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ABSTRACT

Recently, a hybrid breeding technology has been successfully
developed in pigeonpea and three high yielding hybrids were
released. This technology is based on cytoplasmic - nuclear
male-sterility (CMS) and insect-aided natural out – crossing
systems. These hybrids produced 25-40% more yield over the
local cultivars in farmers’ fields. The seed production technology
of hybrids and their male and female parents has also now
been perfected. These hybrids mature in 6-7 months hence
have limited adaptation; to register greater impact of this
technology early maturing (4-5 months) group hybrid breeding
programme was initiated. This paper, besides reviewing the
performance of some early maturing hybrids, discusses their
prospects in enhancing productivity in the existing and new
potential niches.

Key words: Cytoplasmic nuclear male-sterility (CGMS), Early
maturity hybrids, Pigeonpea

Majority of the food proteins in India are derived from
pulses that are invariably grown under risk - prone rainfed
environments. Among the pulses, pigeonpea [Cajanus cajan
(L.) Millsp.] occupies an important place in the rainfed cropping
systems with an estimated area of 4.04 million ha (IIPR 2013).
To enhance pigeonpea productivity multi-disciplinary crop
improvement projects were undertaken at various research
institutions and more than 100 pure line cultivars were released.
The adoption of new cultivars did help in enhancing the total
cropped area and production (IIPR 2013) but its productivity
did not register any significant improvement; and over the
decades it has remained unacceptably low at around 700 kg/
ha. This has been a matter of concern since the per capita
protein availability in the country is declining steadily from
27 .30 kg/year in 1950 to 10 kg/year in 2000
(www.commodityonline.com 2009). This is mainly due to ever
growing population, stagnation of pulse production, and
escalating prices. At present the national harvest accounts
for about 2.56 million tonnes of pigeonpea grains. However
this quantity is not sufficient to meet the domestic needs and
about 500,000 tonnes of pigeonpea is imported annually. This
situation is not likely to improve and considering 2% annual
growth in population, additional pulses will be required. Soon
after the development of CMS systems in pigeonpea (Saxena
et al. 2005, Tikka et al. 1997), a strong research programme
was launched to breed high yielding hybrids. In this endeavour
a breakthrough was achieved when a hybrid breeding
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technology was successfully developed and tested on a large
scale. The concept of commercial hybrids in pigeonpea was
developed at ICRISAT and a genetic male-sterility based
hybrid ICPH 8 was released in 1991 in India (Saxena et al.
1992). This hybrid failed to meet the expectations of seed
producers due to the concerns arising from its production
cost and quality. This attempt, however, confirmed the presence
of exploitable hybrid vigour in the crop and demonstrated the
effectiveness of partial natural out-crossing in pod setting on
the male-sterile plants. Subsequently, to overcome the
production issues, it was decided to breed cytoplasmic nuclear
male-sterility based hybrids. Hence, deliberate efforts were
made in this direction and A2 from C. scarabaeoides (Tikka et
al. 1997) and A4 from C. cajanifolius (Saxena et al. 2005) CMS
systems were developed.

In India, majority of the pigeonpea comes from the states
of  Madhya  Pradesh, Maharashtra, Gujarat, Karnataka, Andhra
Pradesh, and Uttar Pradesh. In these states medium and long
duration pigeonpea cultivars are grown as inter-crop and it is
unlikely that the cultivated pigeonpea area will increase by
any significant extent to meet the entire needs of the country.
Hence, new production niches with early-maturing cultivars
were explored. As a follow-up pigeonpea - wheat rotation was
successfully introduced in the states of Punjab, Haryana and
western Uttar Pradesh.  The pigeonpea area in these states
has also been stabilized over years.  The next best alternative
is to enhance the productivity in the unit area and the recent
efforts through hybrid breeding look very encouraging
(Saxena 2006, Saxena et al. 2013) and the development of
hybrids in early maturity was given priority. This paper, besides
reviewing the performance of some early maturing hybrids,
also discusses their prospects in enhancing per se crop
productivity through the introduction of early maturing
hybrids in the existing and potential niches.

BREEDING EARLY MATURING HYBRID PARENT

Development of early maturing CMS lines: The male–sterile
lines carrying A4 cytoplasm from C. cajanifolius (Saxena et
al. 2005) exhibits perfect male-sterility with absolutely no
pollen production. This system has been reported to be highly
stable under diverse environments (Dalvi et al. 2008a,
Sawargaonkar et al. 2012).  In order to widen the genetic base
of hybrids A4cytoplasm was transferred to 11 diverse early
maturing inbred lines through backcrossing (Table 1). Of
these, seven were determinate and the remaining were non-
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determinate. These lines have a considerable range for
flowering (60 - 81 days), maturity (105 - 128 days), plant height
(71 – 157 cm), and seed weight (8.1 - 12.5 g/100 seeds).  Another
male-sterile line GT 288A, bred with C. scarabaeoides
cytoplasm was developed by Tikka et al. (1997), and
designated as A2cytoplasm. The anthers of this male-sterile
were translucent with no pollen grains. None of the early
maturing CMS lines had resistance to wilt and sterility mosaic
diseases and this issue needs to be given importance in the
future hybrid parent breeding programmes. In this context the
incorporation of dominant gene conferring resistance to
fusarium wilt (Saxena et al. 2012) should be given serious
attention. This gene when incorporated in the female parents,
will allow development of more number of wilt resistant hybrids
since both resistant x resistant and resistant x susceptible
crosses will produce resistant hybrids. On the contrary, the
resistance to sterility mosaic is controlled by recessive genes
and hence both the parents need to have resistance.
Genetics of fertility restoration: There are certain nuclear
genes which have the capability of repairing mitochondrial
genome that primarily determines the expression of male-

sterility.  In most cases the fertility restoring genes have been
identified from primary gene pool.  However, in certain cases
fertility restorer lines have also been derived from the
populations involving cytoplasm donor species (Kaul 1988).
For breeding fully fertile stable pigeonpea hybrids it is
essential that sufficient knowledge about the inheritance of
fertility restoring genes and their stability is available to the
breeders. The fertility restoration of A4 cytoplasm has been
studied by Sawargaonkar et al. (2012), Kyu and Saxena (2011),
and Dalvi et al. (2008). In all the cases two genes were found
to control fertility restoration of hybrids. However their mode
of expression was inconsistent. In some reports duplicate
dominant (15:1) gene action was observed, while in others it
was found to be controlled by complementary gene action
(9:7) and recessive epistasis (9:3:4). Saxena et al. (2011)
reported two genes for controlling fertility restoration in A4
cytoplasm.  They found that for stability of fertility restoration
across the locations, the presence of both the dominant genes
was essential.  On the contrary, the hybrids with a single
fertility restoring gene were inconsistent with respect to their
fertility restoration. The inheritance of fertility restoration of

Table 1. List of identified early maturing maintainers and restorers of A4 cytoplasm

*Growth habit: DT=Determinate; NDT= Non-determinate; SM-Sterility mosaic; C= Cream; B= Brown

Genotypes Growth habit* Days to 
flower 

Days to 
mature 

Plant 
height 
(cm) 

100- seed 
weight (g) 

Grain yield 
(kg/ha) 

Seed 
colour Wilt % SM 

% 

Maintainers          
Pusa Ageti DT 81 128 127 10.2 627 B 74 26 
ICPL 20171 DT 66 106 76 8.3 724 B 87 60 
ICPL 87093 DT 80 120 148 11.3 1107 C 73 7 
ICPL 85012 DT 62 110 69 10.0 460 B 92 33 
ICPL 86012 DT 72 115 115 12.3 591 C 29 0 
ICPL 87102 DT 68 110 86 12.5 760 C 30 60 
ICPL 93093 DT 64 110 71 9.2 340 C 55 35 
ICPL 20172 NDT 60 105 90 8.3 310 B 57 79 
ICPL 91030 NDT 66 113 145 8.1 778 B 71 7 
ICP 14425 NDT 76 119 157 9.9 795 C 78 67 
ICPL 98011 NDT 67 110 145 8.7 730 B 57 43 
UPAS 120 (Check) NDT 86 129 185 9.8 1541 B 28 67 
Restorers 
ICPL 81-3 NDT 77 117 167 7.5 510 B 80 20 
ICPL 149 NDT 90 132 162 7.0 1269 B 83 17 
ICPL 161 NDT 89 134 180 7.8 1754 B 75 25 
ICPL 88034 NDT 78 121 158 9.4 890 B 65 35 
ICPL 88039 NDT 66 112 125 9.1 564 B 80 20 
ICPL 86022 NDT 65 120 135 11.7 855 B 78 22 
ICPL 90048 NDT 70 114 143 9.9 1590 C 50 50 
ICPL 92047 NDT 74 118 163 9.0 791 B 77 18 
ICPL 89 NDT 72 110 135 8.8 718 C 77 25 
ICPL 92045  NDT 71 110 145 8.3 518 B 61 72 
ICPL  93103 NDT 62 110 109 9.0 623 B 86 57 
ICPL  150 NDT 88 134 198 9.1 1563 B 100 0 
ICPL 93107   NDT 72 113 140 7.9 823 B 85 37 
ICPL 93101  NDT 71 110 130 9.9 862 C 72 11 
ICPL 90030  NDT 67 115 127 8.4 479 C 80 25 
ICPL 151  DT 67 120 145 10.5 2087 C 79 0 
ICP 11378 NDT 90 133 178 7.6 927 B 68 61 
ICP 8744 NDT 90 129 198 8.7 1125 B 100 66 
ICP 10907 NDT 77 115 102 10.3 642 B 32 72 
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A2 cytoplasm was studied in four crosses and based on F1
and F2 data it was reported that the pollen fertility in this
system was controlled by a single dominant gene.
Selection of early maturing fertility restoring lines: Stable
fertility restoration is an important factor in determining the
acceptability of any hybrid combination. During the past few
years a total of 19 fertility restorers in early maturity group
were identified among advanced breeding lines and germplasm
(Table 1). Each line was studied for its fertility restoration for
three seasons ; and each hybrid yielded > 90% pollen fertility
(data not reported).This set of early maturing restorers was
found to have significant variation for flowering (62 - 90 days),
maturity (110- 134 days), plant height (102 – 198 cm), and seed
weight (7.00 – 11.70 g/100 seeds). None of the restorers was
found to have resistance to wilt but, two lines ICPL 150, ICPL
151 recorded no incidence of sterility mosaic disease in the
disease sick nursery.

PERFORMANCE OF EARLY MATURING HYBRIDS

Soon after the development of stable CMS system,
several experimental hybrids were developed and evaluated
(Saxena et al. 2006). The first early maturing CMS line with A4
cytoplasm was ICPA 2039. In 2006, this line was crossed to
eight fertility restorers and the first multi-location trial was
conducted in 2007; and their evaluation was continued for
the next three years (Table 2).  All these hybrids matured
between 106 - 117 days and compared well with the controls
(UPAS 120 and ICPL 88039).  A total of 25 yield trials were
conducted during four years; and based on the mean
performance ICPH 2433, ICPH 2438, and ICPH 2363 were found
promising with respectively, 54%, 42%, and 36% superiority
over the control UPAS 120. The highest mean yield of 2306
kg/ha was recorded by hybrid ICPH 2433.  On average, six
hybrids were >20% superior to the control UPAS 120 (1502
kg/ha). According to Saxena and Nadarajan (2010), A2 CMS
based hybrid GTH 1 was developed at SK Nagar, Gujarat and
released by ICAR in 2004 for cultivation in Gujarat State. Based
on yield trials conducted during 2000 to 2003, GTH 1 (1830 kg/
ha) gave 57% yield advantage over the best GMS hybrid AKPH
4101 (1183 kg/ha) and 32% superiority over the best local

variety GT 101 (1330 kg/ha). In multi-location trials (IHT and
AHT) conducted during 2005-2006, this hybrid recorded the
highest yield with >40% standard heterosis. In front line
demonstrations GTH 1 recorded 25.3% more yield over the
best control. These data demonstrated that the level of hybrid
vigour in early maturity group is high. (Saxena and Nadarajan
2010).

The estimates of per day productivity (Table 2) showed
that high-yielding hybrids such as ICPH 2433 (22.2 kg/ha/
day) and ICPH 2438 (18.5 kg/ha/day) were far superior to the
control UPAS 120 (12.50 kg/ha/day) and ICPL 88039 (8.4 kg/
ha/day), suggesting that the hybrids were more efficient in
dry matter production and/or its accumulation in the grains.
In this context, studies are needed to understand the
physiological aspects of  yield determinat ion and its
relationship with parents on dry matter production and its
partitioning, harvest index and role of yield contributing traits.

SEED PRODUCTION OF HYBRIDS AND THEIR
PARENTS

Seed production technology: The commercial seed production
of pigeonpea hybrids involves large scale seed production of
their female line (A/B), restorer line (R) and hybrid (A x R)
combination.  Each set of material requires isolation of at least
500 m from other pigeonpea.  For seed production of A/B
lines, breeder seed of both A- and B- lines are planted using a
row ratio ranging from 3:1 to 8:1 (female : male), depending
upon the extent of insect activity (Saxena and Kumar 2013).
In case of higher insect activity 8:1 ratio also gives good seed
yield.  In general, 4:1 row ratio gives optimum seed yield at
most locations.  At maturity, the B-line should be harvested
first and followed by pods set on the A-line. For the hybrid
seed production (A x R) also, the row ratios, as in case of A/B
seed multiplication, may be variable.  In this programme also,
the R-line should be harvested first to ensure seed purity.
Roguing and strict crop monitoring are critical aspects of
hybrid seed production. The roguing should be done at
seedling, flowering, and pre-harvesting stages. Our experience
has shown that the hybrid seed can be produced easily by
growers, if the pollinators are present in sufficient number.

Table 2. Performance of early maturing hybrids (A4) in multi-location trials

n = number of trials

Days to ICPH No 
Flower Mature 

100-seed 
mass(g) 

2007 
(n=7) 

2008 
(n=4) 

2009 
(n=8) 

2010 
(n=6) 

Mean 
(n=25) 

% Gain             
over 

UPAS120 

Yield 
(kg/ha/day) 

2433 87 114 6.9 2538 1864 2331 2489 2306 54 22.22 
2438 86 115 7.8 2722 1570 2238 1979 2127 42 18.50 
2363 86 115 7.7 2292 1763 2131 2005 2048 36 17.81 
2429 83 114 6.9 1825 1907 2015 2037 1946 30 17.07 
2431 89 117 6.9 2186 1400 1925 2165 1919 28 16.40 
2447 72 114 8.2 1959 1456 2045 1782 1811 21 15.89 
2364 74 114 9.6 1909 1294 2018 1883 1776 18 15.58 
3310 69 106 9.1 1540 1344 1731 1546 1540 3 14.53 
UPAS 120 (Check) 73 120 8.0 1502 1204 1545 1758 1502 - 12.52 
ICPL 88039 (Check) 56 112 8.8 1288 554 983 940 942 - 8.41 
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Unlike most pulses, the flowers of pigeonpea contain nectar
and its large yellow petals attract honey bees (Megachile
spp.) and other pollinating insects (Williams 1977, Onim 1981).
The cross-pollination takes place when these insects forage
on the flowers. It has also been confirmed that wind does not
play any role in cross-pollination (Kumar and Saxena 2010).
Hence, the success in seed set on the male-sterile plants entirely
depends on the availability of pollinating insects in the seed
production plots (Saxena 2006). The seed production of an
early maturing hybrid ICPH 2433 was attempted in isolated
plots using 4 female and 1 male row ratio during 2008 and 2009
at Patancheru and on average, 425 kg/ha hybrid seed was
obtained in a single harvest.  Since early maturity group of
plants offer multiple harvests, their productivity can be
enhanced significantly (Saxena et al. 1992). In this system the
plants at the time of harvest are ratooned and a second crop is
harvested after two months from the regenerated growth only
in the sterility mosaic virus free locations. Further, it was
observed that the row spacing (60 cm) used in these seed
production plots was not optimum, due to small biomass
production.  Hence, to optimize hybrid yields in early maturing
group, determination of optimum agronomy is essential (Mula
et al. 2010 a, b).
Seed quality considerations: In order to ensure consistency
in the performance of hybrids, it is important that a high level
of genetic purity is maintained year-after-year while producing
large seed quantities of hybrids and their parents. During the
last three years, it has been observed that the assessment of
seed quality is a serious concern in pigeonpea due to its long
generation turn-over time that may extend from six to nine
months. The inherent photo-sensitivity of the crop further
adds to this problem. In most field crops seed quality is ensured
by assessing the quality of freshly harvested seed of hybrids
and parents through standard grow-out tests. To maintain
physical as well as genetic quality of hybrids, grow-out tests
are performed using prominent morphological marker(s). This
involves collection of representative hybrid seed samples,
growing them in the field or glass house, and determining
quality using observations related to the absence or presence
of the markers. In pigeonpea such tests usually take more
time due to the long duration and photo-sensitive nature of
the crop. Therefore a simple, rapid, and cost effective seed
quality testing is warranted.  Saxena et al. (2010) proposed a
purity test that is based on molecular approach involving
simple sequence repeat (SSR) markers. They reported a set of
two SSR markers for the hybridity detection in hybrid ICPH
2438. Simultaneously, Bohra et al. (2011) used 3,072 SSR
markers for polymorphism estimation in various parental lines
of hybrids and mapping populations. From the identified
polymorphic SSRs two sets of 42 SSR markers were selected
for hybridity testing one each in ICPH 2438 and ICPH 2671.
These developed sets could be used in multiplexes for
assessing the hybridity in pigeonpea hybrids (Fig 1).  This
approach can be used in commercial seed production for

reliable detection of seed purity within the commercial hybrid
seed lots.
Economics of seed production: To determine the cost and
economic benefits of hybrid seed production of pigeonpea
row ratios of 4:1 and 3:1 for female: male parental lines with
seven planting treatments  were used to analyze economic
returns. The study revealed that productivity of hybrid differed
significantly among planting distances, row spacing and row
ratios. The cost of producing one kilogram of hybrid seeds at
this spacing was estimated at ` 7.37 (Mula et al. 2010a).
Likewise, planting distance at 75cm x 30cm and row ratio of 4:1
gave the highest net returns (` 224,614 / ha) and  with cost -
benefit ratio (` 6.32).  In a study on cost of hybrid seed
production using a row ratio of 4: 1 conducted at SK Nagar,
the cost of one kilogram of hybrid seed was estimated
@ ̀  8.13.

ADVANTAGES OF HYBRIDS

Enhanced germination: Experiments at ICRISAT have shown
that in comparison to pure line cultivars the seeds harvested
from hybrid plants had faster germination suggesting that the
expression of heterotic effect at early growth stages. According
to Bharathi and Saxena (2012) and Thakare et al. (2013) all the
hybrids had longer radical length (20-40%) and greater
seedling vigour index (7-14%). These traits give an initial boost
for seedling establishment and development allowing them to
compete well with weeds or companion crop. The long roots
of the hybrid seedlings help them to survive under short spells
of droughts, often encountered in early rainy season sowing.
The pure line cultivars are known to have slow growth for the

Fig 1. A representative of the multiplexes developed for
ICPH 2438 SSR markers lab eled  with the same
fluorescence dye are analyzed in individual panels.
Green (VIC) labeled: two S SR markers in each
multiplex (CcM1371 and CcM0008 in ICPH 2438;
black (NED) labeled: one SSR marker (CcM2982) in
ICPH 2438: one SSR marker (CcM0257) in ICPH
2438, and blue (FAM) labeled: two SSR markers in
each multiplex (CcM2380 and CcM0121in ICPH 2438
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first 3-4 weeks and fail to produce good yields due to tough
competition for resources (Saxena et al. 1992). Hence, this
may be a good reason for good performance of hybrids under
intercrops (Kumar et al. 2012).
Increased vigour and yield: The hybrid pigeonpea plants
produce substantially greater biomass than those of pure line
varieties of the comparable duration. Saxena et al. (1992)
postulated that the hybrids utilize inputs such as sunlight,
moisture, and nutrients more efficiently, while maintaining their
partitioning at par with the pure lines; and this result in higher
grain yield. In an experiment conducted at ICRISAT, 30-days
old seedlings of hybrids produced 44% more shoot mass and
43% more root mass as compared to the pure line cultivars
(Saxena et al. 1992). Pigeonpea hybrids are more plastic in
nature and produce more number of primary and secondary
branches along with large canopy when planted at wide
spacing or under long days. This suggests that seed rate of
hybrids can be reduced by 40  - 50% without losing
productivity of the unit area. The reduced seed rate of hybrids
will help in offsetting the high seed cost.
Tolerance to biotic stresses: Results of limited experiments
have shown that hybrids offer more resistance to fungal
disease attack than pure lines by virtue of their greater
resilience (Saxena et al. 1992). Evaluation of a few wilt and
sterility mosaic resistant pigeonpea hybrids and pure line
cultivars indicated that the hybrids exhibited an average of
19.70% superiority over pure line cultivars under disease free
conditions; on the other hand, the level of superiority of the
same hybrids over pure line cultivars was >60% under disease
sick conditions  (Saxena et al. 1992). The hybrids, therefore,
appears to have an extra degree of resilience which helps
them to tolerate and produce higher yields under stress
conditions as compared to the pure line cultivars. Hence, the
cultivation of hybrids is likely to help in arresting the yield
fluctuations generally brought about by various biotic and
abiotic stresses and bring more stability in the production.
Tolerance to abiotic stresses: In pigeonpea water stress,
water-logging and soil salinity are important abiotic stresses.
The hybrid pigeonpea plants, by virtue of their greater root
mass and depth, have greater ability to draw water from deep
soil profiles. This also helps them to tide over intermittent
drought conditions prevailing during different phases of crop
growth. In recent years water-logging is also emerging as a
pressing concern at the backdrop of climate change. A global
report on climate change has projected 0.5-1.2oC rise in
temperatures by 2020, might result in unpredictable and
excessive rains. It is estimated that each year more than 30%
of the pigeonpea growing areas are threatened with water-
logging and annual losses of pigeonpea crops are estimated
at 0.32 m tonnes (Sultana et al. 2013). Incorporation of genetic
resistance to water-logging tolerance will bring a long-term
solution to this problem and help in promoting pigeonpea in
high rainfall areas and thus finding new niches for this crop.

To identify tolerant pigeonpea cultivars, a number of
genotypes were screened at germination, early and late
seedling stages. It was found that pigeonpea hybrids exhibited
greater tolerance to eight days of continuous water-logging
(Sultana et al. 2013). It has also been recognized that the risk
of crop failure or yield reduction due to water-logging is quite
high in early maturing varieties because they get less time to
recover from this stress as compared to medium and long
duration varieties (Matsunaga et al. 1991). In addition to
hybrids, some medium maturing pure line genotypes also have
shown high levels of resistance to water-logging. We are
planning to transfer the water- logging resistance to early
maturing hybrid parents. In pigeonpea the water-logging
tolerance is controlled by a single dominant gene (Sarode et
al. 2007, Perera et al. 2001), and hence it can be transferred to
elite hybrid parents easily by backcrossing.

PROSPECTS FOR EARLY MATURING HYBRIDS IN
POTENTIAL NICHES

Early maturing hybrids for water-deficit areas: The crop
diversification is one approach that can reduce vulnerability
to drought, increasing the resilience of harvests and reducing
risks for resource-poor farmers. Drought is a major factor
limiting the realization of high yields in pulses. In the areas
characterized by less rainfall (<300 – 400 mm) raising the
traditional pulse crops is a challenge. For these situations
crop diversification is the key that can reduce vulnerability to
water scarcity or drought, this will increase the resilience of
harvests and reducing risks for resource-poor farmers.
Pigeonpea is known as a crop that can tolerate long-term
water-stress conditions during its growth cycle (Sinclair 2004)
and produce reasonable yield. In contrast to other pulses,
which rapidly close their stomata under moisture stress,
pigeonpea plants have capacity to adjust their stomata activity
in response to variable water stress conditions, and adjust
osmosis to a critical internal water status (Flower and Ludlow
1986). In addition, the solutes and other compounds in
pigeonpea help in maintaining integrity of cells, preventing
protein denaturation (Subbarao et al. 1995, Subbarao et al.
2000). In addition, a substantial amount of carbohydrates
conserved in the stem, root and other parts of the plant helps
the plant to recover from unfavorable stress conditions.
Int roduction of  early maturing hybrids with these
characteristics will facilitate growing of pigeonpea in water
deficient areas of Rajasthan, Gujarat etc. The earliness of such
high yielding hybrids will also help in escaping terminal
drought  and therefo re will have good adaptation to
environments with a short growing season (3-4 months). The
early maturing (140-150 days) hybrid technology would
provide an opportunity to increase the grain productivity of
the region.
Early maturing hybrids for pigeonpea-wheat rotation: With
the advent of green revolution in India the high yielding dwarf
wheat and rice varieties became very popular throughout the



6 Journal of  Food Legumes 27(1), 2014

country and vast area came under the cultivation of these two
food crops. The farmers of Punjab and Haryana adopted both
these water demanding crops and earned huge profits from
rice-wheat cropping system. Over a period of time it was
observed that due to excess and continuous use of water and
chemical fertilizers for decades, the soils developed drainage
and salinity related problems. In order to rejuvenate soil health
a need for crop diversification was felt. Among various crops
tried to replace the rice crop, pigeonpea was found the best
due to its good adaptation in the system and with reasonably
good returns. For this system early maturing pigeonpea
varieties were required that will allow sowing of a subsequent
crop of wheat in the same field. This endeavour began with
the introduction of early maturing varieties of pigeonpea that
would allow a normal crop of wheat. Nadarajan and Chaturvedi
(2010) while reviewing this system, concluded that early
maturing varieties are not very profitable due to their low
yield. It is therefore expected that pigeonpea hybrids with
early maturity and 20-30% yield advantage would be ideal for
this system. Research in this direction has already been started
and now early maturing CMS lines and their restorers are
available. Soon high yielding hybrids will be available for
pigeonpea –wheat cropping system.
Early maturing hybrids for rice-fallows: The potential of
early maturing pigeonpea has been demonstrated in the rice-
fallow cropping system. In India, where a total 42.4 million
hectares is devoted into rice production, an estimated 20.40
million hectares are in the rainfed areas (Directorate of Rice
Development 2002) and more than 8 million hectares are
classified as Vertisols. At present majority of the rainfed
Vertisols are left fallow after harvesting rice, but potentially
some crops can be grown in the post-rainy season on stored
moisture that is good enough  to trigger the growth and
development of early maturing pigeonpea genotypes. This
type of technology does not require intensive land preparation.
It follows the concept of zero tillage and the seeds are dibbled
to raise the crop. In low latitude areas pigeonpea performs
well after the crop of rice. Seed yields obtain from early duration
type (ICPL 88039) after rice ranged between 729 – 924 kg/ha in
India (Mula and Saxena 2013) and 875 kg/ha in the Philippines
(Saxena and Mula et al. 2010), and 1000 kg/ha in Sri Lanka
(Saxena 1999). Although the early maturing pigeonpea hybrid
have not been tried in such situations the probability of their
success in this type of technology is high due to their deep
root and drought tolerance.
Early maturing hybrids for eroded-rocky soils:  There is a
vast area in the country that is characterized by red laterite
shallow soils with top soil layers containing a fair proportion
of pebbles and small rocks. The water holding capacity of
such soils is very less and a large proportion of rain water is
lost through run-off. Traditionally, in these areas early maturing
varieties of pulses and minor millet are cultivated in the rainy
season only.  This production system is less profitable. Since
the hybrids have more and deep root mass than varieties,

they encounter intermittent and terminal droughts much better
than pure line cultivars. Since the hybrids do not require any
additional inputs, their adoption in such areas is likely to be
easy.
Early maturing hybrids for higher altitudes: In the mid and
low ranges of Himalayas, large proportion of sloping lands
are left fallow due to poor soil fertility and drought. The soil
erosion in the rainy season is a regular phenomenon and each
year tons of valuable top soil is washed away. In these soils
the shallow rooted pulses and cereals fail to encounter post-
rainy season drought and invariably produce 300 - 400 kg/ha
grain.  Recently with the initiative of ICAR, Almora and
ICRISAT have introduced an early maturing variety ICPL
88039 (VL Arhar- 1). In this system farmers sow this variety
with the first rain in the months of May and harvest it by
October end.  On average ICPL 88039 produces around 1000
kg/ha yield with least inputs (Saxena et al. 2011). A hybrid
developed for this agro-ecological area will not only enhance
the productivity and profitability but also improve the soil
texture/structure and reduce erosion of the top soil.  Although
at present no hybrid breeding program for this ecology has
been initiated so far, but the hybrids appear to have tremendous
potential in the low and mid hills of vast Himalayan range.
Early maturing hybrids for frost affected areas: In parts of
Uttar Pradesh, Madhya Pradesh and Bihar traditionally long
duration varieties of pigeonpea are grown. These are highly
photoperiod-sensitive (McPherson et al. 1985) and take about
40 weeks to mature and it exposes them to terminal drought
stress at lower latitudes and to frosts at higher latitudes.
Almost every year the part of this crop is damaged by frost
leading to lower yields and poor quality seeds. Since there is
no genetic tolerance to overcome this constraint, the ideal
approach will be to grow frost avoiding early maturing varieties
and integrate it with wheat or any other Rabi season crop. In
many areas such as Punjab, Haryana, western Uttar Pradesh,
and north Madhya Pradesh early maturing relatively
photoperiod-insensitive varieties such Pusa 99, AL 15 etc.
have already become popular. To fetch higher yields there is a
need to develop early maturing hybrids for such areas and
their earliness enables them to escape terminal droughts as
well as frost (Patel and Sharma 1989).

RESEARCH AND DEVELOPMENT STRATEGIES FOR
EARLY MATURING HYBRIDS

The following areas need to be emphasized in a dynamic
early maturing hybrid pigeonpea breeding programmes.
 Expand research and development base involving

various national programmes and public and private
seed companies.

 Diversify hybrid parents and develop high yielding
hybrids for specific agro-ecological regions.

 Incorporate resistances/tolerance to biotic and abiotic
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stresses, especially sterility mosaic, Phytophthora
blight, wilt and pod borers.

 Fine - tune the hybrid seed production technology for
increased efficiency and develop seed certification
standards for hybrids and their parents

 Incorporate morphological markers in hybrid parents to
ensure the genetic purity tested in parents and hybrids.

 Encourage capacity building in hybrid pigeonpea
technology.

 Standardization of agronomic practices for improved
hybrids to increase productivity.

 Use genomics tools in breeding hybrid parents and seed
quality testing.

CONCLUSION

Unlike most pulse crops, pigeonpea is an often out-
crossing species (Howard et. al. 1919, Saxena et al. 1990) and
the development of CMS system has given pigeonpea
breeders a chance to transform this constraint into an
opportunity for a breakthrough in the stagnant productivity
of the crop through breeding high yielding hybrids. Now a
good beginning has been made by ushering into an era of
hybrid breeding in pigeonpea.  The results obtained so far
have demonstrated that in pigeonpea commercial exploitation
of hybrid vigour is feasible and advantageous.  Evidences for
this have come from the on-farm trials conducted across India
(Saxena et al. 2013) and Myanmar (Kyu et al. 2011), where
some exciting results were obtained. Three farmers in
Maharashtra harvested a record yield of over 4000 kg/ha.  Also,
one of the farmers in Medak district of Andhra Pradesh
harvested 3300 kg/ha of grains and it demonstrated that the
hybrid technology has potential of breaking the long-standing
yield barrier in pigeonpea (Saxena et al. 2013).

It appears that the technological breakthrough has been
achieved and now it  is just  a few steps away from
commercialization of pigeonpea hybrids and soon it would be
a reality in India. The development of CMS in pigeonpea is a
path breaking achievement and it has provided a platform for
enhancing the pace of research and development of hybrids
in pigeonpea. However, more efforts are required to make
pigeonpea hybrids a commercial reality. Since the scope for
horizontal expansion of pigeonpea area is limited, the
researchers need to focus on increasing its productivity. It
has also been observed that, in comparison to other crops
where commercial hybrids are in cultivation, the magnitude of
realized heterosis in pigeonpea is comparable. Considering
the adaptability of hybrids in the stress-prone environments,
it is expected that the hybrids will adapt well in various ‘difficult
to cultivate’ environments.

Traditionally the phenomenon of heterosis has been
exploited in cross-pollinated crops and it was general belief

that heterosis in self-pollinated crops is not as high as those
of cross-pollinated crops due to fixation of dominant and
recessive alleles. For any viable hybrid breeding programme,
the large scale commercial seed production channel is
considered its life line. In the early maturing pigeonpea group
all the important hybrid breeding components are well defined
and the hybrid technology is at the verge of commercial
exploitation. In summary, the recent developments in hybrid
pigeonpea breeding are encouraging and soon the farmers
will reap its benefits.
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ABSTRACT

Blackgram is a one of the major pulse crops in India.  The
Yellow Mosaic disease (YMD) caused by Mungbean Yellow
Mosaic Virus (MYMV) is one of the most destructive diseases
of blackgram growing areas of Southern India. The inheritance
of resistance to YMD was examined in F1, F2, F3 and RIL
population of inter sub-specific cross of blackgram involving
resistant cultivar ‘VBN (Bg) 4’ (Vigna mungo) and susceptible
accession of Vigna mungo var. silvestris 22/2, a wild progenitor of
blackgram. The results of genetic analysis showed that a single
dominant gene controls the YMD resistance in blackgram
cultivar ‘VBN (Bg) 4’. The resistant lines identified in the
present study could be used in the development of YMD
resistant varieties in blackgram.

Key words: Blackgram, Genetic inheritance, Mungbean Yellow
Mosaic Virus, Vigna mungo, Yellow Mosaic Disease

Blackgram (Vigna mungo) also known as Urdbean, is
one of the important pulse crops of India. It is a good source
of protein, carbohydrates, calcium, phosphoric acid and is
popular for its fermenting action. India is the largest producer
and consumer of blackgram  in the world.  The domestic
demand of this pulse makes India the largest importer as well.
It is the fourth important pulse crop in India, cultivated as a
sole crop and intercrop covering an area of about 3.29 million
hectares and producing 1.83 million tons. However, the
productivity is low with 555 kg/ha (AICRP report, 2013), mainly
due to yellow mosaic and powdery mildew diseases in field
conditions and bruchid damage in storage.

Blackgram, which is mainly cultivated in India, Myanmar,
Thailand, Philippines and Pakistan, is highly prone to yellow
mosaic disease (YMD). The disease is caused by
representative species of the genus Begomovirus. Based on
several studies, it has been confirmed that at least two virus
species causing YMD are prevalent in the Indian sub-
continent. One of these species, mungbean yellow mosaic
virus (MYMV) is commonly occurring in southern part of
India while,  Mungbean Yellow Mosaic India Virus (MYMIV)
is mostly confined to northern part of Indian sub-continent
(Varma and Malathi 2003; Malathi and John 2008).

One of the major production constraints of the
blackgram is its susceptibility to yellow mosaic disease that
can cause up to 100% damage and with an annual loss of US$

300 million. The YMD causes heavy yield loss from 10 to
100%, depending upon the crop stage at which the plants get
infected. The losses due to YMD have been observed from 60
to 100 % in Northern India. The natural incidence of YMD in
blackgram was found to be 67% in Tamil Nadu (Jeyarajan et
al. 1988). At 25% disease intensity, YMD causes major setback
to pod bearing capacity and grain yield in urdbean besides
delayed maturity. Since the virus transmission is attributed
by polyphagous pest whitefly (Bemisia tabaci) that acts as
an efficient vector. The control of YMD is often based on
limiting the vector population by using insecticides, which
are ineffective under severe whitefly infestations. Further, this
is also not an eco-friendly approach. The most effective way
to prevent the occurrence of this disease is to develop
genetically resistant cultivars of blackgram.

There are conflicting reports about the genetics of
resistance to YMD, claiming both resistance and susceptibility
to be dominant. Inheritance of YMD disease resistance has
been determined by several workers. Monogenic dominant
nature of resistance is reported by Dahiya et al. (1977),
Kaushal and Singh (1988) and Gupta et al. (2005, 2013). In
some studies, the resistance is found to be digenic recessive
(Singh 1980, Dwivedi and Singh 1985, Dhole and Reddy 2012,
Singh et al. 2013). Monogenic recessive pattern of inheritance
is also reported by Pal et al. (1991) and Basak et al. (2004).
Nevertheless, these studies have been conducted by taking
into account the yellow mosaic disease in general. However,
the prevalence of two different species of virus causing YMD
and sources of resistance to each of these species might have
caused variation in results about the genetics of resistance to
the disease. The genetic analysis of YMD resistance is critical
for designing suitable resistance breeding programme in
blackgram. The virus species (MYMV) present in Tamil Nadu
was confirmed by sequence analysis (Satya 2013). Therefore,
this investigation was undertaken to study the inheritance of
YMD resistance caused by MYMV species in blackgram.

MATERIALS AND METHODS

Plant materials:  Hybridization between Vigna mungo (VBN
(Bg) 4) and Vigna mungo var. silvestris 22/2 genotypes of
blackgram was done during Kharif 2010 at Research Farm of
Department of Pulses, Centre for Plant Breeding and Genetics,
Tamil Nadu Agricultural University, Coimbatore. ‘VBN (Bg) 4’
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was used as a resistant parent to YMD in this investigation,
which is released variety developed from the cross ‘Co 4’ and
‘PDU 102’, while, Vigna mungo var. silvestris 22/2, is a wild
progenitor species of blackgram, was used as susceptible
parent. A total of 17 F1s of this cross were evaluated during
rabi 2010-11 at Coimbatore in the field along with two parents.
True hybrids were identified using morphological characters
and were further confirmed by SSR analysis (Fig 1). Out of 17,
six F1 plants of above cross were found to be true hybrid and
these plants were harvested individually to produce their
respective F2 population.
Development of Recombinant Inbred Lines (RILs): Single
plant derived F2 population was raised during summer 2011and
seeds were collected on single plant basis. A total 195 F3
progenies were raised during kharif  2011 from individual F2
plant and these progenies were advanced to F4 and till F8
generation (rabi 2011-12, summer 2012, kharif 2012, rabi 2012-
13 and summer 2013, respectively) by SSD method.
Screening for YMD reaction: Inheritance of YMD resistance
gene was studied in F1 (resynthesized), F2, F3 and RIL
population derived from the cross between ‘VBN (Bg) 4’
(resistant) and Vigna mungo var. silvestris 22/2 (susceptible).
Field screening of parents, F1, F2, F3 and RILs of the above
cross was done during summer season by infector row method.
A susceptible check ‘Co 5’ was planted after every two test
entries/ rows. Scoring was done after 100 % of the plants in
infector rows showed YMD incidence. As evidenced by the
disease data over the years, Coimbatore, Vamban and Panpozhi
are the hot spot for YMD and also during the test years, 100
% YMD incidence was recorded in the most susceptible check
‘Co 5’. General  cultural  practices  was adopted to  maintain
the  experiment  except  that  insecticide  was not  applied  in
order  to encourage the whitefly population for natural disease
spread. Plants were screened for yellow mosaic reaction at
the pod formation stage. Phenotypic categories of resistance
or susceptibility were assigned to plants based on the visible
expression of disease development. The susceptible parent
Vigna mungo var. silvestris 22/2 developed yellow mosaic
symptom very clearly at the test locations/ artificial screening.
The resistant parent was immune to YMD disease in all the

test years / locations / artificial screening.  Scoring was done
using the standard procedure by Mayee and Datar (1986).

For YMD screening, F2 population consisted of 142
plants was raised during summer 2012 at Vamban along with
parents and susceptible check. The individual F2 plants was
scored for YMD and forwarded to F3 generation, harvested
separately. During summer 2013, F3 generation consisted for
142 progenies were screened for YMD incidence using infector
row method at Vamban. An independent F2 population
consisted of 132 plants of the same cross was raised during
summer 2013 along with parents and susceptible check at
Coimbatore to confirm the results. In addition, RIL population
consisted of 195 RILs was raised along with parents and
susceptible check during summer 2013 in three locations viz.,
Coimbatore, Vamban and Panpozhi and screened for YMD.
Artificial screening of 195 RILs was also done using agro-
inoculation method during summer 2013 (Mandal et al. 1997).
The results obtained were analyzed using Chi-square test.

RESULTS AND DISCUSSION

The results were obtained from the research conducted
for the inheritance of YMD resistance in both field and artificial
screening. The parents viz., ‘VBN (Bg) 4’ was completely
resistant and Vigna mungo var. silvestris 22/2 was highly
susceptible in all the locations / artificial screening. All the six
F1 hybrids were found to be resistant indicating that, the
resistant gene in ‘VBN (Bg) 4’ was dominant in nature. A total
of 142 F2 plants were screened at Vamban, the plants were
segregated into 103 resistant and 39 susceptible to YMD.  F2
phenotypic segregation of 3:1 (Resistant: Susceptible) ratio
was confirmed by Chi-square test (Table 1). The frequency of
resistant and susceptible plants did not deviate significantly
from 3:1 ratio. It revealed that a single dominant gene controls
YMD resistance in ‘VBN (Bg) 4’, which was further confirmed
by screening of F3 progenies of same population. A total of
142 F3 progenies were segregated into 34 resistant, 69
segregating and 39 susceptible (Table 2), which was fitted
into 1:2:1 ratio. It was confirmed by Chi-square test (Table 2).

An independent F2 population of same cross was used
for further confirmation of YMD resistance. A total of 132 F2

Table 2. Genetic analysis of YMD resistance in the F3 progenies of Vigna mungo (VBN (Bg) 4) × Vigna mungo var. silvestris
22/2 during summer 2013

*Value for significance of P = 0.05 is 5.99

Observed number of F3 progenies in YMD screening Location Number of progenies screened 
Resistant Segregating Susceptible 

 Expected ratio χ2 
value 

P value 

Vamban 142 34 69 39 1:2:1 0.444 0.75-0.80

 

Table 1. Genetic analysis of YMD resistance in the F2 population of Vigna mungo (VBN (Bg) 4)   × Vigna mungo var. silvestris
22/2 during summer 2012

*Value for significance of P = 0.05 is 3.84

Observed number of F2 plants in YMD screening Location Number of plants screened 
Resistant Susceptible 

 Expected ratio χ2 value P value 

Vamban 142 103 39 3:1 0.433 0.50-0.55 
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plants were screened at Coimbatore and were segregated into
97 resistant and 35 susceptible to YMD. The F2 phenotypic
segregation was found to be good fit to 3:1 (Resistant:
Susceptible) ratio and was confirmed by Chi-square test (Table
3). A total of 195 Recombinant Inbred Lines were also used in
this study for further confirmation of YMD resistance.  The
RILs were classified as resistant and susceptible based on
the field evaluation at Vamban, Coimbatore and Panpozhi as
well as in artificial screening at Coimbatore. Out of 195 RILs,
101 segregated as resistant and 94 as susceptible to YMD.
Similarly, out of 195 RILs screened, 95 were found to be resistant
and 100 were susceptible to YMD both at Vamban and
Panpozhi.  In artificial screening, through Agro- inoculation
the RIL population was segregated into 93 resistant and 102
susceptible to YMD. Phenotypic segregation of RIL
population was found to be good fit to 1:1 (Resistant:
Susceptible) ratio as confirmed by Chi-square test (Table 4).
The above results clearly indicated that, the YMD resistant
gene in blackgram (VBN (Bg) 4) is under the control of single
dominant gene.

The results of present study indicated that resistance
in ‘VBN (Bg) 4’ was governed by single dominant gene. Such
monogenic dominant inheritance of YMD resistance in
blackgram was also reported by previous researchers Dahiya
et al. (1977), Kaushal and Singh (1988), Gupta et al. (2005) and
Gupta et al. (2013) in blackgram. Since resistance is monogenic
dominant, it may be transferred easily through conventional
breeding programme. However, work towards tagging of

resistant gene using molecular markers is in progress. The
inter sub specific derived lines developed in the present study
could be used as pre breeding material to improve the genetic
base and could be used as mapping population for molecular
tagging of YMD resistance gene.
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ABSTRACT

Genetic variability and diversity of pigeonpea (Cajanus cajan
L. Millsp.) genotypes (102) in respect of  days to 50% flowering,
days to maturity, plant height (cm), primary branches/ plant,
secondary branches/ plant, pods/ plant, pod length (cm), seeds/
pod, 100-seed weight and seed yield/ plant were studied under
rainfed conditions with terminal moisture stress. Genotypic
coefficient of variation revealed seed yield/ plant had greater
range of variability followed by pods/ plant and secondary
branches/ plant. Heritability in broad sense was moderate
indicating influence of moisture stress on these traits. However,
high genetic advance as per cent of mean indicated additive
gene effects governing the traits providing ample scope of
improvement. Divergence analysis using D2 statistics grouped
genotypes into 8 clusters. Cluster I comprised of 89 genotypes
from same and/or different geographical origin. Cluster II had
7 genotypes having greatest intra-cluster distance. Rest of the
clusters (III-VIII) possessed single genotype. The maximum
inter-cluster distance was observed between cluster V and VIII
(10.28) followed by cluster IV and VIII (10.17) while the least
distance was between clusters III and IV (3.92). The genotypes
‘ICP 11204’ (Cluster IV), ‘KPBR 80-2-2’ (Cluster III) and ‘KPBR
80-2-1’ (Cluster VII) with high cluster distance and mean for
yield and yield contributing traits were considered desirable
for hybridization and selection of transgressive segregants to
enhance yield potential under terminal moisture stress.

Key words: Genetic diversity, Genetic variability, Pigeonpea,
Rainfed conditions

Pigeonpea (Cajanus cajan L. Millsp.) is an important
grain legume rich in protein (20-22%) and commonly cultivated
in several parts of the semi-arid tropics. Major pigeonpea area
is in India, where it is the most widely grown pulse (split dal)
crop, second only to chickpea, the area being around 5.25
million ha with production of 3 million tonnes contributing
about 5% of total pulse production of world. It is grown for
food, fodder, fuel wood, hedges, windbreaks, so il
conservation, green manuring, roofing, basket making,
brooms, support for growing vegetables, etc. Pigeonpea is
cultivated as an annual legume crop under three maturity
groups i.e. early (130-150 days), medium (150-200 days) and
late (250-320 days). Moisture stress at terminal stages of crop
growth adversely affects crop productivity, whereas, only
limited efforts have been made towards screening and
development of pigeonpea genotypes having tolerance to

such abiotic stress (Choudhary et al. 2011). The severity of
drought depends on distribution of rainfall, evaporative
demands and moisture storing capacity of soils (Wery et al.
1994). Drought induced yield reductions probably exceeds
losses from all other causes, as both the severity and duration
of the stress are critical. Success of genetic enhancement of
pigeonpea depends on the extent of genetic variability and
diversity, choice of parents for hybridization, selection
procedure and newer breeding approaches including CMS
based hybrids. The genetic variability of a trait denotes how
much that trait  varies among genotypes due to their genetic
makeup and environmental influences, whereas, genetic
diversity reveals the total number of genetic characteristics
in the genetic makeup of a species which is composed of
diverse group of alleles and expected to produce desirable
combinations upon hybridization among diverse alleles
providing scope for selection of transgressive segregants.

MATERIALS AND METHODS

Pigeonpea genotypes (102) were grown in randomized
block design with three replications during kharif season 2011-
12 at Agricultural Research farm, Institute of Agricultural
Sciences, Banaras Hindu University, Varanasi in single row (3
m) at row to row and plant to plant spacing of 75 and 20 cm,
respectively. The crop was grown under rainfed condition till
maturity. Observations were recorded for ten traits; days to
50% flowering, days to maturity, plant height (cm), primary
branches/ plant, secondary branches/ plant, pods/ plant, pod
length (cm), seeds/ pod, 100-seed weight (g) and seed yield/
plant (g). The analysis of variance for RBD was carried out
following Panse and Sukhatme (1967). The phenotypic and
genotypic coefficients of variance were computed using the
formula suggested by Burton and Devane (1953). Heritability
in broad sense and expected genetic advance as percent of
mean were calculated according to the methods suggested
by Hanson et al. (1956) and Johnson et al. (1955), respectively.
The genetic divergence (Mahalanobis 1928) analysis was
carried out using IndoStat software ver. 8.5 (Khetan 2010).
The clustering of genotypes was performed by Tocher’s
method (Rao 1952).

RESULTS AND DISCUSSION

The analysis of variance revealed significant differences
among genotypes for different traits indicating presence of
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considerable genetic variability among them. The range,
general mean and parameters helpful in selection of the
genotypes for a particular trait or group of traits are presented
in Table 1. Closer estimates of genotypic and phenotypic
variances suggested negligible influence of environment in
the expression of majority of the traits. However, secondary
branches/ plant followed by seed yield/ plant and pods/ plant
were highly influenced by moisture stress as realized with the
estimates of ECV (Environmental Coefficient of Variation).
Therefore, selection of genotypes for these traits under
moisture stress would be desirable. These results were in
conformity with the findings of Kumar et al. (2006) and Bhadru
(2011). Broad sense heritability was highest for days to
maturity followed by days to 50% flowering, 100-seed weight,
pod length, plant height and pods/ plant indicating greater
proportion of genetic components influencing their inheritance.
Further, high heritability coupled high genetic advance as per
cent of mean estimated for pods/ plant, seed yield/ plant and

secondary branches/ plant revealed greatest proportion of
fixable genetic components (additive and additive × additive)
which would be effective in selection of desirable transgressive
segregants in early segregating generations also reported by
Patel and Acharya (2011). Rest of the traits such as days to
50% flowering, days to maturity and 100-seed weight which
had high broad sense heritabili ty and low genet ic
advancement as per cent of mean revealed that these traits
were under the control of non-fixable (dominance and epistasis)
type of genetic components, where heterosis could be
exploited.

The D2 statistics was used to group the genotypes in
different clusters (Table 2) which revealed that in general, the
genotypes with same or different geographic origin were
grouped in same cluster indicating genetic similarity among
them. The genotypes of the same geographical origin grouped
into different clusters may be expected due to heterogeneity
and genetic architecture of the population (Murthy and

Table 1. Estimates of variability parameters of 102 genotypes for different traits in pigeonpea

Vg, Vp: Genotypic, Phenotypic variance, respectively; ECV, GCV, PCV: Environment, Genotypic, Phenotypic coefficient of variation, respectively;
Hb: Heritability in broad sense; GA: Genetic advance, GAm: Genetic advance as per cent of mean

Parameters 
Days to 

50% 
flowering 

Days to 
maturity 

Plant 
height (cm) 

Primary 
branches/ plant 

Secondary 
branches/ plant 

Pods/ 
plant 

Pod length 
(cm) 

Seeds/ 
pod 

100-seed 
weight (g) 

Seed yield/ 
plant (g) 

Range 106.00-
180.67 

203.00-
255.67 

82.42-
295.00 

6.89- 
33.87 

0.00- 
36.00 

29.67-
556.20 

3.89-7.72 2.75-
4.63 

5.78- 
15.81 

6.13-201.13 

Mean 138.10 231.27 180.52 14.97 7.83 133.17 5.08 3.67 9.66 37.93 
Vg 259.87 111.83 1291.42 26.66 36.59 8938.77 0.45 0.12 3.79 716.72 
Vp 301.22 128.95 1690.31 46.76 65.27 12325.4

1 0.54 0.19 4.61 1065.78 

ECV (%) 4.66 1.79 11.06 29.95 68.41 43.70 6.15 7.35 9.36 49.26 
GCV (%) 11.67 4.57 19.91 34.50 77.27 70.99 13.13 9.39 20.14 70.59 
PCV (%) 12.57 4.91 22.78 45.68 83.20 83.37 14.50 11.92 22.21 86.07 
 Hb (%) 86.30 86.70 76.40 57.00 56.10 72.50 82.00 62.00 82.20 67.20 

GA (at 5%) 30.85 20.29 64.71 8.03 9.33 165.86 1.25 0.56 3.64 45.23 
GA (at 1%) 39.53 26.00 82.93 10.29 11.96 212.56 1.60 0.72 4.66 57.96 

GAm (at 
5%) 22.34 8.77 35.85 53.66 119.19 124.55 24.50 15.23 37.63 119.24 

GAm (at 
1%) 28.62 11.24 45.94 68.77 152.75 159.61 31.40 19.51 48.22 152.81 

 

Table 2. Cluster composition of 102 pigeonpea genotypes

Cluster Number of 
genotypes Cluster Composition 

I 89 AMAR, ASHA, AZAD, BAHAR, BANDAPALEVA, BSMR 289, BSMR 301, BSMR 69, BWR 23, C 11, DA 11, F3 58B, ICP 
1003, ICP 11887, ICP 11982, ICP 12755, ICP 13080, ICP 13089, ICP 13174, ICP 13807, ICP 13857, ICP 13964, ICP 147630, ICP 
14770, ICP 14973, ICP 15147, ICP 15148, ICP 15360, ICP 15365, ICP 2376, ICP 2506, ICP 2801, ICP 3679, ICP 45, ICP 5458, 
ICP 5641, ICP 6086, ICP 6399, ICP 6579, ICP 7200, ICP 8450, ICP 8451, ICP 8454, ICP 87119, ICP 8850, ICP 8859, ICP 8862, 
ICP 9069, ICP 9125, ICP 9149, ICP 9174, ICP 9918, ICPL 84023, IPA 16F, IPA 94-1, JKM 7, LRG 41, MA 10, MA 106-78, MA 
14, MA 15, MA 18, MA 23, MA 24, MA 473, MA 473-2, MA 474, MA 582, MA 806, MA 93-41-12-2, MA 94-2, MA 94-48-1, 
MA 96SBH16-2, MA 96SBH54, MA 96SBH56, MA 98-41-12-1, MA 98-9, MA 98DEO59, MA 98DEO74, MA 98DEO89, MA 
98SKGP53, MAL 6, NDA 1, NPWR 15, PR 5149, SGD 37, TTB 7, UPAS 120, USARI SELECTION 

II 7 SL 22-2-3, SON 103, MAL 13, MA 98PTH2, BENIPUR S, TANDIA 5-6, PUSA 9 
III 1 KPBR 80-2-2 
IV 1 ICP 11204 
V 1 ICP 7250 
VI 1 SKNP 0632 
VII 1 KPBR 80-2-1 
VIII 1 SKP 52 
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Table 3. Average intra-cluster (diagonal) and inter-cluster distance (D2) for eight clusters in pigeonpea
Cluster Distances Cluster I Cluster II Cluster III Cluster IV Cluster V Cluster VI Cluster VII Cluster VIII 

Cluster I 4.38 6.16 5.96 6.08 6.81 6.74 6.91 7.37 
Cluster II  4.75 7.37 7.90 9.45 8.55 7.23 8.13 
Cluster III   0.00 3.92 7.35 8.93 6.20 9.59 
Cluster IV    0.00 5.84 8.74 7.86 10.17 
Cluster V     0.00 8.39 8.25 10.28 
Cluster VI      0.00 9.07 9.28 
Cluster VII       0.00 8.77 
Cluster VIII        0.00 

 

Table 4. Contribution of different traits towards divergence
in pigeonpea

Trait Times Ranked First Contribution (%) 
Days to 50% flowering 1179 22.89 
Days to maturity 1210 23.49 
Plant height 521 10.11 
Primary branches/ plant 159 3.09 
Secondary branches/ 
plant 90 1.75 
Pods/ plant 349 6.78 
Pod length 700 13.59 
Seeds/ pod 155 3.01 
100-seed weight 689 13.38 
Seed yield/ plant 99 1.92 

 
Table 5. Cluster means for different traits in pigeonpea

Cluster\ Trait Days to 50% 
flowering 

Days to 
maturity 

Plant height 
(cm) 

Primary 
branches/ 

plant 

Secondary 
branches/ 

plant 

Pods/ 
plant 

Pod 
length 
(cm) 

Seeds/ 
pod 

100-seed 
weight (g) 

Seed yield/ 
plant (g) 

Cluster I 137.23 231.03 178.83 14.60 6.97 124.02 4.96 3.64 9.34 34.46 
Cluster II 146.10 235.67 158.57 12.07 5.04 79.74 6.53 3.91 13.97 34.43 
Cluster III 148.33 253.00 246.00 23.00 25.47 524.33 4.92 3.81 9.69 150.79 
Cluster IV 133.00 234.00 223.97 24.03 25.77 556.20 4.84 3.76 8.75 118.83 
Cluster V 164.00 208.33 220.57 21.02 19.37 371.73 4.14 3.39 7.19 73.41 
Cluster VI 119.33 216.67 295.00 20.00 5.00 29.67 5.87 4.63 8.67 6.87 
Cluster VII 148.00 229.67 237.78 22.67 31.11 460.89 5.76 3.84 13.39 201.13 
Cluster VIII 137.33 236.33 164.00 32.00 36.00 45.00 5.53 3.73 8.40 9.47 

 

Arunachalam 1966). The divergence of traits within the
genotypes tested by the Wilks criterion was significant (2,
4644.94 with 1010 df). Cluster I was the largest with 89
genotypes followed by cluster II with 7 genotypes, while rest
of the clusters contained single genotype each. The cluster
distances are presented in Table 3. The intra-cluster distance
was maximum in cluster II (4.75) and lowest (0 distance) in
case of clusters with single genotypes. The maximum inter-
cluster distances were observed between cluster V and VIII

days to maturity contributed about 50% towards total
divergence (Table 4). The cluster means for various traits (Table
5) indicated that cluster II recorded high mean values for pod
length (6.53) and 100-seed weight (13.97), cluster IV for pods/
plant (556.20), cluster V had lowest mean for early maturity
(208.33), cluster VI for early flowering (119.33), plant height
(295.00) and seeds/ pod (4.63), cluster VII for high seed yield
(201.13) and cluster VII for primary (32.00) and secondary
branches (36.00)/ plant.

It was observed that genotypes ‘ICP 11204’ (Cluster IV)
and ‘KPBR 80-2-2’ (Cluster III) recorded high cluster mean for
primary branches/ plant, secondary branches/ plant, pods/
plant and seed yield/ plant and ‘KPBR 80-2-1’ (Cluster VII)
had high primary branches/ plant, secondary branches/ plant,
pods/ plant, 100-seed weight and seed yield/ plant. Therefore,
these genotypes should be used for hybridization and
selection for genetic enhancement of yield in pigeonpea under
moisture stress conditions.
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ABSTRACT

The seeds of  RHRG-6021, RHRG- 6083, TAG-24 and JL-501
varieties of groundnut were stored and evalua ted for
germination percentage, 100 seed weight (g), root -shoot length,
dry matter content (g), seed moisture content, electrical
conductivity, seed mycoflora and seedling vigour index I and II.
The seed stored in Polylined HDPE storage container was found
suitable for maintenance of seed viability, which showed
significantly higher germination percentage and other seed
quality parameters. Among the four genotypes studied, the
genotype RHRG- 6021 was superior in respect of seed vigour
and viability.

Key words: Groundnut, Moisture levels, Seed quality, Storage
containers

The Groundnut (Arachis hypogaea L.) plays an
important role in the rural economy of India. Kernel contains
48-50 per cent of edible oil, 25 per cent protein and 20 per cent
of the carbohydrates (Weiss 1983). It is also rich in phosphorus
and good source of vitamin and minerals. It has nutritional
importance due to presence of oleic and linolic acid and
proportion of saturated monoenoic and polyunsaturated fatty
acid.

The availability of the viable seeds at planting time is
very important for achieving the target of agricultural
production; as it acts as a catalyst for realizing the potential
of other input. The seed has highest level of viability at
maturity, which changes during storage because o f
deterioration of seed. The potential storage life of seed varies
from species to species and among the varieties. Thus there
is need to understand genotypic variability in terms of viability
of seed during storage. In view of the above present
investigation was undertaken with the objective to study the
seed quality of summer groundnut during storage.

MATERIALS AND METHODS

The present investigation was carried out during 2011-
12 at Seed Technology Research Unit, Department of
Agriculture Botany and Department of Biochemistry, M.P.K.V.,
Rahuri on four promising varieties of groundnut viz., RHRG-
6021, RHRG- 6083, TAG-24 and JL-501 collected from All India
Coordinated Research Project on Groundnut, M.P.K.V., Rahuri.
The seed was stored in HDPE bag and Polylined HDPE bag.
The observations were recorded at harvest and monthly
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intervals for germination percentage, 100 seed weight (g), root
-shoot length, dry matter content (g), seed moisture content,
electrical conductivity, seed mycoflora and seedling vigour
index I and II. The data on laboratory determination was
analyzed by using FCRD method as described (Sendecor and
Cochran 1967). Wherever results were significant, the critical
differences at 5 per cent level of significance were calculated
and used for comparing the treatments.

RESULTS AND DISCUSSION

Germination: The significant differences were observed
among the four genotypes studied for germination percentage.
The genotype RHRG-6021 maintained significantly higher
germination percentage (94.66%) over the storage periods.
The containers showed significant differences after 150 days
of storage. The significantly highest germination percentage
was recorded by polylined HDPE bag (91%), irrespective of
genotypes, from 150 DAH (81.25%) at 30 days interval until
270 DAH (61.25%) over HDPE (Table 1). The interaction effect
between genotypes and storage containers were statisticaly
significant for germination percentage at 150, 180 and 270
days of storage. The highest germination was observed in
polylined HDPE bag in genotype RHRG-6021 at 150 (84.66 %),
180(82.33%) and 270 DAH (67.66%). However, it was at par
with JL-501 at 180 days of storage in same container (Table 2).

In the present investigation, the germination percentage
declined with the advancement of period of storage. The rate
was rather slow up to 120 DAH. Moreover, it becomes rapid
after 120 DAH up to 270 DAH. The genotype RHRG-6021 and
JL-501 exhibited consistently higher and lower germination
percentage, respectively.
100-seed weight: There is significant difference among all
genotypes for 100 seed weight at various stages of storage
periods (Table 3). The genotype JL-501 and TAG-24 recorded
highest seed weight at delayed storage periods irrespective
of storage containers. The differences in respect of 100 seed
weight were statistically non-significant except at 240 days of
storage. At this stage, container HDPE maintained significantly
higher seed weight (37.44 g) over polylined HDPE container
(36.91 g). The interaction effect of genotypes and storage
containers exhibited non-significant differences for 100 seed
weight, as shown in Table 4. However, the genotype JL-501
maintained higher 100 seed weight in both the containers over
the delayed storage periods.
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In the present investigation, the 100 seed weight remains
constant up to 120 days of storage, thereafter it declined with
the advancing age of storage irrespective of genotypes,
storage containers and its interaction. The genotype JL-501
recorded highest 100 seed weight throughout storage period,
whereas RHRG-6021 shows lowest seed weight. The seeds
stored in HDPE and polylined HDPE storage container have
not shown significant differences throughout storage period.
Interaction effect of genotype x storage container revealed
that the genotype JL-501 stored in polylined HDPE has showed
highest germination 100 seed weight.
Root-shoot length: The genotype RHRG-6021 showed highest
root-shoot length from harvesting up to 270 DAH with an
interval of 30 DAH irrespective of storage container. The
differences in respect of root-shoot length were statistically

significant after 120 days of storage. The container polylined
HDPE maintained higher root-shoot length at various stages
of storage periods (Table 5). The genotypes x storage
containers exhibited non- significant interaction effect, except
at 90 day (Table 6). At 90-day genotype, TAG-24 with HDPE
(17.00 cm) was at par with RHRG-6021 and RHRG-6083 for
both the storage containers.

The ageing of seeds leads to deterioration, which causes
decrease in germination percentage and root-shoot length.
This might be a progressive process accompanied by
accumulation of metabolites, which progressively depress
germination and seedling growth (Floris 1970). In the present
study, the root-shoot length declined progressively with the
advancing period of storage irrespective to genotype, storage
containers, and its interaction. The rate of reduction was slow

Table 1. Main effect of genotype and storage containers on germination (%)
Storage period (DAH) Treatment 

0 30 60 90 120 150 180 210 240 270 
Genotypes  
RHRG-6021 94.66 93.00 91.66 89.33 86.50 82.66 79.33 75.33 66.83 61.66 
RHRG-6083 91.83 90.83 89.33 87.16 84.33 80.66 79.33 72.00 66.33 60.33 
TAG-24 88.83 88.83 88.00 86.50 83.66 79.66 75.33 69.16 63.50 56.16 
JL-501 88.00 86.00 85.16 83.83 80.83 77.66 73.83 68.66 62.00 53.33 
SEm (±) 0.59 0.416 0.406 0.53 0.703 0.37 0.401 0.67 0.505 0.48 
CD (P = 0.05) 1.77 1.25 1.21 1.60 2.10 1.11 1.20 2.02 1.51 1.44 
Container  
HDPE 90.66 89.50 88.33 86.25 83.16 79.08 74.33 68.66 62.66 54.50 
Polylined HDPE 91.00 89.80 88.75 87.16 84.50 81.25 78.08 73.91 66.66 61.25 
SEm (±) 0.41 0.29 0.28 0.378 0.497 0.26 0.28 0.47 0.35 0.33 
CD (P = 0.05) NS NS NS NS NS 0.78 0.85 1.43 1.07 1.01 
 
Table 2. Interaction effect of genotypes x storage container on germination (%)
RHRG-6021 x HDPE 94.33 92.66 91.00 88.33 84.66 80.66 76.33 71.66 64.33 55.66 
RHRG-6021 x PL-HDPE 95.00 93.33 92.30 90.33 88.33 84.66 82.33 79.00 69.33 67.66 
RHRG-6083 x HDPE 91.66 90.66 89.00 86.66 83.66 79.66 74.33 69.33 63.33 55.33 
RHRG-6083 x PL-HDPE 92.00 91.00 89.66 87.66 85.00 81.66 78.33 74.66 69.33 65.33 
TAG-24 x HDPE 89.00 88.66 87.66 86.00 83.33 79.33 74.33 66.66 62.33 54.66 
TAG-24 x PL-HDPE 88.66 89.00 88.33 87.00 84.00 80.00 76.33 71.66 64.66 57.66 
JL-501 x HDPE 87.66 86.00 85.66 84.00 81.00 76.66 72.33 67.00 60.66 52.33 
JL-501 x PL-HDPE 88.33 86.00 84.66 83.66 80.66 78.66 75.33 70.33 63.33 54.33 
SEm (±) 0.83 0.58 0.57 0.75 0.99 0.52 0.56 0.95 0.71 0.67 
CD (P=0.05) NS NS NS NS NS 1.57 1.70 NS NS 2.03 

 

Table 3. Main effect  of  genotypes and storage  containers on 100 seed weight (g)
Storage period (DAH) Treatment 

0 30 60 90 120 150 180 210 240 270 
Genotypes  
RHRG-6021 30.60 30.93 30.84 31.17 31.17 30.52 29.79 29.48 29.17 28.20 
RHRG-6083 35.52 35.93 36.02 36.05 35.97 35.65 34.75 34.24 33.54 32.80 
TAG-24 44.65 44.81 44.84 44.85 44.85 44.54 43.50 43.31 42.69 41.86 
JL-501 45.12 44.85 44.86 44.71 44.88 44.21 43.68 43.82 43.31 42.71 
SEm (±) 0.28 0.27 0.26 0.23 0.25 0.22 0.24 0.26 0.24 0.25 
CD (P=0.05) 0.84 0.81 0.79 0.70 0.76 0.67 0.73 0.78 0.74 0.76 
Cont ainer  
HDPE 38.92 39.13 39.17 39.10 39.19 38.62 38.05 37.73 37.44 36.54 
Polylined HDPE 39.02 39.13 39.10 39.26 39.24 38.84 37.80 37.70 36.91 36.25 
SEm (±) 0.19 0.19 0.18 0.16 0.18 0.15 0.17 0.18 0.17 0.18 
CD (P=0.05) NS NS NS NS NS NS NS NS 0.52 NS 
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up to 120 days of storage and thereafter it was faster with the
advancing period of storage. The genotype RHRG- 6021
showed highest root-shoot length than other genotypes. The
seeds stored in polylined HDPE bag showed significantly
higher root-shoot length after 120 days of storage. Interaction
of genotype x storage container revealed that genotype RHRG-
6021 stored in polylined HDPE bag showed higher root-shoot
length. Shrivastava and Gill (1970) reported poor growth of
radicals, hypocotyls and leaf length in deteriorated seeds
during storage.
Dry matter: The significant differences were observed among
all the genotypes for dry matter content. The genotype RHRG-
6021 recorded highest dry matter content from 0 DAH (1.75 g)
to 270 DAH (0.84 g). The dry matter content in two storage
containers differed significantly during storage after 120 days
of storage. The highest dry matter was recorded in polylined
HDPE bag irrespective of genotypes at different storage periods

(Table 7). Interaction effect pertaining to dry matter is shown
in the Table 8. The interaction of genotypes x storage container
was non-significant except 90, 120 and 240 days of storage.
The genotype RHRG-6021 stored in polylined HDPE recorded
higher dry matter at 90 (1.59 g), 120 (1.52 g) and at 240 DAH
(0.99 g) which was at par with HDPE container and significantly
superior over rest of the genotypes and storage containers.

The rate of reduction in seedling dry weight was slow
up to 120 DAH; however, it was faster towards advancement
of storage periods. Dry matter content of seedlings, which
were stored in polylined HDPE bags showed significantly
higher values after 90 days of storage. Interaction of genotype
x storage container (Table 8) revealed that genotype RHRG-
6021 stored in polylined HDPE container having highest dry
matter content. Lops et al. (1997) and Srimati et al. (2003)
reported that the dry matter content of seedling decreased
with increase in storage period.

Table 5. Main effect of genotypes and storage containers on root shoot length (cm)
Storage period (DAH) Treatment 

0 30 60 90 120 150 180 210 240 270 
Genotypes  
RHRG-6021 20.21 19.85 19.20 18.02 16.55 14.85 12.90 10.35 7.85 5.80 
RHRG-6083 19.41 19.15 18.70 17.65 16.20 14.40 12.35 9.90 7.15 5.10 
TAG-24 18.75 18.70 18.20 16.80 15.70 13.75 11.90 9.50 6.95 4.75 
JL-501 18.43 18.25 17.75 16.65 15.20 13.25 11.30 8.85 6.50 4.40 
SEm (±) 0.10 0.078 0.10 0.077 0.09 0.14 0.10 0.06 0.09 0.10 
CD (P=0.05) 0.31 0.21 0.31 0.23 0.27 0.43 0.32 0.18 0.29 0.30 
Container  
HDPE 19.24 18.92 18.37 17.25 15.75 13.87 11.85 9.45 6.87 4.65 
Polylined HDPE 19.16 19.05 18.55 17.32 16.07 14.25 12.37 9.85 7.35 5.37 
SEm (±) 0.07 0.05 0.07 0.05 0.06 0.10 0.07 0.04 0.06 0.07 
CD (P=0.05) NS NS NS NS 0.19 0.30 0.22 0.13 0.20 0.21 

 
Table 6. Interaction effect of genot ypes x st orage container on root shoot length (cm )
RHRG-6021 x HDPE 20.20 19.80 19.10 17.90 16.40 14.60 12.60 10.10 7.60 5.40 
RHRG-6021 x PL-HDPE 20.23 19.90 19.30 18.20 16.70 15.10 13.20 10.60 8.10 6.20 
RHRG-6083 x HDPE 19.43 19.10 18.60 17.50 16.00 14.20 12.10 9.70 6.90 4.80 
RHRG-6083 x PL-HDPE 19.40 19.20 18.80 17.80 16.40 14.60 12.60 10.10 7.40 5.40 
TAG-24 x HDPE 18.90 18.60 18.10 17.00 15.50 13.60 11.60 9.40 6.80 4.40 
TAG-24 x PL-HDPE 18.60 18.80 18.30 16.60 15.90 13.90 12.20 9.60 7.10 5.10 
JL-501 x HDPE 18.43 18.20 17.70 16.60 15.10 13.10 11.10 8.60 6.20 4.00 
JL-501 x PL-HDPE 18.43 18.30 17.80 16.70 15.30 13.40 11.50 9.10 6.80 4.80 
SEm (±) 0.14 0.10 0.14 0.11 0.12 0.20 0.15 0.08 0.13 0.14 
CD (P=0.05) NS NS NS 0.33 NS NS NS NS NS NS 
 

Table 4. Interaction effect of genotypes x storage container on 100 seed weight (g)
RHRG-6021 x HDPE 30.47 31.13 31.16 31.15 31.15 30.50 30.07 29.46 29.42 28.07 
RHRG-6021 x PL-HDPE 30.72 30.73 30.53 31.20 31.19 30.53 29.52 29.50 28.92 28.32 
RHRG-6083 x HDPE 35.73 35.72 35.79 35.83 35.84 35.52 34.76 34.12 33.75 32.99 
RHRG-6083 x PL-HDPE 35.31 36.15 36.20 36.17 36.11 35.79 34.73 34.37 33.34 32.62 
TAG-24 x HDPE 44.64 44.80 44.84 44.85 44.85 44.54 43.82 43.46 42.77 42.00 
TAG-24 x PL-HDPE 44.66 44.81 44.84 44.85 44.85 44.53 43.18 43.15 42.61 41.73 
JL-501 x HDPE 44.84 44.89 44.91 44.59 44.93 43.92 43.56 43.89 43.83 43.10 
JL-501 x PL-HDPE 45.40 44.81 44.82 44.83 44.84 44.50 43.79 43.76 42.79 42.33 
SEm (±) 0.39 0.38 0.37 0.33 0.36 0.31 0.34 0.37 0.35 0.36 
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS 
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Moisture content: The data on moisture content of the seeds
were statically significant amongst the genotypes. The highest
moisture content was recorded by the genotype JL-501 at
different storage periods. The moisture content in both storage
containers differed significantly during storage of groundnut
(Table 9). The highest mean moisture content was recorded in
HDPE bag container (7.61 % ) at 90 days of storage, followed
by 120 DAH (7.6% ), 60 DAH (7.55% ) and 150 DAH (7.54% ).
The genotype x storage containers showed variable interactive
effects on moisture content of groundnut (Table 10). The
highest moisture content was observed in genotype JL-501
stored in HDPE bag (7.80 %) at 90 days of storage.

The moisture content is of great importance in seed
deterioration (Barton 1961). In the present investigation the
moisture content remains more or less constant, however, it

declined with increase in storage period. The genotype JL-
501 has highest moisture content followed by TAG-24.The
seed stored in polylined HDPE bag showed relatively lower
moisture content than that stored in HDPE bag. The genotype
RHRG-6021 stored in polylined HDPE bag shows relatively
lower moisture content throughout the storage period.
Electrical conductivity: The electrical conductivity showed
significant difference among genotypes after 90 days of
storage. The highest EC recorded in JL-501 was 1.30 dSm-1 at
270 days of storage followed by TAG-24 (1.27 dSm-1). The EC
in two containers differed significantly during storage of
groundnut. The highest mean EC was recorded in HDPE bag
(1.22 dSm-1) at 270 days of storage, which was at par with
polylined HDPE bag (1.12 dSm-1). The interactions of genotype
x storage containers show non-significant variation except at

Table 7. Main effect  of  genotypes and storage  containers on dry matter (g)
Storage period (DAH) Treatment 

0 30 60 90 120 150 180 210 240 270 
Genotypes  
RHRG-6021 1.75 1.69 1.64 1.58 1.50 1.42 1.32 1.19 0.98 0.84 
RHRG-6083 1.64 1.59 1.54 1.48 1.41 1.33 1.21 1.09 0.95 0.80 
TAG-24 1.54 1.48 1.44 1.38 1.30 1.23 1.15 1.03 0.91 0.77 
JL-501 1.45 1.43 1.38 1.31 1.24 1.17 1.10 1.01 0.89 0.75 
SEm (±) 0.001 0.008 0.01 0.01 0.01 0.01 0.009 0.01 0.0076 0.008 
CD (P=0.05) 0.005 0.02 0.03 0.03 0.03 0.030 0.027 0.04 0.02 0.02 
Container  
HDPE 1.59 1.54 1.49 1.42 1.35 1.26 1.16 1.04 0.90 0.74 
Polylined HDPE 1.60 1.55 1.51 1.45 1.38 1.31 1.22 1.12 0.97 0.84 
SEm (±) 0.001 0.006 0.007 0.007 0.007 0.008 0.006 0.009 0.005 0.005 
CD (P=0.05) NS NS NS 0.021 0.022 0.02 0.01 0.02 0.016 0.017 

 

Table 8. Interaction effect of genot ypes x st orage container on dry matter (g)
RHRG-6021 x HDPE 1.75 1.69 1.63 1.57 1.49 1.40 1.29 1.16 0.98 0.79 
RHRG-6021 x PL-HDPE 1.76 1.70 1.65 1.59 1.52 1.44 1.35 1.23 0.99 0.89 
RHRG-6083 x HDPE 1.64 1.59 1.54 1.47 1.40 1.31 1.19 1.06 0.92 0.76 
RHRG-6083 x PL-HDPE 1.65 1.60 1.55 1.49 1.43 1.35 1.24 1.12 0.89 0.85 
TAG-24 x HDPE 1.52 1.48 1.43 1.37 1.29 1.21 1.12 0.98 0.87 0.73 
TAG-24 x PL-HDPE 1.57 1.49 1.45 1.39 1.32 1.25 1.18 1.08 0.96 0.82 
JL-501 x HDPE 1.45 1.43 1.37 1.30 1.22 1.15 1.07 0.98 0.85 0.70 
JL-501 x PL-HDPE 1.45 1.44 1.39 1.33 1.26 1.12 1.13 1.05 0.94 0.80 
SEm (±) 0.002 0.012 0.014 0.007 0.007 0.01 0.01 0.01 0.01 0.01 
CD (P=0.05) NS NS NS 0.021 0.022 NS NS NS 0.03 NS 
 
Table 9. Main effect of genotypes and storage containers on moisture content (%)

Storage period (DAH) Treatment 
0 30 60 90 120 150 180 210 240 270 

Genotypes  
RHRG-6021 6.92 6.83 7.06 7.10 7.10 7.06 7.00 6.99 6.73 6.65 
RHRG-6083 7.16 7.07 7.31 7.35 7.33 7.30 7.24 7.23 6.95 6.87 
TAG-24 7.17 7.07 7.33 7.37 7.36 7.32 7.27 7.25 6.96 6.89 
JL-501 7.33 7.24 7.48 7.53 7.51 7.47 7.24 7.40 7.14 7.04 
SEm (±) 0.007 0.007 0.007 0.01 0.006 0.005 0.007 0.005 0.007 0.02 
CD (P=0.05) 0.023 0.023 0.021 0.03 0.01 0.016 0.021 0.015 0.023 0.07 
Container  
HDPE 7.32 7.12 7.55 7.61 7.60 7.54 7.45 7.44 6.99 6.86 
Polylined HDPE 6.97 6.94 7.04 7.06 7.05 7.03 7.01 7.002 6.90 6.86 
SEm (±) 0.005 0.005 0.005 0.007 0.004 0.003 0.005 0.003 0.005 0.001 
CD (P=0.05) 0.016 0.01 0.015 0.02 0.013 0.01 0.015 0.01 0.01 NS 
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150 and 270 days of storage. EC of genotype RHRG-6021 and
RHRG-6083 stored in polylined HDPE bag was lowest at 270
days (1.01 dSm-1). In contrast JL-501 stored in HDPE bag had
highest EC (1.34 dSm-1) which was at par with rest of
treatments (Table 12).

The electrical conductivity indicates the status of cell
membrane. The seed ageing affects the cell membrane by ion
leakage that is indicated by the process of electrical
conductivity. (Tyagi,1992).In the present investigation, the
EC was lower at 30 days of storage than 0 and 60 days of
storage, however it increased up to 120 days of storage. After
120 DAH, the EC declined with the advancement of storage
period. The genotype RHRG-6083 showed significantly lower
electrical conductivity than other genotypes followed by
RHRG-6021. These genotypes showed higher germination
percentage, which is negatively correlated with electrical
conductivity. Interaction of genotype x storage container
revealed that the genotype RHRG- 6021 and RHRG-6083 stored

in polylined HDPE storage container showed lower electrical
conductivity. Banumurthy and Gupta (1981), reported that the
EC of leachate had negative correlation with germinability
and seedling vigour.
Seed mycoflora: From the data, it is seen that, genotypes
differed non-significantly except at 180 and 240 days of
storage. The highest mycoflora was observed in TAG-24
genotype (56.66 %) at 270 days of storage. The mycoflora
infection shows non-significant results during storage. The
highest infection was observed in HDPE bag (52.50 %) on 270
days of storage. The genotype x storage containers interaction
showed non-significant variation (Table 14). The highest
infection was observed in TAG-24 (56.66%) in both containers
and RHRG- 6083 in HDPE bag container (56.66%) at 270 days
of storage.

The percent mycoflora as influenced by genotypes
reveal that, the genotypes differed non-significantly in respect
of percent seed mycoflora. The genotype TAG-24 recorded

Table 10. Interaction effect of genotypes x storage container on moisture content (%)
RHRG-6021 x HDPE 7.08 6.93 7.29 7.35 7.36 7.31 7.20 7.20 6.78 6.65 
RHRG-6021 x PL-HDPE 6.76 6.73 6.83 6.85 6.84 6.82 6.80 6.78 6.69 6.65 
RHRG-6083 x HDPE 7.34 7.19 7.58 7.63 7.61 7.56 7.47 7.46 7.00 6.87 
RHRG-6083 x PL-HDPE 6.98 6.95 7.05 7.07 7.06 7.04 7.02 7.00 6.91 6.86 
TAG-24 x HDPE 7.35 7.20 7.60 7.67 7.66 7.59 7.50 7.48 7.01 6.88 
TAG-24 x PL-HDPE 6.99 6.95 7.06 7.08 7.07 7.06 7.03 7.02 6.91 6.90 
JL-501 x HDPE 7.51 7.36 7.73 7.80 7.78 7.72 7.63 7.62 7.19 7.06 
JL-501 x PL-HDPE 7.16 7.13 7.23 7.25 7.24 7.22 7.20 7.19 7.09 7.02 
SEm (±) 0.01 0.01 0.01 0.014 0.009 0.007 0.01 0.007 0.01 0.03 
CD (P=0.05) NS NS 0.03 0.04 0.027 NS 0.03 0.02 NS NS 
 

Table 11. Main effect of genotypes and storage containers on EC (dSm-1)
Storage period (DAH) Treatment 

0 30 60 90 120 150 180 210 240 270 
Genotypes  
RHRG-6021 0.194 0.23 0.30 0.42 0.53 0.64 0.75 0.86 0.98 1.08 
RHRG-6083 0.172 0.22 0.31 0.41 0.52 0.62 0.73 0.84 0.96 1.04 
TAG-24 0.197 0.23 0.33 0.43 0.55 0.66 0.77 0.88 1.06 1.27 
JL-501 0.186 0.23 0.32 0.42 0.54 0.65 0.77 0.88 1.09 1.30 
SEm (±) 0.006 0.004 0.01 0.003 0.003 0.002 0.003 0.002 0.007 0.003 
CD (P=0.05) NS NS NS 0.009 0.01 0.008 0.01 0.008 0.02 0.01 
Container  
HDPE 0.185 0.24 0.32 0.43 0.55 0.66 0.77 0.88 1.05 1.22 
Polylined HDPE 0.189 0.22 0.30 0.41 0.52 0.63 0.74 0.85 0.99 1.12 
SEm (±) 0.004 0.002 0.008 0.002 0.002 0.001 0.002 0.002 0.005 0.002 
CD (P=0.05) NS 0.008 0.02 0.006 0.007 0.005 0.007 0.006 0.01 0.008 

 Table 12. Interaction effect of genotypes x storage container on EC (dSm-1)
RHRG-6021 x HDPE 0.19 0.24 0.32 0.43 0.54 0.66 0.76 0.87 0.99 1.14 
RHRG-6021 x PL-HDPE 0.19 0.22 0.27 0.41 0.51 0.62 0.73 0.84 0.96 1.01 
RHRG-6083 x HDPE 0.17 0.23 0.31 0.42 0.53 0.64 0.75 0.86 0.98 1.09 
RHRG-6083 x PL-HDPE 0.17 0.22 0.30 0.40 0.51 0.61 0.72 0.82 0.95 1.01 
TAG-24 x HDPE 0.19 0.24 0.33 0.44 0.56 0.66 0.78 0.89 1.09 1.31 
TAG-24 x PL-HDPE 0.19 0.23 0.32 0.42 0.54 0.65 0.76 0.87 1.02 1.24 
JL-501 x HDPE 0.18 0.24 0.33 0.44 0.56 0.67 0.78 0.899 1.12 1.34 
JL-501 x PL-HDPE 0.18 0.22 0.31 0.41 0.53 0.63 0.76 0.87 1.05 1.25 
SEm (±) 0.009 0.005 0.01 0.004 0.005 0.003 0.004 0.004 0.01 0.005 
CD (P=0.05) NS NS NS NS NS 0.011 NS NS NS 0.016 
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highest percent mycoflora followed by RHRG-6083. The freshly
harvested crop showed less percent seed mycoflora at initial
period of testing which increased at later periods of testing
(storage). Groundnut stored in HDPE storage container
showed relatively higher infestation than that stored in
polylined HDPE bag. However, the important predominant
pathogens recorded were Aspergillus flavus, Aspergillus
niger, Fusarium moniliforme, Rhizopus spp. and Penicillium
spp. The present results obtained are in conformity with the
work of Javeed et al. (1998), Rasheed et al. (2004) and El-
Magharaby et al. (2007) who reported the same pathogens in
their experiment, who analyzed the seed samples after every
month up to one year.
Vigour index-I: The genotype-RHRG- 6021 initially recorded
the highest seeding vigour index (1914) and it was maintained

throughout the storage periods up to 270 DAH (360). The
differences in respect of seedling vigour index were statistically
significant after 90 days of storage. Among the containers,
the highest mean seedling vigour index was recorded by seed
storage in HDPE and polylined (HDPE) container (1746) at 0
days, followed by polylined HDPE bag (1713) at 30 days of
storage. The genotype x storage containers exhibited variable
results on seedling vigour index (Table 16). The highest vigour
index was recorded in genotype RHRG-6021 stored in
polylined HDPE bag (1922) at 0 days of storage and maintained
throughout the storage period up to 270 days of storage (419).
Vigour index-II: The genotype RHRG-6021 recorded highest
seedling vigour index (166) at 0 days of storage, which was
maintained throughout the advancing age of storage,
irrespective of storage container, and storage period; which

Table 13. Main effect of genotypes and storage containers on seed mycoflora (%)
Storage period (DAH) Treatment 

0 30 60 90 120 150 180 210 240 270 
Genotypes  
RHRG-6021 3.33 8.33 8.33 11.66 16.66 18.33 23.33 31.66 38.33 43.33 
RHRG-6083 3.33 8.33 13.33 16.66 21.66 23.33 26.66 33.33 35.00 53.33 
TAG-24 5.00 11.66 15.00 18.33 25.00 26.66 31.66 35.00 41.66 56.66 
JL-501 5.00 8.33 11.66 16.66 20.00 25.00 31.66 35.00 41.66 50.00 
SEm (±) 3.30 2.85 2.60 2.60 2.60 2.76 1.86 2.76 3.63 1.81 
CD (P=0.05) NS NS NS NS NS NS 5.58 NS NS 5.4 
Container  
HDPE 5.00 12.50 11.66 15.00 20.83 23.33 28.33 35.00 36.66 52.50 
Polylined HDPE 3.33 5.83 12.50 16.66 20.83 23.33 28.33 32.50 41.66 49.16 
SEm (±) 2.33 2.01 1.83 1.83 1.83 1.95 1.31 1.95 2.50 1.20 
CD (P=0.05) NS 6.05 NS NS NS NS NS NS NS NS 

 

Table 14. Interaction effect of genotypes x storage container on seed mycoflora (%)
RHRG-6021 x HDPE 3.33 10.00 6.67 10.00 16.66 16.66 23.33 33.33 36.66 43.33 
RHRG-6021 x PL-HDPE 3.33 6.66 10.00 13.33 16.66 20.00 23.33 30.00 40.00 43.33 
RHRG-6083 x HDPE 3.33 13.33 16.66 16.66 23.33 23.33 26.66 33.33 30.00 56.66 
RHRG-6083 x PL-HDPE 3.33 3.33 10.00 16.66 20.00 23.33 26.66 33.33 40.00 50.00 
TAG-24 x HDPE 6.66 16.66 13.33 20.00 23.33 30.00 30.00 36.66 36.66 56.66 
TAG-24 x PL-HDPE 3.33 6.66 16.66 16.66 26.66 23.33 33.33 33.33 46.60 56.66 
JL-501 x HDPE 6.66 10.66 10.00 13.33 20.00 23.33 33.33 36.33 43.33 53.33 
JL-501 x PL-HDPE 3.33 6.66 13.33 20.00 20.00 26.66 30.00 33.33 40.00 46.66 
SEm (±) 4.67 4.03 3.67 3.67 3.67 3.90 2.63 3.90 5.13 2.56 
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS 

 
Table 15. Main effect of genotypes and storage containers on vigour index-I

Storage period (DAH) Treatment 
0 30 60 90 120 150 180 210 240 270 

Genotypes  
RHRG-6021 1914 1846 1760 1613 1432 1228 1024 781 525 360 
RHRG-6083 1783 1739 1671 1539 1366 1162 943 713 475 309 
TAG-24 1666 1661 1602 1453 1314 1095 897 657 442 267 
JL-501 1662 1569 1512 1396 1229 1029 834 608 403 235 
SEm (±) 8.36 9.67 11.82 6.67 11.76 13.77 6.63 7.65 6.39 5.88 
CD (P=0.05) 25.08 29.01 35.46 20.20 35.26 41.28 19.88 22.94 19.17 17.64 
Container  
HDPE 1746 1695 1624 1489 1311 1098 881 650 431 254 
Polylined HDPE 1746 1713 1648 1511 1360 1159 968 730 491 332 
SEm (±) 5.91 6.84 8.36 4.71 8.31 9.73 4.69 5.41 4.42 4.16 
CD (P=0.05) NS NS NS 1.14 24.93 29.19 14.06 16.22 13.55 12.47 
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Table 16. Interaction effect of genotypes x storage container on vigour index-I
RHRG-6021 x HDPE 1905 1835 1738 1581 1389 1178 962 724 489 300 
RHRG-6021 x PL-HDPE 1922 1858 1782 1644 1475 1278 1087 838 562 419 
RHRG-6083 x HDPE 1781 1732 1656 1517 1339 1131 899 672 437 266 
RHRG-6083 x PL-HDPE 1785 1747 1686 1560 1394 1192 987 754 513 353 
TAG-24 x HDPE 1682 1649 1587 1462 1292 1079 862 626 424 240 
TAG-24 x PL-HDPE 1649 1673 1617 1444 1336 1112 931 688 459 294 
JL-501 x HDPE 1616 1565 1516 1394 1223 1004 803 576 376 209 
JL-501 x PL-HDPE 1628 1574 1507 1397 1234 1054 866 640 431 260 
SEm (±) 11.83 13.68 16.72 9.43 16.63 19.40 9.38 10.82 9.04 8.30 
CD (P=0.05) NS NS NS 28.28 NS NS 20.12 NS NS 24.95 

 was at par with RHRG-6083. The differences in respect of
vigour index-II were statistically significant after 90 days of
storage. Amongst the container, highest value was 147
observed in polylined HDPE at initial stage, whereas, it was
smallest in HDPE bag (41) at 270 days of storage. The genotype
x storage containers exhibited nonsignificant results on
seedling vigour index (Table 18). The highest vigour index-II
was observed in genotype RHRG-6021 stored in polylined
HDPE bag (167).

In the present investigation, vigour index-I and II
decreased progressively with the advancing age of storage
periods irrespective of genotypes, storage containers and its
interaction. The genotype RHRG-6021 exhibited highest
seedling vigour index II,- followed by RHRG-6083 because of
higher germination percentage, root-shoot length, and dry
matter content. The genotype JL-501 observed poorer in
seedling vigour index. Storage container showed significant
difference after 90 days of storage. Groundnut stored in
polylined HDPE container showed higher seedling vigour
index. Interaction of Genotype x storage container revealed
that RHRG-6021 stored in polylined HDPE bag showed highest
seedling vigour index, as this showed higher germination
percentage.

Among the four genotypes studied, the genotype
RHRG- 6021 was found superior in respect of seed viability at
the end of 210 days of storage period under ambient storage
conditions and the Polylined HDPE storage container was
found suitable for maintenance of seed viability (73.91 %) of
groundnut up to 210 days of storage.
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ABSTRACT

Twenty two genotypes of kabuli chickpea were tested to assess
variability, heritability, genetic advance, correlation and path
analysis between yield and yield components. Among the
different yield attributing traits, 100-seed weight had the
highest magnitude of genotypic coefficient of variation,
whereas- phenotypic coefficient of variation was found to be
high for 100-seed weight followed by seed yield per plant and
secondary branches per plant. High heritability coupled with
high genetic advance was recorded for 100-seed weight. The
correlation analysis revealed that seed yield per plant exhibited
a significant positive association with primary branches per
plant, secondary branches per plant, pods per plant, biological
yield per plant and harvest index; and significant negative
correlation with days to maturity at genotypic level. Path
coefficient analysis for seed yield and its components showed
that direct selection for biological yield per plant, harvest index,
pods per plant and secondary branches per plant would likely
to be effective in increasing seed yield in kabuli chickpea.

Key words: Correlation, Genetic advance, Genetic variability,
Heritability, Kabuli chickpea, Path analysis

Chickpea (Cicer arietinum L.), also known as Bengal
gram or Garbanzo, is one of the earliest food legumes cultivated
by man and plays an important role in human diet and
agricultural systems. Currently, chickpea is grown in over 50
countries across all continents with about 89% of area in Asia.
India is the largest chickpea producing country with a share
of about 68% in the global chickpea production (FAOSTAT,
2012). The two types of chickpea, kabuli and desi, represent
two diverse gene pools. The kabuli types are generally grown
in the Mediterranean region including Southern Europe,
Western Asia and Northern Africa. Precise estimates are not
available but kabuli type may account for up to 15% of the
world and about 5% of the total chickpea production in India
(Kumar et al., 2002). The kabuli types generally have large
sized seeds and fetch higher market price than desi types.
The price premium in kabuli types generally increases with
the increase in seed size (Gaur et al. 2010).  In recent years
there has been increased demand for kabuli chickpea in India
and the world. Population growth has caused a wide gap in
the demand and supply of chickpea. Thus, India has to import
chickpea from Mexico, Australia, Canada, Syria and Turkey
spending over Rs 7.5 billion every year. Out of this import,
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major share is of extra large/ large seeded kabuli chickpea
from Mexico, Syria and Turkey. In this context, the future
research should focus on increased seed size, short growing
duration and multiple resistance to major biotic and abiotic
stresses so that, high stable yields are ensured (Anonymous
2010).

METERIALS AND METHODS

The present investigation was conducted during rabi
season of 2011-12 at Research cum Instructional Farm, Indira
Gandhi Krishi Vishwavidyalaya, Raipur (Chhattisgarh). The
experimental material comprised twenty two genotypes of
kabu li chickpea obtained from AICRP on Chickpea,
Department of Genetics and Plant Breeding, IGKV, Raipur (C.G.).
The genotypes were sown in Randomized Completely Block
Design with three replications. All the genotypes were grown
in a plot size of 6.4 m2. The distance between plants within
rows was 20 cm, and spacing between rows was 40 cm.
Observations were recorded on five competitive plants in each
genotype per replication and mean value per plant was
obtained.

RESULTS AND DISCUSSION

The analyses of variance revealed that the mean sum of
squares due to genotypes were highly significant for all the
characters, suggesting prevalence of high genetic variability
in the experimental material. The magnitude of genotypic and
phenotypic coefficient of variation was high for 100-seed
weight (Table 1). Similar finding has also been reported by
Lokare et al. (2007), Vaghela et al. (2009), Ali et al. (2011),
Shrivastava et al. (2012) and Tripathi et al. (2012). The
genotypic coefficient of variation was moderate for seed yield
per plant followed by secondary branches per plant, primary
branches per plant, pods per plant and biological yield per
plant. High heritability coupled with high genetic advance
was recorded for 100-seed weight. The characters showing
high heritability estimates coupled with high genetic advance
as percentage of mean indicates the preponderance of additive
gene action and greater scope for improvement in these traits
through selection. Moderate heritability coupled with
moderate genetic advance was recorded for seed yield per
plant, primary branches per plant, secondary branches per
plant and pods per plant.
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Association analysis provides measures of relationship
among the traits and serves to assess the opportunity of
mutual improvement of two desirable traits by common
selection programme. Knowledge about interrelationship
between yield and yield contributing characters facilitates the
choice of an efficient breeding method to be adopted and
selection of parents for crop improvement. To estimate the
association between two characters, correlation coefficient at
phenotypic, genotypic and environmental levels have been
worked out in all possible combinations amongst yield
components (Table 2). The correlation analysis revealed that
seed yield per plant exhibited a significant positive association

with primary and secondary branches per plant, pods per plant,
biological yield per plant and harvest index; and significant
negative correlation with days to maturity at genotypic level.
Similar findings of positive association were also reported by
Yucel et al. (2006), Vaghela et al. (2009), Gul et al. (2013) for
primary and secondary branches per plant and pods per plant;
Kobraee et al. (2010) and Alene et al. (2012) for biological
yield per plant; Singh et al. (1990), Thakur and Sirohi (2009),
Vaghela et al. (2009), Fazeli and Cheghamirza (2011) for harvest
index. Thus, it is clear from the present findings that for genetic
improvement in seed yield of kabuli chickpea, selection must
be based on component characters viz., primary branches per

Table 1. Mean performance and genetic parameters of variation for seed yield and its component in kabuli chickpea
Range S. No Characters Mean 

Min. Max. 
 

GCV (%) 
 

PCV (%) 
Heritability 

h2
(
 
bs) 

(%) 

Genetic 
advance 

(GA) 

Genetic 
advance as 

percentage of 
mean 

1. Days to 50% flowering 69.34 49.00 77.67 8.50 9.03 88.70 11.44 16.49 
2. Days to maturity 111.52 101.33 121.33 4.51 4.77 89.10 9.77 8.76 
3. Plant height (cm) 51.85 45.29 58.79 5.72 8.23 48.30 4.25 8.19 
4. Primary branches per plant 3.54 2.53 4.67 14.13 18.06 61.20 0.81 22.88 
5. Secondary branches per plant  8.51 5.13 12.67 15.30 20.33 56.70 2.02 23.73 
6. Pods per plant 52.51 35.00 65.87 13.10 18.27 51.40 10.16 19.34 
7. Seed yield per plant (g) 13.47 9.22 18.48 17.77 22.08 64.80 3.97 29.47 
8. Biological yield per plant (g) 35.46 27.45 47.68 12.20 19.47 39.30 5.58 15.73 
9. 100-seed weight (g) 28.20 18.43 42.29 21.78 23.24 87.80 11.85 42.02 
10. Harvest index (%) 38.35 29.86 48.20 9.22 16.28 32.10 4.13 10.76 

 
Table 2. Inter-relationship of seed yield and its attributing traits in kabuli chickpea

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

Characters Level Days to 
maturity 

Plant 
height 
(cm) 

Primary 
branches 
per plant 

Secondary 
branches 
per plant 

Pods per 
plant 

Seed yield 
per plant 

(g) 

Biological 
yield per 
plant (g) 

100-seed 
weight 

(g) 

Harvest 
index  
(%) 

Days to 50% flowering              G 
P 
E 

0.124 
0.122 
0.100 

-0.080 
-0.35 
0.073 

-0.027 
-0.052 
-0.154 

0.258 
0.199 
0.072 

0.114 
0.057 
-0.085 

-0.095 
-0.065 
0.037 

-0.019 
-0.029 
-0.068 

-0.148 
-0.111 
0.167 

-0.185 
-0.071 
0.100 

Days to maturity G 
P 
E 

 -0.124 
-0.064 
0.073 

-0.468* 
-0.302 
0.212 

-0.248 
-0.223 
-0.216 

-0.173 
-0.104 
0.055 

-0.618** 
-0.439* 
0.154 

-0.612** 
-0.300 
0.242 

-0.397 
-0.330 
0.188 

-0.324 
-0.215 
-0.153 

Plant height (cm) G 
P 
E 

  -0.088 
-0.003 
0.099 

0.052 
0.045 
0.038 

0.076 
0.124 
0.172 

0.365 
0.231 
0.063 

0.585** 
0.320 
0.117 

0.565** 
0.408 
0.158 

-0.120 
-0.094 
-0.078 

Primary branches per plant G 
P 
E 

   0.565** 
0.230 
-0.252 

0.414 
0.365 
0.304 

0.426* 
0.351 
0.223 

0.640** 
0.445 
0.269 

0.166 
0.062 
-0.275 

-0.094 
-0.107 
-0.127 

Secondary branches per plant G 
P 
E 

    0.686** 
0.538** 
0.368 

0.576** 
0.411 
0.157 

0.543** 
0.409 
0.298 

-0.304 
-0.164 
0.220 

0.416 
0.086 
-0.169 

Pods per plant G 
P 
E 

     0.562** 
0.591** 
0.644** 

0.623** 
0.621** 
0.628** 

-0.390 
-0.214 
0.199 

0.221 
0.049 
-0.071 

Seed yield per plant (g) G 
P 
E 

      0.857** 
0.734** 
0.653** 

0.396 
0.340 
0.201 

0.735** 
0.445* 
0.244 

Biological yield per plant (g) G 
P 
E 

       0.364 
0.297 
0.308 

0.282 
-0.270 
-0.576 

100-seed weight (g) G 
P 
E 

        0.200 
0.052 
-0.189 
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plant, secondary branches per plant, pods per plant, biological
yield per plant and harvest index which showed positive
correlation with seed yield per plant.

The genotypic correlation coefficients between seed
yield per plant and other yield attributing traits were partitioned
into direct and indirect effects and are presented in Table 3.
Path coefficient study was carried out by considering the
seed yield per plant as the dependent variable and rest of the
characters as the independent variable. Based on direct and
indirect effect  recorded fo r the traits under present
investigation, it was observed that the high positive direct
effect on seed yield per plant was exhibited by biological yield
per plant followed by harvest index, 100-seed weight, pods
per plant and secondary branches per plant. The above
findings of positive direct effect by various traits on seed
yield per plant are in accordance with the findings of Singh et
al. (1990), Tomar et al. (2009), Vaghela et al. (2009) for biological
yield per plant and harvest index; Farshadfar and Farshadfar
(2008), Sidramappa et al. (2008), Vaghela et al. (2009) and
Kanouni et al. (2012) for pods per plant and 100-seed weight;
Lokare et al. (2007), Tomar et al. (2009) and Kaloki et al. (2013)
for pods per plant.

The path analysis further revealed that biological yield
per plant, harvest index and pods per plant had high positive
direct effect and exhibited highly significant positive
correlation with seed yield, indicating a true relationship
among these traits. It indicates that a direct selection for
biological yield per plant, harvest index and pods per plant
would likely to be effective in increasing seed yield in kabuli
chickpea.
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ABSTRACT

The experiment was conducted at Zonal Agricultural Research
Station (ZARS), Gandhi Krishi Vignana Kendra (GKVK),
Bengaluru under rainfed situation during 2008-10. The soil of
the experimental site was red sandy clay loam (Alfisol) with
the pH and electrical conductivity of 6.5-6.8 and 0.2 dS/m
respectfully. The soil was low in organic carbon (0.42%) and
available N (202.9 kg/ ha) and medium in available P (28.8 kg/
ha) and available K (201.8 kg/ha). The experiment was laid out
in a randomized complete block design (RCBD) with eleven
treatments involving transplanting of pigeonpea seedlings at
3, 4 and 5 weeks after sowing as sole and intercrop with finger
millet (8:2 ratio) and their various combination. The results
revealed that transplanting of 4 to 5 weeks old pigeonpea
seedlings in  sole crop   recorded significantly higher pigeonpea
equivalent yield (PEY), net returns and B: C ratio compared to
direct sowing of pigeonpea.

Key words: Finger millet, Inter crop, Sole crop, Transplanted
pigeonpea

Pigeonpea (Cajanus cajan (L.) Millsp.), grown in an
area of 4.42 million hectares with a production of 2.89 million
tonnes and productivity of 655 kg/ha,  is the second most
important pulse crop of India after chickpea (AICRP on
chickpea  2012). In Karnataka, pigeonpea stands first in both
area and production among pulses. It is grown in an area of
8.91 lakh hectares with a production of 5.9 lakh tonnes and
productivity of 571 kg / ha as against the national average of
712 kg/ha.

One of the major agronomic constraints for this low
productivity is the delayed planting as optimum time of sowing
being a non-monetary input is very important for realizing
better yields. Pigeonpea suffers more when sowing is delayed.
On the country, early sowing of pigeonpea i.e., in the month
of May ensures higher yield (Rajpurohit and Gaur 1986,
Dwivedi and Patel 1988, Shankaralingappa and Hegde 1989)
and thus, it is essential for providing opportunity for full
vegetative growth of pigeonpea varieties. But in dryland areas,
farmers are unable to sow pigeonpea in the month of May
regularly because of non-receipt of sufficient rains. During
the early kharif season, there is a stray cattle menace in the
field damaging the early sown pigeonpea due to absence of
other crop(s) in the field. Because of these two constraints,
the benefits of early sowing (May sowing) in pigeonpea could

not be realized. Other alternative method of establishing
pigeonpea in early season is therefore very much imperative
for improving the productivity of pigeonpea. Raising
pigeonpea seedlings well in advance and transplanting in the
field  later on receipt of good rains would help in reaping the
benefits of early sowing with higher yield than direct sown
pigeonpea. The information on transplanting of pigeonpea
and optimum age of pigeonpea for transplanting is scanty.

Finger millet (Eleusine coracana (L.) Gaertn.) is a staple
food crop of Karnataka state ranking third in area (54%) and
production (45%) after rice and sorghum in India. In Karnataka,
it is grown in an area of 13.07 lakh hectares with annual
production of 22.62 lakh tonnes with productivity of 1703 kg/
ha. Sowing of pigeonpea as an intercrop in finger millet is
practiced by the farmers under dryland conditions.
Transplanting of pigeonpea seedling and direct sowing of
finger millet in regular sowing time (July) simultaneously seems
to be better option in place of its staggered sowing in finger
millet + pigeonpea (8:2) which needs confirmation. Therefore,
transplanting of pigeonpea seedlings is one of the alternate
agronomic practices to overcome late sowing and related
lower yields of pigeonpea. This technique involves rising of
seedlings in polythene bags in the nursery for one month and
transplanting the seedlings with the onset of monsoon after
the soil profile is uniformly wet. This method uses lesser seed,
chemical inputs and promotes soil biotic activities in and
around plant roots enhanced through liberal applications of
compost and harrowing that aerates the soil.

MATERIALS AND METHODS

The experiment was conducted at Zonal Agricultural
Research Station (ZARS), Gandhi Krishi Vignana Kendra
(GKVK), Bengaluru under rainfed situation during 2008-10.
During the crop growth period, a total rainfall of 767.6 mm,
638.4 mm and 545.3 mm were received during 2008, 2009 and
2010 with rainy days of 43, 55 and 42 respectively. The soil of
the experimental site was red sandy clay loam  (Alfisol) with
pH of 6.5 to 6.8  and electrical conductivity of 0.2 dS/m. The
soil was low in organic carbon (0.42%) and available Nitrogen
(202.9 kg/ha) and medium in available P (28.8 kg/ha) and
available K (201.8 kg/ha). The experiment was laid out in a
randomized complete block design (RCBD) involving 11
treatments in 3 replications. The details of the treatments
included  transplanting of 3 (T1), 4 (T2) and 5 (T3) weeks old
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pigeonpea seedlings as intercrop with finger millet (8:2 ratio),
direct sowing of finger millet and pigeonpea intercropping
(8:2 ratio, T4), transplanting of finger millet and direct sowing
of pigeonpea intercropping (8:2 ratio, T5), direct sowing of
finger millet and pigeonpea intercropping (8:2 ratio) where
pigeonpea was sown  one week early (T6), transplanting of 3
(T7), 4 (T8) and 5 weeks (T9) old pigeonpea seedlings as sole
crop, direct sowing of sole crop of pigeonpea (T10) and sole
crop of finger millet (T11).

Pigeonpea Seeds were treated with Rhizobium and PSB
at the rate of 200g/acre before sowing. Pigeonpea variety ‘TTB-
7’ was used. For raising of seedlings, pigeonpea seeds were
sown in black polythene covers (size 15 x 6 cm) in the month
of last week of May to second week of June  to grow the
seedlings by filling soil and well decomposed Farm yard
manure (FYM) and regular watering was done to raise
seedlings for 3 to 5 weeks in the nursery. Transplanting of
pigeonpea seedlings was done looking in to the onset of rains
during second and third week of July along with direct sowing
of pigeonpea and finger millet (Ragi). For transplanting furrows
were opened to a depth of 15-20 cm and then pigeonpea
seedlings were transplanted after removing the polythene
cover without disturbing the soil at the root zone of the
pigeonpea seedling. The row spacing followed for pigeonpea
was of 60 cm x 20 cm and for finger millet 30cm x 10 cm. The
pigeonpea seeds were treated with Rhizobium cultures @ 200
g/acre of seeds just before sowing. The recommended dose
of nutrients of 25:50:25 kg N, P2O5 and K2O/ha was applied
through Di-ammonium phosphate (DAP) and Muriate of
Potash (MOP). Zinc was applied through Zinc Sulphate
(ZnSO4) @ 15 kg /ha as basal dose at the time of sowing to the
pigeonpea crop and for Finger millet 50:40:25 kg N: P2O5: K2O
kg/ha was given on area basis.Well decomposed FYM (5 t/
ha) was applied two weeks before sowing and transplanting
and incorporated in to the soil.

RESULTS AND DISCUSSION

Performance of pigeonpea as sole crop: The mean values of
three years revealed that transplanting of 4 to 5 weeks old
pigeonpea seedlings as sole crop recorded significantly higher
pigeonpea  equivalent yield (2087 to 2177 kg/ha respectively)
followed by transplanting of 3 weeks old pigeonpea seedlings.
Whereas direct sown finger millet and pigeonpea inter
cropping (8:2 ratio) recorded significantly lower pigeonpea
equivalent yield (701 kg/ha) (Table 2). The increased
pigeonpea equivalent yield (PEY) with transplanting of 4 to 5
weeks old pigeonpea seedlings   as sole crop was due to
higher growth and yield attributes  (Table1&2).The yield
attributes such as number of pods per plant was significantly
higher with transplanting of 4 to 5 weeks old pigeonpea
seedlings as sole crop (254 to 277 pods/plant).Similar trend
was observed for grain yield   per plant (101 to 95.6 g) and 100
seed weight (12.4 to 12.2 g).Whereas direct sown pigeonpea
under sole crop as wel l as under intercrop reco rded
significantly lower growth and yield attributes (Table 1)

Transplanting of 5 weeks old pigeonpea seedlings
resulted in significantly higher  grain yield of pigeonpea (2177
kg/ ha) over direct sowing (1236 kg/ ha) in sole cropping (Table
2) and was on par with transplanting of 4  weeks old pigeonpea
seedlings  (2087 kg/ha). Increase in the grain yield of pigeonpea
was due to transplanting of seedlings  also reported by Virender
Sardana (2006), Basavennappa et al. (2009) and
Poornima(2009).

Significantly higher grain yield (56.7%) of sole
pigeonpea by transplanting 5 weeks old seedlings(2177 kg/
ha) was mainly due to significantly more number of primary
branches /plant (18.3), more number of pods/plant (277) and
higher 100-grain weight (12.4 g) resulting in significantly
higher grain yield/plant (100.6 g (Table 2) over direct sowing.
Thakar Singh et al. (2006) also reported significantly more

Table 1: Feasibility of transplanting pigeonpea as sole crop and finger millet + pigeonpea intercropping system on pigeonpea
growth and yield attributes at harvest

*T1 to T11 are given in materials and methods

Pigeonpea plant height at 
harvest (cm) 

Branches/Plant 
 at harvest 

Pods/plant Grain yield/plant (g) 100 seed weight (g) Treat-
ments* 

2008 2009 2010 Mean 2008 2009 2010 Mean 2008 2009 2010 Mean 2008 2009 2010 Mean 2008 2009 2010 Mean 
T1 190 152 168 170 18.5 11.3 11.8 13.9 234 151 191 192 86.7 46.7 56.9 63.5 11.9 11.0 11.8 11.6 
T2  195 162 158 172 20.9 12.3 13.1 15.5 285 164 211 220 93.2 52.3 64.1 69.9 11.9 11.2 12.1 11.7 
T3  199 163 170 177 24.5 12.3 14.7 17.2 312 184 218 238 94.5 60.9 71.7 75.7 12.1 11.3 12.8 12.1 
T4 147 121 134 134 08.1 11.6 07.8 09.2 85.0 85.3 104 91.3 28.5 16.8 28.5 24.6 11.6 10.2 11.0 10.9 
T5  148 124 136 136 10.0 09.5 09.8 09.8 112 105 82.2 99.7 31.4 22.5 16.9 23.6 11.7 10.2 10.8 10.9 
T6  152 148 143 148 11.6 10.1 09.2 10.3 117 115 132 121 32.4 27.1 25.7 28.4 11.9 10.7 10.9 11.2 
T7  204 162 170 179 24.5 12.6 13.6 16.9 314 209 200 241 109 84.7 81.5 91.9 12.2 11.3 11.9 11.8 
T8  205 164 174 181 24.9 12.8 14.7 17.5 325 224 213 254 112 87.9 87.3 95.6 12.4 11.5 12.6 12.2 
T9  217 168 184 189 25.9 12.9 16.1 18.3 328 282 220 277 116 90.8 95.3 101 12.6 11.7 13.0 12.4 
T10  155 141 147 148 13.5 12.2 12.3 12.7 128 133 200 153 40.6 59.3 60.3 53.4 11.9 10.8 11.3 11.4 
T11 - - - - - - - - - - - - - - - - - - - - 
SEm (±) 5.1 11.4 6.05 - 1.40 0.58 0.80 - 17.5 10.3 22.9 - 5.95 2.62 4.29 - 0.10 0.44 - - 
CD (P=0.05) 15.1 33.8 17.9 - 4.10 1.73 2.40 - 52.0 30.5 68.1 - 17.7 7.78 12.7 - 0.29 1.31 - - 
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primary branches /plant with transplanting of seedling over
direct sowing in African mustard. Gopalaswamy et al. (1985)
also obtained significantly higher yield components by
transplanting in cotton over direct sowing.Similar findings
were also reported by Poornima (2009) in Pigeonpea.

Significant  improvement  in grain yield and its
components of sole crop of pigeonpea with transplanting of 5
weeks o ld seedl ings over di rect  sowing was due to
significantly higher plant height (189 cm) and more number of
primary branches/plant (18.3) at harvest which might have
contributed for higher leaf area and dry matter production
and its distribution into different plant parts (Table 1). Increase
in plant height in pigeonpea  and in cotton (Sahai 2003) due to
transplanting was also reported. Increased growth and yield
components in sole crop of pigeonpea with transplanting of 5
weeks old seedlings over direct sowing was also due to
relatively longer growth period available (data not given) for
transplanted pigeonpea as  more number of days for 50 per
cent flowering (130 days compared to 105 days in direct
sowing) and maturity (200 days compared to 175 days in direct
sowing). In photosensitive varieties of pigeonpea like TTB-7,
early sowing always ensures higher yield as more number of
days are available for growth (Shankaralingappa and Hedge
1989). By transplanting, the benefit of getting higher grain
yield due to early sowing of pigeonpea could be realized.
Thus, transplanting of 5 weeks old pigeonpea seedlings
resulted in significant increase in grain yield of pigeonpea by
56.8 per cent over direct sowing, the order of increase being
941 kg/ ha. Further the survival rate of pigeonpea seedlings
was influenced by the age of seedlings used for transplanting.
Five weeks old pigeonpea seedlings had higher survival rate
(94 %) after transplanting as compared to 4 weeks old
pigeonpea seedlings (85 to 90 %) which were further superior
to 3 weeks old pigeonpea seedlings (76 to 85 %). Higher survival
per cent of  5 weeks old pigeonpea seedl ings after

transplanting in the main field might be due to better ability of
aged seedl ings to withstand transplant ing shock.
Transplanting of 40 days old pigeonpea seedlings performed
markedly better than direct sowing (Poornima 2009).
Performance of pigeonpea as intercrop: In finger millet +
pigeonpea (8:2) intercropping, transplanting of 5 weeks old
seedlings of pigeonpea as intercrop with finger millet (on par
with 4 and 3 weeks old seedlings of pigeonpea as intercrop)
produced significantly (192 %) higher grain yield of pigeonpea
(1104 kg/ha) as compared to direct sowing of pigeonpea as
intercrop (213 kg/ha) (Table 2). These results are in agreement
with the findings of Thakar Singh et al. (2006) and Poornima
(2009) in pigeonpea.

Significantly higher grain yield of pigeonpea as intercrop
with finger millet by transplanting 5 weeks old seedlings over
direct sowing of pigeonpea was mainly attr ibuted to
significantly more number of primary branches/plant (17.2)
and  pods /plant  (238) over direct sowing resulting in
significantly higher grain yield /plant (75.7 g). By transplanting
pigeonpea, higher number of yield attributes were observed
by Poornima (2009) in pigeonpea and Gopalaswamy et al.
(1985) in cotton. Significantly higher grain yield and its
components in pigeonpea as intercrop with finger millet by
transplanting of 5 weeks old seedlings could be traced back
to its significant improvement in growth components. Higher
leaf area/plant and dry matter due to transplanting over direct
sowing was also observed by Thakar Singh et al. (2006) and
Poornima (2009). Significant improvement in number of primary
branches/plant due to transplanting was also reported by
Thakar Singh et al. (2006). In addition, staggered sowing, i.e.
early sowing of pigeonpea and late sowing of finger millet in
finger millet + pigeonpea (8:2) intercropping was recommended
since early sown pigeonpea ensured higher yield than late
sowing (Rajpurohit and Gaur 1986, Dwivedi and Patel 1988,
Shankaralingappa and Hegde 1989, Rana and Malhotra 1992).

Table 2: Feasibility of transplanting pigeonpea as sole crop and finger millet + pigeonpea intercropping system on  pigeonpea
and  Ragi grain yield per hectare

*T1 to T11 are given in materials and methods

Pigeonpea grain yield 
(kg/ha) 

Finger millet grain yield 
(kg/ha) 

Pigeonpea grain equivalent yield 
(kg/ha) 

Net returns (INR/ha) B:C ratio Tr. 

2008 2009 2010 Mean 2008 2009 2010 Mean 2008 2009 2010 Mean 2008 2009 2010 Mean 2008 2009 2010 Mean 
T1  917 940 972 943 1578 1569 1631 1593 1518 1551 1523 1537 20873 21350 30103 24109 2.25 2.28 2.61 2.38 
T2  1059 1005 1083 1049 1551 1545 1581 1559 1650 1607 1610 1622 23738 22306 32610 26218 2.42 2.33 2.73 2.49 
T3  1065 1079 1168 1104 1349 1401 1519 1423 1579 1625 1674 1626 21957 22015 34237 26070 2.31 2.30 2.79 2.46 
T4 196 215 228 213 1041 1074 1244 1120 826 633 643 701 1942 4487 8492 4974 1.11 1.36 1.64 1.37 
T5  359 406 173 313 1763 1713 1846 1774 1031 1072 788 964 14021 15110 12565 13899 2.06 2.14 1.86 2.02 
T6 422 516 478 472 1642 1647 1470 1586 1048 1156 968 1057 13881 17199 18376 16456 2.10 2.36 2.36 2.27 
T7 1869 1893 2161 1974 - - - - 1869 1893 2161 1974 22279 20942 42931 28717 2.12 2.14 2.90 2.38 
T8 1993 1978 2290 2087 - - - - 1993 1978 2290 2087 24835 22610 46563 31003 2.24 2.22 3.03 2.49 
T9  2063 2090 2379 2177 - - - - 2063 2090 2379 2177 26340 24766 48801 33302 2.31 2.33 3.09 2.57 
T10  1218 1225 1266 1236 - - - - 1218 1203 1266 1229 14082 14195 25351 17876 2.14 2.15 2.95 2.41 
T11 - - - - 2168 2130 2202 2167 826 828 734 796 15462 14190 15304 14985 2.25 2.28 2.61 2.38 
SEm (±) 104 58 76.4 - - - - - 110 57 72 - - - - - -   - -   - 
CD 
(P=0.05) 

309 174 226 - - - - - 327 170 213 - - - - - - - - - 
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Comparison made between sole versus intercropping
system revealed that transplanting of 5 weeks old seedlings
in sole crop of pigeonpea recorded significantly higher
pigeonpea equivalent Yield (PEY)  (2177 kg/ ha) compared to
finger millet + transplanted pigeonpea (1626 to 1537 kg /ha
from 3 to 5 weeks old pigeonpea seedlings), finger millet +
direct sown pigeonpea (701 kg/ha), sole crop of pigeonpea
(1229 kg/ ha) and sole crop of finger millet (796 kg/ ha). Higher
PEY  in sole crop of pigeonpea was due to transplanting of 5
weeks old seedlings which further attributed to higher yield
of pigeonpea. Among the intercropping treatments, finger
millet + transplanted pigeonpea with  5 weeks old seedlings
gave significantly higher PEY (1626 kg/ ha) than finger millet
+ direct sown pigeonpea, followed by transplanted finger
millet + direct sown pigeonpea, sole crop of direct sown
pigeonpea (1229  kg /ha) and sole crop of finger millet (796 kg/
ha) and was on par with finger millet + transplanted pigeonpea
with 3 and 4 weeks old seedlings (Table 2). Higher PEY in
finger millet + transplanted pigeonpea were mainly due to
better performance of transplanted pigeonpea crop. Similar
results were reported by Shankaralingappa and Hegde (1992),
Poornima (2009).
Economics of pigeonpea transplantation: Transplanting of 5
weeks old pigeonpea seedlings in sole crop also gave higher
net returns of INR 33,302/ ha  with higher B:C ratio of 2.57 than
direct sown crop of pigeonpea (INR 17,786/ha with B:C ratio
of 2.41) and sole crop of finger millet (INR 14,985/ ha with B:C
ratio of 2.38). Higher net returns and B:C ratio in sole crop of
transplanted pigeonpea with transplanting of 5 weeks old
seedlings was due to better performance of pigeonpea. Thakar
Singh et al. (2006), Basavennappa et al. (2009) and Poornima
(2009) reported that transplanted crop gave significantly higher
net returns than direct sowing  due to higher yield produced
by transplanted crop.

In intercropping, finger millet + transplanted  pigeonpea
with 4 weeks old seedlings gave maximum net returns (` 26,218/
ha with B:C ratio of 2.49) compared to finger millet + direct
sown pigeonpea (` 4,974 to ̀ 13,899/ ha with B:C ratio of 1.37
to 2.02) and sole crop of finger millet (` 14,985/ ha with B:C
ratio of 2.38). Higher net returns and B:C ratio in finger millet +
transplanted pigeonpea (8:2) intercropping was mainly due to
higher yield of pigeonpea. Higher net returns in finger millet +

transplanted pigeonpea with 4 weeks old seedlings was mainly
due to better performance of pigeonpea crop and marginal
reduction in yield of finger millet. Similar findings were reported
by Poornima (2009).

Thus, the study concludes that transplanting of 4-5
weeks o ld pigeonpea seedlings in so le crop may be
recommended for realizing higher pigeonpea equivalent yield
and net returns.
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ABSTRACT

A field study was conducted to evaluate the effect of different
weed control methods and its economic implications in rainfed
lentil (Lens culinaris Medikus) at the Agricultural Research
Farm, Institute of Agricultural Sciences, BHU, Varanasi (U.P.),
India during Rabi 2010-12. Hand weeding at 30 and 45 days
after sowing (DAS) was found to be the best treatment with
regard to weed control, yield attributes and seed yield except
the economic aspect. Application of pendimethalin @ 1 kg a.i./
ha followed by mechanical weeding (hoeing) at 45 DAS was the
next best treatment with the least weed dry matter (34.9 g/m2)
and highest WCE (78.0%), plant height (37.2 cm), branches/
plant (7.63), pods/plant (62.3), seeds/pod (1.94), test weight (21.1
g), nodule number (8.2/plant), nodule weight (4.97 mg/plant)
and yield (1365 Kg/ha). The treatment was statistically at par
with pendimethalin fb Imazathapyr @ 37.5 g a.i./ha. Although
weed free and hand weeding (HW) twice exhibited maximum
productivity (1430 and 1366 Kg/ha) yet, the highest net return
(`  55592) and the benefit cost ratio (2.80) were associated with
pendimethalin fb mechanical hoeing.

Key words: Chlorimuron ethyl, Economics, Imazathapyr,
Pendimethalin, Quizalofop ethyl, Seed yield, WCE

Lentil (Lens culinaris, Medikus) is an important Rabi
pulse crop next only to chickpea. The seeds are composed of
60% of carbohydrates, 26% protein, 7.5% iron, 2%, sugars
and 0.87 thiamine essential for human and animal feeds whereas
the stubble is very rich in many valuable components (Sharara
et al 2011). Lentil has proven to be invaluable in crop rotation
helping in improving soil texture and fertility and conserve
natural resources providing long term sustainability in
agricultural productivity. It can utilize limited soil moisture
and nutrients more efficiently than cereal crops and for that
reason farmers have chosen them to grow under highly
adverse conditions. India is the largest producer of lentil and
contributes about 32% of lentil production. However, its
productivity (23rd rank in world) in India is low (Reddy and
Reddy 2010).

Weed control in lentil is particularly important as this
crop is a poor competitor due to its short height and slow
early growth. Lentil’s low competitive ability is compounded
when growing season temperatures are low or when moisture
is scarce. In regions where lentils grow in less than optimal
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conditions, a weed management plan must consider the entire
crop lifecycle including pre-sowing, emergence, vegetative,
reproductive and maturity. Increased cost of manual weeding,
its poor efficiency and non-availability of  labour during critical
periods made herbicides remunerative in lentil. Herbicides
have revolutionized agriculture all over the world and have
played a key role in enhancing productivity. They are accepted
as an essential tool in weed management as they reduce labour
requirement enormously and are easy and convenient to use.
They are being given due importance in the overall management
of weeds in the integrated weed management system for
greater profitability and sustainability. Integrated weed
management has the potential to restrict weed populations to
manageable levels, reduce the environmental impact of
individual weed management practices, increase cropping
system sustainability and reduce selection pressure for weed
resistance to herbicides. The hazardous impact of sequential
herbicide use in the soil and atmospheric environment, the
high investment  in repeated hand weeding etc. has
necessitated conduct of the experiment to ascertain the most
profitable weed management package in rainfed lentil.

Keeping these into consideration, the present study
was undertaken to evaluate the effect of different weed control
methods on weed dynamics, crop growth and yield of lentil,
NPK depletion by weeds and uptake by crops along with
their economics.

MATERIALS AND METHODS

The study was undertaken in a sandy friable soil
topographically plain lying at 250 18’N latitude and 88036’E
latitude at an altitude of 128.93 meters above the mean sea
level in the north Gangetic alluvial plains. The total rainfall of
14.9 mm and 34.6 mm was received in the crop season of 2010-
11 and 2011-12 respectively. The two years weekly mean
maximum temperature ranged from 15.4 to 35.8oC and minimum
temperature varied from 6.6 to 19.0°C. The experimental soil
had 0.60% organic carbon, 7.7 pH, 0.26 ds/m electrical
conductivity; and 216, 26 and 236 kg/ha available NPK
respectively.  Fertilizer NPKS@20-40-30-15 kg/ha was applied
as a common dose to all the treatments. Sowing of lentil ‘HUL
57’ was done on November 15 during both the years. Sixteen
treatments were tried in a RCBD with three replications. The
treatments consist of weedy check (T1); weed free (T2);  hand
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weeding at 30 DAS & 45 DAS (T3); mechanical weeding at 30
DAS & 45 DAS (T4); quizalofop ethyl@ 50g a.i./ha at 40 DAS
(T5); imazethapyr @ 37.5g a.i./ha at 40 DAS (T6); chlorimuron
ethyl (PPI) @ 4 g a.i./ha (T7); pendimethalin @ 1 kg a.i./ha
(T8); pendimathalin 30 EC + imazethapyr 2 EC (PE) @ 0.75 kg/
ha as (T9); pendimathalin 30 EC + imazethapyr 2 EC (PE) @ 1
kg/ha (T10); chlorimuron ethyl (PPI) @ 4 g a.i./ha fb quizalofop
ethyl @ 50 g a.i./ha at  40 DAS (T11); chlorimuron ethyl (PPI)
@ 4 g a.i./ha fb imazethapyr @ 37.5 g a.i./ha at 40 DAS (T12);
pendimethalin (PE) @ 1 kg a.i./ha fb quizalofop ethyl @ 50 g
a.i./ha at 40 DAS (T13); pendimethalin (PE) @ 1kg a.i./ha fb
imazethapyr @ 37.5 g a.i./ha at 40 DAS (T14); chlorimuron
ethyl (PPI) @ 4 g a.i./ha fb mechanical weeding at 45 DAS
(T15) and pendimethalin (PE) @ 1 kg a.i./ha fb mechanical
weeding at 45 DAS (T16). Commercial products of the
herbicides used were pendimethalin-Stomp, chlorimunron
ethyl-Kloben, imazathapyr-Pursu it, Pendimethalin+
imazathapyr - Pursuit plus (Valore 32) and Quizalofop ethyl-
Targa Super. Herbicides were applied as per the treatments.

Weed samples were collected by placing a quadrate (0.50 m x
0.50 m) randomly at two places in each plot. Data for weed
components were subjected to square root transformation (v
(x + 0.5) for uniformity. The observations taken at 60, 90 DAS
and crop harvest were compared and analysed. Weed control
efficiency (WCE) and weed index (WI) were calculated
according to the standard formula. The economic analyses
were carried out by computing the market price of inputs and
outputs during both the experimental years.

RESULTS AND DISCUSSION

Weed dominance and density: Pooled data for two seasons
and mean weed species count at 90 DAS (Table 1) showed
dominance of sedges under pendimethalin and pre-mixed
penidmethalin+ imazethapyr treatments (T8, T13,T14, T16 and
T9,T 10) and broadleaved weeds (BLWs) were dominant under
all the chlorimuron ethyl treated plots (T7, T11, T12 ,T15).
Lambsquarter (Chenopodium spp .), black nightshade
(Solanum nigrum), sedge (Cyperus spp.) and grass (Cynodon

Table 1.  Effect of weed control methods on weed attributes (Pooled data)

Pendi.= Pendimethalin ; Imaze.=Imazethapyr; Quiza.= Quizalofop- ethyl ; Chlori. = Chlorimuron ethyl; HW/MW= Hand/Mechanical weeding ; Data
are subjected to v (X + 0.5) transformation ;Values within parentheses are original.

Relative Composition (%) 
at 90 DAS 

Weeds 
/m2) 

Dry matter 
(g/m2) WCE (%) WI 

(%) Treatment 
 

Sedges BLWs Grasses At 90 DAS At harvest 

Control (T1) 38.12 52.28 9.60 13.52 
(163.23) 

12.81 
(163.62) 0.00 56.21 

Weed free (T2) 0.00 0.00 0.00 0.71 
(0.00) 

0.71 
(0.00) 100.00 0.00 

HW at 30 and 45 DAS (T3) 62.31 27.13 10.55 5.09 
(19.04) 

5.08 
(25.83) 84.94 2.81 

MW  at 30 and 45 DAS (T4) 41.79 49.85 8.37 6.04 
(29.07) 

6.51 
(41.90) 74.75 8.89 

Quizalofop- ethyl 50g  (T5) 52.51 39.31 8.19 7.45 
(51.26) 

7.80 
(60.53) 

60.41 28.76 

Imazethapyr  37.5g (T6) 52.96 38.05 9.00 6.38 
(38.80) 

6.92 
(47.52) 71.69 21.95 

Chlorimuron ethyl  4 g (T7) 34.00 60.27 5.73 9.65 
(98.05) 

8.70 
(75.40) 

51.45 29.35 

Pendimethalin 1 kg (T8) 74.39 14.65 10.96 8.11 
(55.03) 

6.98 
(48.40) 65.18 26.86 

Pendi. + Imaze. 0.75 kg (T9) 70.99 16.31 12.70 7.82 
(49.00) 

7.16 
(50.87) 65.87 19.33 

Pendi. + Imaze. 1 kg  (T10) 72.98 15.49 11.53 7.64 
(52.21) 

6.80 
(45.87) 

68.42 16.41 

Chlori. 4 g fb Quiza. 50g (T11) 46.66 45.73 7.61 7.74 
(53.34) 

7.65 
(58.08) 62.55 27.64 

Chlori. 4 g fb Imaze. 37.5g   (T12) 48.66 43.14 8.20 7.14 
(38.20) 

7.47 
(55.40) 

72.22 23.43 

Pendi. 1 kg fb Quiza. 50g (T13) 68.60 22.13 9.27 6.77 
(35.98) 

6.74 
(45.02) 72.67 14.84 

Pendi. 1 kg fb Imaze. 37.5g (T14)  61.00 29.86 9.13 5.69 
(27.13) 

5.94 
(34.90) 

78.17 9.33 

Chlori. 4 g fb MW at 45 DAS (T15) 34.49 55.70 9.81 7.49 
(51.53) 

7.81 
(60.70) 64.27 25.23 

Pendi. 1 kg fb MW at 45 DAS (T16) 62.19 28.63 9.17 5.84 
(29.16) 

5.90 
(34.43) 78.03 4.51 

SEm (±) - - - 0.11 0.08 - - 
CD (P=0.05) - - - 0.57 0.42 - - 
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dactylon) were the main weeds. Pre-emergence application of
pendimethalin and pre-mixed penidmethalin+imazethapyr was
effective in controlling the BLWs, most remarkable when post
emergence application of imazathapyr followed them (T14).
Total weed count indicated that pendimethalin with either
manual weeding (Vaishya et al. 1999), imazathapyr (T14) or
quizalofop ethyl (T13) were better over the sole applications.
Minimum weed population was observed with two hand
weeding followed by pendimethalin (PE) fb mechanical
weeding at 45 DAS and pendimethalin fb imazethapyr sprayed
at 40 DAS. These treatments were statistically at par on weed
count. Similar result was also communicated by Gurcharan et
al. (1994) in field pea. Superiority of pendimethalin fb
imazathapyr or mechanical weeding was attributed to weed
seed damaged by pendimethalin as pre emergence and
suppression of emerging weeds by imazathapyr/mechanical
weeding. Performance of two mechanical weeding during the
initial weed growth stage (30 and 45 DAS) also significantly
reduced both  sedges and BLWs; and was comparable to
pendimethalin fb imazathapyr or mechanical weeding (T14 and
T16). Similar effect was observed with either imazathapyr
sprayed alone or imazathapyr applied after chlorimuron ethyl
incorporated pre-plant. This inefficiency could be attributed
due to time of chlorimuron application as pre-plant (pre-plant
incorporated,PPI) as various reports suggested effective weed
control with post emergence application of chlorimuron ethyl
(Chauhan et al. 2012).

Dry matter and WCE: Mean weed data of two seasons at 90
DAS after completion of all the treatments was taken for
comparison. Similar trend on weed density was also observed.
Least dry matter of total weeds (Table 1) was exhibited under

two hand weedings (T3). Pendimethalin fb mechanical weeding
(T16) recorded the next minimum weed dry weights which was
at par with pendimethalin fb imazathapyr (T14). Similar finding
was communicated by Gurcharan et al. (1994) in field pea.
Chlorimuron and quizalofop ethyl applied sole or combined
with other methods were not effective in controlling weeds. It
was reported that in lentil plots weed biomass was greater
where herbicides alone were used to control weeds than in
plots where weeds were controlled by both herbicides and
tillage (Carr et al. 1997). The large dry biomass production in
weaker treatments were due to ineffective suppression of
weeds at their initial and active growth stages leading to
maturity and fair dry matter accumulation.

Highest weed control efficiency (Table 1) was also
observed in two hand weeding (84.9%) followed by
pendimethalin fb imazathapyr (78.2 %). Similarly, Ram  et al.
(2011) reported maximum WCE of 86.6% in two hand weeding
in pea and 96.7% in pigeonpea (Padmaja et al. 2013). However,
pendimethalin fb imazathapyr and Pendimethalin fb mechanical
weeding (78.0%) were at par on WCE. The high WCE in hand
weeded plots in this study was due to removal of weeds at the
early growth stages (30 and 45 DAS) and that of pendimethalin
fb imazathapyr (T14) and Pendimethalin fb mechanical weeding
(T16) was because of weed suppression by the cheemical.
Sole chlorimuron ethyl treated plots showed least WCE (52-
57%). When post emergence herbicide like, imazathapyr or
mechanical weeding followed at 40 DAS, its efficiency
increased to 73% and 63% respectively.
Crop growth dynamics: A perusal on pooled data (Table 2)
showed that pre-emergence and pre-plant incorporated
herbicides affected crop emergence and initial growth/plant

Table  2. Effect of weed control methods on plant growth and yield attributes (Pooled data)

Pendi.= Pendimethalin; Imaze.=Imazethapyr; Quiza.= Quizalofop-ethyl; Chlori. = Chlorimuron ethyl; HW/MW= Hand/Mechanical weeding;
DMA= Dry matter accumulation; DW= Dry weight; Data are subjected to v (X + 0.5) transformation; Values within parentheses are original.

Treatment Plant  
height (cm) 

Branches 
/plant 

Pods/ 
plant 

Seeds 
/pod 

Test 
weight (g) 

Plant 
DMA 
(g/m2) 

Nodule 
Count /plant 

Nodules 
DW (mg/pl.) 

 At maturity/harvest At 60 DAS 
Control (T1) 25.3 4.17 24.5 1.70 17.5 14.0 3.69 1.48 
Weed free (T2) 39.1 8.30 68.9 1.98 22.0 32.2 10.83 7.03 
HW at 30 and 45 DAS (T3) 37.7 8.12 65.1 1.95 21.2 29.1 9.20 5.70 
MW  at 30 and 45 DAS (T4) 37.0 7.22 58.9 1.88 20.2 21.2 8.03 4.76 
Quizalofop- ethyl 50g  (T5) 34.6 6.17 42.3 1.75 19.2 21.2 4.62 2.34 
Imazethapyr  37.5g (T6) 35.2 6.52 50.9 1.72 19.4 23.4 4.42 2.13 
Chlorimuron ethyl  4 g (T7) 34.2 5.58 37.3 1.78 19.1 21.5 4.08 2.25 
Pendimethalin 1 kg (T8) 35.4 6.83 58.4 1.88 20.2 19.9 5.98 3.70 
Pendi. + Imaze. 0.75 kg (T9) 35.6 6.83 59.2 1.90 20.5 19.7 5.18 2.79 
Pendi. + Imaze. 1 kg  (T10) 35.3 6.67 60.1 1.92 20.7 22.0 5.28 2.75 
Chlori. 4 g fb Quiza. 50g (T11) 34.6 6.25 52.8 1.72 19.7 20.7 4.15 2.19 
Chlori. 4 g fb Imaze. 37.5g   (T12) 34.8 5.93 55.9 1.78 19.4 24.0 4.34 2.22 
Pendi. 1 kg fb Quiza. 50g (T13) 35.2 6.33 57.9 1.89 20.1 22.7 4.81 2.53 
Pendi. 1 kg fb Imaze. 37.5g (T14)  32.9 6.78 61.2 1.94 20.5 26.5 5.70 2.95 
Chlori. 4 g fb MW at 45 DAS (T15) 35.4 6.48 54.1 1.70 20.1 21.3 4.93 3.39 
Pendi. 1 kg fb MW at 45 DAS (T16) 37.2 7.63 62.3 1.94 21.1 25.0 8.20 4.97 

SEm (±) 1.43 0.39 2.9 0.09 0.5 1.4 0.45 0.23 
CD (P=0.05) 5.32 1.13 8.5 0.25 1.5 4.1 1.32 0.68 
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height. Tallest plants were observed in weed free plots,
followed by hand weeding twice (T3) and pendimethalin fb
mechanical hoeing (T16). However, hand weeding twice and
pendimethalin fb mechanical hoeing showed similar effect
although maximum branches/plant, pods/plant, seeds/pod and
test weight were recorded in weed free plots. Two hand
weeding and pendimethalin fb mechanical hoeing were the
next best performing treatments during both the years
(Muhammad 2010). Superiority of yield attributes in hand
weeded and pendimethalin fb mechanical weeding may be
due to availability of more space, light, water and nutrients as
weeds were comparatively sparse resulting in least nutrient
extraction. Thus, in terms of yield attributes, combination of
pre mixed pendimethalin + imazathapyr was found to be the
next effective treatment in this study after weed free and two
hand weeding.

Nodule counts and dry weight (Table 2) recorded fifteen
days after completion of all the treatments (60 DAS) indicated
that nodule formation was more favoured with the non-
herbicide plots than integrated and sole chemical treated plots.
Highest nodules were recorded under weed free followed by
hand twice (T3) weeding and mechanical weeding twice (T4).
The treatments viz., two HW and pendimethalin fb mechanical
hoeing (T16) were similar. Weak nodulation was more
pronounced in chemical-chemical combination and sole
chemical as compared to chemical-manual integration or
manual method alone. Thus, chlorimuron ethyl (PPI),
quizalofop ethyl and imazathapyr treated plots registered least
nodule as the herbicide is believed to interfere in the rhizobium-
plant relationship. Strong nodulation either in chemical free
treatments (T2, T3, T4) or sequential manual-chemical weed

control could be due to direct or indirect effect of herbicides
to the symbiotic association of lentil and rhizobium thereby
inhibiting nitrogenase activity (Sandhu et al. 1991).
Seed yield and its attributes: Seed yield under weed free and
two hand weeding followed the same trend as that of yield
attributes (Table 3 & 2). Hand weeding showed maximum yield
(1390 kg/ha) followed by pendimethalin fb mechanical weeding
(1386 kg/ha) as the next excellent treatment (both treatments
on par) with a yield advantage of 122.3% and 118.4%
respectively over control. The fair performance of the integrated
approach could be due to high weed control efficacy of
pendimethalin, besides soil aeration, better nodulation and
soil friability created during mechanical hoeing. Thus,
mechanical-chemical method is the most effective method of
weed control in legumes. Pendimethalin with post emergence
application of imazathapyr was the best method amongst
chemical-chemical combination that showed higher seed yield
(1301 kg/ha). Although the role of quizalofop ethyl was not
evident  when applied alone or in combination wi th
chlorimuron, yet i ts efficacy was increased wi th
pendimethalin. Pre-mixed penidmethalin+imazethapyr at both
levels (T9 and T10) were of medium performance in respect of
yield. The yield performance in weed free, two HW,
pendimethalin fb imazethapyr and  pendimethalin fb mechanical
weeding may be attributed to better access to nutrients, lower
weed population, weed index and higher crop dry matter
production.
Economics: Study showed that maximum net return of ̀  56568
and benefit cost ratio of 2.84 were exhibited in pendimethalin
fb mechanical weeding (Table 3) and was closely followed by

Table  3.  Effect of weed control methods on nutrient uptake, seed yield, HI and economics of lentil cultivation (Pooled data)

Pendi.= Pendimethalin ; Imaze.=Imazethapyr; Quiza.= Quizalofop- ethyl ; Chlori. = Chlorimuron ethyl; HW/MW= Hand/Mechanical weeding ;
BCR= Benefit-cost ratio; H.I.= Harvest Index. Data are subjected to v (x + 0.5) transformation ; Values within parentheses are original.

Biological yield Economics 
Treatment Grain (Kg/ha) Straw (Kg/ha) 

Harvest 
Index 
(%) 

Net return 
(`/ha) 

BCR 

Control (T1) 626 1455 30.32 13983 0.85 
Weed free (T2) 1430 2260 38.75 55209 2.06 
HW  at 30 and 45 DAS (T3) 1390 2224 38.45 56073 2.53 
MW  at 30 and 45 DAS (T4) 1302 2168 37.51 51902 2.44 
Quizalofop- ethyl  50g  ha-1 at 40 DAS (T5) 1019 1829 35.80 39675 2.15 
Imazethapyr  37.5g  ha-1 at 40 DAS (T6) 1116 1845 37.76 44788 2.57 
Chlorimuron ethyl 4 g (T7) 1010 1678 37.83 39893 2.34 
Pendimethalin 1 kg (T8) 1046 1922 35.26 41078.46 2.25 
Pendi. + Imaze. (Pre mixed)  0.75 kg (T9) 1153 2028 36.16 46231.63 2.54 
Pendi. + Imaze. (Pre mixed) 1 kg  (T10) 1194 1998 37.42 47954.81 2.56 
Chlori.  4 g fb Quiza.  50g /ha at 40 DAS (T11) 1034 1863 35.73 40165.69 2.12 
Chlori.  4 g fb Imaze.  37.5g/ha at 40 DAS  (T12) 1094 1887 36.77 43503.35 2.41 
Pendi. 1 kg fb Quiza.  50g/ha at 40 DAS (T13) 1218 2042 37.35 48321.86 2.39 
Pendi. 1 kg fb Imaze.  37.5g/ha at 40 DAS (T14)  1296 1983 39.60 52500.58 2.72 
Chlori.  4 g ha-1 fb MW at 45 DAS (T15) 1068 1805 37.32 41908.79 2.25 
Pendi. 1 kg ha-1 fb MW at 45 DAS (T16) 1365 2211 38.17 55591.75 2.80 

SEm (±) 50.5 80.8 0.89 - - 
CD (P=0.05) 146.5 234.4 2.58 - - 
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pendimethalin fb imazethapyr (T14). The yield in two hand
weeding was superior over the rest of the treatment yet, it was
not remunerative due to cost of human labour involved (Malik
et al. 2001). The profitability with pendimethalin (PE) @ 1 kg
a.i./ha fb Mechanical weeding  could be attributed to high
yield, efficacy of herbicide and efficiency of mechanical
weeding in reducing weed biomass and increasing dry matter.
Kalpana (2010) also reported that pendimethalin with
mechanical weeding was the best option and most economical
weed control method.

Results of various weed control methods in pulses
suggested that integrated use of pendimethalin as pre-
emergence herbicide @ 1 kg a.i./ha fb mechanical weeding
(hoeing) at 45 DAS could be recommended as the most eco-
friendly, sustainable and economical weed control method in
the eastern Uttar Pradesh region. However, pendimethalin fb
imazethapyr could also be considered in case of  labour scarcity
for mechanical weeding and prevailing soil and weather
situation not allowing mechanical weeding.
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ABSTRACT

Twenty four black gram genotypes were analysed for sucrose
and RFOs content with an intention of identifying genotypes
with low RFOs content.  Ana lys is o f ra ffinose family
oligosaccharides revealed significant variation (P0.05) among
the black gram genotypes. Of the 24 genotypes analysed, higher
sucrose content was recorded in TU-72 (32.87 mg/g seed meal)
followed by TU-26 (27.25 mg/g seed meal). Verbascose was the
major RFO followed by stachyose among the black gram
genotypes studied. Ajugose was a minor sugar followed by
raffinose. The total RFOs concentration in black gram ranged
from 26.64 to 61.57 mg/g with an average of 43.6 mg/g. The
highest total RFOs content was observed in the genotype LBG-
17 (61.57 mg/g). Low content of total RFOs was observed in
TU43-1 (26.64 mg/g). Wide variation was observed for individual
RFOs such as raffinose, stachyose, verbascose, and ajugose,
which ranged from 0.18 to 8.08 mg/g, 8.90 to 37.27 mg/g, 13.95 to
31.02 mg/g and 0.30 to 4.48 mg/g respectively. TU43-1 and LBG-
402 which recorded low content of total RFOs also showed
lowest verbascose and stachyose content respectively. TU1-820-
1-5 recorded high verbascose (31.02 mg/g) with low stachyose
(11.13 mg/g) and raffinose (0.18 mg/g) content. Significant
correlation (P0.05) was detected among the four individual
oligosaccharides with the total RFOs (r = 0.53, r = 0.77, r = 0.63,
r = 0.56).   The low RFOs genotypes identified in this study are
particularly valuable in developing new black gram varieties
for food and feed with improved digestibility and functionality.

Key words: Black gram, Flatulence, Genotypic variability, HPLC,
Raffinose family   oligosaccharides

Grain legumes are important source of protein, minerals
- calcium, iron, phosphorus and vitamins-B1, B2, niacin and
dietary fibre with potential antioxidant and antidiabetic
properties (Soris et al. 2010, Girish et al. 2012). However, apart
from health promoting components, black gram contains a
number of antinutritional factors such as flatulence causing
raffinose family oligosaccharides (RFOs), protease inhibitors,
saponins, tannins, phenolics, lectins, phytic acid etc. which
reduce nutrient utilization and intake of minerals (Kataria et
al. 1989, Jain et al. 2009). Black gram like other legume contains
RFOs, which constitute for 31-76% of the total sugar (Reddy
et al. 1984).

RFOs consist of linear chains of galactopyranosyl
residues attached to the glucose moiety of sucrose via an  –
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(1-6) - galactopyranosidic linkage (Avigad and Dey 1997).
RFOs in particular raffinose, stachyose and verbascose are
predominant in legumes; higher homologs such as ajugose
are found in trace quantities in crops like black gram
(Peterbauer and Richter 2001b, Girigowda et al. 2005, Girigowda
et al. 2006). Unlike trypsin inhibitor and other antinutritional
factors, oligosaccharides are heat stable (Colloway 1973).
Several processing practices including malting, dehulling,
extended cooking, enzyme treatment, hot water cooking, has
been suggested that could reduce oligosaccharides content
in legumes (Mulimani and Devindra 1998, Girigowda et al.
2005). These methods are either costly or time consuming
apart from their deterrent effects on the cooking quality and
nutrient availability (Jain et al. 2009). RFOs were reported to
be heat stable (Neus et al. 2005) and cooking brought about
an increase in the concentrations of the oligosaccharides in
pigeonpea, chickpea, black gram and green gram (Rao and
Belavady 1978). Hence, genetic manipulation through plant
breeding strategies may be an economically viable and safe
alternative to reduce the RFOs in grain legumes. There are
also reports that oligosaccharides in seeds play a role in
defense mechanism against diseases (Ryan and Former 1991),
seed viability and stress tolerance (Castillo et al. 1990), which
suggests that their elimination from the plant itself could
adversely affect the growth and yield. Hence, it is imperative
to develop breeding strategies for isolation of low RFOs types
in legumes. The objective of the present study was to a)
evaluate the total and individual RFOs variation in black gram
genotypes and b) ident ifying low RFOs containing
genotype(s). A more detailed knowledge of variability in the
RFOs content of the germplasm could be desirable feature for
selecting black gram genotypes with improved nutritional
quality.

MATERIALS AND METHODS

Plant materials and sugar extraction: Black gram seeds were
maintained at Nuclear Agriculture and Biotechnology Division,
Bhabha Atomic Research Centre, Trombay, Mumbai, India.
Seeds were grown and harvested with normal agronomical
practices.  All the black gram genotypes given in Table 1 are
cultivated type except TW which is a wild species (Vigna
mungo var. silvestris).
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Mature seeds of black gram were soaked in distilled
water over night at room temperature. About ten seeds were
ground in 10 ml of 80% ethanol in a pestle and mortar. The
slurry was transferred to a centrifuge tube and kept on wrist
shaker for about 5 h. The slurry was centrifuged at 12000 rpm
at 24o C for 20 minutes. The clear supernatant was collected
into a fresh tube. About 1.5 ml of the extract was dried in a
vacuum concentrator at 45o C. The dried residues were
suspended in 75 µl of acetonitrile: water (65:35 v/v). The
contents were centrifuged for about 10 minutes and 4 µl of the
clear supernatant was injected into the HPLC column. For
each genotype 6 lots of seeds were used i.e. a total of 60
seeds. From each extraction 5 replicates (1.5 ml) were used for
drying. Each sample was extracted in five replications and
each replication was measured once for quantification of
soluble sugar concentrations.

HPLC analysis was carried out on JASCO HPLC System
using a carbohydrate column (30 cm x 3.9 mm) and acetonitrile:
water (65:35 v/v) as the mobile phase. The flow rate was
adjusted to 1.0 ml/min.  Known concentrations of the samples
(4 µl) were injected and the sugars in the various samples
were identified by comparison with the corresponding
standard samples. A refractive index detector (JASCO model
RI-2031 PLUS) was used for the detection of sugars in the
different seed extracts. Reference sugars were obtained from
Sigma Aldrich and Fluka. All reagents were obtained locally
and were analytical grade.  HPLC grade solvents were used
for analyses. The sugar concentrations in the various
genotypes were calculated from the standard calibration curve
of the individual sugars and were expressed as milligrams per
gram of seed meal.
Statistical analysis: Analysis of variance (ANOVA) and
correlation analysis among different sugars was conducted
using Excel (Microsoft, Redmond, WA). The statistical levels
of significance were examined by t test. Principal component
analysis (PCA) was applied to group genotypes into separate
clusters and to find out those RFOs which shared a
contribution towards the variation observed in the content of
black gram seeds. PCA was performed using the NTSYS-pc
(Numerical Taxonomy System, version 2.02, Rohlf 1990).

RESULTS AND DISCUSSION

RFOs and sucrose concentration in black gram: HPLC
methodology was standardized for the separation and
quantification of sucrose and RFOs in black gram. Using this
protocol, sugars in various samples were identified by
comparison of their retention times with that of standard
samples. The sugar contents in the various genotypes of black
gram were calculated from the corresponding standard
calibration curves and expressed in milligram per gram of seed
meal. The HPLC profile of the black gram samples revealed
the presence of sucrose, raffinose, stachyose, verbascose
and ajugose.  Thus our results indicate the presence of entire

family of RFOs reported earlier in black gram genotypes
(Girigowda et al. 2005, Girigowda et al. 2006).

HPLC analysis revealed sucrose concentration ranged
from 3.28 mg/g to 32.87 mg/g seed meal (Table 1). Of the 24
samples tested, high sucrose content was observed in TU-72
(32.87 mg/g seed meal) followed by TU-26 (27.25 mg/g). Low
sucrose content was observed in TU43-1 (3.28 mg/g), TU 55-
1 (4.26 mg/g) followed by EC168200 (6.09 mg/g) and TU 51
(6.38 mg/g). Black gram genotypes showed wide variation for
total RFOs. The total RFOs concentration of the black gram
ranged from 26.64 mg/g to 61.57 mg/g with an average of 43.6
mg/ g seed meal (Table 1). Legume seeds with different amounts
of RFOs have been reported in peas, lentil and soybean
(Gulewicz et al. 2000, Hou et al. 2009). In this study RFOs
were isolated from the imbibed seeds using 80% ethanol
extraction. Gulewicz et al. (2000) showed that using imbibed
seeds (whole seeds, 80% ethanol, 40o C) high purity of 91.4
and 83.2% RFOs were obtained from pea and lentil seeds
respectively. Average RFOs content observed in this study is
in the range of the values previously reported in black gram
(Yadhu et al. 2011). The highest RFOs concentration was
observed in the genotype LBG-17 (61.57 mg/g) followed by
TU94-2 (58.3 mg/g) and Pusa -3 (54.94 mg/g). Low RFOs was
observed in TU43-1 (26.64 mg/g), followed by LBG-402 (28.64
mg/g) and COBG-2831 (31.47). The low RFOs genotype also
showed moderate to low sucrose content.  Low levels of RFOs
were not reported previously in black gram. However, lower
individual RFOs such as low stachyose lines were reported in
soybean (Neus et al. 2005) and pea (Peterbauer et al. 2001a).
RFOs distribution: The detectable RFOs in black gram seed
include raffinose, stachyose, verbascose and ajugose.
Verbascose was the major sugar followed by stachyose.
Ajugose was a minor sugar followed by raff inose.
Composit ion analysis of  RFOs indicated significant
differences (P0.05) in the individual RFOs concentrations of
black gram genotype studied (Table 1). Raffinose, stachyose,
verbascose and ajugose were present in seeds of all the
genotypes studied. Verbascose was the predominant RFOs
in black gram with an average content of 20.69 mg/g followed
by stachyose 18.74 mg/g (Table 1). Verbascose was previously
reported as a major RFOs present in black gram (Reddy and
Salunkhe, 1980; Girigowda et al. 2005) and in related Vigna
species such as mung bean and cowpea (Aman 1979, Kuo et
al. 1988). The individual RFOs content for raffinose,
stachyose, verbascose, and ajugose ranged from 0.18 to 8.08
mg/g, 8.90 to 37.27 mg/g, 13.95 to 31.02 mg/g and 0.30 to 4.48
mg/g respectively. LBG-17 which recorded highest total RFOs
also showed high raffinose and ajugose content. TU1-820-1-
5 recorded high verbascose (31.02 mg/g) and lowest raffinose
(0.18 mg/g) content among the black gram genotypes studied.
High stachyose content was observed in TU94-2 (37.27 mg/
g) which also showed low ajugose (0.33 mg/g) content. Low
stachyose content was observed in LBG-402 (8.90 mg/g), TU1-
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820-1-5 (11.13 mg/g), and COBG-2831 (11.93 mg/g). Low
verbascose content was observed in TU43-1 (13.95 mg/g),
No.55 (14.18 mg/g) and LBG- 402 (15.82 mg/g).  These low
stachyose and verbascose genotypes are particularly valuable
in developing new black gram genotypes for food and feed
with improved digestibility and functionality. Reduced
oligosaccharides and low verbascose genotype was reported
previously in soybean (Neus et al. 2005) and peas (Peterbauer
et al. 2001b) respectively. Genotypes with reduced RFOs
having low stachyose and verbascose identified in this study
may be used as valuable and unique germplasm for future
breeding and genetic research. Black gram genotypes with
variation in individual oligosaccharides may be used to study
the activities of enzymes of the RFOs biosynthetic pathway
and to study RFOs accumulation in black gram. Black gram
genotype TU43-1 which recorded low total RFOs also recorded
lower verbascose, sucrose and ajugose concentrations. This
is a mutant line derived from TU94-2. Mutation breeding may
also be used to broaden the genetic variation for RFOs trait in
black gram. The total RFOs concentration of TU43-1 is 26.64
mg/g seed meal which is half the total RFOs concentrations of
the black gram genotypes studied and reported earlier in black
gram (Girigowda et al. 2005). This genotype may provide useful
genes for low RFOs trait introgression and development of
black gram genotypes with low RFOs concentrations.

Overall the higher oligosaccharide ajugose content was
found to be lower than the raffinose in black gram. Higher
ajugose content was observed in LBG-17 (4.48 mg/g), followed

by Pusa-3 (3.33 mg/g). The hexasaccharide ajugose was found
to be low in TU-72 (0.30 mg/g), TU 94-2 (0.33 mg/g) and TU 43-
1 (0.35 mg/g). Occurrence of higher oligosaccharide has been
reported earlier in black gram (Girigowda et al. 2006). TW (V.
mungo var. silvestris) a wild progenitor of black gram used in
this study did not show any variation in the total and individual
RFOs composition compared to other cultivated black gram
genotypes. Oligosaccharide variation has been previously
reported in wild lentils (Tahir et al. 2012).  It may possible to
identify such variations in wild black gram, when more number
of wild species are analyzed for the total and compositional
variation of RFOs. In the present study, genotypic variation
was observed for total and individual RFOs in black gram.
The considerable variation in composition among different
genotypes of black gram may be attributed to the genotypes
and environmental factors. Trugo et al. (1988) reported that
sucrose and verbascose content were genetically influenced
whereas raffinose and stachyose were dependent on
environment. A shorter vegetation period promotes a
significant increase in stachyose, verbascose, and a decrease
in the sucrose content. Furthermore, the effect of temperature
during the maturation is shown to have effect on the
composition of RFOs in the white lupins (Gorecki et al. 1996)
and soybean (Hymowitz et al. 1972, Kumar et al. 2010).
Raffinose and stachyose were also reported be genotype
dependent in the soybean (Kumar et al. 2010). However, similar
information is not available in black gram.

Table 1. Sucrose and oligosaccharide content in black gram genotypes

Values (mg/g seed meal) are mean ± standard deviation of the five replications.

Genotype / Sugar Sucrose Raffinose Stachyose Verbascose Ajugose Total RFOs 
Pant U-19 18.93 ± 0.41 5.12 ± 0.73 18.20 ± 3.09 24.71 ± 4.24 2.96 ± 0.65 52.15 ± 11.17 
T-9 14.23 ± 0.53 1.39 ± 0.21 23.43 ± 1.09 17.49 ± 0.78 2.86 ± 0.17 44.42 ± 10.6 
TU 94-2 11.25 ± 0.54 1.00 ± 0.22 37.27 ± 1.07 19.70 ± 0.89 0.33 ± 0.12 58.3 ± 17.5 
Pusa-3 17.99 ± 1.37 2.67 ± 0.50 26.08 ± 1.25 22.86 ± 1.26 3.33 ± 0.55 54.94 ± 12.4 
LBG-402 18.79 ± 0.88 2.58 ± 0.26 8.90 ± 0.78 15.82 ± 0.23 1.34 ± 0.14 28.64 ± 6.65 
TPU-4 16.79 ± 0.69 3.21 ± 0.22 17.52 ± 0.78 17.62 ± 0.75 2.20 ± 0.36 40.55 ± 8.59 
LBG-17 21.73 ± 0.82 8.08 ± 0.68 24.38 ± 1.49 24.63 ± 1.44 4.48 ± 0.40 61.57 ± 10.62 
EC-168200 6.09 ± 0.22 4.87 ± 0.20 21.28 ± 0.26 18.64 ± 0.13 2.37 ± 0.03 47.16 ± 9.54 
S-76 17.67 ± 2.56 1.04 ± 0.04 17.23 ± 2.62 20.43 ± 0.69 0.64 ± 0.24 39.24 ± 10.49 
CO-5 10.64 ± 0.80 1.53 ± 0.37 16.49 ± 0.64 17.12 ± 0.52 0.90 ± 0.06 36.04 ± 9.0 
Nayagarh 7.90 ± 0.40 4.55 ± 0.73 19.17 ± 0.56 20.43 ± 0.44 1.85 ± 0.56 46 ± 9.66 
Shindekheda 12.19 ± 0.56 3.65 ± 0.18 23.59 ± 0.73 23.17 ± 0.54 2.25 ± 0.24 52.66 ± 11.81 
No. 55 8.60 ± 0.20 1.18 ± 0.12 17.51 ± 0.40 14.18 ± 1.07 1.00 ± 0.19 33.87 ± 8.62 
COBG-2831 18.03 ± 0.76 1.47 ± 0.27 11.93± 0.46 17.06 ± 0.78 1.01 ± 0.11 31.47 ± 7.93 
TAU-1 10.39 ± 2.15 2.52 ± 0.28 19.44 ± 4.66 18.04 ± 0.92 1.56 ± 0.26 41.56 ± 9.66 
TW 11.68 ± 0.26 5.06 ± 0.25 17.91 ± 0.62 18.45 ± 0.63 1.59 ± 0.25 43.01 ± 8.69 
TU-26 27.25 ± 0.45 2.00 ± 0.26 19.87 ± 0.78 18.20 ± 0.84 0.40 ± 0.12 40.47 ± 10.34 
TU-40 16.50 ± 1.34 3.23 ± 0.62 17.05 ± 0.65 25.69 ± 0.96 2.15 ± 0.26 48.37 ± 11.29 
TU-72 32.87 ± 1.10 1.71 ± 0.36 19.03 ± 0.37 25.63 ± 0.37 0.30 ± 0.14 49.28 ± 13.57 
TU-80 12.00 ± 0.30 2.73 ± 0.43 18.07 ± 2.98 26.04 ± 0.69 1.65 ± 0.19 48.49 ± 11.92 
TU 1-820-1-5 11.07 ±0.83 0.18 ± 0.05 11.13 ± 0.37 31.02 ± 0.74 0.94 ± 0.13 43.27 ± 14.36 
TU 43-1 3.28 ± 0.87 0.44 ± 0.26 11.90 ± 0.15 13.95 ± 0.25 0.35 ± 0.11 26.64 ± 7.28 
TU 51 6.38 ± 0.44 0.71 ± 0.08 15.11 ± 0.47 24.60 ± 2.31 1.41 ± 0.08 41.83 ± 11.52 
TU 55-1 4.26 ± 0.49 0.49 ± 0.19 15.85 ± 1.40 17.02 ± 2.30 1.29 ± 0.38 36.51 ± 9.59 
Mean  13.95 ±7.11 2.53 ±1.93 18.74 ±5.8 20.69 ±4.42 1.63 ±1.05 43.6± 8.91 
cv (%) 0.51 0.76 0.31 0.21 0.64 0.2 
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Correlation and principal component analysis: Positive
correlation existed among all the five sugars studied (Table 2).
Low positive correlation was observed among sucrose and
other oligosaccharides in this study. Previous studies in lentil
and pea showed correlation between sucrose and total RFOs
concentrations (Tahir et al. 2011, Karner et al. 2004).
Significant correlation (P0.05) was detected among the four
individual oligosaccharides such as raffinose, stachyose,
verbascose, and ajugose with the total RFOs (r = 0.53, r =
0.77, r = 0.63, r = 0.56). Strong and positive correlation existed
between raffinose and ajugose (r = 0.76). The positive
correlations suggested concurrent accumulations in black
gram seed of sugars such as sucrose, raffinose, stachyose,
verbascose, ajucose and total RFOs. Breeders may take
advantage of these traits simultaneously or using one as an
indirect selection indicator for another.  Similar positive
correlation has been previously reported for sucrose and
raffinose (r =0.27), total sugar and raffinose (r =0.3), total sugar
and sucrose (r=0.85) in soybean (Hymowitz et al. 1972;
Hartwig et al. 1997).The correlations revealed in this study
between raffinose and ajugose and individual RFOs with total
RFOs provide new information to black gram breeding for low
RFOs cultivars development. Using NTSYS-pc 2.02, principal
component analysis was used to cluster the genotypes on

the basis of their sucrose and RFOs similarity (Fig. 1). LBG-
402, COBG-2831, TU-26 and TU-72 are distinct as they appear
on one side of the cluster, away from the rest of the genotypes.
Of these LBG-402 and COBG-2831 recorded low RFOs content.
TU-26 and TU-72 recorded highest sucrose content (27.25
and 32.87 mg/g seed meal). Similarly the genotypes which
recorded low sucrose content such as TU43-1 (3.28) TU55-1
(4.26 mg/g) and TU 51 (6.38 mg/g) and EC168200 (6.09 mg/g)
grouped in the other end of the cluster. However, TU43-1
which recorded low sucrose also recorded low RFOs content
(26.64 mg/g) is the exception in this cluster. Similarly, clustering
of genotypes based on their biochemical similarity has been
reported in black gram (Yadhu et al. 2011).

It was observed that a wide variation was found to occur
among the black gram genotypes for total and individual RFOs.
Majority of the black gram germplasm contained verbascose
followed by stachyose as the major RFOs in relatively large
quantities with an average of 20.69 and 18.74 mg/g respectively.
Low total RFOs concentration was observed in TU43-1, LBG-
402 and COBG-2831 genotypes. Of these genotypes, TU43-1
and LBG-402 also recorded lowest verbascose concentration
in black gram. Black gram genotypes with unique RFOs
composition are useful for future black gram breeding and
genet ic research. Further investigation is needed for

Table 2.  Correlation among RFOs and sucrose content in black gram

*Significant at the 0.05 probability level.

  Sucrose Raffinose Stachyose Verbascose Ajugose Total RFOs 
Sucrose 1      
Raffinose 0.16 1     
Stachysoe 0.15 0.21 1    
Verbascose 0.27 0.18 0.09 1   
Ajugose 0.06 0.76* 0.22 0.28 1  
Total RFOs 0.27 0.53* 0.77* 0.63* 0.57* 1 

 

Fig. 1. Clustering of black gram genotypes based on principal component analysis.
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preferential accumulation of a specific RFOs and the
environmental effects on oligosaccharides accumulation in
the unique genotypes identified in this study.
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ABSTRACT

Eight isolates of Rhizoctonia solani, the incitant of wet root rot
of chickpea were assessed for pathogenicity and genetic
variability using RAPD markers. Pathogenicity of these isolates
varied both in sterilized and unsterilized soils when tested on
chickpea variety C-235. Ten random primers were used to
fingerprint the individual isolates. Isolates differed in their
RAPD banding pattern. The similarity value of RAPD profiles
ranged from 0.12 (Hanumangarh-Karnal) to 0.79 (Delhi-
Gurgaon and Hisar-Karnal) with an average of 0.34± 0.1 among
the isolates. The cluster analysis using un-weighted pair group
method with arithmetic average distinguished R. solani isolates
into different fingerprint groups.

Key words: Chickpea, RAPD markers, Rhizoctonia solani,
Variation

Wet root rot of chickpea caused by Rhizoctonia solani
is one of the serious diseases.  The disease symptoms are
characterized by sudden and complete wilting of the plants.
The affected seedlings showed gradual yellowing and the
petiole leaflets droop without collapse of seedlings. The stems
and roots near the lesions show rotting frequently with pinkish
mycelial growth. Sclerotia were usually seen. The infected
plants can easily be pulled out. Use of molecular markers for
the characterization of genetic   variability   in   plant pathogens
in addition to traditional markers appears to be better option.
In India, use of molecular markers in characterization of plant
pathogens have been recently reviewed (Monga et al., 2004).
The present investigations is aimed to  differentiate the isolates
of Rhizoctonia solani collected from various regions of
Rajasthan, Delhi and Haryana by using pathogenicity studies
and RAPD markers.

MATERIALS AND METHODS

Collection of isolates: Out of eight isolates of R. solani, four
isolates were collected from chickpea infested field of different
districts of Rajasthan viz. Bikaner, Hanumangarh, Nagaur,
Sriganganagar and one each from Haryana viz. Choudhary
Charan Singh, Haryana Agricultural University, Hisar, Krishi
Vigyan Kendra, Karnal, Agricultural Research Station, Gurgaon
and one from Indian Agricultural Research Institute, New
Delhi. Pure culture of these isolates obtained through single
hyphal tip method, were maintained on potato dextrose agar
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slants for further investigation.
Pathogenicity test: Pathogenicity of these isolates was tested
both in sterilized and unsterilized soil on Cicer arietinum L.
variety C-235. Inoculum of each isolate was multiplied on
sterilized sand maize flour medium (partially broken maize grains
10g, sand 10g, and 20ml distilled water in each 250 ml
Erlenmeyer’s flask). The flask containing the sterilized media
was inoculated with mycelial disc of R. solani (5 mm diameter)
and inoculated at 28±10 C for 15 days. These inocula were
used for soil inoculation in ratio of 1: 200 w/w basis and was
added in disinfected burnt earthen pots (25 cm) maintained in
triplicates. Seed samples were surface sterilized with 0.1 per
cent mercuric chloride for 30 second. Five seeds of susceptible
variety C-235 were sown in each pot. Observations were
recorded after 40 days of sowing.
RAPD analysis: Genomic DNA was isolated from mycelial
mats of isolates raised on Czapek’s dox broth medium. The
mycelial mats collected through filtration were dried between
layers of tissue paper and frozen in liquid nitrogen in foil
packets. The tissue was gently broken into fine powder in
mortar with a pestle. Five gram of fungal mycelium was
homogenized in liquid nitrogen and processed for DNA
isolation as protocol described by Doyle and Doyle (1990).
DNA was purified giving RNase treatment (50mg/ml of DNA
solutions for 30 min at 37° C). The DNA was re-extracted once
with chloroform: isoamyl alcohol, and precipitated with two
volumes of absolute ethanol. The genomic DNA pellets were
washed once with 70% ethanol and dried under vacuum and
dissolved in T10E1 (pH 8.0) buffer. Re-suspension of the DNA
gave clear, colorless, viscous solution.

Quantification of DNA was performed by  running 5.0 ìl
DNA solutions on 0.8 per cent agrose gel with known
concentration of uncut lamda DNA. Concentration was
adjusted to 25 ng /µl for use in RAPD-PCR. RAPD Primers
were obtained from Operon Technologies Inc, USA. In present
experiment, 10 primers were screened with all isolates of
Rhizoctonia solani. PCR was performed in 25 ìl reaction volume
containing 1.5 unit Taq DNA polymerase, 10mM dNTPs, 20mM
Tris HCl (pH8.0); 50mM KCl; 1.5 mM MgCl2, 0.5 ng primer
and 25-50 ng of genomic DNA. The reaction mixture was
vortexed and centrifuged briefly. DNA amplification was
performed in a ”Biometra Thermo cycler” using the thermal
conditions as follows, initial denaturation at 94°C for 5 minutes,
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40 cycles of denaturation at 94°C for 1 minute, annealing at
37°C for 1 minute and extension at 72°C for 2 minutes followed
by final extension at 72°C for 7 minutes.

The PCR products (10µl) were resolved by gel
electrophoresis by using 1.2 per cent agarose gel in 0.5x Tris
Borate EDTA (TBE) buffer, at 50 V for 4-5 h. Gel was observed
in UV Translluminator and photographed by digital camera.
In the contro l treatment , PCR reaction mixtu re was
supplemented with sterile distilled water instead of genomic
DNA. One kb DNA ladder was used as DNA markers.

All fingerprint data were converted into a binary matrix
based on the presence or absence of individual amplified
bands for each isolate. An RAPD band of particular molecular
weight present in an isolate was marked as 1 and absence was
recorded as 0. The cluster analysis was performed by using
unweighted pair group method and arithmetic average
(UPGMA) to distinguish Rhizoctonia solani isolates.

The computer software NTSYS-PC Version 2.02c (Rohlf,
1987) was used for data analysis. Pairwise association
coefficients were calculated from qualitative data matrix Jaccard
similarity coefficient (Jaccard, 1980).

RESULTS AND DISCUSSION

Pathogenicity: All eight isolates tested for their pathogenicity
towards C-235 variety of chickpea were found virulent in
sterilized and in unsterilized soil. Koch’s postulates were
proven for each isolate. Symptoms of disease showed gradual
yellowing and the petiole leaflets droop without collapse of
seedlings (Plate.1).  The stems and roots near the lesions
showed rotting frequently with pinkish mycelial growth.
Sclerotia were usually seen. Symptoms of wet root rot appeared
after 40 days of germination in sterilized soil while it was
delayed upto 52 days in unsterilized soil (Plate.1). The root rot
per cent incidence  in sterilized and unsterilized soil varied
from 40 to 86.67 and 46.67 to 66.67, respectively (Table.1).
Isolate collected from Bikaner was found highly virulent,
followed by isolates collected from Delhi, Hisar, Karnal,

Sriganganagar, Hanumangarh, Gurgaon and Nagaur.
Genetic diversity: The RAPD analysis showed varied number
of bands among the selected isolates of R. solani. The
molecular weight of the Marker is 100 bp DNA Ladder Marker.
The banding pattern generated by each primer was primer
and isolate dependent and varied form 5 (OPC-14) to 12 (OPC-
10).

Total of 82 amplicons were obtained with 10 primers
with and average 8.2 band per primer. Out of 82 bands, 80 were
found to be polymorphic and the level of polymorphism was
97.56%. The average number of polymorphic bands per primer
was found to be 8 (Table 2). Eight out of total ten primers viz.
OPC-1, 8, 9, 10,11,12,14 and OPA-14 yielded all polymorphic
bands. The OPC-7 and OPC-13 produced one monomorphic
band each (Table 2). The OPC-10 produced all 12 polymorphic
bands out of total 12 bands and least polymorphic bands
were generated by OPC-14 with 5 polymorphic bands (Table
2).

A dendogram representing the genetic relationship
among the isolates based on RAPD was developed (Fig.1).
The clustering of isolates had a regional influence. The isolates
from near by regions tended to be more similar. Through highly
diverse isolates tended to group in relation to the regional
closeness. The group A consisted of isolates from Bikaner
and Nagaur paired together and Sriganganagar paired with
Hanumangarh isolate that are regionally closer. Moreover, all

Plate 1. Pathogenecity of isolates of R. solani
A-Wet root rot infected plants in sterilized soil (45DAS)
B- Wet root rot infected plants in unsterilized soil (52DAS)
C-Control (55DAS)
DAS=Days after sowing

Table 1. Pathogenicity of eight isolates of Rhizoctonia solani
on C-235 variety of chickpea in sterilized and
unsterilized soil

*Figure in parenthesis are mean angles corresponding to percentage

Disease incidence (%) Isolate 
Sterilized Unsterilized  Mean 

Bikaner 86.67 
(72.29) 

66.67 
(54.99) 

76.67 
(63.64) 

Sriganganagar  60.00 
(50.77) 

46.67 
(43.08) 

53.33 
(46.92) 

Hanumangarh 53.33 
(46.92) 

46.67 
(43.08) 

50.00 
(45.00) 

Nagaur 40.00 
(38.86) 

53.33 
(47.30) 

46.67 
(43.08) 

Hisar 60.00 
(51.14) 

46.67 
(43.08) 

53.33 
(47.11) 

Karnal 60.00 
(50.77) 

46.67 
(43.08) 

53.33 
(46.92) 

Gurgaon 40.00 
(39.23) 

60.00 
(50.77) 

50.00 
(45.00) 

Delhi 73.33 
(59.21) 

46.67 
(43.08) 

60.00 
(51.14) 

Mean 59.17 
(51.15) 

51.67 
(46.06) 

55.42 
(48.60) 

 
 SEm (±) CD (P=0.05) CD (P=0.01) 

Isolates 3.38 9.58 12.75 
Soil types 1.69 4.79 6.37 
Isolates x soil types  4.78 13.54 18.03 
CV (%) 3.38 9.58 12.75 
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Table 2. Analysis of the polymorphism obtained with random primers and its Discriminative Power (D) among various isolates
of Rhizoctonia solani

Primer Sequence (5’-3’) Total No. of 
bands (a) 

No. of polymorphic bands 
(b) 

Polymorphism b/a x 100  
(%) 

(D) 

-OPC-1 TTCGAGCCAG 8 8 100.00 0.93 
OPC-7 GTCCCGACGA 7 6 85.71 0.86 
OPC-8 TGGACCGGTG 10 10 100.00 0.89 
OPC-9 CTCACCGTCC 7 7 100.00 0.93 
OPC-10 TGTCTGGGTG 12 12 100.00 0.96 
OPC-11 AAAGCTGCGG 9 9 100.00 0.89 
OPC-12 TGTCATCCCC 6 6 100.00 0.89 
OPC-13 AAGCCTCGTC 10 9 90.00 1 
OPC-14 TGCGTGCTTG 5 5 100.00 0.86 
OPA- 14 TCTGTGCTGG 8 8 100.00 0.89 

Total 82 80 97.56  

 these four isolates represented geographically different region
than other four isolates from Delhi, Gurgaon, Hissar and Karnal.
Among group B also Delhi paired with Gurgaon and Hissar
with Karnal that were regionally closer. Similar to the present
studies some level of geographical correlation has been
indicated in M. phaseolina (Vandemark 2000, Mayek-perez et
al. 2001, Almeida et al. 2003, Das et al. 2006, Shekher et al.
2006). The range of genetic similarity was found between 0.12
(Hanumangarh-Karnal) to 0.79 (Delhi-Gurgaon and Hisar-
Karnal). The average genetic similarity coefficient observed
was 0.34± 0.1. Isolate Delhi-Gurgaon (0.79), Hisar-Karnal (0.79),

Hanumangarh-Sriganganagar (0.77) and Bikaner-Nagaur (0.77)
were found closer to each other. Isolate Hanumangarh-Karnal
(0.12), Karnal-Sriganganagar (0.15), Hanumangarh- Hisar
(0.16), and Gurgaon- Hanumangarh (0.19) was found to be
least variable   (Table 3). The eight isolates were separated
into two groups (A&B) at the level of 21 per cent similarity.
Iso lates from Bikaner, Hanumangarh, Nagaur and
Sriganganagar belonging to one geographical region clustered
into group (A) at 43 per cent similarity while isolates from
Delhi, Gurgaon, Hisar and Karnal clustered into another group
(B) with (0.59) average similarity coefficient.

The discriminatory power of different primers calculated
according to Hunter and Gaston (1988) has been presented
(Table 2). Primer OPC-13 has discriminatory power (D) as 1.
This indicates that is one primer generated unique banding
pattern for all the isolates and the isolates can be identified by
a single primer. Such primers discriminating all the isolates
have been reported by Monga et al. (2004). Campos and his
associates (2006) studied somatic incompatibility in
Rhizoctonia solani AG-1 IA causing foliar blight of soybean
in Brazil. Similarly, Gutierrez et al. (2006) has characterized
Rhizoctonia solani Kuhn isolates that induced root rot in
black bean cultivars (Phaseolus vulgaris L.) in Spain. Banerjee
and his Coworkers (2012) has also characterized molecular
variability in Rhizoctonia solani isolates incitant of sheath
blight of rice from different agro-ecological zones by random
amplified polymorphic DNA (RAPD) markers. The variation
of isolates of root rot pathogen based on pathogenicity and
molecular marker can ultimately help in our endeavor of
managing this important disease.

Table 3. Similarity matrix generated by Jackard’s similarity coefficient for eight isolates of Rhizoctonia solani
Isolate Bikaner Sriganganagar Hanumangarh Nagaur Hisar Karnal Gurgaon Delhi 
Bikaner 1.000        
Sriganganagar  0.232 1.000       
Hanumangarh 0.269 0.775 1.000      
Nagaur 0.711 0.321 0.314 1.000     
Hisar 0.207 0.210 0.161 0.246 1.000    
Karnal 0.203 0.152 0.123 0.220 0.791 1.000   
Gurgaon 0.200 0.246 0.193 0.241 0.500 0.521 1.000  
Delhi 0.214 0.281 0.228 0.255 0.451 0.471 0.795 1.000 

 

Fig 1. Dendogram showing relationships among Rhizoctonia
solani isolates generated by UPGMA analysis bases
on RAPD analysis

Bikaner

Nagour

Sriganganagar

Hanumangarh

Hisar

Karnal

Gurgoan

Delhi

100

82

0.04

100

100

100

100

100



Prasad et al. : Assessment of pathogenic and molecular variability in isolates of Rhizoctonia solani infecting chickpea 45

REFERENCES

Almeida AMR, Abdelnoor RV, Arias CAA, Carvalho VP, Filho DSJ,
Marin SRR, Benato LC, Pinto MC and Carvalho CGP. 2003.
Genotypic diversity among Brazilian isolates of Macrophomina
phaseolina revealed by RADP. Fitopatologia Brasileira  28 : 279-
85.

Banerjee S, Dutta S, Mondal A, Mandal N and Bhattacharya S. 2012.
Characterization of molecular variability in Rhizoctonia solani
isolates from different agro-ecological zones by random amplified
polymorphic DNA (RAPD) markers. African Journal of
Biotechnology 11: 9543-9548.

Campos AP, da S and de Ceresini PC. 2006. Somatic incompatibility in
Rhizoctonia solani  AG-1 IA of soybean. [Portuguese]. Summa
Phytopathologica 32 : 247-254.

Das IK, Fakrudin B and Arora DK. 2006. RAPD cluster analysis and
chlorate sensitivity of some Indian isolates of Macrophomina
phaseolina from sorghum and their relationships with pathogenicity.
Microbiol Res 163: 215-24.

Doyle JJ and Doyle JL. 1990. Isolation of plant DNA from fresh tissue.
Focus 12 : 13-15.

Gutierrez B, Gonzalez MS and Salih LA. 2006. Characterization of
Rhizoctonia solani Kuhn isolates that induce root rot in black bean
cultivars (Phaseolus vulgaris L.). [Spanish]. Bioagro 18: 63-72.

Hunter PR and Gaston MA. 1988. Numerical index of the discriminatory
ability of typing systems: An application of Simpson s Index of
diversity. J Clinical Microbial 26: 2464-2466.

Jaccard P. 1980. Nouvelles rescherches surla distribution forale. Bull.
Soc. Valid Sci. Natl. 44 : 233-270.

Mayek-pere NC, Lopez-caataneda M, Gonzalez-Chavira R, Garch-
Espinosa J, Acosta-Gallegos OM, Vega and Simpson J. 2001.
Variability of Mexican isolates of Macrophomina phaseolina based
on pathogenesis and AFLP genotype. Physiol. Mol. Plant Pathol.
59: 257-264.

Monga D, Rathore SS, Mayee CD and Sharma TR. 2004. Differentiations
of isolates of cotton rot pathogens Rhizoctonia solani and R.
bataticola using pathogenicity and RAPD markers. J. Plant
Biochemistry & Biotechnology 13: 135-139.

Rohlf FJ. 1987. NTSYS-pc: Microcomputer programs for numerical
taxonomy and multivariate analysis. Amer. Statistician 41:330.

Shekhar M, Sharma RC, Singh L and Dutta R. 2006. Morphological and
pathogenic variability of Macrophomina phaseolina (Tassi.) Goid.
incitant of charcoal rot of maize in India. Indian Phytopath 59 :
453-459.

Vandemark G, Martinez O, Pecina V and  Alvarado MDJ. (2000).
Assessment of genetic relationships among isolates of
Macrophomina phaseolina using a simplified AFLP technique and
two different methods of analysis. Mycologia 92: 656-664.



Journal of Food Legumes 27(1): 46-47, 2014

ABSTRACT

Maruca vitrata is an important pest of pigeonpea and other
legumes in India. A number of biorationals have shown good
promise against the pest. The present study was conducted to
evaluate the potential of ecofriendly products like Dipel (Bt),
Neem oil 3%, Metarhizium anisopliae 2x108 CFU/ml, Beauveria
bassiana 1x109CFU/ml,  Spinosad 45% SC in comparison with
Chlorpyriphos 20EC to manage the spotted borer, when applied
as foliar sprays. Pooled data of two years revealed that Bt and
Spinosad were highly effective recording least pod damage
(5.1%), least seed damage (4.3-4.5%), highest yield (1235-1237
kgha-1) and most profitable benefit : cost ratio (3.2). Neem oil
and Metarhizi um  fared ne xt better.  B. Bassiana  and
Chlorpyriphos though were better than the control, were
inferior to the other treatments. Correlation and regression
studies on the extent of pod and seed damage on yield indicated
that pod damage and seed damage were significantly but
negatively correlated with yield. Regression equation was fitted
and discussed.

Key words: Beauveria bassiana, Bt, Metarhizium anisopliae,
Neem oil, Pod damage, Seed damage, Spinosad

Pigeonpea is an important food crop of semi-arid regions
of India. It is a source of high protein and forms an important
component of our food. Maruca vitrata, the legume pod borer
is a serious pest of grain legumes in the tropics and sub-
tropics. In Asia it is   pest of pigeonpea, common beans,
soybean and cowpeas (Barroga 1969 and Saxena 1974). Studies
by many workers (Sahoo and Senapathi 2000, Mohapatra and
Srivastava 2002) have shown that insecticides are efficacious
in controlling the pest but recent reports of the incapacity of
synthetic chemicals to manage the pest has diverted research
to find out novel ways to contain its damage. Moreover, timing
of the applications of pesticides has been found to play a
major role in determining the success of the sprays (Narendra
Reddy et al. 2001). Since biorationals have shown good
efficacy against the pest (Sunil Kumar et al. 2004), a field
experiment was designed to assess the performance of some
commonly used biorationals applied as foliar sprays at three
crop stages i.e. 50% flowering, flowering and  pod initiation
stage.

MATERIALS AND METHODS

The experimental trial was laid out in 1000 sq.m. area in
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the research farm of Agricultural  Research Institute,
Rajendranagar, Hyderabad, Andhra Pradesh in a randomized
block design with seven treatments and three replications in
kharif seasons of 2010-11 and 2011-12. Size of each plot was
40 sq.m. Sowings of ‘Asha’ variety of pigeonpea was done in
the first week of July. Normal agronomic practices were
followed for all the plots. Treatments included Dipel (Bt), Neem
oil 3%, Metarhizium anisopliae 2x108 CFU/ml, Beauveria
bassiana 1x109 CFU/ml, Spinosad 45% SC and Chlorpyriphos
20 EC which were applied as foliar sprays thrice on the crop;
once at 50% flowering stage, again at full flowering and then
at pod initiation stage. At harvest, observations on pod
damage, seed damage and yield were recorded and means
were analyzed using OPSTAT statistical package by ANOVA
after angular transformation. Benefit: cost ratios were
calculated taking into account the market value of the yield
obtained and the cost of the treatment applications. Correlation
and regression study of yield with pod damage and seed
damage was done to estimate their impact on yield. A multiple
regression equation was fitted.

RESULTS AND DISCUSSION

The pest was first noticed in late September after
flowering had started and thereafter continued till the pods
were formed fully in the year 2010 while in 2011 kharif, the
pest was noticed from mid - October. The crop came to 50%
flowering in the last week of October (41st SWk). Pooled data
of two years (Table1) revealed that Bt and Spinosad were
highly effective against the spotted pod borer recording least
pod damage (5.1%), least seed damage (4.3 - 4.5%), highest
yield (1235 - 1237 kgha-1) and most profitable benefit: cost
ratio (3.2.). Neem oil and Metarhizium fared next better
recording 8.2 - 8.6% pod damage, 8.1 - 8.6% seed damage,
yield level of 1101 - 1123 kgha-1 and B : C ratio of 2.4 - 2.5.
Beauveria and Chlorpyriphos though were better than the
control, were inferior to the other treatments. Similar results
have been reported by Rao et al. (2007) who found Spinosad
to record greatest reduction in larval population and least
pod damage by Maruca  vi trata  as compared with
Monocrotophos and Metarhizium. Mohapatra and Srivastava
(2008) reported that Bt (Biobit) treated plots had the lowest
pod damage, seed damage and seed loss compared to other
biorationals like NSKE and Lufenuron.
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Yield - infestation studies

Regression studies (Fig.1) between yield and pod
damage revealed that their relationship was significantly
negatively correlated (r2= - 0.98). Coefficient of determination
(d) for yield-pod damage correlation revealed that unit
variation in pod damage produced a variation of 98%.
Correlation studies between yield and seed damage showed
that there was a significantly negative relationship between
the two (r2= - 0.96), which indicated that unit variation in seed
damage produced a variation of 96% in yield (Fig. 2.).

Correlation studies of yield with pod damage and seed
damage were carried out to study their impact on yield.
Multiple regression studies resulted in the following equation
(p < 0.01)

Y=1452.76 - 36.87 pod damage - 5.92 seed damage. This
indicated that if pod damage and seed damage increased by
one per cent, yield would decrease by 36.87 kg/ha and 5.92
kg/ha respectively. Dahiya et al. (1999) carried out similar
studies and correlated yield and pod damage in pigeonpea.
They obtained a correlation coefficient (r) of - 0.93 and reported
that grain yield was significantly and negatively correlated
with pod borer damage. Mohapatra and Srivastava (2008)
conducted similar studies and reported 43.1 kg/ha loss in yield

with unit increases in pod damage and 74.7 kg/ha loss in yield
with unit increase in seed damage. Ecologically safe products
like Bt and Spinosad hold promise as good alternatives to
chemical insecticides and are essential components of organic
farming practices.
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Table 1. Performance of biorationals against Maruca vitrata*

*Pooled data of two years, 2010 and 2011

Treatments Pod damage 
% 

Seed damage 
% 

Yield 
kg/ha 

B:C 
ratio 

Bt (Dipel) 5.1a (12.99) 4.5a (12.18) 1235a 3.2 
Neem oil 5% 8.6b (17.00) 8.6b (17.15) 1101b 2.5 
Metarhizium 
anisopliae 8.2b (16.66) 8.1b (16.52) 1123b 2.4 

Beauveria basiana 11.7c (20.01) 10.9c (19.27) 904c 2.0 
Spinosad 5.1a (13.04) 4.3a (11.89) 1237a 3.2 
Chlorpyriphos 12.8c (20.98) 11.7c (19.96) 915c 1.9 
Control 16.2d (23.71) 14d (21.95) 791d 1.1 

 

Fig. 1. Yield-infestation relatio nship with respect to pod
damage by Maruca

Fig.2. Yield-infestation relationship with respect to seed
damage by Maruca
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ABSTRACT

Two sets of sixty genotypes of pigeonpea of Indo-African
derivatives peculiar of having varied pigments on different plant
parts were grown at Centre of Excellence for Research on
Pulses, Sardarkrushinagar Dantiwada Agricultural University,
Sardarkrushinagar, Gujarat during kharif 2009-10 in
randomized block design with two replication to study the impact
of morphological and biochemical constitution on incidence of
Helicoverpa in pigeonpea. The first set was grown in net house,
while second set was kept as control and the per se susceptibility
was ascertained as per cent loss in yield due to Helicoverpa as
compared to control. The data were recorded on different
morphological and biochemical attributes. The observations
were also taken in laboratory on growth of larvae in terms of
gain in body weight. The results indicated that flower colour,
pod colour, branching pattern, peduncle length and petiole
length has no bearing in conditioning tolerance to Helicoverpa.
The tolerant genotypes have four characters viz., prominent
pod constriction, non-determinate growth habit, glandular
trichomes and thick pod wall in common and can be regarded
as non-preferential attributes for Helicoverpa. The lower total
sugar content, higher total tannin and total phenol contents
with longer pods appeared good indicator of resistance to
Helicoverpa.

Key words: Helicoverpa, Indo-African Derivatives, Pigeonpea

Pigeonpea is a versatile crop having immense flexibilities
in maturity and other attributes besides most preferred pulse
with diverse utilities across the country, yet its national
productivity has remained static around 0.8 tons/ha. This is
very low as compared to its potential. Biotic stresses in general
and pod borer, Helicoverpa armigera (Hubner) in particular
takes heavy toll of the crop culminating in enormous
irreversible quantitative losses. There are three mechanisms
of host pest resistance viz., non-preference, antibiosis and
tolerance (Painter 1951). The preliminary studies in pigeonpea
indicated that pigmentations were ascribed to flavinoides
contents and that resistance to H. armigera was directly related
to anti-nutritional contents, while the nutritional factors like
pro tein per  cent had negative correlations. Plant
characteristics that are less suitable or unsuitable for feeding,
oviposition and development of an insect can be classified in
to two categories (i) morphological characters such as colour
of flower, colour of pod, petiole length, pod constriction, pod
length, plant type, pod thickness, branching pattern, pod

Impact of morphological and biochemical constitution of genotypes on incidence of
Helicoverpa in pigeonpea [Cajanus Cajan (L.) Millsp.]
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trichoms, peduncle length and leaf thickness and (ii)
biochemical attributes like total phenol content, total tannin
content, total sugar contents, total protein content. The role
and efficiency of these attributes in imparting resistance can
be assessed by comparative extent of yield losses and per
cent body weight gain of larvae of Helicoverpa under
controlled net house feeding in different genotypes as
compared to check.

MATERIALS AND METHODS

The experimental material for the present study
comprised 60 diverse single plant selections (SPS) from F6
generations of 10 x 10 diallel encompassing exotic lines from
Kenya (‘ICP-9140’; ‘ICP-9135’), Tanzania (‘ICP-12116’; ‘ICP-
12161’), Myanmar (‘ICP-11488’) and Canada (‘ICP-13555’) and
diverse indigenous genotypes (‘GT-100’, ‘GT-101’, ‘Banas’
and ‘ICP-11912’). The African germplasm though had very
long duration yet evinced immense complimenting ability of
variability to Indian counterparts for yield components. The
SPS were peculiar of having varied pigments on flowers, pods
and seeds with drastic differences for thickness of leaves that
are critical from Helicoverpa resistance point of view (Acharya
et al. 2008).  The details of the SPS were given in Table 1.

The trial was laid out in two sets in randomized block
design with two replications under identical conditions at the
Centre of Excellence for Research on Pulses, Sardarkrushinagar
Dantiwada Agriculture University, Sardarkrushinagar, Gujarat,
during kharif 2009-2010. In each set each entry was
accommodated in a single row plot of 2m length spaced 90 cm
apart with intra-row spacing of 30 cm. One set was covered
with insect proof net house and was exposed to feeding to
Helicoverpa by releasing Helicoverpa.  The per se resistance
to Helicoverpa was estimated as per cent reduction in yield in
each genotype due to Helicoverpa feeding in net house as
compared to yield of the same genotype under controlled
condition. The per se resistance to Helicoverpa was further
substantiated by feeding the larvae on individual plant parts
(pods, flower and buds) in laboratory and taking observations
on growth of larvae in terms of gain in body weight. The
observations were also recorded under laboratory condition
for controlled feeding of 4th instar of Helicoverpa on pods for
10 days as evident by gain in weight of larvae. The estimated
per se resistance in each genotype were utilized for studying
resistance to Helicoverpa vis-a-vis different morphological
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components viz., petiole length (cm), pod length (cm), pod
wall thickness (mm), peduncle length (cm) and leaf thickness
(mm); and biochemical attributes viz., total phenol content
(%), total tannin content.(%), total sugar content (%), food
protein content (%) and gain in larval weight (mg).  The
resistance to Helicoverpa as measured through per cent loss
in yield and allied traits was also substantiated by studying
the influence of different morphological characters on host
preference by taking observations on flower colour, pod
colour, pod constriction, branching pattern, plant habit and
pod trichomes.

RESULTS AND DISCUSSION

The comparison of the data on impact of differential
combination of pigments and allied traits on incidence of H.
armigera in different Indo-African derivatives of pigeonpea
as given in Table 1 revealed that flower colour had palpable
influence on preference for feeding by H. armigera. The
genotypes having white colour flowers were preferred least
by larvae for feeding than genotypes having pink, red and
yellow colour flowers. In case of pod colour, genotype having
green and green with brown streaks colour pod evinced lesser
preference for larval feeding than the genotypes having green
pods with purple streaks. Genotypes having smooth or slight
pod constriction were preferred lesser by larvae than
genotypes showing prominent pod constriction. In branching
pattern, erect genotypes were least preferred by larvae than
the genotypes having semi-erect  branching pattern.
Genotypes having non-determinate growth habit were least
preferred by larvae than genotypes exhibiting determinate
growth habit.

Genotypes having non-glandular pod trichomes were
least favored by larvae than genotypes having glandular pod
trichomes. Further, the genotypes having shorter pod length
were preferred lesser by larvae than genotypes having longer
pods. Similarly, genotypes having shorter peduncle length
and petiole length were least preferred by larvae than
genotypes having longer peduncle length and petiole length.
Thicker pod wall exhibited lesser preference for larvae than
genotypes evincing thinner pod wall. In contrast to this,
thinner leaf exhibited lesser preference for larvae than
genotypes having thicker leaves. The present findings are in
conformity with the findings of Dodia and Patel (1994).

The impact of different biochemical attributes viz., food
protein content (%), total tannin content (%), total sugar
content (%) and total phenol content (%) on host preference
were also studied in relation to incidence of H. armigera. The
results indicated that genotypes having more protein content
in buds were preferred least by larvae than genotypes having
lesser protein content. The lesser tannin content per cent in
buds was preferred less than genotypes having more tannin
content. Further, more total sugar content increased the
incidence of H. armigera. Lesser total phenol content per

cent in bud were least preferred by larvae than genotypes
having more total phenol content. These finding are in
consonance to the findings of Sahoo and Patnaik (2003), who
also reported significant positive correlation between protein
content and incidence of H. armigera in pigeonpea. They
also reported significant and negative correlation between
phenol content and tannin content of seeds with incidence of
H. armigera. These findings are also in confirmation to the
finding of Dodia et al. (1998), who have reported that the
higher tannin content in bud in resistant genotypes of
pigeonpea.

Thus, from the present study it can be concluded that
there exist enormous genotypic differences for resistance to
Helicoverpa as measured through per cent loss in yield as
also for other components. The lower total sugar content,
higher total tannin and total phenol contents with longer pods
is good indicator of resistance to Helicoverpa. However,
correlations of total phenol content and total tannin content
with total sugar content were negative. Thus, high volume
crossing like biparental mating, diallel selective mating,
disruptive selection and recurrent selection would be desirable
to break these undesirable linkages. The positive correlation
of tannin contents with pod length can be further exploited to
have better  combination of yield and resistance to
Helicoverpa. The importance of biochemical attributes like
food protein content, total tannin content, total sugar content
and total phenol content along with pod wall and leaf thickness
was indicated in breeding resistance to Helicoverpa in
pigeonpea. These characters had high heritability and high
expected genetic advance and therefore, need more emphasis
during selection programme aiming to improve resistance to
Helicoverpa in pigeonpea.

On the basis of results obtained ‘SPS-28’, ‘SPS-45’,
‘SPS-35’, ‘SPS-38’, ‘SPS-44’, ‘SPS-30’, ‘SPS-48’, ‘SPS-57’,
‘SPS-29’, ‘SPS-34’, ‘SPS-33’, ‘SPS-16’ and ‘SPS-31’ exhibited
good tolerance to Helicoverpa as evinced by reduction in
yield.  They exhibited subjective combinations of different
characters. The further analysis of the tolerant genotypes
indicated that flower colour, pod colour, branching pattern,
peduncle length and petiole length has no bearing in
conditioning tolerance to Helicoverpa.  However, the tolerant
genotypes have four characters in common viz., prominent
pod constriction, non-determinate growth habit, glandular
trichomes and thick pod wall. Thus, these characters can be
regarded as non-preferential attributes for Helicoverpa. The
consummate consideration of all these attributes along with
breeding strategies like biparental mating, disruptive mating,
diallel selective mating design and recurrent selection after
involving parents from diverse clusters could be useful for
breeding resistance to Helicoverpa in pigeonpea.

Summing up the results of both field and laboratory
conditions, it appeared that flower colour, pod colour,
branching pattern, peduncle length and petiole length has no
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Table 1: Impact of differential combination of pigments and allied traits on incidence of H. armigera in Indo-African derivatives
of pigeonpea selected at Sardarkrushinagar (Gujarat)

Pod colour: GWBS - Green with brown streaks, GWPS - Green with purple streaks; Pod constriction: P - Prominent, S – Slight; Branching pattern:
SE- Semi – erect, SP- Semi-spreading; Plant habit: NDT- Non-determinate, DT- Determinate; Pod trichomes: NG- Non-glandular, G- glandular.

Sr. 
no. 

Genotypic 
designation 

Flower 
colour 

Pod  
colour 

Pod 
constriction 

Branching 
pattern 

Plant 
habit 

Pod 
trichomes 

Pod 
length 
(cm) 

Peduncle 
length 
(cm) 

Petiole 
length 
(cm) 

Pod wall 
thickness 

(mm) 

Leaf 
thickness 

(mm) 

Gain 
larval 
weight 
(mg) 

Resistance to 
Helicoverpa as 

measured through 
percent loss in 

yield 
1 ‘SPS-1’ Red GWBS S Erect NDT NG 7.15 3.15 3.35 46.00 0.31 315.00 32.26 
2 ‘SPS-2’ Yellow Green S Erect NDT NG 7.05 2.55 4.35 43.00 0.30 362.50 35.75 
3 ‘SPS-3’ Yellow GWBS S Erect DT NG 7.05 2.55 4.15 46.50 0.26 362.50 40.03 
4 ‘SPS-4’ Red Green S SE NDT G 7.30 2.20 3.80 42.50 0.25 333..00 40.56 
5 ‘SPS-5’ Yellow GWBS S SE NDT G 7.15 4.20 3.35 46.50 0.31 302.00 30.08 
6 ‘SPS-6’ Yellow GWBS P SE NDT G 8.35 3.25 3.25 31.00 0.25 333.50 18.19 
7 ‘SPS-8’ Yellow GWBS S SE NDT G 8.35 5.45 4.15 36.00 0.27 363.00 34.75 
8 ‘SPS-9’ Yellow Purple P SE NDT G 7.30 2.40 3.05 47.50 0.28 97.00 22.85 
9 ‘SPS-10’ Yellow GWBS S SE NDT NG 6.80 4.40 2.70 30.00 0.25 392.50 45.90 

10 ‘SPS-11’ Red GWBS S Erect NDT G 9.05 2.55 5.75 37.00 0.26 316.00 33.56 
11 ‘SPS-12’ Yellow GWBS P Erect NDT NG 6.15 5.10 3.50 33.00 0.26 403.00 37.17 
12 ‘SPS-13’ White Green S Erect NDT G 7.10 3.15 3.30 38.00 0.31 316.00 45.29 
13 ‘SPS-14’ White Purple S Erect NDT G 7.45 2.95 3.05 45.50 0.24 362.00 39.46 
14 ‘SPS-15’ Yellow GWPS P SE NDT G 6.90 2.65 3.75 38.00 0.25 70.50 19.62 
15 ‘SPS-16’ Red GWPS P SE NDT G 7.10 5.20 2.95 46.00 0.26 91.00 17.06 
16 ‘SPS-17’ Yellow Green S Erect NDT G 8.85 3.40 3.95 38.00 0.26 338.00 42.83 
17 ‘SPS-18’ Yellow GWBS S SE NDT G 6.25 3.45 3.70 40.50 0.25 365.00 35.47 
18 ‘SPS-19’ Yellow GWPS P SE NDT G 8.05 6.05 2.45 38.00 0.25 31.50 22.15 
19 ‘SPS-20’ White Purple P SE NDT G 7.95 4.15 4.05 50.00 0.25 226.00 43.42 
20 ‘SPS-22’ White GWPS P SE NDT G 7.85 3.35 3.70 34.00 0.25 38.00 19.62 
21 ‘SPS-23’ Yellow GWPS P SE NDT G 8.10 2.50 3.05 47.50 0.25 115.50 23.47 
22 ‘SPS-24’ Yellow GWPS P SE NDT G 8.05 4.10 3.50 46.50 0.25 45.50 20.43 
23 ‘SPS-25’ Red GWPS P SE DT G 7.05 2.60 3.45 45.50 0.25 79.50 29.67 
24 ‘SPS-27’ Yellow Green P SE DT G 7.40 2.50 2.55 37.50 0.28 75.00 20.01 
25 ‘SPS-28’ Yellow GWPS S SP NDT G 6.40 3.30 2.40 45.00 0.31 154.50 8.43 
26 ‘SPS-29’ Yellow GWPS S SE NDT G 7.00 4.10 2.45 36.50 0.25 116.00 15.60 
27 ‘SPS-30’ Yellow GWPS P SE NDT G 8.95 2.50 2.30 37.50 0.29 165.00 11.39 
28 ‘SPS-31’ Red GWPS P SE NDT G 8.05 2.40 4.05 39.00 0.25 30.00 17.22 
29 ‘SPS-32’ White GWPS P Erect NDT G 8.25 6.90 2.50 36.00 0.31 33.00 17.35 
30 ‘SPS-33’ Red GWPS P SE NDT G 8.45 3.15 3.20 42.50 0.28 21.50 16.90 
31 ‘SPS-34’ Yellow GWPS P SP NDT G 7.30 4.40 3.15 34.00 0.31 91.00 15.51 
32 ‘SPS-35’ Pink Green P SE NDT G 9.05 2.70 3.10 42.50 0.28 81.50 17.01 
33 ‘SPS-36’ Pink Green P SE NDT G 8.10 3.25 2.85 41.00 0.25 99.00 25.90 
34 ‘SPS-37’ Yellow GWPS S Erect NDT G 8.60 5.10 2.40 47.00 0.26 364.00 30.08 
35 ‘SPS-38’ Yellow Green P SP NDT G 6.25 3.65 2.85 40.00 0.25 104.00 16.08 
36 ‘SPS-39’ Yellow Green P SE NDT G 7.20 5.10 3.15 36.50 0.25 104.00 49.04 
37 ‘SPS-40’ Yellow Green P SE NDT G 8.30 4.05 2.95 32.50 0.26 93.50 33.15 
38 ‘SPS-41’ Yellow Green P SE NDT G 9.00 2.65 3.10 39.50 0.26 136.00 29.51 
39 ‘SPS-42’ Yellow GWBS S Erect NDT NG 7.40 3.05 4.10 36.50 0.25 364.00 32.04 
40 ‘SPS-43’ White Purple S SE NDT G 8.90 4.55 4.35 36.00 0.28 361.00 37.03 
41 ‘SPS-44’ Pink Purple P SE NDT G 8.35 4.35 5.10 47.00 0.28 93.00 19.94 
42 ‘SPS-45’ White Green S SE NDT G 8.20 3.00 3.60 35.00 0.25 95.00 8.57 
43 ‘SPS-46’ Yellow GWPS S SP NDT G 6.35 5.05 3.30 36.50 0.26 224.00 37.83 
44 ‘SPS-47’ Yellow Purple S Erect NDT G 7.25 3.40 3.05 39.00 0.25 378.00 25.99 
45 ‘SPS-48’ Yellow Green P SP NDT G 7.15 5.65 3.15 39.50 0.25 88.00 12.22 
46 ‘SPS-49’ Yellow Purple P SE NDT G 7.45 4.10 3.45 40.50 0.26 92.50 39.81 
47 ‘SPS-50’ Yellow Green P SE NDT G 7.25 5.10 2.65 43.00 0.26 132.00 20.83 
48 ‘SPS-51’ Yellow Purple P SE NDT G 7.20 3.15 4.05 36.00 0.25 102.50 22.42 
49 ‘SPS-52’ Yellow Green P SE NDT G 8.80 2.75 4.10 36.50 0.28 115.00 20.44 
50 ‘SPS-53’ Yellow GWPS S SE NDT NG 5.45 4.55 3.25 32.50 0.27 342.50 35.03 
51 ‘SPS-54’ Red GWPS S Erect NDT G 8.35 3.25 2.60 36.00 0.25 398.00 35.14 
52 ‘SPS-55’ Yellow GWPS S Erect NDT G 3.70 2.60 3.15 42.50 0.26 389.00 36.07 
53 ‘SPS-56’ Yellow GWPS S SE NDT G 3.55 3.65 2.70 40.00 0.33 329.00 29.65 
54 ‘SPS-57’ Yellow GWPS P SE NDT G 4.55 4.55 3.20 38.00 0.38 78.00 12.90 
55 ‘SPS-58’ Yellow Purple P SE NDT G 3.15 3.05 2.40 32.00 0.30 212.50 25.87 
56 ‘SPS-60’ Yellow Green P SE NDT G 5.20 5.15 3.05 31.50 0.32 212.50 50.58 
57 ‘SPS-61’ Yellow Green S SE NDT G 3.75 3.50 5.15 40.00 0.27 324.00 35.25 
58 ‘SPS-62’ Red GWPS P SE NDT G 3.25 2.80 3.10 30.50 0.25 182.50 28.94 
59 ‘SPS-63’ Yellow GWPS S SE NDT G 4.20 4.05 4.20 42.50 0.25 350.00 28.08 
60 ‘SPS-64’ Yellow GWPS S Erect NDT NG 3.80 4.10 3.20 43.00 0.25 397.50 27.19 

 C.D.       0.337 0.282 0.229 2.781 0.171 10.816 1.674 
 SE (M)       0.119 0.100 0.081 0.980 0.006 3.812 0.59 
 SE (D)       0.168 0.141 0.114 1.387 0.008 3.392 0.834 
 C.V.       2.37 3.794 3.361 3.518 3.124 2.606 2.991 
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bearing in conditioning tolerance to Helicoverpa while
prominent pod constriction, non-determinate growth habit,
glandular trichomes, thick pod wall,  lower total sugar content,
higher total tannin and total phenol contents with longer pods
appeared good indicator of resistance to Helicoverpa.
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ABSTRACT

Sixty demonstrations on improved pigeonpea technologies were
conducted during 2008 to 2012 under Krishi Vigyan Kendra,
Adilabad in its adopted villages. To define the impact of FLD’s
a study was conducted with 100 randomly selected farmers of
Adilabad district of Andhra Pradesh. The study revealed that,
the percent yield increases were observed higher in all aspect
of FLD’s adopted farmers than that of non adopted. The  yield
gap between the farmer practices and improved management
practices were much higher ranging from 247  to 415 kg/ha. It
was found that the overall knowledge index and mean score of
adopted and non-adapted farmers were 76.2, 3.7, 50.5 and 2.42
respectively. The adoption index of adopted farmers was also
found higher (81.06) than that of non-adopted farmers (48.18).
Hence, it is concluded that, KVK has contributed significantly
in the improved productivity of pigeonpea in the adopted
villages.

Key words: Adoption index,  Improved technologies, Knowledge
and adoption level, Knowledge index, Pigeonpea

Pigeonpea is one of the major grain legume crops of
tropical and sub- tropical climatic region. It finds an important
place in the farming systems adopted by small and marginal
farmers under rain-fed condition. In India, pigeonpea is majorly
grown in Maharashtra (1.1 million ha), Karnataka (0.58 million
ha), Andhra Pradesh (0.51 million ha), Uttar Pradesh (0.41 million
ha), Madhya Pradesh (0.32 million ha) and Gujarat (0.35 million
ha). In Andhra Pradesh it is cultivated in an area of 0.51 million
ha with a production of 3.02 lakh tones having productivity of
450 kg/ha (Bhatia et al. 2006). Non availability of improved
cultivars,  susceptibility of the crop to pests and diseases,
varying nature of the climate changes with terminal moisture
st ress/drought  in addi tion to inferior  crop and land
management practices are the major constraints to lower yields
of  pigeonpea. Regarding different agronomic practices, date
of sowing, crop geometry and plant population for a particular
cultivar and crop management practices play an important
role in determining the yield in pigeonpea (Pavan et al. 2009).

Various programs like NFSM, Mission mode projects
no doubt have made a significant contribution in production
and productivity of pulse crops. In recent years,  Agricultural
Research Stations have come out with improved technologies
particularly region specific and suitable varieties for high
yielding and pest and disease resistance. Despite this, the
adoption levels  of several components of the improved
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technologies were low for this crop, emphasizing the need for
better dissemination (Kiresur et al. 2001). Under the complex
and diversified system of agriculture, it is also necessary to
assess and refine the developed technologies to better make
them suit for the needs of different categories of farmers across
various agro-climatic zones (Sharma 2002). In this aspect, Krishi
Vigyan Kendra (KVK) plays an important role in dissemination
of technology to farmer’s field by various means such as On
Farm Demonstrations, FLD’s and vocational training
programmes. KVK has made efforts to improve the yields of
pigeonpea in its adopted villages by concentrating on various
ways. The various components comprised of introduction of
improved varieties, seed treatment and bio fertilizer application,
plant geometry, effective pod borer management and wilt
management. It has been observed that, within a time span of
4-5 years of KVK efforts in this regard, good outcome was
achieved. It is in this light an investigation was made to study
the impact of KVK on knowledge level of farmers and their
extent of adoption of improved technologies of  pigeonpea in
its adopted villages.

MATERIALS AND METHODS

In total sixty FLD’s were conducted during 2008-09 to
2010-11, in di fferent KVK adopted villages namely
Pittabongaram, Pataguda, Toyaguda, Dubbaguda and Mujgi
on farmer’s field. The major components included were; varietal
introduction, seed and bio fertilizer treatment, planting
geometry, pod borer and wilt management in  pigeonpea. All
the demonstrations were conducted on medium to black
cotton soils and red soils. Each demonstration was laid out in
an area of about 0.20 to 0.40 ha area. The basic inputs like
improved varieties (PRG 158), recommended dose of bio-
fertilizer, and insecticides were supplied to the farmers. Farmers
were advised to use proper seed rate with recommended
package of practices. The planting distance of row to row
(120cm) and plant to plant (10-15 cm) was ensured in the fields.
The seed treatment was done with Thiram @ 2g/kg seed and
then with Trichoderma viridi @ 5g/kg of seed as per
recommendation to control the disease infestation, Rhizobium
application @ 2 kg/ha with 25 kg of farm yard manure and 25
kg of soil before sowing. All the plant protection measures
were carefully followed as per the need. Every year the crop
yields were determined on equal plot size of 5m × 5m from five
subplots per  demonstration plots and farmers practice.
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Research design followed was Ex Post Facto for the
study. A structured interview schedule was constructed to
study the knowledge level and adoption behavior of the
farmers who were benefited by the FLD of the KVK. Fifty
adopted farmers from the adopted villages who were the
beneficiaries of the demonstrations and fifty farmers from non
adopted villages were selected to be compared on various
parameters. Thus, in total, the sample size consisted of 100.
The data so collected has been tabulated systematically and
analyzed. To study the knowledge and adoption level of the
farmers, Knowledge and Adoption Index was developed for
the study as follows.

Average knowledge score obtained
on a given recommended practice

Knowledge Index (K.I) = ———————————— x 100
Maximum obtainable knowledge

score on a given practice

Average adoption score obtained
on a given recommended practice

Adoption Index (A.I) = —————————––——— x 100
Maximum obtainable adoption

score on a given practice

RESULTS AND DISCUSSION

Pigeonpea yield and Extension gap: The data presented in
Table 1 indicated that the average yield of  pigeonpea improved
variety (PRG-158) under demonstration was 1629 kg/ha where
as that of conventional variety was 1250 kg/ha. This indicates
that, the use of improved variety gave in addition 30.3 percent
yield increase than the local one. Hence, the farmers were
motivated to grow improved varieties compared to the local
one. The yield obtained from plots with seed treatment coupled
with bio-fertilizer treatment and that of farmer practices were
1486 and 1225 kg/ha, respectively. An increase of 21.3 percent
was observed due to the intervention. The same increase trend
was noticed for plant geometry and wilt management. Further,
the highest percent yield increase (35.80 %) was recorded
under the component plant geometry than the other improved
technologies. Similar findings were made by Mandhare and
Suryawanshi (2005) and Nath and Mohapatra (2011) who have
reported the increasing yield trend of  pigeonpea. The FLD’s
under the pod borer management have recorded 1517 kg / ha

as an average highest seed yield in improved practices than
farmers practice. Over all, the results clearly indicates the
positive effects of FLD’s over the existing practices toward
enhancing the yield of pigeonpea in Adilabad District of
Andhra Pradesh. The similar increasing trend due to this
technology was also reported by Dudhade et al (2009).

Yield difference due to extension gaps were ranging
between 247-415 kg/ha. The highest extension gap was
recorded as 4.15 under planting geometry which emphasized
that there is a need to educate the farmers through various
means for the better adoption of improved agricultural
technologies to reverse the trend of wider extension gap. More
and more use of latest production technologies with high
yielding varieties will subsequently change this alarming trend
of galloping extension gap. The new technologies will
eventually lead to the farmers to discontinuance of old varieties
with the new technology (Singh et al. 2007).
Knowledge level and difference among the farmers: The
data in Table 2 clearly shows the status of knowledge level of
the respondent farmers. Based on the level of knowledge,
respondents were classified as high Level (with mean score
more than 17.9) and medium level (with mean score 11-17.9)
and low (with mean score <11). Majority of the adopted farmers
(52%) had higher knowledge level where as only 16 per cent
of the non adopted had high knowledge level and majority of
the non adopted had medium level of knowledge. Higher
knowledge level by majority of the adopted farmers might be
due to the fact that,  the given  awareness programmes were;
FLD, various method of demonstrations, field days  and group
discussions by the experts available at KVK, Adilabad.

The knowledge index of adopted and non adopted
farmers (table 3) reveals Knowledge difference of the adopted
farmers was more as compared to that of non adopted. The
adopted knowledge index was maximum (82.2) for planting
geometry of  pigeonpea followed by management of pod borer

Table 1. Summary of results of FLD’s (2008- 2011)
Year wise demonstrations 

conducted 
Yield  

(kg/ha) Technologies demonstrated 
2008-09 2009-10 2010-11 Total Improved Conventional % increase 

Extension 
gap 

Introduction of improved variety (PRG-158) 4 5 4 13 16.29 12.5 30.3 3.79 
Seed and bio-fertilizer  treatment (thiram @ 2g/ kg of seed and 
Trichoderma Viridi @ 5 g/ha) 

4 4 4 12 14.86 12.25 21.3 2.61 

Management of pod borer (Monocrotophos 1.5 ml/litre) 4 4 5 13 15.17 11.95 26.94 3.22 
Planting geometry (Row to Row- 120 cm, Plant to plant-15 cm) 3 4 4 11 15.75 11.6 35.8 4.15 
Wilt management (deep ploughing, collection and burning of  
stubbles, soil drenching with Carbendazim @ 0.5 g/litre 

4 3 4 11 14.72 12.25 20.16 2.47 

 

Table 2. Knowledge level of the farmers
Adopted farmers Non adopted Knowledge level 

Frequency Percentage Frequency Percentage 
High (total score >17.9) 26 52.0 8 16.0 
Medium (total score  
11-17.9 19 38.0 25 50.0 

Low (total score < 11) 5 10.0 17 34.0 
Total 50 100 50 100 
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Table 3. Knowledge difference of adopted and non adopted farmers
Difference in Knowledge 

Adopted farmers Non adopted farmers Technology demonstrated 
Total 
score 

Mean 
score KI Total 

score 
Mean 
score KI 

Introduction of improved variety (PRG-158) 173.0 3.8 76.4 126 2.8 56 
Seed and biofertilizer  treatment (thiram 2g/ kg of seed and Trichoderma Viridi 5 g/ha) 162.0 3.6 71.1 115 2.6 51.1 
Management of pod borer (Monocrotophos 1.5 ml/litre) 181.0 4.0 79.1 101 2.2 44.9 
Planting geometry (Row to Row - 120 cm, Plant to plant-15 cm) 152.0 3.3 82.2 94 2.1 52.2 
Wilt management (deep ploughing, collection and burning of stubble, soil drenching, 
Carbendazim @ 1 g/litre 167.0 3.6 72.0 109 2.4 48.4 

Over all mean 167 3.70 76.20 109 2.42 50.50 
Mean 12.1 18.2 
CV 26.9 40.0 
T 5.9** 
Mean difference 6.1 

 (79.1) and introduction of improved variety of  pigeonpea
(76.4). Higher Coefficient of Variation (CV) for non adopted
categories indicates that, non adopted have shown lesser
consistency compared to adopted categories. Further, the
statistical analysis of  ‘t test’ values  shows the significant
different between the farmers as per the knowledge score. It
might be due to difference in the availability of source of
information as the scientists were always available to the
farmers of adopted villages. The observation made by Ashok
Kumar Sharma et al (2011) was also similar in this regard.
Adoption level and difference among the farmers: The data
presented in the Table 4 indicates the adoption level of farmers
with respect to the implementation of the FLD’s technology.
Three classifications were made based on the score obtained
by them viz., full adoption category (with total score >17.9),
partial adoption category (with total score11- 17.9) and non
adoption category (with score <11). The Majority of the
adopted (70%) has implemented fully but whereas more than
half of the non adopted (54%) have not taken up the improved
technologies.

The study also  reveals the adoption index of
respondents (Table 5) which shows that the adoption Index
score was more for adopted farmers compared to non adopted.

The maximum adoption index score  was obtained for the FLD’s
program; Introduction of improved variety of  pigeonpea
(90.4%) followed by seed and bio fertilizer treatment  to
pigeonpea (83%), management of pod borer (82.4%) , Planting
geometry of  pigeonpea (75.5%) and wilt management (74% ).
But in the case of non adopted shows even less than fifty
percentages in adoption of all the improved practices. The
calculated “t” value (7.2) was highly  significant at 1.00 per
cent level of probability, indicating that there is remarkable
difference in the adoption level of the respondents. It is
concluded that the farmers of adopted villages adopting more
practices of improved technologies as compared to the farmers
of non-adopted villages. It might be due to the fact that the
vocational training, FLD’s and on-farm testing’s conducted
by the scientists of KVK might have motivated the farmers to

Table 4. Adoption level of the farmers
Adopted farmers Non adopted Adoption level Frequency Percentage Frequency Percentage

Fully adoption   
(total score  >17.9) 

35 70.0 5 10.0 

Partial adoption   
(total score 11-17.9) 

10 20.0 18 36.0 

No adoption   
(total score < 11) 

5 10.0 27 54.0 

Total 50 100 50 100 

 

Table 5. Adoption difference of improved technology
Difference in adoption 

Adopted farmers Non adopted farmers Technology demonstrated 
Total 
score 

Mean 
score AI Total 

score 
Mean 
score AI 

Introduction of improved variety (PRG- 158) 226 4.52 90.4 106 2.12 42.4 
Seed and bio-fertilizer  treatment (thiram @ 2g/ kg of seed and Trichoderma Viridi 
@5 g/ha) 

166 3.32 83 113 2.26 56.5 

Management of pod borer (Monocrotophos 1.5 ml/litre) 206 4.12 82.4 124 2.48 49.6 
Planting geometry (Row to Row- 120 cm, Plant to plant-15 cm) 151 3.02 75.5 108 2.16 54 
Wilt management (deep plouging, collection and burning of stubbles, soil drenching, 
Carbendazim @ 0.5 g/litre 

185 3.7 74 96 1.92 38.4 

Overall Average 186.8 3.736 81.06 109.4 2.188 48.18 
Mean 18.6 10.9 
CV (%) 29.1 48.2 
‘t’ test 7.2** 
Mean difference 7.7 
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adopt improved technologies (Dubey et al. 2011 and Sharma
2002). This finding is also in conformity with the report of
Kumawat (2008) and Burman et al (2006).

The study concludes that as in the case of
demonstration of FLD’s, the use of improved technologies of
pigeonpea cultivation can minimize the yield gap to a
considerable extent thus leading to increased productivity of
pigeonpea in the district. Concerted efforts at various levels
by the Department of Agriculture officials, research scientists
would create a positive impact with respect to the knowledge
awareness and also the adoption of the farmers, if there is a
constant interactions and commitments on the part of those
who are concerned with the farming community. This was
clearly shown by the KVK, Adilabad, where the fact that
adoption of FLD’s resulted in increase of the yields and also
farm income and has also proved that FLD’s are the better
tools to improve the productivity. What it needs is a proper
commitment from the part of the institutes working towards
the betterment of the farming community.
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ABSTRACT

Green gram and cluster bean are important legume crops and
integral part of sustainable production systems of western
Rajasthan. Therefore, a study was undertaken to assess the
knowledge level and information source utilization of legume
growers in Jalore district of Rajasthan. A total of 300 legume
growers were selected as respondents for the study. The findings
revealed that the legume growers had poor knowledge about
plant protection measures, seed treatment and high yielding
varieties, while majority of them had knowledge about method
of sowing, time of sowing.  There were pattern of information
sources utilized by legume growers. Agriculture Supervisor,
AAO, Scientists of KVK was predominantly used among
personal cosmopolite sources. Fellow farmers and telephones/
mobiles emerged as major sources of information in case of
personal localite sources. With regards to impersonal
cosmopolite sources Radio and Leaflet were the prime sources
of information for legume growers. The socio-economic,
communication and psychological factors had significant
positive relationship with knowledge level of legume growers
except farm power, size of holding and credit behavior.

Key words: Information sources utilization, Knowledge level,
Legume

The agriculture sector is the backbone of the country’s
economy and all time shelter for bulk of the population which
provides employment throughout the year and partially
restricts the migration of population from rural to urban areas.
India is the largest producer, importer and consumer of pulses
in the world, accordingly for 25% of global production, 15%
trade and 27% consumption. Pulses are grown in 32.07 lakh
ha area in Rajasthan, out of which 21.33 lakh ha area comes
under Kharif pulses and 10.74 lakh ha area under Rabi pulses.
Among Kharif pulses, green gram and cluster bean are
important crops in Jalore district of Rajasthan.  In India, cluster
bean grown on 240  lakh hectare area with production of 9.6
lakh tonnes and productivity of 402 kg/ha. The share of
Rajasthan in cluster bean production is 82.1 percent followed
by Haryana (8.5%), Gujarat (8.3%) and Punjab (1.0%).

In Rajasthan, 30.90 lakh ha area was covered by cluster
bean with 18.46 lakh tonnes production and productivity level
of 597 kg/ha. Whereas green gram was grown in 12.72 lakh ha
area with 6.47 lakh tonnes production and productivity level
of 509 kg /ha in Rajasthan in 2011-12. In the same year, district
Jalore green-gram and cluster-bean grown in 118 thousand ha
and 42.86 thousand ha area, where as production was 53.99
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thousand tonnes and 27.34 thousand tonnes, respectively.
The productivity of green-gram and cluster-bean was 558 kg
and 638 kg/ha. The western arid region of Rajasthan accounts
for 96% area of the crop and 82% of the production with the
productivity of 220.2 kg/ha/ha against 257.3 kg/ha productivity
of cluster bean in the state.

The area, production and productivity are greatly
dependent on monsoon pattern. Whenever, timely rains
occurs the sowing was done by farmers in larger area and
when monsoon delayed or very less rains received, the area
of cluster bean and green gram reduced.  The yield potential
of the cluster bean and green gram varieties is about 1600 to
1800 kg/ha. Thus, it indicates that cluster bean and green
gram production technology have tremendous potential for
higher yield. It indicates the wide technology gap. Keeping
this in view, the study was under taken with objectives: i) To
study the knowledge level of cluster bean and green gram
growers; ii) To study the sources and channels of agricultural
information being used by the farmers about improved package
of practices of legumes; and iii) To ascertain the association
between socio-economic, communication and psychological
characteristics with the knowledge of legume growers.

MATERIALS AND METHODS

The study was conducted in the Jalore district of
Rajasthan. Out of seven Panchayat Samities, two Panchayat
Samities viz. Jalore and Ahore were purposely selected due to
having maximum area and production in the district and five
villages from each Panchayat Samiti were selected randomly.
From each selected village, thirty legume growers (15 green
gram and 15 cluster bean) were selected randomly. Thus a
total of 300 legume growers were identified as respondents
for study. The data were collected with the help of a pre-
tested interview schedule through personal interview.

To measure the knowledge level of legume growers, a
Knowledge Index was prepared considering 11 dimensions
namely; knowledge of high yielding varieties, seed rate, seed
treatment, time of sowing, method of sowing, spacing,
application of organic manures, nitrogenous fertilizers,
phosphatic fertilizers, intercultural operations, weeding and
plant protection measures. These dimensions were identified
after review of literatures and discussion with scientists and
other experts. For each knowledge dimension, except method
of sowing, the knowledge level was categorized in three
categories .i.e. maximum score of 2 was given for the farmers
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who had complete knowledge of recommended practices
pertaining to dimensions. A score of 1 was assigned when the
farmers expressed awareness but did not know in detail and a
score of zero was assigned when the farmers expressed total
ignorance. For the dimension method of sowing the score
ranged from 1  to 3. One for knowledge confided to
broadcasting method and 2 for sowing behind the plough
and 3 for knowledge about sowing with seed drill was
assigned. Thus, the total knowledge score could ranges from
1 to 23. The total score of knowledge for each respondent was
computed by adding up the scores of 11 dimensions. The
knowledge level was cauterized as low, medium and high based
on mean+ standard deviation.
The pattern of information sources utilization:  The pattern
of information sources utilized by the respondents was studied
in terms of their frequency of contact and credibility towards
different sources of information. The Credibility Index was
calculated by using most credible source and less credible
source of information. Mean scores and ranking method were
employed to understand the preference of legume growers
towards the information sources. The correlation analysis was
used to find out the relationship between socio-economic,
communication and psychological  variables with the
knowledge.

RESULT AND DISCUSSION

1. Practice wise knowledge of respondent about legume
production technology

Knowledge about  both legume crops namely green
gram and cluster bean growers was analyzed for 11 practices

of improved cultivation of legumes namely high yielding
varieties, seed rate, seed treatment, time of sowing, method of
sowing, spacing, application of organic manure,  nitrogenous
fertilizers, phosphatic fertilizers, intercultural operations,
weeding and  plant protection measures (Table-1). The data
reveal that majority of legume growers had complete
knowledge about method of sowing in green gram (85.33%)
and time of sowing in cluster bean (79.33%) followed by line
and timely sowing, seed rate (56% in green gram and 44 % in
cluster bean,  application of nitrogenous fertilizers (43.33% in
green gram and 32% in cluster bean, plant protection measures
(32.66% in green gram, application of phosphatic fertilizers
(29.33% in green gram and  22.66 % in cluster bean.  However,
very few respondents had complete knowledge about high
yielding varieties (13.33%), seed treatment (12.66%),
intercultural operations and weeding (15.33%), etc.

An overwhelming majority (90.66% in green gram) of
the respondents had awareness about  application of organic
manure followed by plant protection measures (88 % in cluster
bean) seed treatment (87.33 % in cluster bean), intercultural
operations and weeding (84.66 % in cluster bean), application
of phosphatic fertilizers (77.33 % in cluster bean), etc. It is
also apparent from the data that 14.66 % respondents had no
knowledge about high yielding varieties. Similar findings were
also reported by Singh et al. (2002) and Shakya et al. (2008).

Data in Table No.2 reveals that cluster bean and green
gram growers can be classified in to three categories, high,
medium and low level of knowledge, majority of (67.09%) of
them had medium level of knowledge, While about 19.30
percent possessed high level of knowledge

Table 1. Knowledge level of farmers about legume production technology
No Knowledge Awareness Knowledge S.No. Practices 

Green Gram Cluster Bean Green Gram Cluster Bean Green Gram Cluster Bean 
1. High yielding varieties 22 

(14.66) 
19 

(12.66) 
108 
(72) 

104 
(69.33) 

20 
(13.33) 

27 
(18) 

2. Seed rate 
0 0 

72 
(48) 

84 
(56) 

78 
(52) 

66 
(44) 

3 Seed treatment 
0 0 

124 
(82.66) 

131 
(87.33) 

26 
(17.33) 

19 
(12.66) 

4 Time of sowing 
0 0 

27 
(18) 

31 
(20.66) 

123 
(82) 

119 
(79.33) 

5 Method of sowing 
0 0 

22 
(14.66) 

64 
(42.66) 

128 
(85.33) 

86 
(57.33) 

6 Recommended spacing 
0 0 

117 
(78) 

123 
(82) 

33 
(22) 

27 
(18) 

7 Application of organic manure 
0 0 

136 
(90.66) 

124 
(82.66) 

14 
(09.33) 

26 
(17.33) 

8 Application of nitrogenous fertilizers 
0 0 

85 
(56.66) 

102 
(68) 

65 
(43.33) 

48 
(32) 

9 Application of phosphatic fertilizers 
0 0 

106 
(70.66) 

116 
(77.33) 

44 
(29.33) 

34 
(22.66) 

10 Intercultural and weeding 
0 0 

117 
(78) 

127 
(84.66) 

33 
(22) 

23 
(15.33) 

11 Plant protection measures 
0 0 

101 
(67.33) 

132 
(88) 

49 
32.66) 

18 
(12) 
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2. The Information source utilization

The different pattern of information sources utilized by
the legume growers are presented in Table 3.
(A) Pattern of personal cosmopolite source of utilization:
Among personal cosmopolite sources, the agriculture
supervisors, AAO, scientists of KVK, AO, NGO officials were
the most frequently used for getting information about
legumes cultivation. More use of the sources ‘Agriculture
Supervisors’ for information was observed may be due to
their frequent visits and approachability. In legume promotion,
the role of field level functionaries was emphasized. This
finding is in accordance with the findings reported by Nirmala
(1995), Sendil Kumar (2010) and Singh et al. (2013). Whereas
the credibility of KVK scientists, agriculture supervisors and
AAO was found higher as compared to other cosmopolite
sources. The ‘KVK scientists’ were most credible source of
information because they provide first hand information; the
dissemination of information is very low. The second most
utilized credible sources of information were ‘Agriculture
Supervisors’ because they get training from KVK scientists
and make periodical visits to the farmers fields and information
is directly fed to the framers. The functionaries under
department of agriculture such as AAO, AO, NGO officials
were also utilized as information source. Exhibition ranked

sixth, the reason might be the less number of exhibitions
conducted by agriculture department in Kharif and Rabi
abhyans.
(B) Pattern of personal localite source utilization by legume
growers: The fellow farmers and telephones/mobiles were the
foremost credible personal localite sources of information
utilized by the legume growers. The input dealers and friends
got  third and fourth place, respectively with respect to
information source and credibleness. The finding supports
the finding of Sendil Kumar (2010) and Singh et al. (2013).
Frequent use of fellow farmers and telephones/mobiles with
scientists by the legume growers for their information seeking.

The input dealers occupied third place as information
source utilization and credibleness. The visits made by the
growers to the input agencies to get their inputs would give
way for obtaining information about cultivation practices. This
may be the reason for them to occupy a moderate position
among the information sources. Before adoption of any new
practice, getting reinforcement from their own relatives is quite
natural. This might be the reason for the reported findings.
(C) Pattern of impersonal cosmopolite source utilization:
‘Radio’ and ‘leaflet’ were used to a great extent by the
respondents and pattern of utilization observed was ‘news
paper’, ‘television’, poster, film slide, magazine in that order.
The ‘Radio’ has wide variety of farm broadcast and its elements
such as timeliness, spontaneity, emotional appeal, etc. builds
the conviction among farmers and subsequently leads to
adoption of the respondents. The educational status of the
respondents and efforts taken by govt. agency and private
input agencies concerned in distribution of technical leaflets
were the contributing factors for utilizing leaflets as prime
sources. This finding was supported by Sendil Kumar (2010)

Table 2. Distribution of legume growers according to their
knowledge N= 300

Figures in the parenthesis indicate percentage.

S.No. Categories Knowledge 
1.  High (>14 score) 58 (19.30) 
2. Medium (11- 14 score) 201(67.09) 
3.  Low (<11 score) 41 (13.61) 
 Mean Score  12.87 
 S D Score  1.61 

 

Table 3. Pattern of Information Source Utilization (N=300)
Frequency Credibility S. No. Source of Information/  Utilization 

Mean Score Rank Mean Score Rank 
A. Cosmopolite Source     
1 Scientist of KVK 1.3667 III 3.6812 I 
2 Agriculture Officer 1.3133 IV 0.6667 V 
3 Assistant Agriculture Officer 1.4067 II 1.0282 III 
4 Agriculture Supervisor 1.8467 I 2.3636 II 
5 NGO officials 1.2467 V 0.7032 IV 
6. Exhibition 0.6867 VI 0.2767 VI 
7 Seminar and workshop 0.5800 VII 0.2029 VII 
B Personal Source     
1 Neighbors and Friends 0.5067 IV 0.5098 III 
2 Relatives 0.4400 V 0.3137 V 
3 Fellow farmers 1.3933 I 2.2745 I 
4 Input dealers 0.5933 III 0.4086 IV 
5 Telephone / Mobile 1.1867 II 1.0282 II 
C Impersonal Source     
1. Radio 1.1133 I 1.0877 I 
2 Television 0.5133 IV 0.3750 IV 
3 Newspaper 0.6533 III 0.3972 III 
4 Magazine 0.2867 VII 0.3234 V 
5 Posters 0.4467 V 0.1880 VII 
6 Film slides 0.3600 VI 0.2342 VI 
7 Leaflets 0.9667 II 0.9727 II 
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and Singh et al. (2013). Daily newspaper is available in villages
and farmers take benefits of information. The reception of
television is very low in the rural area, some farmers who have
DTH service take benefits of television programme but
regional programme of Rajasthan are not available on DTH.
Poster occupied the fifth place, the reason might be the
placement of poster with in the vicinity of the farmers viz.-Tea
shop, input dealers, etc.
3. Correlation of knowledge about legume production
technology: The total scores of knowledge about improved
legumes production technology for each respondent were
pu t to  correlation analysis wi th socio -economic,
communication and psychological  att ribu tes of the
respondents. Among 14 variables studied (Table 4), eleven
variables viz.,  age, education, social participation, total annual
income, information source utilization, extension participation,
mass media exposure, cosmopoliteness, economic motivation,
attitude towards legume production technology and scientific
orientation were positively and significantly related with
knowledge about legume production technology (significant
at 0.01 level of probability). Similar findings were also reported
by Singh et al. (2002), Shakya et.al (2008), in case of mass
media exposure and extension participation and by Singh et.

al. (2003) in case of education and mass media exposure.
Whereas farm power, size of holding were positively and credit
behaviour is negatively non-significantly correlated with
knowledge of legume grower.

The study revealed that the legume growers had poor
knowledge about plant protection measures, seed-treatment,
high yielding varieties, while majority of them had knowledge
about method of sowing. The study also revealed that majority
of the respondents had awareness about application of organic
manure, plant protection measures, seed treatment, intercultural
and weeding, application of phosphatic fertilizers. Correlation
analysis indicated that all the socio-economic, communication
and psychological factors had significant positive relationship
with knowledge level of legume growers except farm power,
size of holding, credit behaviour. The study pointed out that
age, education, social participation, total annual income,
information source utilization, extension participation, mass
media exposure, cosmopoliteness, economic motivation,
attitude towards legume production technology and scientific
orientation were positively and significantly related with
knowledge about legume production technology. The study
identified distinct differences in the utilization pattern of
different type of info rmat ion sources viz., personal
cosmopolite, personal localite and impersonal cosmopolite. It
would help the extension system to design appropriate
diffusion model and strategies for the technology transfer
with respect to legume innovations.
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Table 4. Association between socio-economic, psychological
and communication with knowledge level of legumes
growers

**Significant at 1 % level of probability, NS = Non-significant

S.No. Factors Correlation 
coefficient(r) 

A. Socio-economic features  
1 Age 0.8347** 
2 Education 0.8670** 
3 Social participation 0.8328** 
4 Total annual income 0.8146** 
5 Farm power 0.2771 NS 
6 Size of holding 0.2243 NS 
7 Credit behavior -0.1227 NS  
B. Communication variables  
1 Information source utilization 0.7255** 
2 Extension participation 0.8679** 
3 Mass media exposure 0.8675** 
4 Cosmopoliteness 0.8982** 
C Psychological attributes  
1 Economic motivation 0.7801** 
2 Scientific orientation 0.8222** 
3 Attitude towards legume production technology 0.6951** 

 



Journal of Food Legumes 27(1): 60-63, 2014

ABSTRACT

The present study was conducted to analyse the yield gaps
between improved package and practices of chickpea crop under
real farming situation in different agro-climatic zones of
Madhya Pradesh and Chattisgarh. The considerable differences
between the existing and recommended technologies of
chickpea crop in different agro-climatic zones of M.P and
Chhattishgarh (Jhabua hills, nimar valley, Malwa plateau,
Northern hill region of Chattishgarh, Chattishgarh plain,
Baster plateau zone) were recorded. The yield obtained under
front line demonstration of KVK was compared with farmer,s
practices under same situation  The average chickpea yield
was obtained 11.88 kg/ha, which was higher than the farmers
practices (7.44 kg/ha) and the data also showed that mean yield
potential o f chickpe a 19 .38 kg/ha is higher than the
demonstrated yield (11.88 kg/ha) and existing practices (7.44
kg/ha). Per cent increase in yield in demonstration plots due to
adoption of improved package of practices ranged between 26.92
to 103.37 per cent with a mean per cent increase of 58.58 per
cent as compared to existing farming practices. On an average
technology gap of different chickpea crop under front line
demonstration programme was 7.49 kg/ha while its range varied
from 1.43 to 10.50 kg/ha. Extension gap of different varieties of
chickpea crop range was 0.70 to 6.64 kg/ha with an average of
4.45 kg/ha and technology index varied from 7.15 to 78.00 per
cent with on an average of 40.69 per cent. The wide variation in
the technology gap and in index percentage were found due to
variation in production factor viz; soil fertility, biotic stresses,
socio-economic and management practices. This variation can
be narrowed down  only to motivate the farmers to adopt suitable
technologies for increasing production and productivity of the
crops.

Key words: Chickpea, Front line demonstration, Production
factor

Chickpea occupies about 38 per cent of area under
pulses and contributes about 50 per cent of the total pulse
production of India. In India, it is grown throughout the
country except on high altitude of Northern and North eastern
regions and coastal peninsula. Madhya Pradesh, Rajsthan,
Maharastra, Uttar Pradesh, Andhra Pradesh, Karnataka, Gujrat,
Chattisgarh, Haryana, Bihar, Odisa and West Bengal are the
major chickpea producing states sharing over 95% area.
Chickpea is an important pulse crop of Madhya Pradesh and
grown in 3.04 million hectares of land annually, producing
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3.29 million tons with average productivity of 1081 kg/ha while
Chattishgarh produces 0.24 million tons production from 0.24
million hectares of land with productivity of 995 kg/ha.
However the average yield of chickpea in Madhya Pradesh
and Chattishgarh is far below as compared to potential yield
of chickpea. This is because of low adoption of recommended
production technologies and lack of knowledge of chickpea
product ion in general and conviction about latest
technologies. Major abiotic stresses viz. low moisture content
in soil, soil hardness after rice puddling, low organic matter
content, soil type, soil cracking, soil salinity/alkalinity, terminal
drought and high and low temperatures, chilling temperatures
and biotic stresses are  also responsible for low yield. Among
these biotic stresses, the gram pod borer is a major pest
accounting for 75% pod damage in the crop   (Krishna Kant et
al. 2007).  To combat the causes of yield reduction, and
techno logical gap, disseminat ion of recommended
technologies of chickpea through front line demonstration
were conducted in farmer’s conditions.There is positive
indication of yield improvement due to industrious effort of
KVK Scientists.

MATERIALS AND METHODS

Krishi Vigyan Kendra functioning under Zonal Project
Directorate Zone VII,ICAR, Jabalpur have conducted  total
1052 front line demonstrations on chickpea in an area of 167.68
ha (419.2 acre) for two consecutive years i. e. 2011-12 and
2012-13 in six district of four agro-climatic zones of Madhya
Pradesh and in five district of two agro-climatic zones of
Chattisgarh (Table 1). These demonstrations were conducted
at farmer’s field with local check plot for comparing the yield.
The KVK wise eight varieties viz., JG-11, JG-16, JAKI-9218,
JG-130, JG-74, JG-63, Baster local and BK-1 and some specific
technologies like land preparation, seed rate, seed treatment,
fertilizer dose, weed management, irrigation and plant
protection measures were undertaken in a proper way as
technological intervention during rabi season of 2011-12 and
2012-13 (Table 2). The data were collected from control plot
(Farmer’s practice) and demonstration plots. The gap between
demonstration technologies and existing technologies was
identified and categorized into three levels viz., full(7-10),
partial(4-6) and non-adoption(less than 3). These KVKs were
selectal being leading in Chickpea production district in
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M.P.&C.G.. Full package components were used under FLD
Programmes.

The yield gap analysis also derived from the production
potential of the crop and the per cent increase in yield, yield
gap, technology gap, extension gap and technological index
(Samui et al. 2000) were calculated by using following formula
as given below. These KVKs

           Demonstration yield-farmers yield
Percent increase yield (%) = __________________________________ x 100

            Farmers yield

Technology gap = Potential yield - Demonstrated yield
Extension gap = Demonstrated yield – Yield under existing practice

    Potential yield-Demonstrated yield
Technology index = ______________________________________________ x 100

    Potential yield

RESULTS AND DISCUSSION

The gap between the existing and recommended
technologies of chickpea crop in different agro-climatic zones
is presented in table-2. Full gap was observed in case of use
of HYVs, seed rate and seed treatment and partial gap was
observed in fertilizer dose, weed management, irrigation and
plant protection measures, which definitely was the reason of
not achieving potential yield. Farmers were not aware about
recommended production and protection technologies.
Farmers in general used local or old-age varieties instead of
the recommended high yielding resistant varieties. Very few
farmers were able to arrange seed of high yielding varieties.
Availability of seed in time and lack of awareness were the
main reasons. Farmers applied higher seed rate than the
recommended and they were not using seed treatment

technique for wilt and collar rot management and to better
nodulation for biological nitrogen fixation (BNF) of the plants
because of due to lack of knowledge and interest. The farmers
were much concerned about importance of sowing method
and land preparation.

The perusal of data given in table-1 also revealed that
the agro-climatic zone wise highest yield performance of
chickpea cultivars shown as JG 74 resulted mean grain yield
(19.04 kg/ha) at KVK, Kabirdham and JG 63 (14.50 kg/ha) in
Chattisgarh Plain Zone followed by cultivar JAKI 9218 (17.70
kg/ha) at KVK, Mandla and JG 16 (16.95 kg/ha) at KVK,
Shahdol in Northern Hill Region of Chattisgarh; JG 11 (14.90
kg/ha) at KVK, Dhar in Malwa Plateau; JG 11 (13.74 kg/ha) at
KVK, Jhabua in Jhabua Hills; JG 11 (10.00 kg/ha) at KVK,
Badwani in Nimar Valley  and JAKI 9218 (9.79 kg/ha) at KVK,
Kanker in Baster Plateau Zone under demonstration situation
over existing practices (control plot). The demonstrated
variations of chickpea yield ranges was 3.30 to 19.04 kg/ha
and existing practices yield ranges was 2.60 to 12.86 kg/ha.
On the basis of pooled demonstrated yield analysis of cultivars,
the highest grain yield was recorded with JG 74 (18.57 kg/ha),
JG 130 (15.73 kg/ha), JG 16 (14.70 kg/ha), JG 63 (14.50 kg/ha),
JAKI 9218 (13.72 kg/ha), JG 11 (10.59 kg/ha), Baster local (4.73
kg/ha) and BK 1 (3.30 kg/ha) over existing practices during
course of demonstration year of 2011-12 and 2012-13. Table 3
indicated that the rabi pulse chickpea obtained mean yield of
11.88 kg/ha, which was higher than the local chick (7.44 kg/
ha). The data also shows that mean yield potential of chickpea
19.38 kg/ha is higher than the demonstrated yield (11.88 kg/
ha) and existing practices (7.44 kg/ha), so this gap is to be
filled up by latest technology adoption. These results clearly
indicated that the higher average grain yield in demonstration

Table 1. Technological intervention selected under front line demonstration on chickpea in Madhya Pradesh and Chattisgarh
during 2011-12 and 2012-13

Selected chickpea cultivars/Yield (q/ha) Area in acre / Demonstration (No.) State Agro-climatic zone District 
2011-12 2012-13 2011-12 2012-13 

Jhabua Hills Jhabua JG 11 (13.74) JG 16 (13.95) 20 (50) 22 (55) 
Nimar Valley Badwani JAKI 9218 (13.40) JG 11 (10.00) 10 (25) 14 (35) 
Malwa Plateau Dhar JG 16 (13.20) JG 11 (14.90) 25 (63) 20 (50) 

Shahdol JG 11(16.02) 
JG 130 (16.22) 

JG 16 (16.95) 
JG 130 (16.80) 

17 (43) 
33 (83) 

39 (98) 
11 (28) 

Dindori JG 11 (13.35) 
JAKI 9218 (13.00) 

JG 130 (14.20) 
- 

6.8 (17) 
13.2 (33) 

20 (50) 
- 

Northern Hill Region of 
Chattisgarh 

Mandla JAKI 9218 (17.70) - 15 (38) - 

Madhya Pradesh 

      
Kabirdham JG 74 (19.04) JG 74 (18.10) 10 (25) 18 (45) Chattisgarh Plain Zone  
Bilaspur - JG 63 (14.50) - 20 (50) 
Kanker JAKI 9218 (10.79) 

Baster local (4.81) 
JAKI 9218 (9.79) 

 
- 

20 (50) 
5 (13) 

12 (30) 
- 

Dantewada JG 11 (5.90) 
BK 1 (3.30) 

JG 11 (6.19) 
- 

10 (25) 
5 (13) 

12 (30) 
- 

Chattisgarh 

Bastar Plateau Zone 

Baster Baster local (4.65) 
JG 11(8.10) 

- 
JG 11 (7.15) 

5.2 (13) 
20 (50) 

- 
16 (40) 

Total area and demonstration 215.2 (541) 204 (511) 
Total area and demonstration (2011-12 and 2012-13) 419.2or 167.68 ha (1052) 
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plots over the years compare to local check due to knowledge
and adoption of full package of practices i.e. chickpea
improved varieties viz., JG-11, JG-16, JAKI-9218, JG-130, JG-
74, JG-63, Baster local and BK-1, proper tillage, proper seed
rate (75kg/ha), use of Trichoderma  and Rhizobium culture @
5 gm/kg of seed as seed treatment, balanced dose of fertilizer
(18 kg Nitrogen+46 kg P2O5/ha), line sowing (30x10cm), proper
irrigation, proper weed management and need based plant
protection measures. The average yield of chickpea crop
increased 58.58 per cent more over local check while the variety
wise variation in yield to the tune of 26.92 to 103.37 per cent.
The above findings are in similarity with the findings of Singh
(2002).

On an average technology gap of chickpea crop under
FLD programme was 7.49 kg/ha and the variety wise
technology differences between potential yield and yield of
demonstration plots was 7.41, 5.30, 1.43, 10.50, 6.26, 7.06, 11.70
and 10.27 kg/ha during demonstrated period. The technology
gap observed may be attributed to dissimilarity in the soil
fertility status, local climatic situations and adoption of
technological practices.

The chickpea varieties wise extension gap i.e. 3.70, 5.24,

Table 2. Differences between technological intervention and farmers practices under FLD on Chickpea
SN Crop Operations Technological intervention Existing Practices Gap 
1. Variety JG-11, JG-16, JAKI-9218, JG-130, JG-74, JG-63, 

Baster local and BK-1 
Local (small seeded) Full gap 

2. Land preparation  One deep ploughing with soil turning plough and 2 
inter-cross ploughing 

One cultivator ploughing and 2 inter-cross 
ploughing 

Nil 

3. Seed rate (Kg/ha)              75 Higher seed rate Full gap 
4. Seed treatment Trichoderma powder and Rhizobium culture @ 5 g/kg 

seed 
No seed treatment Full gap 

5. Fertilizer dose  
(Kg/ha) 

18 N and 46 P2O5 Use of Imbalance fertilizers Partial gap 

6. Sowing method       30x10cm  
        (R x P) 

Line sowing Nil 

7. Weed management Pendimethalin 
30% EC @ 3.3 lit./ha + One hand weeding at 60 days 
after sowing 

Improper chemical weed management Partial gap 

8. Irrigation One at pre flowering and one at pod development stage Untimely irrigation Partial gap 
9. Plant protection 

measure 
Need based Plant protection measure Indoxacarb 
(15.8% E.C.) @ 500ml/ha) 

Improper management Partial gap 

 
Table 3. Productivity, technology gap, extension gap and technology index under front line demonstration on chickpea during

2011-12 and 2012-13 (Pooled data given in table)
Average yield Net returns (`/ha) Varieties Potential 

yield 
(kg/ha) 

Demo. Existing 
practices 

% 
increase 
in yield 

Technology 
gap 

Extension 
gap 

Technology 
index (%) Demo. Existing 

practices 
Net gain 

Increased 
(%) 

JG 11 1800 1059 689 53.70 741 370 39.67 18141.78 10278.33 98.30 
JG 16 2000 1470 946 55.39 530 524 26.50 35521.33 15123.33 134.01 
JG 74 2000 1857 1228 51.22 143 629 07.15 47117.00 28718.00 64.29 
JG 63 2500 1450 713 103.37 1050 737 42.00 28250.00 7833.00 260.64 
JG 130 2200 1574 910 72.97 626 664 28.45 34219.00 13571.67 153.36 
JAKI 9218 2000 1294 891 53.98 706 403 35.30 26239.00 15655.60 68.72 
BK 1 1500 0330 260 26.92 1170 070 78.00 6825.00 4730.00 51.97 
Baster local 1500 0473 313 51.12 1027 160 68.47 1400.00 800.00 75.00 
Mean 1938 1188 744 58.58 749 445 40.69 24714.14 12088.74 113.29 
 

6.29, 7.37, 6.64, 4.03, 0.70 and 1.60 kg/ha were observed during
demonstrated period. On an average extension gap of pulse
crops was observed 4.45 kg/ha, which emphasized the need
to educate the farmers through various extension means i.e.
front line demonstration for adoption of improved production
and protection technologies, to revert the trend of wide
extension gap. More and more use of latest production
technologies with high yielding varieties will subsequently
change this alarming trend of galloping extension gap.

The technology index shows the feasibility of the
demonstrated technology at the farmer’s field. The technology
index of chickpea varieties varied from 7.15 to 78.00 per cent.
On an average technology index was observed 40.69 per cent
under FLD programme, which shows the efficacy of good
performance of technological interventions. Lower
technological index of the chickpea crop shows the more
adoption of technological intervention and increased yield
performance of the crop.

Economic indicators revealed that net returns from the
recommended practices were substantially higher than existing
practices. On an average net returns of different varieties of
chickpea were observed to be ̀  24714.19/ha in comparison to
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control plot i.e. ` 12088.74/ha during demonstration period.
The variety wise variation of net returns in chickpea crop was
recorded to the tune of ` 1400 to ` 35521.33/ha during
demonstration period in demonstrated plot while in control
plot it was ` 800 to ` 28718/ha. Average net gain percentage
of different varieties of chickpea was 113.29%, while its
variation in different varieties was to the tune of 64.29 to 153.36
per cent.

Thus, it is concluded that introduction of improved
technologies can reduce yield gap and extension agencies
can also play a significant role to transfer of improved
technologies to farming community for better production and
by this way can be solved their problems of food insecurity
and income of farmers.
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ABSTRACT

Agrobacterium mediated transformants of chickpea (Cicer
arietinum L.)  for insect resistant cry1Ac gene were generated
using two different explants of embryo axes (EA) and embryo
slices (ES) from two genotypes of Pusa 256 and PG 186. The
transformation frequencies generated in each case were
compared to determine the better explant type and genotype
for transformation of chickpea. The explants, were treated with
Agrobacterium suspension, cocultivated and subsequently
selected on increasing kanamycin in three selection cycles of
two-week duration each. After completion of selection cycles,
3.1 and 3.8 percent kanamycin resistant EA and ES explants
were recovered respectively, whereas percentage survival was
3.05 and 3.8 for the two genotypes of Pusa 256 and PG 186
respectively. The putative transgenic shoots were regenerated
on MS medium with B5 vitamins and rooted on MSR medium
(1/2 MS with 1.0 mg/l IBA). Presence of transgene in putative
transformed shoots was confirmed using PCR with cry1Ac and
nptII gene specific primers. In a random sample of 30 putative
transformed shoots, 27 were found to be PCR positive for both
cry1Ac and nptII genes. The survival per cent obtained was used
to estimate the transformation responsiveness of 3.1 and 3.75
percent for EA and ES explants and 3.05 and 3.8 percent for the
two genotypes of Pusa 256 and PG 186 giving an  overall survival
percent of 3.4 percent in the experiments carried out on
chickpea transformation.

Key words : Agrobacterium- mediated transformation, chickpea,
Cicer arietinum L.

Chickpea (Cicer arietinum L.) is an important legume
of the Indian subcontinent valued for its nutritive seeds rich
in protein content and its role in the nitrogen fixation. The
yield of the crop is low and unstable because it is highly
affected by a number of biotic and abiotic stresses of which
insect damage by pod borer (Helicoverpa armigera) poses
the major problem, causing upto 40% yield losses at the time
of maturity (Gupta et al. 2006).  However, in the crop all attempts
for incorporating resistance by conventional methods have
failed due to constraints of successful hybridization and narrow
genetic base (Ahmed et al. 1988). Therefore, introduction of
specific insect resistance genes of diverse origin into chickpea
through biotechnological tools is a promising alternative.

Agrobacterium mediated transformation studies in chickpea
have been carried out by Fontana et al. (1993), Ramana et al.
(1996), Kar et al. (1996), Krishnamurthy et al. (2000), Singh et
al. (2002), Ghanti et al. (2002), Tripathi and Chawla (2011) and
Tewari-Singh et al. (2004), Senthil et al. (2004), Polowick et al.
(2004), Sanyal et al. (2005) and Ignacimuthu and Prakash (2006).
However, in most of the studies transformed plants were
obtained at very low frequencies.

The prerequisite for a successful transformation
experiment is a suitable protocol for in vitro regeneration,
compatible with the gene delivery method. Targeting the apical
and axillary meristems of the embryonic axes has been widely
adapted for recalcitrant species like grain legumes for
improving the transformation frequencies. Also, only a range
of genotypes including cultivars are amenable to a specific
tissue culture type, whereas in others, only a specific genotype
or wild relatives can be used for tissue culture initiation and
therefore transformation (Somers et al. 2003).

The explants of mature embryo axes (Fontana et al. 1993,
Kar et al. 1996, Tripathi, 2011, Krishnamurthy et al. 2000, Sanyal
et al. 2005, Ignacimuthu and Prakash, 2006) and embryo slices
(Senthil et al. 2004, Polowick et al. 2004) have been utilized in
transformation experiments. The experiment was conducted
to compare the two reported explants of embryo axes and
slices of embryo axes and two popular genotypes of Pusa256
and PG 186 were included in the study.

The binary vector pBinBt (harbouring cry1Ac gene with
CaMV35S promoter and nopaline synthase terminator and
plant selectable marker gene, nptII with nopaline synthase
promoter and terminator) in Agrobacterium tumefaciens (LBA
4404) was used for chickpea (Cicer arietinum L.)
transformation (Fig 1). This vector was generously provided
by Dr P.A. Kumar (NRC on Plant Biotechnology, ICAR, New
Delhi). The gene was initially cloned and acquired from Dr.
Ilimar Altosaar, University of Ottawa, Canada (Fig1).

After proper sterilization of the seeds explants of embryo
axes (EA) and embryo slices (ES) were prepared.  These injured
explants were used for transformation studies after a two day
preculture period on shoot regeneration (SR) medium that is
MS medium supplemented with 2.0 mg/l benzylamino purine
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Fig 1. T-DNA of plant transformation vector

(BAP). The Agrobacterium strain was cultured overnight in
liquid YEM medium containing 50 mg/l kanamycin and 10 mg/
l rifampicin. The bacterial culture OD600 of 0.1 was pelleted and
resuspended in liquid SR medium containing filter sterilized
100 µM acetosyringone and was used to infect the explants.
The infected explants were blotted dry on sterile filter paper
and transferred to SR medium for co-cultivation of two days.
These explants were then transferred to SR1 medium (SR
medium containing 300 mg/l augmentin) for ten days and then
subjected to three selection cycles of two weeks duration
each. Selection cycle I was performed on SR1 medium
containing 25 mg/l kanamycin while selection cycles II and III
were carried out on SR1 medium containing 50 mg/l kanamycin.
The surviving explants after selection were put on SR1 medium
and then on root induction medium, MSR which is ½ MS
medium supplemented with 1.0 mg/l Indole butyric acid (IBA).
The shoots that failed to root were grafted on to two-three
week old seedlings of the same genotype. The rooted plantlets
were transferred to pots for hardening and acclimatization.

The putative transgenics were analyzed by PCR for the
presence of the transgenes using npt II and cry1Ac specific
primers. Genomic DNA was isolated from the leaves of
untransformed control and putative transgenic lines using
the CTAB procedure (Doyle and Doyle 1990). Primers for PCR
amplification of 487 bp fragment of nptII gene were: forward
primer (5¢ACGTTGTCACTGAAGCGGGAAGG3¢) and reverse
primer (5¢GTAAAGCACGAGGAAGCGGTCAGC3¢) and for
1.2 kb fragment of cry1Ac gene were: forward primer
(5¢CCCAGAAGTTGAAGTACTTGGTGG3¢) and reverse
primer (5¢CCGATATTGAAGGGTCTTCTGTAC3¢).  The PCR
amplification was performed in 25 ml reaction mixture using
1X PCR buffer (10mM Tris (pH 9.0) and 50mM KCl), 1.5mM
MgCl2, 0.25mM dNTP mix 1U Taq DNA polymerase and 100
ng DNA template.  PCR was carried out with the following
PCR specifications for nptII primers i.e. initial denaturation at
94°C for 5 min followed by 40 cycles of denaturation at 94°C
for 1 min, annealing for 1 min at 50°C and extension at 72°C for
2 min and a final elongation at 72°C for 5 min. Whereas, in
case of cry1Ac primers the specifications were the same except
that the annealing was carried at 55°C. The PCR products
were analysed on 1.2 % agarose gel.

The explants were pre-conditioned to a two-day
preculture prior to their infection with the Agrobacterium that
inhibited necrosis and increased the transformation efficiency.

A total of 2128 EA and 2016 ES explants were cocultivated
with Agrobacterium strain LBA 4404 (pBinBt) for two days.
As reported, the presence of growth regulators in the co-
cultivation medium enhanced the transformation frequency
(Kar et al. 1996, Schroeder et al. 1993). Subsequently, these
were washed and placed on SR1 medium containing only
bacteriostatic antibiotic augmentin (300 mg/l) and no selective
agent (kanamycin) for ten days to increase the regenerative
ability of the explants (Fig 2A and B). Delaying of selection
upto 10 days after cocultivation has also been suggested by
Tewari-Singh et al. (2004). Effectiveness of antibiotic selection
regime after cocultivation is an important factor for possible
elimination of escapes and recovery of chimaeric transformed
plants as reported by Meurer et al. (1998). In this regard a low
selection pressure was applied in the first selection cycle which
was increased to a higher level in the second and third
selection cycles. The explants were then transferred to S1
selection medium with 25 mg/l kanamycin concentration and
subsequently to S2 and S3 selection medium with 50 mg/l
kanamycin concentration (Fig 2C). A total of 66 and 76
kanamycin resistant embryo axes and embryo slices explants
were recovered respectively after the three selection cycles
from both the genotypes, giving a survival percentage of 3.1
and 3.75 per cent respectively. The differences in survival
percent for the two genotypes included in the study Pusa 256
and PG 186 were 3.05 and 3.8 per cent respectively. The
developed kanamycin resistant shoots were then transferred
to the SR1 medium for better shoot regeneration and elongation
(Fig 2D). During the selection cycles the shoots formed were
observed to turn chlorotic indicating the elimination of the
non-transformed tissues. The green shoots were separated
from chimeric shoots and cultured during each cycle. The
resulting shoots were subsequently transferred to MSR
rooting medium. It was observed that the shoots which were
separated at the bases of the shoot clumps which provided
natural points of breakage survived and gave good rooting.
Whereas, the shoots which, were cut at places other than the
shooting base failed to survive. On an average 2-3 roots were
obtained from individual shoot on the root induction medium
(Fig 2E). However, the root induction frequency remained low
(10-60%) and some of the shoots failed to root in the root
induction media. The transformed shoots which developed
primary roots and were transferred to pots (Fig 2F). The shoots
that failed to root were grafted on two- three week old seedlings
of the same genotype of chickpea. The recovered plants did
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not grow well as the roots were not well developed and
therefore unable to sustain the transformed plants. The
frequency of recovery reported in other studies ranges from
less than 0.4% (Krishnamurthy et al. 2000) or less than 2%
(Kar et al. 1996). Fontana et al. (1993) claimed a 4% success
rate, however only three transgenic plants were recovered.
Senthil et al. (2004) have reported transformation frequency
of 5.1% in case of embryo slices explants. As reported by
Krishnamurthy et al. (2000) and Polowick et al. (2004) the
recovered plants did not grow well and often did not survive
or set viable seeds. This was also true for control (non-
transgenic) plants and was, therefore, attributed to poor
regeneration and recalcitrance typical of chickpea and other
grain legumes. Low recovery of cultured plants on account of
poor rooting has also been reported as a restrictive factor for
regeneration and transformation of chickpea by Yadav and
Singh (2012).

PCR analysis was carried out on a randomly selected
sample of 30 putative transformed shoots. The analysis
revealed the presence of 1.2 kb fragment of cry1Ac and 487
bp fragment of npt II  in 27 samples. Also, no npt II and cry
1Ac PCR products were seen from untransformed control
shoots. The 487 bp and 1.2 kb DNA fragment was also
amplified from pBinBt plasmid vector as positive control for
npt II and cry1Ac genes respectively.

The eff icacy of  explants and genotypes for
transformation was estimated from the survival per cent
achieved for the different explants and genotypes. The PCR

was used as an indicator of successful occurrence of
transformation event, where 90 % plants were observed to be
positive for both npt II and cry 1Ac.

Based on the experiments conducted it can be inferred
that the embryo slices with excised radicle portion may be
used as a better source of totipotent meristematic cells as
compared to the embryo axes explant. Better survival rate of
genotype PG 186 could be mainly attributed to the better
response of the genotype to the tissue culture step. An overall
selection per cent of 3.4 was achieved in the experiments which
may be further improved by refining the culture medium
utilized for chickpea regeneration. Also, the gene integration
studies may be further advanced by conducting the Southern
analysis or RT-PCR of the transformed plants obtained.
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ABSTRACT

Efforts were made to study genetic variability and character
association in 482 germplasm lines of  pigeonpea from NBPGR.
In general PCV was higher than GCV indicating the effect of
environment. The characters seed yield per plant, number of
pods per plant, plant height, primary branches and days to 50%
flowering showed higher genotypic and phenotypic coefficient
of variation. Except number of seeds per plant and primary
branches per plant all the characters recorded high heritability.
High heritability, high genetic variance and high genetic
advance as per cent of mean  shown  by the characters seed
yield per plant, number of pods per plant, plant height, days to
50% flowering and days to maturity. Results indicated high
genotypic correlations in general, as compared to phenotypic
counterparts indicating strong inherent association between
the characters. All the yield contributing characters under study
except number of seeds per plant and pod length registered
significant positive correlations with  seed yield per plant at
both genotypic and phenotypic level. Primary branches per plant
exerted maximum positive direct  effect followed by number of
pods per plant, days to maturity and 100 seed weight.

Key words: Correlations, Genetic advance, Heritability, Path
analysis, Pigeon pea, Variability

Pigeonpea or Red gram (Cajanus Cajan (L) Millsp.) is a
member of the tribe Phaseoleae, belongs to the family
Fabaceae, is the second most important protein rich pulse
crop in India occupying an area of 4.09 million hectares with a
production of 3.27 million tonnes (Anonymous 2011), that
accounts for more than 70% of worlds production and
coverage. Pigeonpea because of its wide adaptability to
disease, climates, soils and its multiple uses, plays an important
role in subsistence agriculture. Though India is the largest
producer of the crop contributing to 85% of the world total
production, has an average crop productivity of 780Kg/ha.
Production potential of pigeonpea is still unsatisfactory due
to non availability of high yielding varieties. Knowledge on
genetic variability is an important pre-requisite for a breeding
programme aimed at genetic improvement of any crop. Grain
yield is a complex character and is the final product of several
contributory factors and their interaction. Association and
path coefficient studies provide the basis for planning a
breeding programme for maximum genetic gain. The present
investigation was conducted to assess variability, heritability
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and association between yield and yield attributing traits
through correlation and path analysis.

The study was conducted with 482 germplasm lines
from NBPGR having a wide range of duration 124-237 days.
The trial was sown in randomised block design with a row of
4 m each with two replications at Agricultural Research Station,
Warangal, ANGRAU. Observations were recorded on days to
50%  flowering, number of primary branches, number of pods
per plant, number of seeds per plant, pod length, plant height,
days to maturity, 100-seed weight, seed yield per plant.

Analysis of  variance was computed based on
randomized block design for each of the character separately
as per standard statistical procedure (Panse and Sukhatme
1978). The genotypic and phenotypic variances were
calculated (Burton and Devane 1953) and genotypic and
phenotypic coefficients of variation were calculated according
to the formula given by Falconer (1981). Heritability in the
broad sense refers to the proportion of genotypic variance to
the total observed variance in the total population which is
calculated according to the formula given by Allard (1960).
From the heritability estimates the genetic advance was
estimated by the formula given by Burton (1952). In order to
visualize the relative utility of genetic advance among the
characters, genetic advance as per cent for mean was
computed and classified as suggested by Johnson et al.
(1955). Phenotypic and genotypic correlation co-efficients and
path co-efficients were worked out as per Dewey and Lu (1959)
and Wright (1921).

The analysis of variance revealed significant differences
among the genotypes for the characters studied. Estimates of
genetic parameters for the characters studied were presented
in

Table 1. The range of variation was high for Seed yield
per plant (0.43g-208.25g), Plant height (78.5cm-308.5cm),
number of pods per plant (23-288), days to 50% flowering (71-
178) and days to maturity (124-237). Number of seeds per
plant (3-6) and pod length (3.75cm-6.61cm) showed very low
variability.  The characters seed yield per plant, number of
pods per plant, plant height, primary branches and days to
50% flowering showed higher genotypic and phenotypic
coefficient of variation. In general phenotypic coefficients of
variation were higher than genotypic co-efficient variation



Vanisree and Sreedhar : Genetic analysis of yield and yield components and determination of selection criteria in pigeonpea 69

indicating the effect of environment in bringing out genotype
into phenotypic expression. These results are in conformity
with the results of Satish Kumar et al. (2006) and Bhadru
(2011). This effect of environment is high on primary branches
per plant and number of seed per plant. The extent of
inheritance of any character is explained through the
heritability estimates of that character. Except number of seeds
per plant and primary branches per plant all the characters
recorded >90% heritability. Similar results for days to 50%
flowering, plant height and days to maturity were reported by
Bhaskaran and Muthaiah (2006) and Sreelakshmi et al. (2010).
High heritability, high genetic variance and high genetic
advance as per cent of mean shown by the characters seed
yield per plant, number of pods per plant, plant height, days
to 50% flowering and days to maturity. Therefore, these
characters were largely governed by additive genes. Selection
based on phenotypic performance is likely to yield beneficial
results in improving these characters and these are considered
to be the most important traits for improvement of yield through
selection methods. However, high heritability with low genetic
advance as per cent of mean was recorded in pod length, 100-
seed weight and number of primary branches, indicating the
influence of environment on these traits which will result in
unstable expression of the traits. Hence, breeder should not
rely on the estimates of heritability alone while selecting these
traits.  The wide variation, high mean, heritability and genetic

advance of the traits would provide conducive situation for
effective selection (Johnson et al. 1955).

The association between yield and its components and
among components themselves is presented in Table-2.
Results indicated high genotypic correlations in general, as
compared to phenotypic counterparts indicating strong
inherent association between the characters which are in
conformity with the results of Linge et al. (2010). All the yield
contributing characters under study except number of seeds
per plant and pod length registered significant positive
correlations with seed yield per plant at both genotypic and
phenotypic level. This indicates that all these characters are
important for yield improvement. Sreelakshmi et al. (2011),
reported similar results except for 100-seed weight. Among
the yield contributing characters, days to 50% flowering,
primary branches per plant, number of pods per plant, plant
height, days to maturity and 100 seed weight were significantly
and positively correlated among themselves in addition to
their significant positive correlation with seed yield per plant.
However, seeds per pod and pod length recorded significant
negative correlation with almost all the other characters. Direct
and indirect contribution of different yield attributing traits to
seed yield per plant through path co-efficient analysis were
worked out and presented in Table-3. Primary branches per
plant exerted maximum positive direct effect followed by
number of pods per plant, days to maturity and 100 seed

Table 1. Estimates of genetic parameters for yield and yield traits of pigeon pea
Character Mean Range PCV GCV h2 BS (%) GA GA as percent of mean 

Days to 50% flowering 127 71-178 23.663 23.613 99.6 78.940 48.541 
Primary Branches 11 2-19 27.780 20.181 52.8 4.322 30.200 
Pods / plant. 106 23-288 54.053 54.009 99.8 51.989 90.169 
Seeds / Pod 4 3-6 16.089 7.504 21.8 0.368 7.210 
Pod length (cm) 5.08 3.75-6.61 11.051 10.865 96.7 1.430 22.004 
Plant height (cm) 149.73 78.5-308.5 39.040 39.009 99.8 56.868 80.295 
Days to maturity 181 124-237 17.311 17.244 99.2 82.276 35.384 
Seed Weight (g) 8.95 3.95-20.3 17.701 17.227 94.7 3.960 34.538 
Seed yield/ Plant (g) 19.24 0.43-208.25 87.584 87.538 99.9 44.223 80.236 

 Table 2. Estimates of correlation coefficients at genotypic and phenotypic levels

rg: correlation coefficients at genotypic level; rp: correlation coefficients at phenotypic level

Character  Primary 
Branches Pods/ plant Seeds / Pod Pod length Plant height Days to 

maturity Seed Weight Seed yield/ Plant 

rg 0.7143 ** 0.5836 ** -0.0997 * -0.1242 ** 0.3828 ** 0.8657 ** 0.3456 ** 0.5051 ** Days to 50% 
flowering rp 0.5183 ** 0.5819 **    -0.0429 -0.1225 ** 0.3816 ** 0.8604 ** 0.3350 ** 0.5038 ** 

rg  0.5677 ** -0.2784 **     0.0103 0.2998 ** 0.6952 ** 0.2978 ** 0.5505 ** Primary Branches rp  0.4118 ** -0.1286 **    -0.0038 0.2168 ** 0.5050 ** 0.2151 ** 0.4000 ** 
rg      -0.0553 -0.1196 ** 0.2582 ** 0.5412 ** 0.2059 ** 0.4053 ** Pods / plant. rp      -0.0250 -0.1179 ** 0.2579 ** 0.5385 ** 0.2008 ** 0.4048 ** 
rg       -0.0336 -0.1359 ** -0.1065 * -0.1216 ** -0.2398 ** Seeds / Pod rp       -0.0073  -0.0632     -0.0522   -0.0542      -0.1140 * 
rg     0.0551 -0.1001 * 0.1377 **      -0.0593 Pod length rp     0.0540  -0.0976 * 0.1340 **      -0.0579 
rg      0.3764 ** 0.2612 ** 0.2769 ** Plant height rp      0.3749 ** 0.2540 ** 0.2766 ** 
rg       0.3660 ** 0.4942 ** Days to maturity rp       0.3570 ** 0.4919 ** 
rg        0.3017 ** Seed Weight rp        0.2937 ** 
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weight. These results are in agreement with the earlier findings
of Lal et al. (2002), Viridi et al. (2004) and Sreelakshmi et al.
(2011). Primary branches per plant showed positive indirect
effect through days to 50% flowering, days to maturity, pods
per plant, plant height and 100 seed weight. Therefore direct
selection for this trait would result in substantial improvement
in seed yield per plant. Number pods per plant recorded
positive indirect effect through days to 50% flowering, primary
branches pre plant, plant height, days to maturity and 100-
seed weight. 100 seed weight showed its positive indirect
effect through days to 50% flowering, primary branches pre
plant, pods per plant, plant height and days to maturity. Days
to maturity and days 50% flowering also registered their
indirect effect on seed yield through primary branches per
plant, number of pods per plant, plant height and 100-seed
weight. Hence these characters also serve as a reliable selection
criterion for improving seed yield per plant. Negative direct
association of seeds per pod with seed yield per plant also
exhibited negative indirect association with almost all the
characters except with pod length both at genotypic and
phenotypic level. This indicates that selection based on this
trait may not be practical in bringing out improvement in seed
yield per plant in pigeon pea.

In this study, it is perceived that primary branches per
plant, pods per plant, days to 50% flowering, 100-seed weight,
days to maturity and plant height exhibited high positive direct
effect on grain yield. This influence is not only based on their
direct effects but also through their indirect contribution
towards seed yield per plant.
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Table 3. Direct and indirect effects of yield traits on seed yield in Pigeonpea

Character  
Days to 

50% 
flowering 

Primary 
Branches 

Pods / 
plant. 

Seeds / 
Pod 

Pod 
length 

Plant 
height 

Days to 
maturity 

Seed 
Weight 

Correlation with 
Seed yield/ Plant 

G 0.0976 0.0697 0.0570 -0.0097 -0.0121 0.0374 0.0845 0.0337 0.5051 ** Days to 50% flowering P 0.1728 0.0896 0.1005 -0.0074 -0.0212 0.0659 0.1487 0.0579 0.5038 ** 
G 0.2113 0.2958 0.1679 -0.0824 0.0031 0.0887 0.2056 0.0881 0.5505 ** Primary Branches P 0.0746 0.1440 0.0593 -0.0185 -0.0006 0.0312 0.0727 0.0310 0.4000 ** 
G 0.0517 0.0503 0.0886 -0.0049 -0.0106 0.0229 0.0480 0.0182 0.4053 ** Pods / plant. P 0.0762 0.0539 0.1309 -0.0033 -0.0154 0.0338 0.0705 0.0263 0.4048 ** 
G 0.0115 0.0321 0.0064 -0.1151 0.0039 0.0157 0.0123 0.0140          -0.2398 ** Seeds / Pod P 0.0029 0.0087 0.0017 -0.0679 0.0005 0.0043 0.0035 0.0037          -0.1140 * 
G 0.0068 -0.0006 0.0065 0.0018 -0.0546 -0.0030 0.0055 -0.0075          -0.0593 Pod length P 0.0034 0.0001 0.0033 0.0002 -0.0279 -0.0015 0.0027 -0.0037          -0.0579 
G 0.0220 0.0172 0.0148 -0.0078 0.0032 0.0575 0.0216 0.0150 0.2769 ** Plant height P 0.0250 0.0142 0.0169 -0.0041 0.0035 0.0655 0.0245 0.0166 0.2766 ** 
G 0.0654 0.0525 0.0409 -0.0080 -0.0076 0.0284 0.0755 0.0276 0.4942 ** Days to maturity P 0.1099 0.0645 0.0688 -0.0067 -0.0125 0.0479 0.1277 0.0456 0.4919 ** 
G 0.0389 0.0335 0.0232 -0.0137 0.0155 0.0294 0.0412 0.1125 0.3017 ** Seed Weight P 0.0390 0.0250 0.0234 -0.0063 0.0156 0.0296 0.0416 0.1164 0.2937 ** 
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ABSTRACT

An experiment was conducted during 2008 and 2009 to study
the nature and magnitude of genetic parameters and its
utilization in designining a conceptual ideotype in chickpea.
The estimates of genotypic (GCV) coefficients of variation,
phenotypic (PCV) coefficients of variation, heritability, genetic
advance as well as correlation coefficients were worked out in
thirty chickpea genotypes for nine plant type related traits.
High genotypic coefficient of variation was observed for
internode distance followed by seed yield/plant and harvest
index. The traits plant height, angle between primary branches
and ground, angle between primary branches and secondary
branches, number of pods/plant, biological yield/plant and
harvest index exhibited high heritability coupled with high
expected genetic advance indicating the scope for improvement
and genetic gain through the selection of these traits. High
significant positive genotypic correlation  was observed for plant
height, number of total branches, number of pods/plant, 100-
seed weight, biological yield, harvest index with seed yield/
plant.

Key words: Chickpea, Correlation, Genetic variability, Plant type

Chickpea is a self-pollinated crop, with 2n = 2x = 16
chromosomes and genome size of 732 Mb (Arumuganathan
and Earle, 1991). Chickpea, commonly known as Bengal gram
or Garbanzo (Cicer arietinum L.), is native to the Middle East
and has been grown traditionally throughout the semi-arid
regions of India and the Mediterranean. It was cultivated on
11, 51, 78,345 hectares in the world with 96, 85, 967 tonnes of
production (FAOSTAT data 2009). Although India has the
largest global share, both in area as well as in production, the
productivity of chickpea in India is very low (845 kg/ha)
compared to other countries like Cyprus (4238 kg/ha), China
(3000 kg/ha), Bosnia and Herzegovina (2378 kg/ha) and Egypt
(2000 kg/ha) (FAOSTAT data 2009) and yield has been
stagnating since past three decades. Chickpea is an
indeterminate plant and continues to produce vegetative
growth whenever soil moisture, temperature and other
environmental factors are favorable (Williams and Saxena
1991). Due to its indeterminate growth habit it gives a poor
response in terms of seed yield to high fertility and irrigation
water, henceforth chickpea is predominantly cultivated under
marginal conditions of rainfed environments characterized by
moisture stress and low fertility (Gaur et al. 2008). The
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modification of plant architecture improves adaptation of the
crops to different environments and increases the seed yield
and its stability (Huyghe 1998). A change in plant architecture
therefore is needed to achieve a breakthrough in chickpea
productivity and stability of production. One of the important
reasons for this might be that present day cultivars do not
possess adequate form and frame to support more yield
components per unit area. Thus the present investigation was
undertaken to know the genetic architecture of traits related
to plant type.

The experimental materials comprised of 30 chickpea
genotypes obtained from a large germplasm collection
maintained at IARI, New Delhi. The present investigation was
carried out at the Division of Genetics, Indian Agricultural
Research Institute, New Delhi, during the year 2008-09. The
genotypes were planted in randomized complete block design
with three replications. Each genotype was grown in single
row plot of 4m length with the spacing of 45cm x 30cm. Five
competitive plants for each genotype in each replication were
randomly taken to record observations on plant height (cm),
total number of branches/plant, internode distance length,
number of pods/plant, number of seeds/pod, 100-seed weight
(g), seed yield/plant (g), biological yield/plant (g) and harvest
index (%). The data were subjected to statistical analysis (Panse
and Sukhatme, 1954). The phenotypic (PCV) and genotypic
(GCV) coefficients of variation were calculated by the formulae
given by Burton and Devane (1952). The genotypic and
phenotypic correlation coefficients were calculated as per the
method of Al-Jibouri et al. (1958). Heritability estimates (broad-
sense) and genetic advance were calculated using formula
given by Singh and Choudhury (1979).

Analysis of variance revealed significant differences
between the genotypes for all the plant type related traits
under study (Table 1). The GCV, PCV, heritability (broad sense)
and expected genetic advance for nine plant type related
characters are presented in Table 3. All the characters under
study exhibited narrow differences between GCV and PCV
values indicating the greater role of genetic factors on the
expression of these traits than the environmental factors. In
the present study, the information obtained on variability
showed that the estimates of PCV and GCV were higher for
internode distance (65.86 and 58.00, respectively) followed
by seed yield/plant (58.03 and 46.81). Low genotypic and
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phenotypic coefficient variation was for days to 50% flowering
(7.66 and 8.65) followed by number of seeds/pod (16.48 and
15.49, respectively). The seed yield/plant was the only trait
which showed medium phenotypic and genotypic coefficient
of variation (16.48 and 15.49). The rest of the traits have shown
high phenotypic and genotypic coefficient of variation (>20%).
Similar reports were made by Mandal and Bahl (1987).

High heritability is a good index of the transmission of
characters from the parents to their off-springs. In the present
study, twelve characters showed high heritability (>60 %)
indicating less influence of environment over genotypic effect.
While the other two traits namely internode distance and
number of seeds/pod showed moderate heritability values.
The highest heritability was found angle between primary
branches and ground followed by plant height, 100-seed
weight. The above report is akin with the findings of Raju et
al. 1978, Ali et al. 2008 and Dhameliya et al. 2008.

Heritability estimates give information on the magnitude
of inheritance of quantitative traits but provides no indication
of the amount of genetic progress that would result from
selecting the best individuals. A suitable selection procedure
can be followed only when heritability (broad sense) estimates

are high accompanied by high genetic advance values. The
genetic advance measures and predicts the genetic gain by
selection. The traits plant height, number of pods/plant,
biological yield/plant and harvest index exhibited high
heritability coupled with high expected genetic advance
indicating the scope for improvement and genetic gain through
selection of these traits (Table 2). These findings were similar
to the results obtained by Muhammad et al. 2003 and Ali et al.
2008.

The knowledge of inter-relationship between different
traits is of great significance to plant breeders. Firstly, because
they are highly useful in selecting characters which are not
easily observed and genotypic values of which are modified
by the environmental effects. The correlation studies (Table
3) revealed positive and significant association (at genotypic
level) of seed yield/plant with plant height, total number of
branches, pods/plant, 100-seed weight, biological yield and
harvest index. Supporting results were reported earlier by Bahl
and Jain (1977), Dhameliya et al. (2008) and Vekariya et al.
(2008). The correlation co-efficient of seed yield/plant at the
genotypic level with internode distance and number of seeds/
pod was negative, but insignificant. The negative correlation

Table 1. ANOVA for nine plant type related traits in thirty chickpea genotypes

**  :  Significance at 1 per cent level; *  :  Significance at 5 per cent level
PH: Plant Height (cm); TB: number of total branches per plant; ID: internode distance (cm); PP: number of pods per plant; SP: number of seeds per
pod; SW: 100-seed weight (g); BY: biological yield (g); SY: seed yield per plant (g); HI: harvest index (%)

Source of 
variation PH TB ID PP SP SW BY SY HI 

Replication 1.61 5.36 1.52 3.31 0.3 0.29 22.25 5.67 0.17 
Treatment 504.55** 159.53** 11.24** 2118.47** 3.28* 129.18** 993.08** 392.51** 752.02** 

Error 25.23 15.35 3.16 241.18 0.66 8.62 107.72 46.84 107.17 

 

Table 2. PCV, GCV, Heritability and GA as per cent of mean for the nine characters in thirty chickpea genotypes
Character GCV PCV Heritability (h²) GA GA (% of mean) 

Plant Height (cm) 22.52 24.23 0.86 24.20 43.11 
Number of branches per plant  20.13 23.13 0.76 12.43 36.11 
Internode distance (cm) 58.00 65.86 0.46 2.29 81.03 
Number of pods per plant  27.66 32.55 0.72 43.78 48.40 
Number of seeds per pod  62.22 16.48 0.57 1.45 96.76 
100-seed weight (g) 35.65 38.47 0.82 11.85 66.65 
Biological yield (g) 26.05 30.43 0.73 30.29 45.93 
Seed yield per plant (g) 46.81 58.03 0.71 18.65 81.31 
Harvest index (%) 44.30 54.39 0.67 24.67 74.55 

 Table 3. Genotypic correlations among nine plant type related traits in thirty chickpea  genotypes

**:  Significance at 1 per cent level; *:  Significance at 5 per cent level
PH: Plant Height (cm); TB: number of total branches per plant; ID: internode distance (cm); PP: number of pods per plant; SP: number of seeds per
pod; SW: 100-seed weight (g); BY: biological yield (g); SY: seed yield per plant (g); HI: harvest index (%)

Characters PH TB ID PP SP SW BY SY HI 
PH 1 0.302 0.424* 0.394* -0.058 0.477** 0.432* 0.410* 0.349 
TB  1 0.055 0.238 -0.291 0.326 0.24 0.499** 0.445* 
ID   1 0.182 0.142 0.202 0.364* -0.056 -0.19 
PP    1 0.232 0.26 0.473** 0.509** 0.420* 
SP     1 -0.153 0.169 -0.29 -0.303 
SW      1 0.580** 0.650** 0.451* 
BY       1 0.438** 0.057 
SY        1 0.894** 
HI         1 
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between seed yield/plant and internode distance may be
because of the fact that as internode distance increases it
reduces the number of pods per plant. Therefore, a conceptual
ideal plant type should have higher biological yield, 100-seed
weight, more number of total branches, number of pods/plant
and taller in plant height.
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ABSTRACT

Field experiment was conducted in the kharif 2012 to estimate
genetic variability, heritability, correlation and path co-efficient
studies. The material was planted in Randomized Block Design
(RBD) with three replications and sixty genotypes of cowpea
were evaluated for eleven morphological traits viz., Plant height,
leaf length, leaf width, number of branches, stem girth, number
of leaves, number of pods, seeds per pod, pod weight, 100 seed
weight and seed yield per plant. The high range of variability
was observed for plant height (117.2-261.5), number of leaves
(194-568), pod weight (10-105) and seed yield per plant (3.12-
225.05) while rest of the traits showed medium range of
variability. The highest value of PCV (Phenotypic coefficient
of variation) and GCV (Genotypic coefficient of variation) were
recorded for seed yield per plant (108.91, 108.86) followed by
number of pods (66.12, 65.05), pod weight (49.1, 48.37) and 100-
seed weight (28.88, 27.92). In general, the genotypic correlation
co-efficients were higher in magnitude than the phenotypic
correlation co-efficients. Seed yield per plant was highly
significantly and positively correlated with number of pods per
plant (0.92, 0.90), pod weight (0.90, 0.89), 100-seed weight (0.57,
0.55), leaf length (0.56, 0.90), leaf width (0.27, 0.11) and seeds/
pod (0.22, 0.14), respectively. Genotypes CL 2, CL 22 and CL 40
were found to be free from mosaic.

Key words: Character association, Correlation and path co-
efficient analysis,  Genetic  variability, Vig na
unguiculata

Cowpea (Vigna unguiculata L.) is an important stress
tolerant legume crop used for fodder as well as vegetable
purpose. Nutritionally, cowpea grains have high protein
content (24%), higher levels of folic acid and lower levels of
antinutritional and flatulence producing factors. Inspite off
such wonderful properties, the crop productivity is very poor
since many efforts have not been made to improve the
production potential genetically. Concerted efforts are required
to increase the genetic potential in order to realize higher
yields. Therefore, there is urgent need to identify the cowpea
genotypes with improved yield and yield contributing traits
which can be involved in the hybridization programmes to
develop superior genotypes. Therefore, the present study
was conducted to assess the genetic variability for different
yield contributing traits, magnitude and direction of correlation
among different characters at both genotypic and phenotypic
levels.  The correlation studies at both genotypic and
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phenotypic levels helps in determining different components
of yield but it does not provide a clear picture of nature and
extent of contributions made by number of independent traits.
Path co-efficient analysis partitions the correlation into direct
and indirect effects. Moreover to enhance the yield, crop needs
to be tolerant to prevalent diseases. Mosaic is the major bottle
neck in cowpea yield, so breeding for disease resistance is
not only a continuous process but also economical and
effective method of managing this disease. Therefore, in the
present investigation, an attempt was made to assess the
amount of variability present for different yield contributing
traits so that high yielding and disease resistant genotypes
of cowpea can be selected.

The present investigation was carried out during Kharif
2012 at Forage Research Farm, Department of Plant Breeding
and Genetics, PAU, Ludhiana. The material was planted in
Randomized Block Design (RBD) with three replications and
sixty genotypes of cowpea (CL 1 to CL 60) were evaluated for
eleven morphological traits viz., Plant height, leaf length, leaf
width, number of branches, stem girth, number of leaves,
number of pods, seeds per pod, pod weight, 100 seed weight,
seed yield per plant and per cent mosaic incidence was also
recorded. Recommended package of practices were followed
to raise a good crop. The data was analyzed for genetic
variability, heritability, correlation and path co-efficient studies.
Genotypic and phenotypic coefficients of correlations were
calculated with method as described by Singh and Chaudhary
(1985) and Jhonson et al. (1955).  The direct and indirect effects
at both genotypic and phenotypic levels were calculated using
formulae by Burton and De Vane (1953). Broad sense heritability
was estimated as method suggested by Burton (1952). The
expected genetic advance at 5% selection intensity was
calculated as method suggested by Jhonson et al. (1955).

Significant differences were observed among the
genotypes for all the traits under study as revealed by analysis
of variance. This signifies the presence of sufficient variability
in the selected material. Pant et al. (1982) also reported
sufficient genetic variability in the crop. Further perusal of
results revealed high range of variability for plant height,
number of leaves, pod weight  and seed yield per plant  while
rest of the traits showed medium range of variability (Table 1).
This variability thus can be exploited to identify the best
genotypes for all the traits. Comparison of data of coefficient
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of variation for various quantitative traits revealed relatively
higher contribution of phenotypic coefficient of variation
(PCV) than the corresponding genotypic coefficient of
variation (GCV) except for seed yield where PCV and GCV
were of almost equal magnitude (Table 1). Thus, characters
showing high values of phenotypic and genotypic coefficient
of variation can be improved by careful selection when the
effect of phenotype is reduced in the later generations of
selfing. High heritability estimates (broad sense) were
exhibited by most of the reproductive traits viz., seed yield,
pod weight , number of pods  100-seed weight . Ajibade and
Morakinyo (2000) reported high broad sense heritability
estimates for 100-seed weight and pod length whereas
moderate heritability estimates for plant height. Hence, the
traits exhibiting high broad sense heritability estimates are
highly heritable and less influenced by environment and direct
selection for these traits would be effective for further
improvement. All the traits showing high heritability were
found to exhibit high GA % (Table 1) which indicated the

preponderance of heritability with additive gene impact and
selection for such traits would be more effective.

Seed yield is a complex character controlled by several
component traits which have positive and negative effects
on this trait. The correlation co-efficients among different traits
were worked out at both phenotypic and genotypic levels. In
general, the genotypic correlation co-efficients were higher in
magnitude than the phenotypic correlation co-efficients. This
indicated the strong inherent genotypic relationships between
the characters. The perusal of results revealed that seed yield
per plant was highly significantly and positively correlated
with number of pods per plant , pod weight , 100-seed weight
leaf length , leaf width  and seeds/pod, at genotypic and
phenotypic, respectively (Table 2). The trait plant height was
highly significantly and positively correlated at genotypic
level (0.24) but negatively correlated phenotypic levels.
However, stem girth was highly significantly and negatively
correlated at genotypic levels with seed yield. Thus, the
vegetative traits viz., leaf length, leaf width and plant height

Table 1. Estimates of genetic parameters for different traits in cowpea

h2= heritability (broad sense); PCV= Phenotypic coefficient of variability; GCV= Genotypic coefficient of variability; GA(%)= Genetic advance as
percentage of mean; GM= grand mean

Character Min. Max. h2 (%) GA % PCV GCV GM 
Plant height (cm) 117.2 261.5 67.1 24.87 17.99 14.74 180.66 
Leaf length (cm) 8.8 12.4 12.34 3.48 4.8 4.8 10.41 
Leaf width (cm) 6.9 9.8 16.77 4.01 4.75 4.75 10.58 
No. of branches 4.6 7.7 27.95 9.17 8.42 8.42 13.52 
Stem girth (cm) 1.2 2.5 14.48 7.36 9.39 9.39 22.81 
No. of leaves 194 568 92.47 58.62 29.59 29.59 8.45 
No. of pods 5 58 96.78 131.83 65.05 65.05 11.87 
No. of seeds /pod 8.1 16.8 36.64 16.65 13.35 13.35 17.56 
Pod weight (g) 10 105 97.04 98.16 48.37 48.37 8.45 
100 seed weight (g) 5.3 16 93.5 55.62 27.92 27.92 7.37 
Seed yield/plant (g) 3.12 225.05 99.91 224.14 108.86 108.86 3.35 

 

Table 2. Genotypic and phenotypic correlation coefficients among various traits of cowpea

Critical value of ‘r’ at 5% = 0.16 and at 1% = 0.20; G= genotypic correlation coefficient; P= Phenotypic correlation coefficient

Character  Plant 
height 

Leaf length Leaf width No. of 
branches 

Stem girth No. of 
leaves 

No. of pods No. of seed / 
pod 

Pod wt. 100 seed 
weight 

G 0.12          Leaf length (cm) 
P 0.09          
G 0.38** 0.86**         Leaf width (cm) 
P 0.18* 0.60**         
G -0.15* 0.20** -0.48**        No. of Branches 
P -0.02 0.07 -0.18*        
G 0.02 -0.60** 0.01 -0.12       Stem girth (cm) 
P 0.09 0.15* 0.06 0.17*       
G 0.19* 0.10 0.04 0.58** 0.89**      No. of leaves 

(cm) P 0.19* 0.04 -0.03 0.35** 0.34**      
G -0.27** 0.38** 0.22 0.03 -0.18 0.04     No. of pods 
P -0.21** 0.13 0.08 0.02 -0.04 0.04     
G -0.09 0.44** 0.32** 0.02 0.17 0.16* -0.01    No. of seeds/ pod 
P -0.07 0.10 0.04 -0.01 -0.02 0.11 -0.01    
G -0.14 0.65** 0.39** 0.04 -0.07 0.11 0.90** 0.14   Pod weight (g) 
P -0.12 0.23** 0.16* 0.01 0.01 0.09 0.87** 0.07   
G 0.33** 0.44** 0.21** 0.11 0.48** -0.11 0.38** 0.40** 0.45**  100 seed   weight 

(g) P -0.24** 0.13 0.09 0.09 -0.16* -0.10 0.37** 0.17* 0.43**  
G 0.24** 0.56** 0.27** 0.05 -0.2828** 0.02 0.92** 0.22** 0.90** 0.57** Seed yield/ plant 

(g) P -0.19* 0.19* 0.11 0.02 -0.10 0.02 0.91** 0.14 0.89** 0.55** 
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Table 3. Path coefficient analysis for direct (bold) and indirect effects on seed yield/plant in cowpea (Genotypic, G and
Phenotypic P)

Characters      Plant 
height 

Leaf 
length 

Leaf width No. of 
branches 

Stem girth No. of 
leaves 

No. of 
pods 

No. of 
seeds/ pod 

Pod wt. 100 seed 
wt. 

(G) 0.094 -0.02 0.04 -0.03 0.00 -0.04 -0.19 -0.02 -0.04 -0.05 Plant height(cm)  
(P) 0.02 0.004 -0.005 0.000 -0.005 -0.002 -0.123 -0.007 -.035 -.045 
(G) 0.01 -0.13 0.09 0.04 -0.01 -0.02 0.26 0.08 0.16 0.06 Leaf length (cm) 
(P) 0.002 0.044 -0.017 -0.001 -0.009 -0.000 0.077 0.009 0.065 0.025 
(G) 0.04 -0.11 0.11 -0.10 0.00 -0.008 0.15 0.06 0.09 0.03 Leaf width (cm)   
(P) 0.004 0.026 -0.030 0.001 -0.003 0.000 0.044 0.004 0.473 0.017 
(G) -0.01 -0.02 -0.05 0.21 -0.003 -0.12 0.02 0.003 0.009 0.02 No. of branches 
(P) -0.001 0.003 0.005 -0.006 -0.009 -0.003 0.014 -0.000 0.003 0.018 
(G) 0.002 0.08 0.001 -0.03 0.02 -0.18 -0.13 0.03 -0.02 -0.07 Stem girth (cm) 
(P) 0.002 0.007 -0.002 -0.001 -0.055 -0.003 -0.022 -0.002 0.002 -.030 
(G) 0.02 -0.01 0.01 0.12 0.02 0.20 0.03 0.03 0.03 -0.02 No. of leaves 
(P) 0.004 0.002 0.001 -0.002 -0.020 -.0096 0.023 0.0094 0.029 -.019 
(G) -0.03 -0.05 0.03 0.01 -0.004 -0.01 0.70 -0.002 0.22 0.06 No. of pods  
(P) -0.004 0.006 -0.002 -0.00 0.002 -0.000 0.589 -0.001 0.250 0.070 
(G) -0.01 -0.06 0.04 0.003 0.004 -0.03 -0.01 0.19 0.04 0.06 No. of seeds /pod 
(P) -0.001 0.005 -0.001 0.00 0.001 -0.001 -0.008 0.089 0.021 0.031 
(G) -0.01 -0.08 0.04 0.01 -0.001 0.02 0.63 0.03 0.25 0.07 Pod weight (g) 
(P) 0.002 0.010 -0.005 -0.00 -0.000 -0.001 0.514 0.0065 0.286 0.082 
(G) -0.03 -0.06 0.02 0.02 -0.01 0.02 0.27 0.08 0.11 0.14 100 seed wt. (g) 
(P) -0.005 0.006 -0.003 -0.00 0.009 0.001 0.218 0.015 0.123 0.189 

 had strong inherent correlation with seed yield. Tenebe et al.
(1995) also reported positive correlation between seed yield
and growth characters. This may be due to the fact that
vegetative characters like more leaf length and leaf width
regulate the amount of photosynthates for plant growth and
higher grain yield. All the reproductive traits viz., number of
pods, pod weight, 100-seed weight  and seeds/pod  were
positively and significantly correlated with seed yield. Babna
et al. (1972) also reported similar results. Manggoel et al.
(2012) also found significant correlations between number of
pods/plant and 100-seed weight. The highly significant and
positive correlation value of number of pods/plant with seed
yield indicated the importance of this trait in getting higher
seed yields of cowpea. The results are consistent with Jindal
and Gupta (1984) and Singh and Mehndiratta (1969) who
suggested the number of pods per plant can actually be used
as selection criterion for higher grain yield in cowpea.

Partitioning of the total correlation coefficient into direct
and indirect effects for seed yield in cowpea at genotypic and
phenotypic levels  (Table 3 ) revealed highest direct effect of
number of pods per plant  followed by pod weight . Bhardu
and Navale (2011) also reported highest direct effect of number
of pods per plant on seed yield. Other traits viz., seeds/pod,
100-seed weight, number of branches, number of leaves, leaf
width , plant height and stem girth have the positive direct
genotypic and phenotypic effect on seed yield (Table 3). The
cowpea lines viz. CL 5, CL 15, CL 17, CL 25, CL 34 and CL 53
were found to be resistant with per cent mosaic incidence of
<5 per cent whereas CL 6, CL 7, CL 11, CL 12, CL 23, CL 29, CL
30, CL 43, CL 46, CL 48, CL 49, CL 51, CL 56, CL 60 showed
percent incidence of 5.0-10.0 per cent. Gillaspie (2006) also
reported resistance in cowpea lines against mosaic virus.
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ABSTRACT

Mungbean and Urdbean genotypes consisting of 54 and 43 lines
respectively were evaluated against yellow mosaic disease
(YMD) under natural field conditions in year 2007 and 2008.
YMD occurred over a wide range of climatic conditions in
summer and kharif. Inspite of high disease pressure, 11
genotypes of mungbean and 16 of urdbean were found resistant
to YMD. The promising genotypes having YMD resistance in
mung and urdbean may be utilized for breeding programme to
develop high yielding varieties coupled with disease resistance.

Key words: Begomovirus, Vigna mungo, Vigna radiata, YMD
resistance

Mungbean (Vigna radiata (L.) Wilczek) and Urdbean
(Vigna mungo L. Hepper) are an important grain legume widely
cultivated in the Indian subcontinent. In Asia, India is the
largest producer and consumer of both mungbean and urdbean
pulse crop and being cultivated in 3.4 mha and 3.1  mha with
the production and productivity of 1.4 m tons and 1.4 m tons
and 406 .9 kg/ha and 451.6 kg/ha respectively in India
(Anonymous 2011). The crop is highly susceptible to yellow
mosaic disease. Three distinct viruses i.e. Mungbean yellow
mosaic India virus(MYMIV), Mungbean yellow mosaic virus
(MYMV) and Horsegram yellow mosaic virus (HgYMV) are
reported to cause YMD in cultivated species of Vigna (Malathi
and John 2008). The disease is very destructive in nature and
widely distributed in the Indian sub-continent. The disease
causes heavy yield losses (10-100%) depending upon the
crop stage at which the plants get infected (Marimutha et al.
1981, Yadav and Brar 2005) of both crops. It is observed that
infection at early growth stage reduced yield significantly
more than infection at flowering stage. As a result of research
efforts a good deal of resistant lines have been reported.
Growing resistant varieties is the only economical and eco
friendly method to combat this disease. Therefore, efforts were
made to identify sources of resistances for use in breeding
resistant varieties to combat with high yield.

The Fifty four mungbean germplasm and 43 urdbean
germplasm lines were evaluated against MYMV disease under
natural environmental condition with high disease pressure.
The seed of mungbean and urdbean germplasm lines were
procured from IIPR Kanpur and BARC, Bombay. During
summer and kharif 2007 and 2008, the disease screening for

Short Communication

Field resistance in mungbean and urdbean genotypes against yellow mosaic disease
OM GUPTA and MADHURI MISHRA

Department of Plant Pathology, Jawaharlal Krishi Vishwa Vidyalaya, Jabalpur, M.P. 482004, India;
Email: omgupta_jnkvv@rediffmail.com

(Received: March 16, 2012; Accepted: November 20, 2013)

MYMV resistance was conducted in the seed breeding farm
JNKVV, Jabalpur. Germplasm lines of mungbean and urdbean
were sown in the second week of March and third week of
July in both the consecutive years of testing. Each test entry
was planted in a row of 3 meter long along with 40 cm row to
row distance in a randomized block design. One row of a most
susceptible check, K 851(mungbean) and T9 (urdbean) was
sown all around the experiment and after every 5 test entries
to create more disease. General cultural practices were followed
to maintain the experiment except that no insecticides were
sprayed to discourage whitefly population for spread of the
disease.  After emergence, the crop was regularly observed
for development of yellow mosaic disease. Diseases severity
was recorded at weekly intervals using 0-5 rating scoring Scale
(Bashir 2005).

Out of 54 mungbean lines, 11 genotypes i.e. TJM 65,
140,197, 244, PDM 139, KM 20, TARM 2, M 194-10, LGG 450,
PDM 2, Pusa 105 exhibited as resistant (Rating 1) and 32
genotypes moderately resistant, scored as 11-20 percent
infection.  Saleem et al. (1998) reported some lines NM-92,
NM-93, ML-19-19, NM 92 NM 54, and NM 15-5 as resistant to
yellow mosaic and limited number of cultivars expressed high
or good resistance against MYMV (Shad et al. 2006, Kooner
and Cheema 2007, Awasthi and Singh 2008). The other
genotypes were found moderately susceptible to highly
susceptible (Rating 3 and 5) and only one entry i.e TJM 248
exhibited susceptible reaction and graded in rating 4. However,
K851 (susceptible check) showed highly susceptible reaction
to disease (Rating 5) .  None of the entries were found free
from symptoms against YMD (Table 1). Among 254 mungbean
genotypes, seven appeared to susceptible and 247 as highly
susceptible (Singh et al. 1996).

Among 43 germplasm, sixteen lines  viz.,  PU 13,30,35,TU
98-14, TU 94-2, TU10, TU 116, TU 17, TU 57, TU 136, LBG 623,
TU 92-14, TU 86-1, IU 8-6, IU 94-3, IU 88-10 exhibited resistant
reaction having  range of 1-10 per cent  infection against YMD.
Other  fifteen lines (LBG 620, PDU 1, TU 17-4, TU27, TU 47-6,
PDU 1, Ku 301, Co 5, TAU 1,IU 98-843, TAU 1-1, TU92-3, IU
62-219, IU 83-4 and TAU 2) were found moderately resistant
(Rating 2). Rest of the twelve entries showed moderately
susceptible to susceptible reaction and scored 30 to 50 percent
of infection and susceptible check T9 exhibited > 50 percent
infection against YMD (Table 2). Earlier, Gill et al. (1983) has
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clearly demonstrated that resistance against YMD was rare in
mungbean but was found in urdbean and soybean, which led
them to successful hybridization and inter specific transfer of
resistance.

A number of mungbean and urdbean genotypes have
been identified as resistant and moderately resistant to YMD
(Ghafoor et al. 1992 and Gupta 2003).  The sources of
resistance to YMD has been identified in this study could be
used to breed virus resistant mungbean and urdbean cultivars
to improve crop production in the country.
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ABSTRACT

Present investigation was taken up with a view to identify
characters as an index to model plant architecture. The study
was undertaken with two separate sets of materials consisting
of thirty-six elite genotypes and F3 populations of six crosses
involving diverse parents and their F4 generation in the ensuing
season.  Phenotypic correlations and path coefficient analysis
have been used to identify the model plant features. A bird’s
eye view of the model plant features coming out in the present
study suggested that a model plant has to be comparatively tall
with more number of primary branches and higher number of
pods per plant. The pods have to be longer with more number of
comparatively bolder seeds. Since leafiness was found to be
associated positively with seed yield, comparatively more leaves
per plant will be needed in a model plant. Taller plants may
tend to lodge and therefore, a compromise between plant height
and number of pods has to be made.

Key words: Correlation, Fieldpea, Ideotype, Path coefficient

Pulses are important constituents of Indian diet as a
large part of the population is vegetarian and depends on
pulses for the dietary protein in addition to carbohydrates
and vitamins. They improve soil fertility by fixing atmospheric
nitrogen and thus help in reduction of nitrogenous fertilizer
requirement and enhance the status of organic matter in the
soil by adding leaves and other vegetative part of the plant.
However, the production of pulses has remained almost
stagnant during last four decades hence the pulse production
could not cope up with the demand of increasing population.
Field pea (Pisum sativum L.) is an important grain legume and
is potentially one of the highest yielding pulse crop with an
average yield of 1835 kg/ha. It is highly nutritive and contains
major proportion of digestible proteins, carbohydrates, fat,
minerals and vitamins. Lack of genetic variability has often
been construed as a factor responsible for relatively limited
progress made in the improvement of pulse crops (Ramanujam
1975). It may, however, be mentioned that lack of progress in
pulses improvement might equally be due to the lack of an
ideotype. As the concept of plant type received much attention
and also helped in breaking the yield ceiling in cereals, it has
not received much attention so far in the pulse crops.
Considering these the present investigation was taken up
with a view to identify some characters as an index to a model
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plant architecture and to assess the relative importance of the
yield attributes.

The experiment study was carried out at the Pulses
Research Area of Department of Genetics and Plant Breeding,
CCS Haryana Agricultural University, Hisar with two separate
sets of materials. In the first set, thirty-six elite genotypes,
representing a broad spectrum of genetic variability, were
evaluated in the field following randomized block design with
three replications. The material for second set consisted of F3
populations of six crosses [Cross I - Arkel × HFP 8712, Cross
II - Bonneville × HFP 9103, Cross III - HFP 8711 × EC 15210,
Cross IV - Green 211 × (Rachna × EC 15210), Cross V - Green
211 × (Bonneville × HUP-11) and Cross VI - (Bonneville ×
HUP-11) × (HFP 8712 × EC 15210)] involving diverse parents.
From these F3 populations, 200 plants were taken randomly
from each plot of each cross for recording of observations at
the time of maturity on ten characters viz., node number at
which first pod appears, plant height at which first pod appears
(cm), plant height (cm), number of primary branches/plant,
number of pods per plant, pod length (cm), number of seeds
per pod, grain yield per plant (g), 100-seed weight (g) and
leafiness/leaflessness (number of leaflets/leaves),. During the
ensuing season, 120 random plant progenies selected from
each cross were grown as F4 generation and observations
were recorded on five randomly selected plants taken from
each progeny for the same characters. Data were analyzed as
per Panse and Sukhatme (1967), Burton and Devane (1953),
Al-Jibouri et al. (1958) and Dewey and Lu (1959) to work out
genetic variability, heritability, phenotypic correlations and
path analysis, respectively and further utilized for drawing
the inferences to shape out an ideal plant type.

The ideal plant type of any crop can be developed
depending on comparative contribution of plant characters
on its yielding ability in varying agro-climatic conditions.
Adams (1973) described three possible approaches to the
problem of identification of an ideal plant type. First is the
statistical approach of factor analysis. The second approach
is the use of isogenic lines or populations. The third approach
is “model building or construction of ideotypes” which
involves identification of morphological and physiological
components related to yield for which genetic variation exists,
from an understanding of plant functions, gained from
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experience and/or experiments. Thus information on the extent
of genetic variability, heritability, character associations and
relative importance of yield contributing characters will have
a direct bearing on improved plant type.

In the present study, field evaluation of the 36 elite
genotypes of fieldpea revealed presence of highly significant
differences among them for all the characters except pod length.
Range and coefficients of variation, further depicted presence
of enough variability, suggesting ample scope of exploiting
such variability through selection (Table 1). However, number
of seeds per pod, 100 seed weight and pod length appeared to
have relatively low genetic variability as well as genetic
advance. Thus, considering the findings of the present
investigation as well as the previous reports (Vikas and Singh
1999; Sharma et al. 2009; Azmat et al. 2011 and Mourão et al.
2011), it can be validly concluded that models of improved
plant type can easily be formulated within the limits of available
genetic variation. Heritability of the characters forming the
primary component of the plant morphology is equally
important while tailoring such model plant through breeding.
Most of the important characters like pods per plant, primary
branches per plant and yield per plant exhibited high
heritability. High heritability was also observed for most of
these characters by Kumar et al. (1998) and Vikas and Singh
(1999). Pod length and 100 seed weight have often been
reported to have comparatively low heritability (Kumar et al.
1998).  In the present study also, these traits were observed to
have heritability of comparatively lower magnitude.

Association among various plant characters particularly
those having strong relationship with seed yield and their
heritability play a vital role in formulating the models of
improved plant type. In fact, the construction of such model
plants is nothing but arriving at the optimum levels of
expression of each component character, ultimately resulting
in maximum seed yield. In the present study, 36 elite lines (EL),
F3, F4 and F4 mean based populations, of six crosses were
used for calculating association analysis of seed yield with
other yield component characters. Simple phenotypic
correlation coefficients revealed that node number at which

first pod appear had a positive and significant association
with plant height at which first pod appear and plant height
whereas, other associations did not show any fixed trend,
showing that these three are growth parameters and usually
depend on environment to a large extent. The number of pods
per plant, primary branches per plant, plant height, node
number and plant height at which first pod appear expressed
positive and significant association with grain yield. Though
positive association was also found among height of plant at
which first pod appear, plant height, primary branches, pods
per plant, grain yield per plant and 100-seed weight. However,
strong association was observed with pods per plant, primary
branches per plant, pod length, seeds per pod and 100-seed
weight.

The estimates of direct and indirect effect of various
traits on seed yield per plant revealed that the node number at
which first pod appears had a good direct effect on seed yield
per plant in case of EL and in F3 generation. Direct effect of
height of plant at which first pod appears was positive and
high in EL only. Also this character showed a good positive
indirect effect on grain yield through node number at which
first pod appears, plant height and number of primary branches
per plant in EL. Plant height had a direct effect on grain yield
per plant in EL, however, in all the crosses in all the generations
it did not contribute much towards seed yield per plant directly.
As far as its indirect contribution is concerned, it was positive
through node number and plant height at which first pod
appears, number of primary branches per plant in EL. In F3, F4
and F4 mean generations, the direct and indirect effects in
different crosses were very low except in F3 generation in all
crosses via pods per plant  where it was positive and
considerably high. Direct effect of number of primary branches
on seed yield per plant was 0.276 in case of EL and had a very
good indirect effect on seed yield via number of pods per
plant in all the generations and in all the crosses. Srivastava
and his co-workers (2008) suggested that cluster/plant, pods/
plant, seeds/plant and harvest index must be taken in to
account during the course of selection for higher yield in
dry pea.

Table 1. Mean, range, coefficient of variation, heritability and genetic advance in fieldpea (elite line)
                       Coefficient of variation Heri ta- Geneti c

Character Me an Rang e bil ity advance
G CV P CV (B. S.) (%  mean)

Node number at which 11.62 7.93-14.20 15.02 18.06 69.10 25.71
first pod appear
Height (cm) of plant at 45.18 20.73-84.33 43.71 44.21 97.74 89.02
which Ist pod appear
Plant height (cm) 95.61 44.47-168.60 44.12 44.33 99.09 90.49
No. of primary branches 1.90 0.93-3.00 27.62 34.88 62.75 45.08
No. of pods per plant 14.52 7.93-25.00 31.86 33.30 91.49 62.78
No. of seed per pod 3.58 2.56-4.63 8.39 16.70 25.23 8.68
Pod length (cm) 6.05 5.07-7.00 6.04 11.94 25.65 6.30
Grain yield per plant (g) 11.74 5.30-20.53 31.24 32.51 92.30 61.82
100-seed weight (g) 22.20 19.86-23.96 4.08 5.74 50.38 5.96
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The direct effect of pods per plant was positive and
very high for all the generations in all the crosses except in F4
mean.  Its indirect effect via node number and plant height at
which first pod appears, plant height, number of primary
branches per plant was high and positive in EL only. Direct
and indirect effect of pod length on grain yield per plant was
of different magnitude and no particular fixed trend was
observed for all crosses and in different generations. Direct
effect of number of seeds per pod on grain yield per plant was
found positive for all the crosses in all the generations except
in F3 generation on pool basis and F4 mean. Direct effect of
100-seed weight on grain yield per plant was negative in case
of EL whereas positive for all other cases except F4 pooled
base and F4 mean. The indirect effect of this character through
node number and height at which first pod appears, plant
height and number of primary branches per plant was positive
and high in EL as well.

The residual effect in all the generations and crosses
ranged from 0.012 to 0.284 and in most of the cases it was less
than 0.20 which indicated that most of the characters
responsible for grain yield had been included in the present
study. These results of phenotypic correlations and path
coefficient analysis find support from earlier workers viz., Vikas
and Singh (1999), Kumar and Sharma (2006), Nawab et al.
(2008), Srivastava et al. (2008), Togay et al. (2008), Sharma et
al., (2009) and Dhama et al. (2010). These findings clearly
show that improvement in any of the above characters will
ultimately improve the yield of a plant. Thus, on the basis of
association analysis a plant which produces a larger number
of primary branches, more number of longer pods per plant
with more seeds per pod would be most desirable plant type.

The terms like model plant, ideal plant and plant
ideotype ultimately carry the same meaning i.e. a plant with
certain set of typically model characteristics, which is expected
to give maximum yield under a set of given conditions. A
bird’s eye view of the model plant features coming out in the
present study suggested that a model plant has to be
comparatively tall. It has to have more primary branches,
invariably a higher number of pods per plant. The pods have
to be longer with more number of comparatively bolder seeds
per pod. Since leafiness was found to be associated positively
with seed yield, comparatively more leaves per plant will be
needed in a model plant. Taller plants may tend to lodge and
therefore, a compromise between plant height and number of
pods has to be made. Earlier, a high value of all these three
major components of seed yield i.e. pods per plant, seeds per
pod and seed weight has been found desirable in the model
plant. But due to inverse relationships between some
combinations of them, it is practically impossible to increase

all of them simultaneously. Hence, a modest compromise
between them too has to be made, especially if any one of
them has very high expression, the other two have to be
modest.
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ABSTRACT

Screening of fungistatic activity of nine fungicides (500, 1000
& 1500 ppm) with control was tested against seed-borne
mycoflora of mungbean (Vigna radiata L.). Two fungal species
viz., Aspergillus niger and Aspergillus flavus were isolated from
the stored grains of mungbean. Their efficacy was measured
by food poisoning technique on Potato Dextrose Agar in
petridishes. All nine fungicides significantly reduced seedborne
Aspergillus niger and Aspergillus flavus associated with
mungbean seeds. A variable effect of different concentrations
of the test fungicides viz., 500, 1000 and 1500 ppm was recorded
against Aspergillus niger and Aspergillus flavus. All the employed
concentrations of Carbendazim and Carbendazim (12%) +
Mancozeb (63%) totally suppressed both the test fungi. Effect
of all applied concentrations of Mancozeb, Copper Oxychloride
and Thiophanate methyl showed least mycelial growth
inhibition but higher dose partially suppressed both the fungi.

Key words: Fungicides, Percent growth inhibition, Seed-borne
mycoflora

Aspergillus species prominently the A. niger and A.
flavus are responsible for spoilage of many foods and feeds
(Abarc et al. 1994, Katta et al. 1995, Barrios et al. 1997).
Furthermore, A. flavus produced aflatoxins (Frazier and
Westhoff 1988, Gourama and Bullerman 1995). Thus, the
presence and growth of these fungi in food and feed threaten
human and animal health. In order to avoid fungal
contamination, the search for antifungal agents is variedly
vast and extensive (Paster et al. 1995, Guo et al. 1996).  Among
pulses, mungbean (Vigna radiata L. Wilczek) is an important
crop that can be grown on flood-free soils almost throughout
the year. Mungbean is one of the most important legumes of
the arid and semiarid tropics (Chen et al. 1987). Because of
short growth duration and nitrogen fixing ability it fits well in
many cropping systems. But their inherent low yield potential,
sensitivity to climatic fluctuations and its susceptible to
diseases and insect pests frequently contribute to its yield
instability. The crop suffers from at least 20 different diseases
in the country (Bakr 1994) of which 12 are caused by fungi,
five by virus or mycoplasma, two by nematode and one by
bacteria. Around 45% of the total world mungbean production
is from India. Most of the food crops grown are propagated
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by seed and these crops are infected by many harmful seed
borne diseases. Seed treatment with fungicides not only
controls the seed-borne diseases but also improves seed
health, plants tend and crop yield (Tanweer 1982). In any seeds
production programme, storage of seeds from harvest to next
planting season is of prime importance and pre-requisite in
respect to agriculture.

The experiment was conducted in the laboratory of
Department of Mycology and Plant Pathology, IAS, BHU,
Varanasi. Seed samples of mungbean varieties viz,, HUM-12
were procured from the Department of Genetics & Plant
Breeding, B.H.U. Nine seed-dressing fungicides comprising,
both having systemic and non-systemic mode of action were
evaluated for their inhibitory effect on growth of the fungi
using “Poisoned Food Technique”. The agrochemicals
undertaken for study were Carbendazim, Copper Oxychloride,
Thiophanate methyl, Chlorothalonil, Metalaxyl 8% +
Mancozeb 64 % , Mancozeb, Carbendazim (12%) + Mancozeb
(63%), Cymoxanil (8%) + Mancozeb (64%), Hexaconazole (5%)
+ Captan (70%), these fungicides were used as seed dressers
to control the seed-borne pathogens of mungbean seed under
storage. Appropriate quantity of each fungicide was separately
dispensed in molten steri lized PDA to make desired
concentrations for each fungicide. The mycelial discs of 5 mm
diameter, taken from 10 days old culture of the fungal
pathogens were aseptically placed in the centre of solidified
poisoned PDA. Three replications were maintained for each
concentration. The Petri-plates were incubated at 25 ± 2°C
and observations on per cent growth inhibition of test fungus
were recorded after seven days of incubation. The growth of
test fungus on PDA served as a control. The per cent growth
inhibition due to various fungicidal treatments was recorded
at seven days.

The results presented in Table 1 revealed that all the
fungicides tried were found inhibitory to the mycelial growth
of A. niger and A. flavus. Carbendazim (500, 1000 and 1500
ppm) and carbendazim 12% + mancozeb 53% at all
concentration gave complete inhibition of mycelial growth of
both the fungus. However, Hexaconazole (5%) + Captan (70%)
at 1000 and 1500 ppm in A. niger and 1500 ppm in A. flavus
gave complete inhibition of mycelial growth compare to others.
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Next best fungicides Cymoxanil (8%) + mancozeb (64%) at
1500 ppm (91.00 %) and Mancozeb at 1500 ppm (87.32 %) in A.
flavus and Cymoxanil (8%) + mancozeb (64%) at 1500 ppm
(87.19 %)  in A. niger were recorded for mycelial growth
inhibition, respectively. Minimum per cent growth inhibition
were recorded at 500 ppm in Mancozeb (34.57 %) followed by
Thiophanate methyl (35.26 %) in A. niger and Mancozeb (38.82
%) followed by Thiophanate methyl (42.32 %) in A. flavus.

Javed et al. (1995) reported that thiobendazole 0.4 per
cent was most effective in inhibiting the mycelial growth of
Aspergillus niger, Alternaria citri, Penicillium digitatum and
P. italicum in citrus fruits. Suryavanshi and Deokar (2001)
observed maximum inhibition of mycelial growth of A. niger
with captan. The least inhibition was observed with copper
oxychloride and chlorothalonil. Raju and Naik (2006) found
that systemic fungicide SAFF was most effective in inhibiting
the growth of A. niger followed by benomyl and carbendazim
at 0.05 per cent concentration. Non-systemic fungicides,
mancozeb and curzate inhibit the growth at 0.3 per cent
concentration. Carbendazim and mancozeb at 500 and 1000
ppm concentration completely inhibited the mycelial growth
of Aspergillus niger causing collar rot of groundnut in vitro
(Nagaraju and Urs 1998). Seed dressing with fungicides @
500-1000 ppm is recommended for the storage of mungbean
seeds to avoid post harvest losses.
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Table 1. Evaluation of different fungicide at different concentrations on growth inhibition of Aspergillus niger and Aspergillus
flavus in in vitro condition.

Percent Growth Inhibition 
Aspergillus niger Aspergillus flavus Sr. No. Fungicide 

500 ppm 1000 ppm 1500 ppm 500 ppm 1000 ppm 1500 ppm 
1 Carbendazim 100 100 100 100 100 100 
2 Copper Oxychloride 38.31 56.20 71.30 58.54 76.66 82.86 
3 Thiophanate methyl (Topsin M-45 75 WP) 35.26 55.51 72.34 42.32 53.07 75.34 
4 Chlorothalonil  (Kavach 75 WP) 48.46 67.98 78.95 48.07 56.34 69.00 
5 Metalaxyl 8% + Mancozeb 64 %  (Master 72 WP) 51.23 68.42 82.32 56.78 74.46 85.36 
6 Mancozeb (Dithane M-45 75%WP) 34.57 58.79 83.21 38.82 70.40 87.32 
7 Carbendazim (12%) + Mancozeb (63%) 100 100 100 100 100 100 
8 Cymoxanil (8%) + mancozeb (64%) 65.76 77.35 87.19 72.34 81.23 91.00 
9 Hexaconazole (5%) + Captan (70%) 83.57 100.0 100 67.64 76.19 100.00 
10 Control 0.00 0.00 0.00 0.00 0.00 0.00 
S.Em. ± 0.603 0.211 0.156 0.862 0.537 0.342 
C.D. at 5 % 1.730 0.605 0.563 2.381 1.645 1.291 
C.V. % 3.53 1.39 1.27 5.65 3.843 2.364 
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