.08)
8.66
0.503
(17.12)
8.70
0.623
(17.15)
8.73
0.727
(17.18)
8.76
0.837
(17.22)
8.83
0.950
(17.29)
8.83
1.112
(17.29)
8.70
1.200
(17.15)

Seed mycoflora
(%)
13.33
(21.14)
16.66
(23.85)
23.33
(28.78)
30.00
(33.00)
36.66
(37.22)
56.66
(48.84)
73.33
(59.00)
86.66
(68.85)
13.33
(21.14)
13.33
(21.14)
16.66
(23.85)
23.33
(23.78)
26.66
(30.99)
40.00
(39.14)
63.33
(54.77)
73.33
(59.00)
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Table 5 contd…
Germination Root shoot length Dry matter content Vigour index Vigour Moisture content EC (mmhos/ Seed mycoflora
(%)
(cm)
(g)
–I
index-II
(%)
cm /g)
(%)
V2C 1S1
94.33
29.50
11.36
2782.83
1072.26
8.63
0.432
13.33
Control
(76.24)
(17.08)
(21.14)
91.00
27.03
11.00
2456.33
1000.00
8.80
0.537
16.66
V2C 1S2
(72.61)
(17.25)
(23.85)
87.00
24.70
10.70
1456.36
930.26
8.86
0.697
20.00
V2C 1S3
(68.87)
(17.32)
(26.07)
85.33
21.43
10.23
1820.66
873.26
9.06
0.817
26.66
V2C 1S4
(67.50)
(17.52)
(13.99)
78.00
18.00
9.46
1441.33
738.66
9.96
0.967
40.00
V2C 1S5
(62.09)
(18.40)
(39.14)
69.00
15.33
8.53
1100.00
580.20
11.70
1.183
70.00
V2C 1S6
(56.18)
(20.28)
(56.99)
57.00
12.33
7.23
753.33
412.46
10.90
1.313
83.00
V2C 1S7
(49.02)
(19.27)
(66.14)
35.33
7.33
6.80
336.33
240.46
10.90
1.411
90.00
V2C 1S8
(36.45)
(19.27)
(75.00)
V2C 2S1
94.33
29.50
11.36
2799.56
1072.26
8.63
0.427
13.33
Control
(76.24)
(17.08)
(21.14)
92.66
28.36
10.90
2632.13
1018.66
8.63
0.513
13.33
V2C 2S2
(74.32)
(17.08)
(21.14)
89.00
25.13
10.40
2225.10
939.80
8.66
0.637
16.66
V2C 2S3
(70.64)
(17.12)
(23.85)
87.33
22.23
10.16
1941.86
888.03
8.73
0.711
23.33
V2C 2S4
(69.15)
(17.18)
(28.78)
85.66
18.83
9.50
1612.80
813.80
8.76
0.903
26.66
V2C 2S5
(67.75)
(17.22)
(30.99)
77.66
17.10
8.33
1327.90
647.46
8.96
1.017
36.66
V2C 2S6
(55.55)
(17.42)
(37.22)
68.00
14.20
7.63
998.46
518.73
8.90
1.182
50.00
V2C 2S7
(61.81)
(17.36)
(44.98)
60.00
8.70
7.27
528.80
436.13
8.63
1.237
70.00
V2C 2S8
(55.55)
(17.08)
(56.99)
S.E. +
0.971
0.46
0.18
118.20
21.92
0.177
0.018
3.049
CD at 5 %
2.75
1.31
0.51
334.31
62.01
0.500
0.052
8.628
V1: JS-335; V2: DS-228; C1: Gunny bag container; C2: Polyline gunny bag; 0 month (S1); 0 month (S1); 2 month (S2); 4 month (S3); 6 month (S4);
8 month (S5); 10 month (S6); 12 month (S7); 14 month (S8 )
Observation

Results clearly showed that during natural ageing
process (storage) germination percent, root shoot length,
vigour index and dry matter content decreased; whereas,
electrical conductivity, moisture content and seed mycoflora
increased irrespective of cultivars and storage container.
But, the seeds stored in polylined gunny bag were found
to have better storability than the seed stored in gunny
bag. The storability of cultivar JS-335 in polylined gunny
bag was found better than the cultivar DS-228.
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ABSTRACT
To determine the effect of T. viride (a commercial strain of
MPKV, Rahuri) on growth parameters and wilt incidence an
experiment was conducted in pot conditions using four
chickpea cultivars viz., WR-315, Digvijay, Vijay and JG-62.
Seed treatment of Trichoderma viride significantly enhanced
the growth of chickpea by increasing the germination, root
and shoot length in the varieties WR-315, Digvijay, Vijay
and JG-62. The seed treatment gave promising control of
Fusarium wilt under sick soil condition. Lowest disease
incidence under sick soil condition was recorded in the
variety WR-315 followed by Digvijay. However, T. viride was
found ineffective in controlling wilt under sick soil conditions
in susceptible variety JG-62. T. viride was also found to be
surviving as exo and endophyte in chickpea roots upto 60
days of the crop growth.
Keywords:

Trichoderma viride, Chickpea wilt, exo and
endophytic survival

Trichoderma species are among the most frequently
isolated soil fungi and are abundantly present in plant root
ecosystem. The fungi are opportunistic, avirulent plant
symbionts and function as parasites and antagonist of many
phytopathogenic fungi, thus protecting plants from
diseases. So far several Trichoderma sp. are found effective
in cont roll ing the diseases and are bei ng u sed as
biopesticides and biofertilizer (Ushamalini et al., 2008; Simon
and Anamika, 2011). Depending upon the strain, the use of
Trichoderma in agriculture can provide numerous
advantages such as colonization of the rhizosphere allowing
rapid establishment within the stable microbial communities
in the rhizosphere, control of pathogenic and competitive/
deleterious microflora by using a variety of mechanism,
improving of the plant health and stimulation of root growth
(Harman et al., 2004).
Wilt of chickpea caused by Fusarium oxysporum f.
sp. ciceri is the most destructive disease of chickpea in
India causing severe losses in term of grain yield. The losses
accounted by the wilt may vary from 10 to 70 per cent
(Mandavia et al., 2002 and Khilare et al., 2009) and may be
as high as 90 to 100 per cent in wilt sick soil (Pawar et al.,
1991). The wilt of chickpea is soil borne as well as seed
borne and is difficult to control. The fungus can survive in
soil as long as up to five years and also symptomless plants

carry the fungus. It is, therefore, not possible to control the
disease through normal crop rotation or cultural practices.
Looking to the hazardous nature of chemicals, different
biological agents are being used for the control of the
pathogen. Trichoderma is mostly applied as a seed
treatment for controlling the soil borne pathogens (Trivedi
et al., 2013). Once the seeds are treated, the bioagent
multiplies in the soil and protects the crop. During the
present study, the survival of Trichoderma as exophyte
and endophyte in chickpea roots along with its biocontrol
ability for the control of chickpea wilt was assessed.
The effect of T. viride (commercial strain of MPKV,
Rahuri) seed treatment on growth parameters and wilt
incidence was determined by conducting pot culture
experiment and using the chickpea cultivars viz., WR-315,
Digvijay, Vijay and JG-62. The seeds of each variety were
treated with three different doses of T. viride viz., 4g, 6g
and 8g per kg of seed. The seeds of each variety were sown
in two sets i.e. one in sick soil and another in sterilized soil.
The observations on seedling vigour index [Average root
length (cm) + Average shoot length (cm) Î Germination
percentage] and disease incidence were recorded.
The exophytic and endophytic survival of T. viride
was detected on Trichoderma selective media (Glucose :
3.00 g, NH4NO3: 1.00 g, KH2PO4: 0.90, MgSO4: 0.20 g, KCl,:
0.15 g, Rose Bengal: 0.15 g, Captan : 0.10 g , Chloramphenicol
: 0.25 g, PCNB: 0.15 g, Metalaxyl,: 0.0125 g, Agar : 18 g/ lit of
water ) at 12, 30 and 60 days after sowing from two different
sets as mentioned above. To investigate the exophytic
occurrence, the plants were uprooted from each treatment
at different growth stages and soil adhering to the roots
was collected. Serial dilution plate technique was followed
to determine the presence and colony population of the
bioagent. The fungal population was enumerated by
following formulaNo. of colonies/g soil = Average plate count x Dilution
factor / Wt. of soil sample (g) X 100
To determine the endophytic occurrence of
Trichoderma, roots from each treatment was washed with
tap water to remove soil adhered to roots. Roots were blot
dried and cut into 2.5 mm sized small bits with sterilized
blade. These root bits were disinfected with 0.1 per cent
aqueous solution of mercuric chloride (HgCl2) for two
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minutes. The main object was to remove the exophytic T.
viride. Bits were then placed on the TSM plates and
observed for growth of the Trichoderma colonies.
Seedling vigour index: The seedling vigour index of
chickpea varieties grown in sick as well as sterile soil was
calculated. Results (Table 1) indicated that different doses
of T. viride significantly affected the seedling vigour index
in all the varieties under study. Though, the varieties
responded positively to Trichderma application, highest
seedling vigour index was recorded in variety Digvijay at
all the doses of Trichoderma under sick as well as sterile
soil conditions (2282.27 and 2644.57 respectively). Higher
seedling vigour index value over control was also recorded
in the variety JG-62 (2467.15) when grown under sterile soil
conditions.
Earlier, Hoyos-Carvajal et al. (2009) and Rajput et al.
(2010) reported that Trichoderma spp. have the ability to
promote the plant growth i.e. shoot and root length as a
result of different mechanism such as solubilization of
phosphorous, micro nutrients and minerals. Similar results
were also obtained by Dubey et al. (2007) and Verma et al.
(2007). Present results are in confirmatorywith these finding
where in Trichderma application as seed treatment resulted
in enhancing the growth of chickpea.
Wilt control: The varieties responded significantly to
different doses of Trichoderma viride and less wilt
incidence was observed in the treatment of 6 and 8 g (Table
2). Lowest disease incidence under sick soil condition was
recorded in the variety WR-315 followed by Digvijay.

However, Trichoderma viride was found totally ineffective
in controlling wilt under sick soil conditions in susceptible
variety JG-62. In other varieties, the seed treatment of
Trichoderma viride @ 6 and 8 gm/ kg of seed not showed
any differences as regard to wilt control. Wilt incidence
was reduced by about 50-65 per cent over control with
seed treatment of Trichoderma viride in the varieties WR315, Digvijay and Vijay. Similar results with Trichoderma
viride seed treatment were obtained by Barhate and Dake
(2007), Nikam et al. (2007), Srivastava and Agrawal (2010)
and Simon and Anamika (2011). The suppression of disease
can be acco unted to ant agonisti c properties of
Trichoderma which involves parasitism and lysis of
pathogenic fungi.
Exo and endophytic survival of Trichoderma viride in
chickpea: Isolations made from the rhizospheric soil of
chickpea plants from all the treatment combination to
determine the presence of Trichoderma viride yielded in
the growth of the fungal bioagent. Maximum colonies were
recorded at 105 dilutions (Table 3). Trichoderma viride
population increased gradually throughout the crop growth
period and maximum population was recorded at 60 DAS in
all the varieties. In sterile soil CFU count of Trichoderma
viride ranged between 11.18 x 105 g-1 soil to 36.70 x 105 g-1
soil whereas, in wilt sick soil it ranged between 7.95 x 105 g1
soil to 23.90 x 105 g-1 soil. Comparatively, higher number of
colonies was recorded in sterile soil than the sick soil. It
might be due to competition of Trichoderma with the
Fusarium. Also slight differences were recorded in CFU

Table 1. Effect of various doses of Trichoderma viride on seedling vigour index of chickpea
Factor
Sick soil

Sterile soil

SE+
CD at 5%
SE+
CD at 5%
SE+
CD at 5%
SE+
CD at 5%
SE+
CD at 5%

Treatment
T. viride@ 4 g/kg
T. viride@ 6 g/kg
T. viride@ 8 g/kg
Control
Mean
T. viride@ 4 g/kg
T. viride@ 6 g/kg
T. viride@ 8 g/kg
Control
Mean
V
7.24
20.24
V
7.24
20.24
S
5.12
14.31
V
7.24
20.24

WR-315
2138.71
2332.83
2411.79
1800.13
2191.40
2539.64
2726.51
2741.88
2404.05
2603.02

Digvijay
2307.44
2402.18
2457.92
1961.57
2282.27
2633.27
2746.96
2765.67
2432.40
2644.57
S
5.12
14.31
T
7.24
20.24
T
7.24
20.24
S
5.12
14.31

V XSXT
20.48
57.25

Seedling vigour index
Vijay
2181.00
2272.18
2275.29
1599.84
2082.08
2521.10
2686.95
2688.22
2274.54
2542.70

JG-62
0.00
0.00
0.00
0.00
0.00
2442.75
2573.93
2614.28
2237.66
2467.15
VXS
10.24
28.63
VXT
14.48
40.48
SXT
10.24
28.63
T
7.24
20.24

Mean
1656.78
1751.79
1786.25
1340.38
1638.93
2534.19
2683.58
2702.51
2337.16
2564.36
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Table 2. Effect Trichoderma viride on disease incidence of wilt
Factor

Treatment

WR-315
2.22
(8.56)
2.00
(8.12)
2.00
(8.12)
4.44
(12.16)
2.67
(9.24)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)

T. viride@ 4 g/kg

Sick soil

T. viride@ 6 g/kg
T. viride@ 8 g/kg
Control
Mean
T. viride@ 4 g/kg

Sterile soil

T. viride@ 6 g/kg
T. viride@ 8 g/kg
Control
Mean
V
0.02
0.07
V
0.02
0.07
S
0.02
0.05
V
0.02
0.07

SE+
CD at 5%
SE+
CD at 5%
SE+
CD at 5%
SE+
CD at 5%

Digvijay
7.00
(15.34)
3.30
(10.46)
3.30
(10.46)
8.81
(17.26)
5.60
(13.38)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
S
0.02
0.05
T
0.02
0.07
T
0.02
0.07
S
0.02
0.05

Wilt %
Vijay
13.88
(21.87)
10.05
(18.48)
10.03
(18.33)
21.00
(25.84)
13.57
(21.13)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)

JG-62
100.00
(90.00)
100.00
(90.00)
100.00
(90.00)
100.00
(90.00)
100.00
(90.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
2.40
(8.91)
0.60
(2.22)
VXS
0.04
0.1
VXT
0.05
0.14
SXT
0.04
0.1
T
0.02
0.07

Mean
30.77
(32.85)
28.83
(31.75)
28.83
(34.02)
33.56
(36.31)
30.47
(16.72)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.60
(2.22)
0.15
(0.55)

VXSXT
0.07
0.2

SE+
CD at 5%

(Figures in the parenthesis are transformed arc sin values)

Table 3. Exophytic survival of Trichoderma viride in chickpea
Sr
No.

Varieties

1

WR-315

2

Digvijay

3

Vijay

4

JG-62

Treatment
4g
6g
8g
Control
4g
6g
8g
Control
4g
6g
8g
Control
4g
6g
8g
Control

Sick soil
(CFU X 10 5 g-1 soil)
12 DAS
30 DAS
8.00
17.05
9.25
18.60
11.80
19.10
8.15
17.20
9.45
18.85
11.60
18.95
8.45
16.95
10.05
18.60
11.45
19.10
7.95
10.20
9.80
11.10
10.45
11.45
-

count of the bioagent at three different doses of seed
treatment.
As regards the endophytic survival, upon isolation

60 DAS
21.00
27.90
22.90
22.10
23.40
23.90
19.05
20.50
21.00
-

Sterile soil
(CFU X 105 g-1 soil)
12 DAS
30 DAS
60 DAS
15.22
27.16
35.40
16.10
27.60
36.15
16.33
28.10
36.70
13.47
26.15
34.80
15.15
27.20
35.15
16.25
27.80
35.20
15.20
25.75
34.20
15.45
26.10
35.15
16.10
26.50
35.60
11.18
24.60
33.12
12.25
25.10
33.75
13.00
25.45
34.10
-

Trichoderma colonies were abundantly obtained at 12, 30
and 60 days of the crop growth. Based on morphological
characters the fungal colonies were identified as T. viride.
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The colonies were typically green coloured, conidia globose
to ellipsoidal, bluish green to dark green coloured and
conidiophores were irregularly branched. Thus, Trichodema
was found to be surviving as exo and endophyte in
chickpea roots upto 60 days after sowing of the crop. Earlier,
Bennett and Whipp (2008) reported that T. harzianum can
survive as exophyte on onion roots up to eight weeks.
Similarly, Animisha et al. (2012) observed highest population
density of T. viride (CFU count was 105 per g of soil) in the
rhizosphere of chickpea on 90 DAS by adopting seed
treatment of T. viride. Yedidia et al. (2000) under scanning
electron microscope observed that T. harzianum forms
fluorescent products in intercellular spaces of plant tissues
providing the strong evidence for endophytic nature of
organism. Present results are confirmatory with these
findings.

Hoyos-Carvajal L, Orduz S and Bissett J. 2009. Growth stimulation
in bean (Phaseolus vulgaris L.) by Trichoderma. J. Biol. Control.
51: 409-416.

Thus, it is concluded that seed treatment of T. viride
in chickpea not only promotes the growth of the crop but
also effectively controls the incidence of Fusarium wilt
which is one of the most important diseases of the crop.
The bioagent was also found to be surviving exo and
endophytically in the chickpea roots upto 60 days, offering
protection to the crop from the soil borne pathogen.

Rajput VA, Konde SA and Thakur MR. 2010. Evaluation of bioagents
against chickpea wilt complex. J. Soils Crops. 20: 155-158.
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ABSTRACT
A field experiment was conducted during kharif 2013-14 at
farm of Botany section, College of Agriculture, Nagpur to
study the influence of two foliar sprays of 100, 150, 200, 250
and 300 ppm ethrel at 30 and 45 DAS on chemical,
biochemical, quality parameters and yield of soybean. Data
revealed that 200 ppm ethrel significantly increased leaf
chlorophyll, leaf nitrogen, leaf phosphorus, leaf potassium
content, seed protein and oil content and yield of soybean.
Key words:

Chemicalandbiochemical parameters, ethrel,
soybean

Soybean (Glycine max L.) is an important crop mainly
due to its high protein (38-41%) and oil content (19-21%).
In India it is mainly grown as an oilseed crop.Among,
oilseeds soybean ranks fifth in the world. The important
soybean growing countries in world are America, Brazil,
Argentina, China and India. The largest soybean producing
states in India are Madhya Pradesh, Maharashtra and
Rajasthan. Plant growth regulators are known to enhance
the source-sink relationship and stimulate the translocation
of photo-assimilates thereby helping in effective flower
formation, fruit and seed development and ultimately
enhance productivi ty o f the crops. Ethrel(2chloroethylphosphonic acid) is a plant growth regulator
reported to improve the productivity of pulse crop like
soybean, cowpea, pigeonpea, mungbean by increasing the
number of pods, seed weight and seed yield (Yadavet al,
1980, Bora and Bohra 1989). The aim of present work was to
study the influence of ethrel on chemical, biochemical,
quality parameters and yield of soybean.
A field experiment was undertaken during the kharif
season of 2013-2014at the experimental farm of Botany
section, College of Agriculture, Nagpur. The field experiment
was laid out in Randomized block Design (RBD) with four
replications consisting of six treatments comprising of
different concentrations of ethrel (100, 150, 200, 250 and
300 ppm) at 30 and 45 DAS. Plot size of individual treatment
was gross 2.10 m x 2.20 m and net 1.5 m x 2.00 m. Seeds were
sown at the rate of 75 kg ha-1 by dibbling method at a
spacing of 30 cm x 10 cm.Observations were recorded at
different stages i.e. at 45, 60 and 75 DAS on chlorophyll
content, leaf nitrogen, leaf phosphorus, leaf potassium
content. Oil content in seed was determined by Soxhlet’s

method as suggested by Sankaran (1965). Seed yield plant-1,
plot-1was recorded after harvesting.Data were analysed by
statistical method as suggested by Panse and Sukhatme
(1954).
Data regarding chlorophyll content were recorded at
45, 60, and 75 DAS (Table 1). Significant variation was
noticed by the foliar sprays of ethrel. At 45, 60 and 75DAS
chlorophyll content was significantly increased in treatment
T4 (200 ppm ethrel) followed by the treatments T3 (150 ppm
ethrel) and T5 (250 ppm ethrel) when compared with
treatment T1 (control) and remaining treatments under study.
Devi et al. (2011) studied the effect of foliar spray of growth
regulators salicylic acid (50 ppm), ethrel (200 ppm) and
cycocel (500 ppm) on soybean. They observed that ethrel
at 200 ppm significantly increased chlorophyll content over
control.Sharma and Sardana (2012) carried out a field
experiment to studythe effect of foliar application of growth
regulating substances i.e IAA, ethrel and mepiquat chloride
on groundnut and reported that the application of IAA at 5
ppm + ethrel 25 ppm significantly increased chlorophyll
content in leaves. The nitrogen content was significantly
high at 45, 60 and 75 DAS in treatment T4 (200 ppm ethrel)
followed by the treatment T3 (150 ppm ethrel) when
compared with treatment T1 (control) and other remaining
treatments under study (Table 1). Khan et al. (2008)
conducted field experiment to study the effect of ethephon
(et hrel ) on mustard and reported thatet hrel at
concentrations200 µl L-1 increased the nitrogen (N) content
in leaves. Significantly high leaf phosphorus and leaf
potassium content was also recorded at 45, 60 and 75 DAS
in treatment T4 (200 ppm ethrel) followed by treatment T3
(150 ppm ethrel) when compared with treatment T1 (control)
and other treatments under study. Treatments T5 (250ppm
ethrel) and T6 (300 ppm ethrel) also showed their significance
over treatment T1 (control).
Data analysed and presented in Table 2, indicated
that protein content was significantly increased in treatment
T4 (200 ppm ethrel) followed by the treatments T3 (150 ppm
ethrel) and T5 (250 ppm ethrel) when compared with
treatment T1 (control). Devi et al. (2011) investigated the
effect of foliar spray of growth regulators salicyclic acid
(50 ppm), ethrel (200 ppm) and cycocel (500 ppm) on
soybean. They observed that ethrel at 200 ppm significantly
increased protein content in soybean.Maximum oil content
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Table 1. Influence of foliar sprays of ethrelon chemical and biochemical parameters of soybean
Treatments
T1 (Control)
T2 (25 ppm ethrel)
T3 (50 ppm ethrel)
T4 (75 ppm ethrel)
T5 (100 ppm ethrel)
T6 (125 ppm ethrel)
SE(m) ±
CD at 5%

Leaf chlorophyll
Leaf nitrogen
Leaf phosphorus
Leaf potassium
(mg g-1)
(%)
(%)
(%)
45 DAS 60 DAS 75 DAS 45 DAS 60 DAS 75 DAS 45 DAS 60 DAS 75 DAS 45 DAS 60 DAS 75 DAS
1.54
1.56
1.22
2.28
2.20
1.76
0.35
0.58
0.43
1.12
2.01
1.29
1.61
1.64
1.24
2.35
2.23
1.80
0.37
0.62
0.49
1.23
2.06
1.38
1.74
1.77
1.31
2.56
2.37
2.08
0.48
0.75
0.57
1.41
2.25
1.75
1.81
1.86
1.40
2.64
2.41
2.12
0.51
0.80
0.60
1.47
2.39
1.84
1.72
1.75
1.29
2.50
2.30
2.00
0.45
0.71
0.55
1.39
2.18
1.69
1.65
1.69
1.27
2.46
2.28
1.93
0.42
0.67
0.52
1.27
2.10
1.45
0.040
0.048
0.028
0.044
0.046
0.052
0.016
0.010
0.012
0.027
0.038
0.031
0.115
0.140
0.080
0.127
0.133
0.149
0.048
0.031
0.034
0.078
0.110
0.089

Table 2. Influence of ethrel on seed protein, oil content and yield of soybean
Treatments
T1 (control)
T2 (100 ppm ethrel)
T3 (150 PPM ethrel)
T4 (200 ppm ethrel)
T5 (250 ppm ethrel)
T6 (300 ppm ethrel)
SE(m) ±
CD at 5%

Protein content
(%)
33.92
34.61
37.98
38.35
37.44
35.69
0.972
2.793

Oil content
(%)
14.06
14.28
16.86
17.91
15.82
14.63
0.391
1.124

in seed of soybean was recorded in the treatment T4 (200
ppm ethrel) followed by the treatments T3 (150 ppm ethrel)
and T5 (250 ppm ethrel) when compared with treatment T1
(control) and remaining treatments under study. The
treatments T6 (300 ppm ethrel) and T2 (100 ppm ethrel) were
found at par with treatment T1 (control). Devi et al. (2011)
investigated the effect of foliar spray of growth regulators
salicyclic acid (50 ppm), ethrel (200 ppm) and cycocel (500
ppm) on soybean. They observed that ethrel at 200 ppm
significantly increased oil content in soybean.Significantly
high seed yield plant-1and plot-1was recorded in treatment
T4 (200 ppm ethrel) followed by treatments T3 (150 ppm
ethrel) and T5 (250 ppm ethrel) when compared with control
and remaining treatments under study. While, treatments
T6 (300 ppm ethrel) and T2 (100 ppm ethrel) were found at
par with T1 (control).Sharma and Sardana (2012) tried ethrel
and mepiquat chloride as foliar spray on groundnut and
observed that IAA at 7.5 ppm + ethrel 25 ppm increased
pod yield.
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ABSTRACT
A set of 70 diverse genotypes of mungbean were evaluated
against powdery mildew in field under natural epiphytotic
conditions during rabi 2009-10 and kharif 2010 seasons.
During rabi season two genotypes i.e. Pragya and TARM-1
were found to be highly resistant against powdery mildew
disease, 8 genotypes were resistant, 12 genotypes were
moderately resistant, 20 genotypes were moderately
susceptible, 20 genotypes were susceptible and eight
genotypes were highly susceptible with Location severity
index (LSI) of 3.03. Same set of 70 genotypes screened during
kharif 2010 revealed that none of the entries were highly
resistant, nine genotypes to be resistant, 15 genotypes were
moderately resistant, 16 were moderately susceptible, 22
genotypes were susceptible and eight showed highly
susceptible reaction with LSI of 3.07 indicating the role of
weather conditions in expression of disease.
Keywords:

Mungbean, Powdery mildew, Erysiphe polygoni

Mungbean suffers heavily due to fungal and viral
diseases. Powdery mildew disease caused by the fungus
Erysiphe polygoni D.C. is one of the devastating to
mungbean growing in several countries including India.
Severe infection of powdery mildew occurs in cool and dry
months and it can reduce yield of mungbean by 20 to 40 per
cent (Soria and Quebral, 1973). Losses are much high when
the pathogen infects the crop before flowering, however, it
results in complete loss of the crop if disease occurs at
seedling stage. In Chhattisgarh, which is considered to be
the hot spot of powdery mildew disease in Vigna crops
(Khare and Lakpale, 1997), the yield losses ranged from 2040 per cent (Khare et al. 1998).
The resistant varieties also seems to succumb to
powdery mildew disease one or the other time, so search
for new donors and clear understanding of its genetic nature
and status of the pathogen among available genetic
variability is most essential requirement of present day to
evolve new resistant donors.
A set of 70 genotypes (Table 1) were sown separately
along with spreader rows of susceptible genotypes after
every two rows. The seed of these genotypes were procured
from IIPR, Kanpur and MULLaRP, IGKV, Raipur. Each
genotype was represented by single row of 4.0 m length
with two replications at row spacing of 30cm and 5-10 cm

between plants. Single row of spreader varieties viz.,
Malviya Jyoti and Pusa Vishal were sown repeatedly after
every two rows of test entries. Common agronomical
practices recommended to mungbean were adopted to grow
healthy crop without adopting any plant protection
measures. The genotypes were screened for powdery
mildew disease in rabi 2009-10 and kharif 2010 under natural
conditions. Standard scoring procedure (Munjal et al. 1963)
was adopted for scoring powdery mildew disease infection
in mungbean. The observations on powdery mildew
infection (percentage) were recorded at grain formation
stage based on leaf area covered by pathogen. Location
Severity Index (LSI) was calculated by using following
formula given by Mckinney (1923).
(Scores x Number of genotypes under different scores)
LSI = ––––––––––––––––––––––––––––––––––––––––––––––
Total number of genotypes observed

Among all the 70 genotypes of mungbean (Table 2)
evaluated under natural field condition during rabi 200910, the genotypes viz., Pragya and TARM-1 were found to
be highly resistant against powdery mildew disease with
score of zero, eight genotypes viz., IGKM 03-71-10, Pairy
Mung, IGM 08, RVSM 11, ML-5, TM 99-2, PDM 96-26-2
and Beliya, showed resistant reaction, 12 genotypes viz.,
TMB 17, PKV AKM 4, KM 2268, AKM 9907, Meha, ML
1299, AKM 9904, ML 1472, MH 721, IPM 0209-3, MH 709
and SG 33-5 had moderate resistance, 20 genotypes showed
moderately susceptible, 20 genotypes susceptible and eight
genotypes were highly susceptible against powdery
mildew disease with Location Severity Index (LSI) of 3.03.
Same set of 70 varieties was further screened during
kharif 2010. Among all none of them was found highly
resistant, nine genotypes viz., IGKM 03-71-10, Pairy Mung,
TARM 1, RVSM11, KM 2268, TM 99-2, PDM 96-26-2, Beliya,
Pragya revealed resistant reaction, 15 genotypes viz., TMB
17, PKV AKM 4, BM 4, AKM 9907, ML-5, ML1299, RM 0379, ML 1472, MH 721, IPM 0209-3, Pusa 0972, MH 709, SG
33-5, IPM 19, IGM 08 were moderately resistant, 16 were
moderately susceptible, 22 genotypes were susceptible and
rest of the eight genotypes were found as highly susceptible
against powdery mildew disease in mungbean with LSI of
3.07. It indicates the substantial role of seasons for
evaluating materials for resistance.
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Table 1: Details of experimental material
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Genotypes
CGG-973
BM 4
MGG-360
PDM 96-26-2
RVSM 11
KM 2268
ML-1472
ML-131
GM 04-02
KM 2272
MH-721
IPM 0209-3
SG 63-14
Pusa 0971
ML 1354
Pusa 0972
MH-709
NDMZ 09-18
GM 05-08
OGG-56
MGG-356
SG 33-5
IPM 0209-1
RM 03-79
RM 03-71
Meha
Samrat
Malviya Jyoti
HUM 12
HUM 16
Pant Mung 4
IPM-19
IPM-16
Prateeksha
Ling MS Thung M-1
Saptari Local
ML 1194
MH-37
TARM-1
Pusa Vishal
Pusa-0571
ML-1294
AKM 9904
Pairy Mung
ML-1265
MH-521
Beliya
Pusa 1071
ML 1628
SG 60-21
AKM 8802
DGGV-4
IGM 08
TMB 17
ML 1666
Pragya
DGGV-2
MH 729
Pusa 1072
IPM 2K 14-9
PKV AKM 4
COGG 975
IPM 302-2
PM 08-2
GM 06-08
AKM 9907
TM 99-2
IGKM 03-71-10
ML-5
ML-1299

Pedigree
COGWG 923 × VC 6040 A
Mutant of T 44
MGG 295 x MGG 341
Pipeline test entry
Pipeline test entry
Samrat x ML 13
ML 267 x ML 949
ML 01 × ML 23
GM 9303 x PB 1
PDM 54 x Pusa 9872
CO-6 x BDYR-1
PDM 139 x PB-2
(PDM 84-143 x ML 337) x SG 1
IPM 99-125 x IMP 02-1
ML 267 X ML 955
Pusa bold 2 x Sel. 11
Asha x MH 98-7
NDM 1 x NDM Sel. 11
GM 9402 x E 92-3
Mutant of Sujata
MGG 295 x MGG 322
T 44 x AAU 34
PDM 139 x PB-2
TM 96-2 × VC 6370-79
TM 96-2 × VC 6370-71
PM 3 x APM 36
ML 20/19 x ML 5
BHUM 1 × Pant U 30
HUM 5 x DPM 90-1
Pusa bold-1 x HUM 8
T 44 x UPU 2
(PM-3 x AMP-36) x EC 398897
PDM-139 x EC 398884
VC6370-92 x (VC2768A x V6601)
ML 613 x K-92-140
CO-6 x BDYR-1
RUM-5 x TPM-1
Sel. from NM 92
Pusa Vishal × MUM 2
ML-267 x ML-955
JLM-3 x Kopergaon
TARM-1 × J-781
ML-267 x ML-949
CO-6 x MH 98-1
Sel. from Deobhog germplasm
Pusa Vishal × Pusa 9531
ML 267 × ML 818
(TARM 18 × SG 1) × ML 367
MH-1 × PIMS-4
SL 4 × TM 98-50
Sel. from Bastar germplasm
Early Mutant of TM-98-50
ML 613 × VC 6369-53-97
Sel. from Durg germplasm
Chninamung × TM 98-50
MH 98-1 × BDYR-2
Pusa Vishal × IPM 99-125
EC 398885 × PDM 139
BM 4 × PS 16
CO 6 × ML 818
Pant Mung 4 × EC 398885
BDYR 1 × IPR 99-40
GM 9303 × UPM 98
AKM 8802 × TARM 2
Kopergaon x TARM 1
TM 96-2 × VC 6370-7
No. 54 × Hy. 645
(V 6305 × ML 729) ×Hyb. 12-4

Source
TNAU, Coimbatore
RARS, Badnapur
RARS, Madhira
IIPR, Kanpur
RK CoA, Sehore
CSAU, Kanpur
PAU, Ludhiana
PAU, Ludhiana
SDAU, S.K. Nagar
CSAU, Kanpur
CCS HAU, Hisar
IIPR, Kanpur
Shillongani
IARI, New Delhi
PAU, Ludhiana
IARI, New Delhi
CCS HAU, Hisar
NDUAT, Faizabad
SDAU, S. K. Nagar
OUAT, Berhampur (O)
Madhira
Shillongani
IIPR, Kanpur
IGKV, Raipur
IGKV, Raipur
IIPR, Kanpur
PAU, Ludhiana
BHU, Varansi
BHU, Varansi
BHU, Varansi
GBPUA&T, Pantnagar
IIPR, Kanpur
IIPR, Kanpur
Nepal
China
Nepal
PAU, Ludhiana
CCS HAU, Hisar
BARC, Trombay/ Akola
IARI, New Delhi
IARI, New Delhi
PAU, Ludhiana
PKV, Akola
IGKV, Raipur
PAU, Ludhiana
CCS HAU, Hisar
IGKV, Raipur
IARI, New Delhi
PAU, Ludhiana
RARS, Shillongani
PDKV, Akola
MARS, Dharwad
IGKV, Raipur
BARC, Mumbai
PAU, Ludhiana
IGKV, Raipur
MARS, Dharwad
CCS HAU, Hisar
IARI, New Delhi
IIPR, Kanpur
Akola
TNAU, Coimbatore
IIPR, Kanpur
GBPUA&T, Pantnagar
SDAU, S. K. Nagar
PDKV, Akola
BARC, Trombay
IGKV, Raipur
PAU, Ludhiana
PAU, Ludhiana
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Table 2:
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Disease reaction of Mungbean genotypes against powdery mildew pathogen Erysiphe polygoni during rabi 2009-10
and kharif 2010
Genotypes
CGG-973
BM 4
MGG-360
PDM 96-26-2
RVSM 11
KM 2268
ML-1472
ML-131
GM 04-02
KM 2272
MH-721
IPM 0209-3
SG 63-14
Pusa 0971
ML 1354
Pusa 0972
MH-709
NDMZ 0918
GM 05-08
OGG-56
MGG-356
SG 33-5
IPM 0209-1
RM 03-79
RM 03-71
Meha
Samrat
Malviya Jyoti
HUM 12
HUM 16
Pant Mung
IPM-19
IPM-16
Prateeksha
Ling MS Thung M-1
Saptari Local
ML-1194
MH-37
TARM-1
Pusa Vishal
Pusa-0571
ML-1294
AKM 9904
Pairy Mung
ML-1265
MH-521
Beliya
Pusa 1071
ML 1628
SG 60-21
AKM 8802
DGGV-4
IGM 08
TMB 17
ML 1666
Pragya
DGGV-2
MH 729
Pusa 1072
IPM 2K 14-9
PKV AKM 4
COGG 975
IPM 302-2
PM 08-2
GM 06-08
AKM 9907
TM 99-2
IGKM 03-71-10
ML-5
ML-1299
LSI

Rabi 2009-10
Diesease Score*
Reaction**
3
MS
3
MS
5
HS
1
R
1
R
2
MS
2
MR
3
MS
4
S
5
HS
2
MR
2
MR
4
S
4
S
5
HS
3
MS
2
MR
3
MS
4
S
4
S
4
S
2
MR
4
S
3
MS
3
MS
2
MR
3
MS
5
HS
3
MS
3
MS
5
HS
3
MS
3
MS
4
S
3
MS
4
S
3
MS
3
MS
0
HR
5
HS
5
HS
4
S
2
MR
1
R
4
S
4
S
1
R
3
MS
5
HS
3
MS
3
MS
4
S
1
R
2
MR
4
S
0
HR
4
S
4
S
4
S
4
S
2
MR
3
MS
4
S
3
MS
4
S
2
MR
1
R
1
R
1
R
2
MR
3.03

Kharif 2010
Diesease Score*
Reaction**
3
MS
2
MR
5
HS
1
R
1
R
1
R
2
MR
4
S
4
S
5
HS
2
MR
2
MR
4
S
4
S
5
HS
2
MR
2
MR
3
MS
4
S
4
S
4
S
2
MR
4
S
2
MR
3
MS
3
MS
3
MS
4
S
3
MS
3
MS
4
S
2
MR
3
MS
4
S
3
MS
4
S
3
MS
3
MS
1
R
5
HS
5
HS
4
S
3
MS
1
R
4
S
4
S
1
R
3
MS
5
HS
4
S
3
MS
5
HS
2
MR
2
MR
4
S
1
R
5
HS
4
S
4
S
4
S
2
MR
3
MS
4
S
3
MS
4
S
2
MR
1
R
1
R
2
MR
2
MR
3.07

Mean Disease
Score
3.0
2.5
5.0
1.0
1.0
1.5
2.0
3.5
4.0
5.0
2.0
2.0
4.0
4.0
5.0
2.5
2.0
3.0
4.0
4.0
4.0
2.0
4.0
2.5
3.0
2.5
3.0
4.5
3.0
3.0
4.5
2.5
3.0
4.0
3.0
4.0
3.0
3.0
0.5
5.0
5.0
4.0
2.5
1.0
4.0
4.0
1.0
3.0
5.0
3.5
3.0
4.5
1.5
2.0
4.0
0.5
4.5
4.0
4.0
4.0
2.0
3.0
4.0
3.0
4.0
2.0
1.0
1.0
1.5
2.0
3.05

*Scoring was done in 0-5 scale as per Munjal et al., 1963
**Reaction, HR-Highly Resistant, R-Resistant, MR-Moderately Resistant, MS-Moderately Susceptible, S-Susceptible, HS-Highly Susceptible
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As evident from Location Severity Index (LSI),
powdery mildew disease development was quite sufficient
and field screening was effective. The donors screened
out having disease score of < 2 are PDM 96-26-2, RVSM 11,
KM 2268, ML-1472, MH-721, IPM 0209-3, MH-709, SG 335, TARM-1, PairyMung, Beliya, IGM 08, TMB 17, Pragya,
PKV AKM 4, AKM 9907, TM 99-2, IGKM 03-71-10, ML-5
and ML-1299. The identified resistant donors can be used
in genetical studies and in improvement programmes. Similar
type of screening and identification of resistant donors
had also been previously reported by Khare and Lakpale
(1997), Kunkalikar and Padaganur (2002), Thakur et al.
(2004), Dhutraj and Bastewad(2005) and Sujatha et al. (2011)
in mungbean.
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ABSTRACT
Studies on population dynamics of insect pests during kharif
season revealed that the population of jassids and whitefly
were ranging from 0.4-3.4/cage and 0.2-5.2/cage, respectively.
The jassids and whitefly appeared during 32 standard week
with 0.4/cage and 0.2/cage, respectively. The jassids population
exhibited a significant positive correlation with average
relative humidity. The population of whitefly had significant
negative correlation with maximum temperature and
average temperature and positive significant correlation with
age of crop. The thrips appeared in 35th standard week
ranging from 0.2-1.2/flower and had positive significant
correlation with minimum and average relative humidity.
The occurrence of blister beetle started on 35th standard
weeks (0.6/plant) and was positively significant with age of
crop. The incidence of tobacco caterpillar started in 37th
standard week which gradually increased till harvest of crop
(3 larvae / plant). The tobacco caterpillar had significantly
negative correlation with minimum temperature and positive
correlation with age of crop. The epilachna beetle appeared
during 34th standard week with intensity 0.6/plant and had
significantly positive correlation with minimum and average
relative humidity. The pod sucking bug was observed in 35th
standard week with intensity (0.8/plant) and attained its peak
in 38th standard week (6/plant)and had significantly negative
correlation with minimum and average temperature and
positively with age of crop. The population of spotted pod
borer was ranging from 0.2 to 2.4 larvae per plant. The
incidence of this pest started in 35 standard week and
attended a peak 2.4 larvae/plant during 38 standard week.
The correlation of spotted pod with weather factors exhibited
significantly negative correlation with minimum and average
temperature and highly significant with age of crop. Rests
of the weather parameters were non – significantly correlated
with the pest population.
Key words:

Correlation,Insect pests, Mungbean, Population
dynamics, Weather factors.

Mung bean (Vignaradiata L. Wileczk) is attacked by
large number of insect pests throughout their growth period,
which act as limiting factor in production of green gram.
The insect pests such as jassids, white fly, thrips, stem fly,
epilachna beetle, blister beetle, galerucid beetle, pod
sucking bug, spotted pod borer and tobacco caterpillar are
more significance on mung bean throughout the country.

Several insect pests have been reported to infest mungbean
damaging the crops during seedlings, leaves, stems,
flowers, buds, and pods causing considerable losses
(Sehgal andUjagir, 1988). In India, 64 species have been
reported attacking greengram right from seedling stage up
to pod formation stage (Lal, 1985). More than twelve species
of insect pests were found to infest mung bean among
them jassid, aphid, whitefly, hairy caterpillar and thripsand
pod borersare important. These insect pests are fluctuated
by the weather factors
The experiment was conducted on Agricultural
Research Farm of Banaras Hindu University, Varanasi, Uttar
Pradesh,on mung bean. Variety HUM-12 was sown in the
last week of July at spacing 30 cm row to row and 10 cm
plant to plant. The crop was sown on ridge to avoid the
water logging condition. The crop under the experiment
was kept free from pesticides throughout the season.The
whole plot was divided 10 subplots each of 1m x1 m
consisting 5 plants in each subplot, thus 50 plants were
observed for the insect pests. The observations on seasonal
abundance of jassids, whitefly, thrips, epilachna beetle,
blister beetle, pod sucking bug, tobacco caterpillar and
spotted pod borer were recorded at weekly intervals after
appearance of the pest till harvest of the crop. The effect of
various weather factors on pest incidence was as curtained
by correlation study.
The results presented in table 1 (a) revealed that the
population of jassids was ranging from 0.4 – 3.4/cage during
kharif season. The jassids appeared during 32 standard
week with 0.4/cage and gradually increased and reached
its peak of 3.4/cage during 37 standard week. The correlation
coefficient analysis of jassids population and weather
factors are presented in table 1 (b). The data indicated that
jassi ds popul ation exhibited a signifi cant positive
correlation with average relative humidity; where as other
factors did not show any significant impact on incidence
of the pest. Similar trend was also observed by Nayaket al.,
(2004), Yadav and Singh (2006). The incidence of whitefly
started in 32 standard week with 0.2/cage. Its population
increased gradually upto 5.2/cage during 37 standard week.
The population of whitefly had significant negative
correlation with maximum temperature and average
temperature and positive significant correlation with age
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of crop, whereas other factors showed non-significant effect
on pest. Similar trends observed by Rakesh Kumar et al.,
(2007), Kumar et al., (2004). The thrips appeared in 35
standard weeks ranging from 0.2-1.2/10 flowers during
flowering to pod-filling stage and had positive significant
correlation with minimum and average relative humidity and
it was non-significant with other factors. Our result was
similar to result of Chandra and Rajak, (2004), Khan et al.,
(2011). The occurrence of blister beetle started on 35
standard weeks (0.6/plant) and reached its peak 2.0/plant
in 36 standard week which was similar to report of Sangha
and Mavi, (1995). The correlation of blister beetle with
weather parameters was positively significant with age of
crop and non-significant with other parameters. The
incidence of tobacco caterpillar started in 37 standard week
gradually increased still harvest of crop (3 larvae/plant).
Similar trend of population was observed by Chndra and
Razak (2004). The mean larval population of tobacco
caterpillar had significantly negative correlation with
minimum temperature and positive correlation withage of
crop.
The epilachna beetle appeared during 34thstandard
week with intensity 0.6/plant and population of epilachna
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beetle reached its peak of 2.0/plant in 37 standard week.
Our report was similar to the report of Chandra and Razak
(2004). The correlation of epilachna beetle with weather
parameters indicated a significantly positive correlation with
minimum and average relative humidity and non significant
with temperature wind speed and evaporation. The pod
sucking bug was observed in 35 standard week with
intensity (0.8/plant) and attended its peak in 38 standard
week (6/plant) which was similar to Sarma and Dutta (1997)
and had significantly negative correlation with minimum
and average temperature and positively with age of crop.
The others did not showed any significant impact on the
pod sucking bug.The population of spotted pod borer was
ranging from 0.2 to 2.4 larvae per plant. The incidence of
this pest started in 35 standard week and gradually increased
and attended a peak 2.4 larvae/plant during 38 standard
week. The correlation of spotted pod with weather factors
exhibitedsignificantly negative correlation with minimum
and average temperature and highly significant with age of
crop. Rests of the weather parameters were non –
significantly correlated with the pest population. Our
findings confirm the results of Sonune et al., (2010)
Umbarkar et al., (2010).

Table 1: Seasonal Abundance of insect pests as affected by on environmental factors and age of crop on mung bean
Standard week

30 (25 -31July)
31 (1-7 Aug)
32 (8-14 Aug)
33 (15-21Aug)
34 (22-28 Aug)
35 (29Aug- 4Sep)
36 (5-11 Sep)
37 (12-18 Sep)
38 (19-25 Sep)
39 (26 Sep-2 Oct)
40 (3-9 Oct)

Jassids

White fly

0
0
0.4
1.2
1.8
2.2
2.4
3.4
1.8
1.4
0.4

0
0
0.2
1.6
2.4
3.2
3.0
5.2
4.6
3.8
1.4

Mean intensity of different insect pests of mung bean
thrips
Blister
Tobacco
Epilachna Pod sucking
beetle
caterpillar
beetle
bug
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.6
0
0.6
0.6
0
1.0
0.8
1.2
2.0
0
1.8
2.8
1.0
1.8
0.2
2.0
5
1.2
1
0.6
1.2
6
0.2
0.8
1.4
0.4
4.2
0
0.6
3
0
2.4

Spotted pod
borer
0
0
0
0
0
0.2
0.8
1.6
2.4
1.8
0.6

Table 2: Correlation coefficient of insect pests with environmental factors
Temperature (0c)
Maximum
Minimum
Average
RH (%)
Maximum
Minimum
Average
Sunshine(hrs)
Rainfall (mm)
Wind Speed (km/h)
Evaporation(mm)
Age of crop

-0.4681
-0.0777
-0.3004

-0.6341*
-0.4242
-0.6081*

-0.3066
0.2159
-0.0286

-0.2741
-0.2301
-0.2923

-0.1264
-0.7807**
-0.5601

-0.3789
-0.0052
-0.2068

-0.5310
-0.6401*
-0.6888*

-0.5410
-0.6545*
-0.7032*

0.5998
0.5727
0.6055*
-0.3672
0.1738
-0.1965
-0.4826
0.4473

0.4532
0.4243
0.4519
-0.2601
-0.1653
-0.2209
-0.6530*
0.7026*

0.5015
0.6731*
0.6358*
-0.2811
0.2603
0.1825
-0.1296
0.3130

0.2041
0.3858
0.3334
0.1053
0.3485
-0.0104
-0.1108
0.6094*

-0.4942
-0.5441
-0.5470
0.5012
-0.5071
-0.5637
-0.0593
0.7411**

0.4899
0.6668*
0.6273*
-0.2191
0.3500
0.0985
-0.2138
0.4059

0.0900
0.1903
0.1605
0.0605
-0.2486
-0.0604
-0.4604
0.7932**

0.0639
0.1473
0.1220
0.0434
-0.3208
-0.0024
-0.5282
0.7447**

*Correlation is significant at 0.05 level
**Correlation is significant at 0.01 level
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