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ABSTRACT

Pigeonpea, often considered as a drought tolerant crop, has the
distinct advantage of having a large range of variation for
maturity, leading to its adaptation to a wide range of
environments and cropping systems. It encounters a number of
abiotic stresses during its life cycle. The most important are
extremes of moisture and temperature, photoperiod and mineral
related stresses. While waterlogging affects plant growth by
reducing oxygen diffusion rate between soil and atmosphere
and by changing physical and chemical properties of soil,
drought and high temperature mostly influence long duration
pigeonpea, resulting in its forced maturity. Similarly, low
temperature leads to conversion of intracellular water into ice
and consequently shrinking of cells and wilting and death of
plants. Soil salinity affects pigeonpea plants through osmotic
stress and interference with uptake of mineral nutrients.
Aluminium toxicity also reduces nutrient uptake efficiency of
this crop. Though these stresses have a drastic impact on
reducing productivity of pigeonpea, only limited efforts have
been made towards screening and development of pigeonpea
genotypes having tolerance to these abiotic stresses. Further,
even these limited accomplishments are not well-documented.
The present review provides comprehensive information vis-a-
vis the work done on abiotic stress tolerance in pigeonpea.

Key words: Abiotic stresses, Aluminium toxicity, Cajanus cajan,
Drought tolerance, Low temperature, Mineral stress,
Photoperiod, Pigeonpea, Waterlogging

Pigeonpea [Cajanus cajan (L.) Millspaugh] is one of
the major food legume crops of the tropics and sub-tropics. In
India, after chickpea, pigeonpea is the second most important
pulse crop. It is mainly eaten in the form of split pulse as ‘dal’.
Despite its main use as de-hulled split peas, the use of
immature seeds is very common as fresh vegetable in some
parts of India such as Gujarat, Maharashtra and Karnataka.
Besides this, in the tribal areas of various states, the use of
pigeonpea as green vegetable is very common (Saxena et al.
2010).

Pigeonpea is grown in a number of countries of Asia,
Eastern and Southern Africa, Latin America and Caribbean
countries. Globally, it is cultivated on 4.92 million ha (mha)
with an annual production of 3.65 million tons (mt) and
productivity of 898 kg/ha (http://www.icrisat.org). India has
the largest acreage under pigeonpea (3.90 mha) with a total

production and productivity of 2.89 mt and 741 kg/ha,
respectively (DAC 2011).

Pigeonpea is considered as a drought tolerant crop with
a large variation for maturity period. As a result, it is widely
adapted to a range of environments and cropping systems.
Broadly, four maturity groups are recognized in pigeonpea:
extra early (90 – 120 days), early (120 – 150 days), medium (150
– 200 days), and late (200 – 300 days). These variations for
maturity have direct relevance on the survival and fitness of
the crop in different agro-ecological niches (Choudhary 2011).

Pigeonpea encounters various abiotic stresses during
its life cycle such as moisture (waterlogging/drought),
temperature, photoperiod and mineral (salinity/acidity) stress.
Among these stresses, moisture stress is common because
pigeonpea is generally grown as a rain-fed crop. In the north-
western and north-eastern parts of India, the stress imposed
by extremes of temperature (too low/ too high) during the
reproductive stage often leads to crop failure. Some areas in
these regions have acidic soils with problems of aluminium
toxicity. In some other areas such as parts of Haryana and
Punjab, the crop suffers from both waterlogging and soil
salinity stresses. Empirical evidences reveal that one abiotic
stress is often linked with several other stresses, making it
difficult to know the exact cause of the crop failure. The
literature pertaining to screening, identification of tolerant
genotypes and their utilization for improving tolerance to such
abiotic stress in pigeonpea is scanty and also not well-
documented as compared to cereals. Therefore, the present
paper aims to review the available information on abiotic
stresses and discusses the ways to improve the tolerance to
these stresses in pigeonpea.

A. Waterlogging

Non-wetland crop species require well-drained soils for
optimal growth and production of yield. Prolonged water
saturation has a significant impact on both biotic and abiotic
attributes of the soils. Drastic reduction in oxygen partial
pressure is the primary plant stress under excessive moisture
condition. Inability of non-wetland crop species (including
pigeonpea) to withstand low oxygen conditions in rhizosphere,
caused by waterlogging or any other factor, results in
substantial yield losses. Roots of most plants are highly
sensitive to anaerobic conditions, which support a unique
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microbial community compared to aerobic conditions, and this
severely affects the nutrient relation of the soil. Shortly after
the onset of waterlogging conditions (2-3 days), obligate
aerobic bacteria become inactive, and facultative/obligate
anaerobic bacteria become active and dominate the micro-
flora/fauna of inundated soils. Over time, the activity of
anaerobic bacteria causes sharp decline in redox potential,
which causes severe nutrient imbalances. Another important
side effect of excessive moisture is leaching of mineral nutrients
and/or essential intermediate metabolites from the roots into
the volume of water in which they are immersed. Excessive
soil moisture causes major changes in physical and chemical
properties in rhizosphere. Oxygen diffusion rates (ODR) in
flooded soil is about 100 times lower than air (Kennedy et al.
1992), and respiration of plant roots, soil micro-flora and fauna
leads to rapid exhaustion of soil oxygen, and thereby causing
anaerobiosis. Oxygen deprivation, either completely (anoxia)
or partially (hypoxia) is detrimental to most species of higher
plants as it disturbs the respiratory cycle of plant by changing
it from aerobic (kreb cycle = 38 ATP) to anaerobic (glycolysis=2
ATP) cycle (Armstrong et al. 1994). However, proximate causes
of plant injury can be oxygen deficit or mineral nutrient
imbalances, a decrease in cytokinins or other hormones
released from the roots, a decrease in available soil nitrogen
and/or nitrogen uptake, an increase in toxic compounds in
soil such as methane, ethylene, ferrous ions or manganese,
an increase in toxic compounds (in the plant) such as ethanol
or ethylene, and an increase in disease causing organisms.

The areas where rainfall is dependent on monsoon are
more prone to waterlogging. Waterlogging occurs when rainfall
or irrigation water is collected on the soil surface for prolonged
periods without infiltrating into the soil. Soil characteristics
that contribute to waterlogging include its physical properties
that allow formation of a crust on the soil surface or a subsoil
pan particularly those of high water holding capacity soils,
such as vertisols and Indo-Gangetic alluvial soils (Reddy and
Virmani 1980). Waterlogging can also occur when the amount
of water added through rainfall or irrigation is more than what
can percolate into the soil within one or two days. This
condition sometimes results in rise of water table, causing
development of salinity/alkalinity as observed in Haryana and
the Punjab.

In India, waterlogging is one of the most serious
constraints for crop production and productivity, where about
8.5 mha of arable land is prone to this problem. Out of the total
(3.9 mha) area under pigeonpea, about 1.1 mha is affected by
excess soil moisture, causing an annual loss of 25-30% (Sultana
2010).

Pigeonpea is primarily grown between 14º and 30º
latitudes where the mean annual rainfall ranges between 600
and 1500 mm. Waterlogging is a major production constraint
in these regions particularly in deep vertisols. Some of the
important pigeonpea growing areas where severe

waterlogging is encountered are Yavtmal and the adjoining
areas in Maharashtra, Gorakhpur, Faizabad, Varanasi, Jaunpur,
Kanpur, Ghazipur and Fatehpur in Uttar Pradesh, Jabalpur in
Madhya Pradesh, Surat and Navsari in Gujarat and northern
and eastern regions of Bihar.

Fig 1. Pigeonpea genotypes showing chlorosis /nitrogen
deficiency after receiving heavy rainfall continuously
for 10 days at early seedling stage at ICRISAT,
Patancheru during 2009

The risk of crop failure or yield reduction due to
waterlogging is quite high in extra-early and early duration
varieties because they get less time to recover from this stress
as compared to medium and long duration variet ies
(Matsunaga et al. 1991). In pigeonpea, a few studies have
shown the relationship between waterlogging and severity of
diseases caused by Phytophthora species (RHS 2010). In
general, waterlogging conditions increased the incidence of
root rot caused by Fusarium cactum. High soil moisture
directly favours Phytophthora  species by providing a
continuous water film necessary for zoospore production and
their motility. In addition, high soil water may indirectly favour
infection and colonization of the host tissues by the fungus
by decreasing host vigour and increasing the release of host
exudates that may stimulate germination of dormant propagules
(Duncan et al. 2007).

Waterlogging can affect pigeonpea during germination,
early and late seedling stages as these stages cover peak
monsoon period (Fig. 1). These three critical stages can be
used for screening of tolerant genotypes. Empirical evidences
suggest that waterlogging causes rapid senescence and
drooping of the shoot tips of plants. It reduces plant height
and delays flowering in surviving plants, resulting in reduction
in the number of pods, seeds/pod and seed yield. It has been
observed that seed coat thickness, aerenchymatous cells,
lenticels and adventitious roots also affect tolerance to
waterlogging in pigeonpea. However, these traits need to be
confirmed and re-validated before these can be used as
selection criteria in pigeonpea.
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Preliminary screening of pigeonpea cultivars and
genotypes for waterlogging tolerance has been done at
ICRISAT (Patancheru, Hyderabad), IIPR (Kanpur) and Institute
of Agricultural Sciences (BHU, Varanasi). Some tolerant
cultivars and advance breeding lines have been identified
(Table 1).

Perera et al. (2001) studied the genetics of different
morphological traits. The results showed that the additive
and dominant gene effects control the expression of most of
the important traits. It was also observed that crosses between
the tolerant and sensitive lines showed more genetic variation
than those among tolerant lines, suggesting potential for
genetic improvement for these traits. Sarode et al. (2007)
worked out genetics and identified the gene for waterlogging
tolerance in pigeonpea. They studied segregation pattern in
two crosses derived from tolerant parent ‘ICPL 84023’ and
sensitive parents ‘DA 11’ and ‘MA 98 PTH 1’. Their study
revealed that waterlogging tolerance is a dominant trait and is
governed by a single gene. Therefore, it can easily be
transferred by backcrossing to leading varieties, which are
sensitive to waterlogging. However, it could be possible that
parents might be differing at a single locus. Therefore, they
suggested making more efforts involving a large number of
tolerant and sensitive parents to understand the genetic
control of waterlogging tolerance. This may be helpful in
breeding waterlogging tolerant varieties, so that the crop
efficiency can be increased and the true potential of pigeonpea
as pulse crop can be fully exploited.

There is need to standardize screening techniques
against excessive soil moisture in pigeonpea. This calls for
large-scale utilization of pigeonpea germplasm for re-validation
of screening techniques (strategic research). Identification of
gene(s) conferring waterlogging tolerance (basic research)
and its incorporation into the cultivars (applied research) to
have viable outcome (anticipatory research) merit special
attention. Besides, adaptation mechanisms to waterlogging
tolerance also need to be explored.

B. Drought Stress

Pigeonpea is grown in kharif season as a rainfed crop.
It is considered as a drought tolerant legume on account of its
deep root system. Among the four maturity groups, extra-
early and early types complete their life cycle just after
recession of the monsoon season. However, their reproductive
phase more often encounters terminal drought. The situation
becomes even worse for medium and long-duration pigeonpea
as their flowering and pod-filling stages coincide acute soil
moisture deficit in absence of any supplementary irrigation.

Likoswe and Lawn (2008) studied species differences
in drought response of three grain legumes, namely soybean,
cowpea and pigeonpea  to assess how water deficit affects
water use, growth and survival of plants in pure stand and in
competition. In pure stand, pigeonpea appeared to be slow,

tolerant and slow for the rate of plant available water (PAW)
depletion, no. of nodes and node growth and senescence of
the lower leaves, respectively. Cowpea and pigeonpea
extracted almost all PAW and died after an average of 18 days
and 14 days, respectively following maximum PAW depletion.
In contrast, soybean died before 90% of PAW was depleted
and so in pure stand used less water. There were otherwise
only minor differences between the species combinations in
the timing and maximum level of PAW depletion. The ability
of cowpea and pigeonpea to maintain leaf water status above
lethal levels for longer was achieved through different means.
Pigeonpea appeared to rely primarily on dehydration
tolerance and maintained high tissue water status for longer.
Significant level of osmotic adjustment (OA) was identified in
pigeonpea, which benefited leaf survival. Pigeonpea invested
significantly more total dry matter (TDM) in roots than either
cowpea or soybean. Cowpea survived longest in pure stand
whereas pigeonpea and soybean survived shortest in pure
stand, suggesting that the dehydration avoidance response
of cowpea was more effective in competition with like plants
whereas the dehydration tolerance strategies of pigeonpea
and soybean were least effective when competing against
like plants. On the average, TDM/plant ranked in the order of
cowpea > soybean > pigeonpea, largely reflecting initial
differences in plant size when water was withheld. However,
there was an inverse relation between TDM of a species and
that of its competitor, so that in effect, water not used by a
given plant to produce TDM was used by its competitor.

A large spectrum of genotype duration (from long to
early and extra-early duration) and matching genotype
duration with likely period of soil water availability is the first
strategy used against terminal drought stress (Serraj et al.
2003). Drought resistant genotypes can avoid moisture stress
through faster root growth. Onim (1983) observed the
differences in root depth at 31 days between resistant and
susceptible genotypes. The difference was up to 18 cm and
deep rooting was positively correlated with seed yield/plant.

The effect of moisture stress imposed at pre-flowering
stage has been associated with greatest reductions in nodule
nitrogenase activity (70-90%), followed by the rate of
photosynthesis (50-71%), and root and nodule respiration
(31-45%). Large seeded cultivars have been observed more
sensitive than small seeded ones. Among small seeded
cultivars, those with indeterminate growth habit have been
found more drought resistant than those with alternative type
(determinate growth habit). Values for relative water content
(RWC) and water retention in leaves were also higher in
cultivars with indeterminate growth (Kuhad et al. 1989). Kimani
et al. (1994) noted genetic variat ion for vegetative
development, leaf water potential, RWC, photosynthesis, and
stomatal conductance during two cycles of water stress and
recovery. They suggested to use water status parameters
(especially RWC) as indicators of drought tolerance while
breeding for drought resistance in pigeonpea.



168 Journal of  Food Legumes 24(3), 2011

In short-duration pigeonpea, the maintenance of both
leaf area index (LAI) and fractional canopy light interception
appears to indicate genotypic drought tolerance. Some
possible characteristics that may improve drought resistance
of short-duration pigeonpea include the ability to maintain
TDM, low flowering synchronization, small pod size with a
few seeds/pod and large 100-seed weight (Lopez et al. 1996,
1997).

OA is considered as an important physiological
mechanism of drought adaptation in many crop plants. In a
group of 26 early-duration pigeonpea genotypes, Subbarao
et al. (2000) observed a significant correlation of mean leaf
osmotic potential with the mean OA under water stress
condition at 60-92 days after sowing. Mean leaf osmotic
potential accounted for 72% of the genotypic variation in
OA. Significant genotypic variation was observed for the
initiation, duration, and degree of OA. Genotypic differences
in grain yield under drought was best explained using stepwise
multiple regression to account for differences in OA at 72, 82,
and 92 days after sowing (r2 = 0.41**; n= 78). The degree of
OA at 72 and 82 days after sowing (DAS) contributed
positively to the grain yield, whereas OA at 92 DAS contributed
negatively to this relationship. In another study, Flower and
Ludlow (1987) screened 22 pigeonpea accessions for variation
in osmotic adjustment and dehydration tolerance of leaves.
However, no difference in osmotic adjustment was found under
field condition, but moderate variation (0.7-1.3 MPa) was found
among twenty-two accessions grown under controlled
conditions. In addition, moderate variation in dehydration
tolerance was found among the accessions; lethal leaf water
potentials ranged from -6.8 to -8.2 MPa, although the level of
tolerance was high compared with other grain legumes. In
view of the general genetic diversity of the accessions, they
concluded that the probability of finding greater variation in
these traits is small. Moreover, because pigeonpea has high
OA and high dehydration tolerance compared to other crops,
they suggested that high priority should not be given to
attempting improvement of drought resistance by increasing
the magnitude of these two traits in pigeonpea.

Screening of pigeonpea varieties for high reproductive
fitness under actual water deficit condition may be a realistic
approach. Reddy (2001) screened ‘LRG 30’, ‘ICPL 85063’, and
‘ICPL 332’ as the most suitable varieties out of the ten cultivars
evaluated under rainfed condition. He concluded that higher
yield of these cultivars (1980 kg/ha, 1800 kg/ha, 1787 kg/ha,
respectively) under moisture deficit might be due to their high
RWC, pods/plant and harvest index.

Jaleel et al. (2008) studied involvement of Paclabutrazol
(PBZ) and ABA on drought induced osmoregulation  in
pigeonpea. They used two watering treatments (100 and 60%
field capacity) to understand the effects of water deficit with
and without PBZ  and ABA on biochemical constituents,
proline and antioxidant metabolisms of pigeonpea plants.

There was a significant enhancement in the proline content
and ã-glutamyl kinase and reduction in proline oxidase
activities under water deficit stress. Drought stress caused
an increase in the free amino acid and glycine betaine (GB)
content. PBZ and ABA acted as stress ameliorating agents by
further enhancing these parameters in water st ressed
pigeonpea plants. The stress mitigating effect was significant
in the case of PBZ treated plants compared to ABA treated
ones.

According to Kumar et al. (2011), a progressive water
stress causes significant physiological and biochemical
changes in pigeonpea. RWC parameter could be used to select
high-yielding genotypes that maintain cell turgor under water
deficit environment. Enhanced proline accumulation during
stress indicated that proline plays a cardinal role as an osmo-
regulatory solute in plants. The increased activities of
antioxidant enzymes including superoxide dismutase (SOD)
and peroxidase (POD) indicated that an effective antioxidant
defense mechanism protects pigeonpea from destructive
oxidative reactions.

In conclusion, physiological parameters such as
dehydration tolerance, RWC and OA appear to be important
in pigeonpea for combating moisture deficit condition.
However, conclusive evidences that these parameters also
confer reproductive advantages to the surviving genotypes
are scanty. Agronomic traits such as pods/plant, seeds/pod,
seed size and seed yield/plant under actual water deficit
condition should be given much importance while breeding
for drought resistance in pigeonpea.

C. Temperature Stress

In north India, pigeonpea experiences low temperature
stress during winter months (December–January). The stress
adversely affects growth, survival and reproductive capacity
of plants if the minimum temperature falls below 5°C. At
freezing temperature, intracellular water gets converted into
ice, which in turn causes shrinkage of cells inside the plant,
resulting in wilting and death of plants.  According to Wery et
al. (1993), the intracellular ice in the plants causes cell
dehydration and cell membrane destruction due to freeze-thaw
cycle leading to death of the plants under cold conditions.

Genetic variation for germinability and root-length under
low temperature (14°C) has been noticed (Kumar et al. 1991).
It has been established that greater root: shoot ratio (>1.0)
may be used as a selection criterion for cold tolerance at the
seedling stage (Kumar et al. 1991, 1995). In a field study in
China, Yong et al. (2002) reported enormous variation in plant
mortality and plant survival under cold stress condition (- 3°C
to - 0.3°C). Conclusive evidence for the presence of genetic
variability vis-à-vis cold tolerance was provided by Sandhu
et al. (2007). They screened for cold tolerance in a set of 480
pigeonpea lines at PAU, Ludhiana. During the first fortnight
of January, minimum temperature more often touches 0°C,
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which was good enough to assess cold reaction. As many as
32 genotypes were rated cold tolerant as the plants retained
their normal morphology with intact floral buds. They
suggested for utilizing these genotypes to enhance cold
tolerance of sensitive varieties and study the genetics of cold
tolerance.

Upadhyaya et al. (2007) reported the results of an
evaluation trial of pigeonpea germplasm accessions collected
from low (<500 m), medium (501–1000 m), high (1001–1500 m)
and very high elevation zones (>1500 m) of Kenya at ICRISAT,
Patancheru, India. They observed that accessions from the
very high elevation zone (>1500 m) were late flowering with a
large number of tertiary branches, large seeds and a high
shelling percentage and could be a source for cold tolerance
and breeding of vegetable types. Results indicated that the
elevation of collection sites is important in determining
variation patterns of pigeonpea in Kenya.

Reports concerning effects of low temperature stress
on the reproductive parts are only a few and also not well-
documented. Singh et al. (1997) studied effects of low
temperature on floral buds and flower drop in the pigeonpea
germplasm. They identified seven highly tolerant genotypes
(including ‘Bahar’, a leading variety of long-duration
pigeonpea in northeastern plain zone of India) on the basis of
low bud and flower drop. They observed that long-duration
cultivars are well-adapted to cold situations because of their
inherent genetic mechanism to cope up with very low
temperature during reproductive stages. However, in both the
years (1992-93 and 1993-94) during which observations were
recorded, mean temperature did not fall below 14°C. Therefore,
it does not seem convincing whether the variation in bud and
flower drop was a consequence of low temperature stress.
Choudhary (2007) recorded data on buds/plant and flowers/
plant in two-temperature environments under field condition
(mean temperature: 16.4°C and 11.4°C). Low temperature stress
(11.4°C) appeared to reduce the number of buds and flowers
in each genotype. ‘IPA 7-2’ (a selection from a local land race
‘Kudrat-3’) was identified as the most tolerant on the basis of
least reduction and better mean performance for the number
of buds and flowers under low temperature condition.
However, the other genotype ‘Bahar’ also appeared at par
with the ‘IPA 7-2’. On the basis of rank correlation (0.943**),
it was suggested that either of the two traits could be used as
a selection criterion for tolerance to low temperature.

The research conducted at the IIPR, Kanpur (Annual
Report 2008-09) revealed that low temperature primarily affects
development and growth of flower buds. In some sensitive
genotypes such as ‘IPA 209’ and ‘IPA 06-1’, filaments of
stamens fail to enlarge at low temperature and thus affect
opening of flowers. Pollen dehiscence does not occur too,
although pollens are fully fertile. As a consequence,
unfertilized flowers wither and fall down, resulting in no pod
formation in these genotypes under low temperature. Detailed

analyses of F1, F2 and backcross populations derived from
crosses between sensitive parents (‘IPA 209’ and ‘IPA 06-1’)
and tolerant parent (‘Bahar’) revealed that low temperature
tolerance in pigeonpea is a monogenic dominant trait (Annual
Report 2008-09), which could be easily transferred to high-
yielding pigeonpea cultivars (such as ‘NA 1’) that are sensitive
to low temperature.

In a similar study in another set of materials, Singh and
Singh (2010) also substantiated the previous finding that pod
setting in pigeonpea under low temperature is a dominant
trait and is governed by a single gene. The lower limits of
average minimum and maximum temperature during both the
years (2003-04 and 2004-05) at the pod setting stage in the
tolerant (such as ‘MAL 19’) parents, its crosses (such as ‘NA
1’ × ‘MAL 19’) with the sensitive (such as ‘NA 1’) parents and
their segregating generations (F2 and backcross generations)
were 9°C and 22.1°C (mean temperature: 15.55°C), respectively.
However, there are certain genotypes like ‘IPA 209’ and ‘IPA
06-1’ and ‘Bahar’ and ‘IPA 7-2’, whose degree of sensitivity
and tolerance to low temperature are even greater than ‘NA 1’
and ‘MAL 9’, respectively.

All the above results related to the effects of low
temperature stress on the reproductive traits of pigeonpea
were carried out under field (uncontrolled temperature)
conditions. Nonetheless, these studies threw at least some
light on the number and nature of gene(s) that governs low
temperature tolerance in pigeonpea. Screening of a large
number of pigeonpea genotypes for low temperature tolerance
under controlled temperature condition is still needed to
confirm those findings and generate precise genet ic
information.

D. Photoperiod

Pigeonpea is known to be thermo- and photosensitive
crop. It is grown in the areas where day length varies from 11
to 14 h and large differences in temperature are experienced,
largely due to variations in altitude and latitude. Field studies
have been conducted in pigeonpea with different maturity
durations (extra-early, early, medium and long durations) in
Kenya to determine the effect of photoperiod and temperature
on flowering. It has been found that the extra-short duration
genotype ‘ICPL 90011’ was the least responsive to variation
in photoperiod, while the two long-duration genotypes
‘ICEAP 00040’ and ‘T 7’ were the most sensitive to photoperiod
variation with flowering rate reduced by 0.001 d-1 per hour
increase in day length (Silim et al. 2007). Carberry et al. (2001)
found that flowering in short-duration pigeonpea cultivars
was delayed by up to 100 days when day length in the
photoperiod-inductive phase exceeded a critical value.
Medium- and long-duration cultivars delayed flowering by
over 150 days in response to photoperiod. A pioneer
experiment was conducted by Hugh et al. (1985) to determine
how the rate of development from sowing to flower bud
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initiation (FBI) and sowing to flowering was affected by
temperature and day length in pigeonpea cultivars with
different maturity periods. They found that both temperature
and day length had substantial effects over the range 16–
32°C and 10–14 h, respectively and the rate of crop growth
from sowing to flower bud initiation  varied among cultivars.
The effect of day length on the rate of crop growth was the
greatest between sowing and flower bud initiation, with the
greatest sensitivity between 12 and 14 h.  For the range of
conditions considered, temperature had at least as great an
influence as day length on the rates of development from
sowing to FBI and from sowing to flowering.

E. Soil Salinity Stress

Soil salinity can be a major constraint to pigeonpea in
regions where it is predominantly grown (Subbarao et al. 1991).
Salt accumulation in soil surfaces, known as soil salinity, could
lead to the impairment of plant growth and development and
is manifested mostly under irrigated and dryland agriculture.
Excess salts in the soil affects plants through osmotic stress,
accumulation to toxic levels within the cells, and through the
interference with the uptake of mineral nutrients (Chikelu et
al. 2007). Higher sodicity (NaCl / Na2SO4) adversely affects
the rate of photosynthate translocation from the source leaf
to other plant parts including pods (Deshpandey and
Nimbalkar 1982). It has been shown that higher concentrations
of NaCl (15 m mhoes/cm2) reduces plant height, leaf area, leaf
area index (LAI), crop growth rate, net assimilation rate, total
dry matter (TDM) production and seed yield and increases
leaf thickness of pigeonpea (Joshi and Nimbalkar 1983). Salinity
delays days to 50% flowering by 1-2 week and prolongs the
peak period of flower production, and reduces number and
weight of the pods and seeds (Promila and Kumar 1982).

There are reports related to field screening of pigeonpea
for tolerance to soil salinity. Genetic variation for tolerance to
salinity (with respect to survival) has been observed among
cultivated genotypes and wild species especially Cajanus
scarabaeoides (Rao et al. 1981). Some leading cultivars such
as ‘C 11’ (Chauhan 1987), ‘UPAS 120’ (Promila and Kumar
1982), and the like have been identified as salinity tolerant.

Subbarao et al. (1991) studied comparative salinity
tolerance among pigeonpea genotypes and their wild relatives.
Among the cultivated genotypes, ‘ICPL 227’ and ‘Hy3C’ were
observed as the most tolerant and the most sensitive
genotypes, respectively. However, the extent of variation in
salinity response among cultivated genotypes appeared too
limited to warrant genetic enhancement of salinity tolerance.
Among the wild relatives of pigeonpea, several species
including C. scarabaeoides, C. albicans and C. platycarpus
showed a wide range of variation in their salinity tolerance.
The results suggested that using wild relatives for genetic
improvement might increase salinity tolerance of pigeonpea.
According to Subbarao et al. (1990), the transfer of salinity

tolerance from C. albicans to C. cajan would be feasible as
the high level of salinity tolerance in this wild species is
expressed as a dominant genetic trait. They further clarified
that certain physiological attributes that confer salinity
tolerance in this wild species include Na and Cl retention in
the roots and limited translocation to the shoots, high K
selectivity and maintenance of transpiration rate under saline
conditions.

In another experiment, Ashraf (1994) assessed salt
tolerance of three pigeonpea accessions, namely Local arhar,
‘ICPL 151’ and ‘ICPL 85014’ at the germination, seedling and
adult stages. There was no positive correlation between
tolerance at the early growth stages and at the adult stage
since no clear difference in salt tolerance of the three
accessions was observed at the germination and the seedling
stages, whereas accessions differed considerably at the adult
stage. Although increasing salt concentrations adversely
affected the growth of all three accessions, ‘ICPL 151’ was
superior to the other two accessions in fresh and dry biomass,
yield and yield components when tested at the adult stage.
The tolerant accession ‘ICPL 151’ accumulated significantly
lower Na+and Cl? in shoots. By contrast, the accession had
higher shoot and root K+, K/Na ratio, K vs. Na selectivity,
soluble sugars, free amino acids and proline compared to the
other two accessions.

Differential tolerance to salinity vis-à-vis pigeonpea
maturity groups has been observed (Dua and Sharma 1996).
Late maturing genotypes showed better tolerance than early
maturing ones. No correlation was found between the
tolerance at germination and later stages. However, percentage
survival showed some association with seed yield under
salinity. Low and high accumulation of Na and K, respectively
in the roots and other plant parts (main stem, branches and
leaves) perhaps helped salinity tolerance in pigeonpea.

Efforts towards improvement of salinity tolerance
through plant biotechnology have also been done. Several
gene transfer approaches have been shown to improve the
stress tolerance of the crop plants. The transferred genes
include those encoding enzymes required for the biosynthesis
of various osmoprotectants, or those encoding enzymes for
modifying membrane lipids, LEA proteins and detoxification
enzyme. Stress-inducible transcription factors have been
demonstrated to have great potential (Sharma and Lavanya
2002).

Srivastava et al. (2006) found that a NaCl treatment of
1.01 g/kg alfisol was suitable to salinity screening in
pigeonpea. Using that treatment, they found large variations
in the salinity susceptibility index (SSI) and the percent relative
reduction (RR %) in both cultivated and wild accessions. The
amount of Na accumulation in shoot showed that more
tolerant materials accumulated less Na in the shoot except the
wild species, which followed a different pattern compared to
cultivars. Overall, they found that C. acutifolius, C.cajanifolius



Choudhary et al.: Breeding for abiotic stresses in pigeonpea 171

and C.lineata were mostly sensitive, whereas C. platycarpus,
C. scarabaeoides and C. sericeus provided good sources of
tolerance. It was interesting to notice that C. scarabaeoides
also provided a large range of sensitive materials. It was
expected that accessions originating from putative saline areas
would provide higher levels of tolerance, but the minicore
collection of pigeonpea provided a larger range of variation in
the salinity response. It was noted that tolerant accessions
may be obtained either from the minicore collections or from
the set of accessions from putatively salinity affected areas.
Besides, there was a large number of tolerant accessions
originating from Bangladesh. Further work is going on to
confirm these data to assess yield response to salinity and to
develop intra-or inter-specific populations for the mapping of
salinity tolerance.

Karajol and Naik (2011) assessed salinity tolerance
among ten varieties of pigeonpea during germination at 0,
100, 125, 150, 175, 200 and 250 mM NaCl concentrations.
Germination percentage was not much affected by salinity;
however, it delayed germination at 250 mM in all accessions
to varying degrees. The varieties with white seeds such as
‘WRP 1’, ‘GS 1’ and ‘TS 3’ appeared salinity tolerant compared
to red or black seeded varieties like ‘Black tur’, ‘Asha’ and
‘Bennur Local’ accessions, which were rated highly sensitive
to salt stress based on their germination rate and final
germination percentage. However, they opined that final
evaluation and selection for high-yielding tolerant genotypes
in pigeonpea would require field evaluation in the salt affected
soils. The superior performance of white seeded varieties over
other varieties may be an interesting observation that needs
further confirmation. If revalidated, it will form the basis for
further improvements in the salinity tolerance of pigeonpea
variety.

F. Aluminium Toxicity

To meet the growing demand of pigeonpea, it is
imperative to expand its cultivation on wider scale in non-

traditional areas such as hilly tracts of north eastern states.
There are other states like Bihar, Jharkhand and Chhattishgarh
where increasing trend in pigeonpea cultivation has been
observed in recent years. However, these states have
considerable acreage under acidic soils with the serious
problem of aluminium (Al) toxicity (Choudhary and Singh
2011).

Most of the grain legumes including chickpea (Singh
and Chaturvedi 2007), pigeonpea (Singh and Choudhary 2009,
Choudhary et al. 2011), pea (Singh and Choudhary 2010) and
alfalfa (Campbell et al. 1988) are sensitive to aluminium.
Considerable variation for tolerance to aluminium toxicity in
plant species and genotypes within species has been reported
(Kinraide et al. 1985, Singh and Choudhary 2009). The work
on screening for tolerance to Al toxicity in pigeonpea is only
a few and also not well-documented.

The four techniques, which are commonly used for
screening of Al toxicity in pigeonpea, are sand and hydroponic
assays, hematoxylin staining and root re-growth assay (Singh
and Choudhary 2009). These four techniques have
unconditional advantages over field screening because
reliable ranking of tolerance in the field screening is difficult
due to the large temporal and spatial variation in acidic soils
(Choudhary et al. 2011). Moreover, screening at field level is
very expensive and time consuming when a large number of
genotypes are under evaluation (Garcia et al. 1979). Besides,
the results obtained with solution culture screening method
correlate positively with those obtained using field screening
(Urrea-Gomez et al. 1996), indicating reliability and
dependability of laboratory screening methods.

Singh and Choudhary (2009) screened 32 genotypes of
pigeonpea for tolerance to aluminum toxicity. No distinct and
visible symptoms of aluminum toxicity were observed in the
shoot of pigeonpea genotypes. However, restriction of root
growth was observed. Shorter roots with absence of normal
branching pattern were observed at higher levels of aluminum

Table 1. Some pigeonpea genotypes/ cultivars tolerant to abiotic stresses
Abiotic stress Cultivars/genotypes Tolerance mechanism References 

Waterlogging ICPL 84023 (early), Asha 
(medium)  

Lenticels development, more 
root biomass and adventitious 
root 

Sarode et al. (2007) Moisture 
stress 

Drought LRG 30, ICPL 85063, ICPL 332 
(medium) 

High RWC, pods/plant and HI Reddy (2001) 

Temperature 
stress 

Low 
temperature 

IPA 7-2, Bahar, and MAL 19 
(Late) 

Ability to flower and pod 
setting under low 
temperature 

Choudhary (2007), Singh et al. 
(1997), Singh and Singh (2010) 

Salinity C11, ICPL 227, WRP1, GS1 and 
TS3 (medium) 
UPAS 120 and ICPL 151 (early) 

Reduced translocation of Na 
and Cl from root to shoot 

Chauhan (1987), Promila and Kumar 
(1982), Subbarao et al. (1991), 
Ashraf (1994) and Karajol and Naik 
(2011) 

Mineral 
stress 

Aluminium 
toxicity 

IPA 7-10 and T 7 (late), 67 B and 
GT 101E (early) 

Aluminium exclusion Choudhary et al. (2011) 
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(30 and 50 µg/ml Al) compared to the control treatment (0 µg/
ml Al).

The results of all the four methods (hydroponic and
sand assays, hematoxylin staining and root re-growth methods)
were almost similar, indicating that any one of these methods
could be used to screen for aluminium tolerance in pigeonpea.
These methods almost consistently discriminated between
tolerant (‘IPA 7-10’, ‘T 7’ and ‘67 B’) and sensitive (‘Pusa 9’,
‘Bahar’ and ‘Pusa 2002-2’) genotypes of pigeonpea at 30 or 50
µg/ml Al concentration (Choudhary et al. 2011). However, 30
ppm (µg/ml) was suggested as the optimum Al concentration
to discriminate between tolerant and sensitive genotypes. The
tolerant genotypes had greater root and shoot length, more
root and shoot dry matter. These four parameters in both sand
and hydroponic assays were highly correlated among
themselves, indicating that any of them could be used
(Choudhary et al. 2011). The intensity of hematoxylin stain
for tolerant genotypes was scored as only partial compared
to complete stain of sensitive genotypes. Root re-growth of
all genotypes decreased significantly with an increase in
aluminum concentration in nutrient solution. It virtually ceased
in ‘Bahar’, ‘Pusa 2002-2’and ‘Pusa 9’ at higher Al
concentrations (30 or 50 µg/ml Al) due to irreversible damage
caused to the root tips. Tolerant genotypes, namely ‘IPA 7-
10’, ‘T 7’, ‘GT 101’ and ‘67 B’ had larger mean root re-growth
(> 1.5 cm) than that of sensitive genotypes (0.25 cm) at 30 µg/
ml Al concentration (Choudhary and Singh 2011).

Tolerant and sensitive genotypes were further assessed
for phosphorus, potassium, calcium and magnesium contents
in their root and shoot. Tolerant genotypes (‘IPA 7-10’, ‘T 7’,
‘GT 101’ and ‘67 B’) accumulated significantly high amounts
of these nutrients (> 1.5 times) compared to the sensitive ones
in both root and shoot. Better performance of tolerant
genotypes could be ascribed to better nutrient uptake
efficiency and distribution within the plants (Choudhary and
Singh 2011).

Aluminium concentration in the roots of both tolerant
and sensitive genotypes was greater than that for the shoots.
Root aluminium contents were significantly lower for the
tolerant genotypes (‘IPA 7-10’, ‘T 7’) than for the sensitive
genotypes (‘Bahar’ and ‘Pusa 9’) at both 20 and 50 ppm Al
concentrations. This indicated that aluminium tolerance in
these accessions of pigeonpea stemmed from aluminium
exclusion from the root (Choudhary et al. 2011). In addition,
shoot aluminium content was also considerably lower for the
tolerant genotypes than for the sensitive genotypes. This
could be ascribed to reduced translocation of aluminium from
root to shoot in the tolerant genotypes. However, any sign of
internal detoxification could not be detected.

Tolerant genotypes such as ‘IPA 7-10’, ‘T 7’, ‘GT 101’
and ‘67 B’ may be used in future breeding programme to
develop aluminium tolerant pigeonpea cultivars. However,
further study involving land races and wild accessions

(especially from Cajanus scarabaeoides and C. platycarpus)
of pigeonpea for tolerance to aluminium toxicity under field
condition (natural acid soil) is still required. This may generate
comprehensive data for even higher degree of Al tolerance
vis-à-vis reproductive parameters such as yield. This will also
corroborate whether tolerance to Al toxicity in pigeonpea
imparts only survival advantage or also confers increased
reproductive fitness on the tolerant genotypes (Choudhary
and Singh 2011).

G. Conclusions and Future Prospects

Available literature suggests that only limited efforts
have been made to improve the abiotic stress tolerance in
pigeonpea. Since the crop is largely cultivated in Indian sub-
continent, greater efforts, of course, are expected from Indian
scientists. Flow of funds should also come from Indian/ Asian
governments. The current challenge in pigeonpea cultivation
is to reduce the gap between potential and realised yield and
to minimise yield differences among major pigeonpea growing
zones in which above-mentioned abiotic stresses are prevalent.
Efforts are required towards holistic management of these
abiotic stresses through the development of resistant/tolerant
cu ltivars with consistent performance across the
environments. In this direction, a deeper understanding of
the physiological and genetic bases of variation for tolerance
to these stresses needs greater attention.   As environment
and G×E interaction accounts for more than 95% of the total
variation in pigeonpea, more efforts are required towards the
development of high-yielding stable cultivars. The narrow
genetic base is a serious impediment to breeding progress in
pigeonpea (Yang et al. 2006, also see Kumar et al. 2011 for
details).  As wild relatives are a rich reservoir of genes for
resistance to biotic and abiotic stresses (Sharma et al. 2003),
introgression of these genes is an option to genetically
mitigate the effects of such stresses. Further, the exploitation
of genomic tools in conjunction with conventional breeding
programmes can also be helpful. In the past few years, a large
number of genomic tools has been developed in pigeonpea
for resistance to various stresses (Kumar et al. 2011). Further,
intensive efforts through in vitro techniques are underway
towards identifying complex abiotic stress traits, alien gene
introgression aided by embryo rescue and rapid fixation of
stress tolerant recombinants through doubled haploid
breeding (Pratap et al. 2010). These techniques in combination
with more efficient screening methods deserve special
attention in the days ahead to make pigeonpea cultivation a
promising, remunerative and viable option for pulse growing
farmers of the world.
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ABSTRACT

Fifteen somaclonal variants developed from adventitious shoot-
derived callus from the cotyledonary explants of pigeonpea
[Cajanus cajan (L.) Millsp.] var. ‘ICPL 87’ were assessed across
two seasons for some agronomic and cooking quality characters.
The mutant inbreds showed significant variation for days to
maturity, plant height, seed size, seed colour and grain yield.
Some of the somaclonal variants such as ‘ICPL 99073’, ‘ICPL
99072’ and ‘ICPL 99070’ were found promising and displayed
significant positive changes for some important agronomic
traits. Those include a change from small seed size and brown
seed coat colour to more preferred large white seeds endowed
with more seed yield. For grain yield, ‘ICPL 99073’ showed
25.3% yield advantage over the parent variety.  The studies
demonstrated the scope of genetic improvement in pigeonpea
through deployment of somatic culture and exploitation of
somaclonal variation.

Key words: Field evaluation, Pigeonpea, Seed colour, Seed size,
Somaclonal variation, Yield.

Considerable research has been done and substantial
amount of literature have been published on somaclonal
variation in various crops where in most cases, the in-vitro
cell cultures displayed significant abnormalities in the form of
chromosomal aberrations, chlorophyll deficiency, fertility
alterations, and many other unwanted morphological
characters (Bairu et al. 2010). However, some somaclonal
variants derived from single gene mutation with large
recognizable effects may be useful in the genetic improvement
programmes. Although such variants for plant height (Larkin
et al. 1984), seed colour (George and Rao 1983), and herbicide
resistance (Chaleff and Ray 1984) have been reported, but
their exploitation in genetic enhancement of yield has been
rather limited.  Studies have also been conducted to ascertain
the use of somaclonal variants in plant breeding. In pigeonpea,
Reddy and Rao (1975) reported significant in-vivo somatic
variation for maturi ty, seed size, pod size and stem
pigmentation in pigeonpea. The first attempt to create genetic
variability through in-vitro culture of somatic cells in
pigeonpea was made by Chintapalli et al. (1997).  They
regenerated plants from the cotyledonary explants of
pigeonpea and reported significant variation for plant height,
seed size, seed colour and insect resistance in R2 and R3
generations.  The present study reports the results of field
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evaluation of the selected somaclones  for some important
agronomic and quality traits.

MATERIALS AND METHODS

Chintapalli et al. (1997) regenerated pigeonpea plants
from cotyledonary explants and studied in-vitro somaclonal
variat ion under po t cu lture experiments fo r some
morphological characters in R1 and R2 generations. Field grown
R3 population segregated for flower colour, leaf shape,
flowering habit, pollen fertility, pod borer damage, seed size,
and seed colour. At maturity, over 100 plants were selected
and transferred to the pigeonpea breeding unit of the
International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) for further utilization in breeding
programme. At R4 generation, advanced through pedigree
selection, the single plant progenies were sown in Alfisols at
the onset of rainy season where a number of promising single
plants were visually selected at maturity mainly for more
number of pods/plant (as an indicator of more seed yield),
seed size, and seed colour.  These selections were further
advanced for three generations using pedigree method of
breeding.  In 2000 rainy season, 15 promising progenies were
bulk harvested and kept under cold storage.

In 2006, those lines were rejuvenated for their field
evaluation for various agronomic characters along with the
parent variety ‘ICPL 87’ in two replications during the rainy
seasons of 2007 and 2008.  A basal doze of di-ammonium
phosphate was applied @ 100 kg/ha to ensure good crop
growth and full expression of characters. The seeds were sown
in Alfisols on ridges at 60 cm × 10 cm spacing in randomized
complete block design (RCBD) at the onset of rains. Each plot
consisted of four rows of four metre length. To control the
weeds, a pre-emergence herbicide Fluchloralin was applied @
2 l/ha that was followed by three hand weedings. The
experiments were irrigated as and when required.  One spray
of Monocrotophos 36% EC was applied @ of 1 l/ha to control
Maruca vitrata damage at early flowering stage. This was
followed by two sprays of Methomyl @ 1 l/ha and one spray
of Endosulfan 35% EC @ 2 l/ ha for controlling Helicoverpa
armigera damage during podding stage.  Data were recorded
for days to maturity, plant height, grain yield, seeds/pod, seed
size, and seed colour. Net plots, measuring 9.12 m2 were
harvested at maturity.
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Two samples from eight inbreds and the control were
also assessed for their major cooking quality parameters. The
cooking quality analyses were performed using decorticated
dry split peas. For protein estimation, random samples of 70
mg dal were placed in a digestion tube. One auto-tablet (Kjel-
tab) and 3 ml of H2SO4 - H3PO4 mixture 95 parts conc. H2SO4,
5 parts of 85% H3PO4 (v/v) were added to the digestion tube
and the samples digested at 370°C for 1 h.  After cooling,
distilled water was added to bring its volume to 75 ml.  An
aliquot from the digested sample was used for nitrogen
estimation in Technicon Auto Analyzer and the nitrogen values
were converted into protein by multiplying by a factor of 6.25.
The cooking time was determined by boiling the samples
(10.0±0.5 g) in 50 ml of distilled water in a BD-20 heating block
digester (Tecator, Sweden). To determine cooking time, the
boiled samples were examined at one minute intervals for their
softness by pressing them between the forefinger and the
thumb. For water absorption study, the samples (5.0 g ± 0.5 g)
were boiled for 20 min in 35 ml of distilled water in BD-20 block
digester.  After boiling, excess water was decanted and the
samples weighed.  The amount of water absorbed by the
samples was calculated and the results were expressed as
increase in weight per gram of sample. The percentage of
solids dispersed into the cooking water was determined by
boiling the samples (5.0 + 0.5 g) for 20 min. The boiled material
was passed through a 20 mesh sieve.  After thorough washing,
the residue was dried at 110°C for 3 h and the loss in sample
weight was calculated and expressed as percentage of solids
dispersed in the cooking water.

RESULTS AND DISCUSSION

In general, growth habit of the somaclonal variants was
found to be more or less similar to that of the parent variety
‘ICPL 87’. Pooled analysis of the data showed that the
differences amongst the genotypes over two years were
significant for days to maturity, plant height, 100-seed weight
and seed yield (Table 1). Variation between two years was

significant for days to maturity, 100-seed weight and seed
yield. The interactions between genotypes × years, however,
were found to be significant only for maturity. This suggested
that in both the years, the performance of genotypes followed
more or less similar trends in respect of seed yield, plant height,
seed size and seeds/pod.

The genetic variation created through in-vitro culture
for grain yield was significant in both the years (Table 1). In
2007, the trial mean yield (1254.5 kg/ha) was low as compared
to that of 2008 (2222.7 kg/ha). On average over the two years,
the variant line, ‘ICPL 99073’ was found to be the best performer
with 2226 kg/ha yield and recorded 25.3% advantage in yield
over the parent variety ‘ICPL 87’ (1777 kg/ha). This line
produced maximum yield (2861 kg/ha) in 2008, and was among
the top performers in 2007. Overall, the genetic variation for
days to maturity was large where the parent variety ‘ICPL 87’
matured in 124 days, while ‘ICPL 99068’ matured earlier (118
days) than the control (Table 2). Since the earliness in
pigeonpea is controlled by more than one partially dominant
gene (Saxena and Sharma 1990), the deviations observed
between ‘ICPL 87’ and the somaclonal variants probably
represent mutational changes in one or two gene loci, which
contributed towards earliness in ‘ICPL 99068’. Some
somaclonal lines such as ‘ICPL 99073’, ‘ICPL 99070’ and ‘ICPL
99066’ were taller than the parent variety (Table 2). In
pigeonpea, the inheritance of plant height has been reported
to be complex and quantitative in nature. Its expression is
often complicated and masked by thermo- and photo-period
sensitivity (Byth et al. 1981, Wallis et al. 1981), and therefore,
no attempt was made to interpret the present results in terms
of induced variation at genetic level.

In pigeonpea, the characters such as seed size and seed
colour are very important from marketing point of view. In
comparison to the traditional small brown seeded varieties,
large white seeded types are considered to be premium and
fetch about 15 - 20% higher price. The popular variety ‘ICPL

Table 1. Mean squares for different characters recorded at ICRISAT in 2007 and 2008 rainy seasons

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

Source Seed yield 
(g) 

Days to maturity        
   (no.) 

Plant height     
   (cm) 

Seeds/pod 
(no.) 

100-seed weight 
(g) 

Pooled analysis      
Years 18000365** 5880.0** 596.3 2.07 34.24** 
Entries 345945* 39.9* 409.3** 0.14 3.98** 
Year x Entries 192941 57.0** 72.8 0.2 0.64 
Pooled error 172102 18.9 67.3 0.12 0.25 
2007       
Replications 216089 0.01 63.3 0.38 0.45 
Entries 483508* 79.79 234.5 0.19 2.63** 
Error 205593 35.00 103.3 0.10 0.45 
2008       
Replications 135479 10.94 84.90 0.46* 0.13 
Entries 355377* 17.19 247.47** 0.14 1.99** 
Error 155356 10.94 49.34 0.12 0.14 
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87’ has brown seeds with 100-seed weight of 11.1 g.  In the
present study, more than 50% of the variants showed gains of
13.6 to 21.8% in their seed size (Table 2).  The largest seeds
(13.3 g/100-seeds) were produced by ‘ICPL 99073’. This line
also produced high seed yield (2226 kg/ha). Since small seed
size is dominant over large seeds (Singh and Pandey 1974),
the observed variation for large seeds could be the result of
specific mutational events occurring from dominant to
recessive form of alleles.  The most common seed coat colour
in pigeonpea is brown, and it is dominant over white seed.
Only one or two recessive genes are known to control the
expression of white seed (Patil 1970, Singh 1971, Deokar et al.
1972). In the present study, 8 (out of the 15 lines evaluated)
recorded a change in seed colour from brown to white (Fig. 1),
emphasising a change that was induced through point
mutations from dominant to recessive form of alleles.  It is
evident that the dominant genes, governing brown coat colour
are prone to such mutagenic forces. Chintapalli et al. (1997)
also reported the presence of white seeded mutants in some
of the R2 explants and they attributed it to the presence of
some transposable elements, which were activated during the
process of tissue culture process. They also postulated the
presence of definite genes for white seed colour and high
seed mass in the adapted genetic background of ‘ICPL 87’.
The present data also showed that the increases in seed size
of pigeonpea were not restricted to any specific seed colour.
Ryan et al. (1987) recorded significant gains in seed size in
wheat that was induced by somaclonal changes.  Morden et
al. (1989) and Baillie et al. (1992), on the contrary, reported no
such increases among somaclonal variants for kernel weight
in barley.

Somaclonal induced resistance to Fusarium wilt has
been reported in tomato (Shahin and Spivey 1986) and
Medicago (Hartman et al. 1984). Also, Krishnamurthy and

Tlaskal (1974) identified virus resistant somaclones in
sugarcane. Pigeonpea variety ‘ICPL 87’ is known to be tolerant
to diseases like Fusarium wilt and sterility mosaic virus
(Saxena et al. 1989). In the present study, most of the mutant
lines were found more or less similar to the parent variety in
their disease reaction (Table 3). The limited observations,
recorded in the present study in pigeonpea, suggested that
in-vitro mutations for resistance to the two diseases were
ineffective.

The assessment of cooking quality parameters of any
newly developed variety is essential, particularly in view of
their potential adoption.  In the present study, the variant
inbreds were compared with the control cultivar ‘ICPL 87’ for
protein content, cooking time, water absorption, and solid
dispersal and for each trait a limited variation (Table 3) was
observed among the test lines and the mutants were more or
less similar to the parent ‘ICPL 87’. This indicated that in this
material the somaclonal variations did not induce any
significant change in the quality parameters studied and there
will be no concern in their marketing and utilization.  In wheat,
however, Ryan et al. (1987) reported significant increase in
protein content through induction of somaclonal variation.

Among the tested somaclonal variants of pigeonpea,
‘ICPL 99073’ was identified as the best as it had large white
seeds, besides 25.2% greater yield than the parent variety
‘ICPL 87’. This line along with some other selections such as
‘ICPL 99070’, ‘ICPL 99072’ and ‘ICPL 99073’ holds promise in
parts of India and southern and eastern Africa, where
pigeonpea varieties with white bold seeds generally fetch
premium.  Some high yielding somaclonal variants were also
selected in oats by Dahleen et al. (1991). Since the phenology
of these lines matches well with that of the parent cultivar,
these appear to be good candidates to replace the 25-year-old

Table 2. Performance of somaclonal variants at Patancheru during 2007 and 2008 rainy seasons
      Days to Mature  Plant height ( cm )    Seeds /Pod     100 seed mass (g)    Grain Yield ( Kg/ha) 
S. N. ICPL No. 2007 2008 Mean 2007 2008 Mean 2007 2008 Mean 2007 2008 Mean 2007 2008 Mean 

1 99066 115 130 123 142 147 145 4.1 4.9 4.5 13.3 11.5 12.4 1638 2134 1886 
2 99068 105 130 118 130 137 134 4.1 4.3 4.2 13 12.1 12.5 1314 2449 1882 
3 99069 120 130 125 142 132 137 4.6 4.6 4.6 13.2 12.8 13 1314 1835 1575 
4 99070 110 130 120 145 140 143 4.2 4.7 4.5 13.3 11.2 12.2 1530 2710 2120 
5 99071 118 133 126 148 135 142 4.1 4.4 4.3 13.7 11.3 12.5 861 2277 1569 
6 99072 110 137 124 150 143 147 4.4 4.6 4.5 13.7 12.1 12.9 1429 2830 2130 
7 99073 110 137 124 160 142 151 4.3 4.8 4.5 14.1 12.6 13.3 1590 2861 2226 
8 99074 118 133 126 135 123 129 4.2 4.6 4.4 13 10.8 11.9 756 2177 1467 
9 99075 120 130 125 118 123 121 4.3 5.2 4.7 10.1 10.3 10.2 875 1945 1410 
10 99076 120 130 125 135 128 132 4.9 4.6 4.7 10.8 9.8 10.3 1448 1979 1714 
11 99077 112 130 121 128 113 121 4.5 4.9 4.7 11.9 11.4 11.6 1527 1792 1660 
12 99078 115 130 123 130 120 125 4.9 4.7 4.8 13.2 11.7 12.5 1222 2161 1692 
13 99079 118 132 125 125 130 128 4.6 4.7 4.6 12.4 11.5 11.9 973 2122 1548 
14 99080 118 133 116 130 130 130 3.6 5 4.3 14.1 11.9 13 1093 2426 1760 
15 99081 120 130 125 140 130 135 4.6 4.7 4.6 12.3 10.8 11.5 906 1907 1407 
16 87 (parent) 118 130 124 130 125 128 4.6 4.9. 4.8 11.7 10.4 11 1596 1958 1777 

 Mean 114.1 131.6 124.6 136.7 131.1 133.4 4.4 4.7 4.59 12.7 11.4 11.9 1255 2223 1835 
 CV (%) 5.2 2.5 3.5 7.4 5.4 6.2 7.5 7.5 7.5 5.3 3.3 4.1 36.1 17.7 22.6 
 CD (P=0.05) 9.01 4.08 7.51 15.44 8.80 14.37 0.43 0.43 0.64 1.07 0.43 0.86 687.70 488 725.23 
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variety ‘ICPL 87’. However, more multi-location trials would
be necessary to confirm their performances across locations
over years.  White bold seeded pigeonpea cultivars are also
preferred as fresh vegetable. Since most present day vegetable
cultivars are of long-duration with a short fruiting period
(Saxena et al. 2010), the adoption of short-duration vegetable
types will be a boon to farmers because of their perennial
growth habit and longer fruiting period.  In such lines the
green pod harvest commences early in the season and allows
multiple harvests for a longer duration to help farmers in
generating more income.

Tissue culture is a potential tool in creating genetic
variation through in-vitro selection of somaclones for targeted
traits. The lines derived from somaclonal variations for distinct
morphological traits represent certain genetic changes in near
isogenic background, expectedly, arising due to point
mutations.  Such genetic materials are ideal for studying genetic
nature of the characters in detail. Ullrich et al. (1991) reported
the selection of important somaclonal variants, largely arising
due to in-vitro genetic mutations. Such mutations can either
be from dominant to recessive gene form or vice versa. Zehr
et al. (1987) and Lee and Philips (1987) reported that most of
the culture-induced phenotypes were inherited as single
recessive gene. Brettel et al. (1986) conducted molecular
studies in a somaclonal variant of maize (Zea mays) and
reported that a single base substitution was responsible for
this variability. Ryan et al. (1987) and Larkin et al. (1984),
however, reported the presence of both monogenic dominant
as well as recessive forms of mutations among the tissue
culture derived explants of wheat (Triticum aestivum). Often,
the minor gene mutations can also occur, but their effects
cannot be detected, particularly those with complex

Table 3. Some quality parameters and disease reaction of a few promising somaclones

ICP 2376 wilt susceptible check,  ICP 8863 Sterility mosaic susceptible check,  *Mean values recorded for tolerance to disease evaluated under sick plot

Designation  ICPL 
No. 

Wilt*  
(%) 

SM*  
(%) 

Seed  
colour 

Protein  
(%) 

Cooking time 
(min) 

Water absorption 
(g/g) 

Solid dispersion 
(%) 

99068 33.5 9.5 white 22.1 16 1.32 25.3 
99069 22.5 21.5 white 20.6 21 1.31 36.4 
99070 41.5 25.0 white 20.6 20 1.29 34.2 
99072 23.5 3.0 white 19.8 22 1.34 34.5 
99073 21.5 3.5 white 20.3 22 1.33 34.3 
99078 19.5 6.0 brown 19.9 20 1.33 41.1 
99079 21.5 5.5 brown 20.0 18 1.31 33.4 
99080 12.5 3.0 brown 20.2 20 1.32 37.3 
99066 22.5 12.5 white - - - - 
99071 27.5 7.0 white - - - - 
99074 21.0 8.0 white - - - - 
99075 31.0 13.5 brown - - - - 
99076 47.5 10.5 brown - - - - 
99077 23.5 12.5 brown - - - - 
99081 34.0 21.0 brown - - - - 

        
87 (parent) 20.5 4.0 brown 20.7 18 1.37 37.8 

ICP 2376 (C) 82.0 0.0 white - - - - 
ICP 8863 (C) 0.0 100.0 brown - - - - 

 

inheritance. If the changes were brought due to mutation for
a trait in more than one line, then such useful genes can be
pooled together for greater phenotypic effects and stability
by pyramiding those minor genes into a single genotype. The
mutagenic changes occurring at the level of single DNA
nucleotide that occur in a coding region can also result in

Fig 1. Seed colour and size of parent var. ‘ICPL 87’ (top left) and
three large white seeded somaclonal mutants in pigeonpea.
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additional genetic variability. In addition, the point mutations
arising from base substitutions also provide a good source
for generating variability. Generally, recessive mutations are
not detected in the in-vitro regenerated plants, but often
expressed in their progenies. The experiments of Chintapalli
et al. (1997) showed that in-vitro environment is mutagenic
for pigeonpea and the callus-derived somaclones show both
negative as well as positive variation. The deleterious negative
mutants can be eliminated in early generation of selection.
Tissue culture generates novel variants that is sometime
difficult to breed through traditional methods. The successful
utilization of somaclonal variability depends primarily on the
genotype, its systematic evaluation and selection and its
judicious utilization in breeding for genetic enhancement. It is
also true that the tissue culture induced variations are free
from various complex legal ownership issues and certain socio-
ethical problems as encountered by the genetically modified
crops.
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ABSTRACT

The extent of genetic variability among 18 genotypes of
clusterbean using genetic markers was assessed. Multi-locus
genotyping by 9 RAPD primers detected 87.6% intra-specific
polymorphism. UPGMA dendrogram clearly delineated the
genotypes into four clusters irrespective of their place of origin.
Analysis of molecular variance indicated that a greater
proportion of total genetic variation exists within population
rather than among populations. PCR-based amplification of
ITS regions encompassing 5.8S rRNA gene yielded a single
band of uniform length of 618 bp in all the samples sequenced.
However, multiple sequence alignment of ITS regions of
representative genotypes belonging to major RAPD clusters
exhibited single nucleotide polymorphism.  Thus, these two
marker systems validated the existence of genetic variation in
studied clusterbean genotypes which can be used in crop
improvement.

Key words: Clusterbean, Cyamopsis tetragonoloba, Genetic
diversity, ITS sequencing,  RAPD, SNP

Clusterbean [Cyamopsis tetragonoloba (L.) Taub]
commonly known as guar, is an important leguminous herb,
highly adapted in poor and erratic rains of arid and semi-arid
parts of the world requiring low inputs and less care. Seed
endosperm of this crop could be a source of useful industrial
gum which brought world recognition to this little known crop.
It is cultivated mainly as a rainfed crop in rainy (kharif) season
in various parts of the world including India (Pathak et al.
2009).

Initial selection and development of clusterbean
varieties were based on morphological differences (Dwivedi
et al. 1999). Phenotypic methods were used to assess genetic
divergence among clusterbean genotypes (Singh et al. 2003).
But such traits are influenced by environmental factors and
developmental stage of the plant, and therefore do not provide
true assessment of genetic diversity. Molecular markers offer
several advantages over the conventional breeding tools for
selection of diverse parents. Random amplified polymorphic
DNA (RAPD) uses arbitrary 10-base primers to amplify the
random portion of the genome (Williams et al. 1990). The data
from RAPD analysis have indicated greater diversity than
allozymes in plant species (Esselman et al. 1999, 2000). RAPD
markers are based on amplified arbitrary sequences which
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scan a wider part of the genome leading to the resolution of
complex taxonomic relationships (Cottrell et al. 1997, Casiva
et al. 2002).

Direct sequencing of rDNA regions also allows
assessment and comparison of phylogenetic relationship
among the individuals belonging to a wide range of taxonomic
levels (Sogin 1990, White et al. 1990). However, the use of
rDNA sequencing and RAPD markers in clusterbean is limited
for analysing genetic diversity. Therefore, the aim of the
present study was to assess the extent of genetic diversity
among 18 genotypes of clusterbean using RAPD and nuclear
ribosomal DNA analyses.

MATERIALS AND METHODS

Seeds of 18 genotypes of clusterbean were procured
from three major clusterbean growing states Rajasthan,
Haryana and Gujarat through National Network Project on
Arid Legumes (Table 1). The plants were raised in pots at
ambient temperatures in July 2010 at Central Arid Zone
Research Institute, Jodhpur, Rajasthan.
DNA isolation: The total genomic DNA was extracted from
approximately 100 mg of 7 days old seedlings using modified
CTAB method (Doyle and Doyle 1990) and quantified using a
spectrophotometer at 260 nm and 280 nm.
RAPD analysis: RAPD was performed using 12 decamer
arbitrary primers viz., OPA-1, OPA-4, OPA-6, OPA-11, OPA 17,
OPA-18, OPB-3, OPB-10, OPB 11, OPB-12, OPB-17 and OPB-
18 supplied by Operon Technologies. The RAPD reaction
was performed in a total volume of 25 µl consisting of 2.5 µl of
10x PCR buffer (15mM), 0.5µl  MgCl2 (15 mM), 0.2 µl of dNTPs
mix (25mM), 1.0 µl of primer (20 pM), 0.4 µl of Taq DNA
polymerase enzyme (5 U/ µl), and 50 ng DNA in nuclease free
water. The amplification was done in a gradient thermal cycler
(Corbett Research, USA) with initial denaturation of 2 min at
94°C followed by 38 cycles of 94°C for 1 min, 36°C for 1 min
and 72°C for 1 min. Final step of extension was applied at 72°C
for 7 min. Amplified products were electrophoresis in 1.4%
agarose gel with TBE (Tris-Boric acid-EDTA) buffer at 50 V
for 3 h along with 100 bp-1kb DNA ladder. Gels with
amplification fragments were visualized and photographed
under UV light using SynGene Bio Imaging System. Molecular
data was recoded on the presence (1) and absence (0) of
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scorable bands.
PCR amplification of internal transcribed spacer (ITS)
regions: The genomic DNA of five clusterbean genotypes
‘RGC 1002’, ‘RGC 1059’, ‘GAUG 9804’, ‘RGC 1038’, ‘CAZG 6’
representing di fferent RAPD clusters was used for
amplification and sequencing of 5.8S gene region. PCR primer
ITS-1 (5'-TCC GTA GGT GAA CCT GCG G-3') and ITS-4 (5'-
TCC TCC GCT TAT TGA TAT GC-3') developed by White et
al. (1990) were used to amplify the ITS regions of ribosomal
DNA.  PCR amplification was performed in a total volume of
50 ml containing 1U Taq DNA polymerase (Bangalore genei),
2.5 mM MgCl2, 160mM dNTP mix (MBI, Fermentas), 50 pmol
of each ITS-1 and ITS-4 primers, 50 ng genomic DNA in dH2O.
The reactions were performed in the gradient thermal cycler
for 34 cycles at 95C for 1 min, 50°C for 30 s, and 72°C for 1 min
20 s with a final elongation step of 72°C for 10 min. The PCR
products were subjected to electrophoresis in 1.6% agarose
gel. Staining and visualization of gels were followed similarly
as used for PCR product of RAPD markers.
Sequencing of ITS region: Amplified ITS  region containing
ITS-1, 5.8S rDNA and ITS-2 were directly sequenced using
forward primer of ITS-1 and reverse primer of ITS-4 by Big
dye terminator method in ABI prism DNA sequencer. In order
to obtain the complete sequence of ITS region, the sequenced
data obtained from ITS 1 forward primer and ITS-4 reverse
primer were aligned using Gene doc software. Nucleotide
sequence comparisons were performed by using Basic Local
Alignment Search Tool (BLAST) network services available
at the National Centre for Biotechnology Information (NCBI),
USA database. The molecular characterization of the
genotypes was done based on similarity with the best-aligned
sequence of BLAST search.
Analysis of molecular data: To establish the intra-specific
genetic relationship among 18 genotypes of clusterbean,

similarity coefficients were used to construct dendrogram
depicting the genetic relationship implying the UPGMA
Algorithm (Unweighted Pair Group Method using Arithmetic
Averages) of the NTSYS-pc, Version 2.02 h programme (Sneath
and Sokal 1973, Rohlf 1997). To perform molecular analysis,
the genotypes were divided into three populations. Population
1, 2 and 3 contained 10, 4 and 4 clusterbean genotypes from
Rajasthan Haryana and Gujarat, respectively. Principal
Coordinate Analysis via covariance matrix was calculated
using GenALEx 6 software (Peakall and Smouse 2006). The
multiple sequence alignment of ITS region (ITS-1, 5.8S r-RNA
gene and ITS-2) of all the five representative clusterbean
genotypes was performed using CLUSTAL × 1.83 software to
detect SNPs.

RESULTS AND DISCUSSION

Nine RAPD primers (out of 12) showed polymorphism
among the genotypes and generated a total of 113 amplicons.
These RAPD markers exhibited high degree of marker index
polymorphism ranging from 66.7 to 100% (Table 2). Similarly,
RAPD markers also generated high polymorphism among the
genotypes in Cajanus cajan (Ray Choudhury et al. 2007),
Vigna radiata (Lavanya et al. 2008) and Trigonella foenum-
graecum (Kakani et al. 2011). Each primer generated 6 (OPA-
6) to 19 (OPB-12) bands with an average of 13 bands.

The UPGMA dendrogram based on RAPD markers
delineated 18 genotypes into four main clusters (Fig.1).  Seven
genotypes, namely  ‘HGS 02-29’, ‘GAUG 13’, ‘HGS 365’,
‘VIKAS 35’, ‘HG 155-56’, ‘RGC 1059’ and ‘CAZG 6’ were
grouped in cluster-I. The cluster II and III contained 5 (‘WSP
50’, ‘RGC 1092’, ‘GAUG 9703’, ‘RGC 1030’ and ‘RGC 1002) and
4 (‘GAUG 01’, ‘GAUG 9808’, ‘HGS 26-01’, ‘RGC 1088’)
genotypes. In cluster IV, only two genotypes (‘RGC 1038’ and
‘CAZG 50’) were grouped. This clustering patterns based on

Table 1. Source of clusterbean genotypes
Genotype Number State  

RGC 1088, RGC 1092, RGC 1038, RGC 1059, RGC 1002 , RGC 1030, CAZG 6, CAZG 50, VIKAS 35, WSP 50 10 Rajasthan 
HGS 365, HGS 02-29, HG 155-156, HGS 26-01 4 Haryana 
GAUG 9703, GAUG 9808, GAUG 01, GAUG 13 4 Gujarat 
 
Table 2. Details of arbitrary primers showing polymorphic amplicons generated from 18 genotypes of clusterbean
Primer Sequences (5’ to 3’) Total number  

of bands 
Total number of  

polymorphic bands 
Polymorphism  

(%) 
OPA 1 CAG GCC CTT C 9 7 77.8 
OPA 4 AAT CGG GCT G 10 9 90.0 
OPA 6 GGT CCC TGA C 6 4 66.7 
OPA 11 CAA TCG CCG T 16 16 100 
OPA 17 GAC CGC TTG T 12 11 91.7 
OPA 18 AGG TGA CCG T 13 11 84.6 
OPB 10 CTG CTG GGA C 16 16 100 
OPB 12 CCT TGA CGC A 19 15 78.9 
OPB 18 CCA CAG CAG T 12 10 83.3 
Total  113 99 87.6  
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RAPD markers demonstrated that the clusterbean genotypes
belonging to same location were distributed over different
clusters. The most distinct genotypes were ‘CAZG 6’, ‘RGC
1002’, ‘RGC 1088’, ‘RGC 1038’ and ‘CAZG 50’. However, the
maximum genetic similarity was observed between the
genotypes ‘HG 155-56’ and ‘RGC 2021’. It is attributed to the
fact that the different genotypes with whole or partial common
pedigrees have been subjected to the same group but is still
distinguishable from each other on the basis of RAPD profiles.
Similarly, in other legumes also, no correlation between
geographic and genetic diversity have been reported earlier
(Bisht et al. 1998, Lavanya et al. 2008). The Principal
Coordinate Analysis (PCA) of all the four clusters considering
them as three populations generated an over-view of
population distribution (Fig. 2). Interestingly, population one
comprising of 10 genotypes of clusterbean is seen as
genetically most distinct group of varieties as compared to
others. Analysis of molecular variance of RAPD data (Table
4) revealed that a greater proportion of total genetic variation

existed within population (99%) rather than among population.
The results validate the existence of higher genetic diversity
among clusterbean varieties studied.

No variation in the length of ITS region of rDNA was
detected among the genotypes representing each cluster
formed on the basis of RAPD markers.  Therefore, amplified
ITS regions were sequenced from all five representative

Table 4. Summary of AMOVA analysis
Source df SS MS Est. Var. Percentage 
Among populations 2 18.483 9.242 0.066 1% 
With in populations 15 133.350 8.890 8.890 99% 
Total 17 151.833  8.956 100% 
 

Fig 1. UPGMA dendrogram showing genetic diversity in 18
genotypes of clusterbean

Fig 3. Internal trans crib ed s pacer (ITS) profile of
representative clusterbean genotypes

Fig 2. Distribution of 3 clusterbean populations depicting
genetic affiliations across Principal Coordinates
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Table 3. Single nucleotide polymorphism in internal transcribed spacer regions of 5.8 S rRNA gene in clusterbean

*: No change

Genotype Gen accession No. Length of ITS I, 5.8 S, 
ITS 2 (base pairs) 

Base pair position in 
rRNA gene* 

Substitution/addition 
of nucleotide 

GAUG 9808 FJ 769261 618 1 
2 

C          A 
A          T 

RGC 1059 FJ 769262 618 1 
2 

C          A 
A          T 

RGC 1002 FJ 769263 618 (---) (---) 
CAZG 6 FJ 769264 618 112 T          A 
RGC 1038 FJ 769265 618 405 

406 
T          A 
C          A 
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genotypes and a uniform base pair length of 618 bp of above
genotypes were matched (Fig. 3). The multiple sequences
alignment exhibited SNP in ITS regions of these selected
genotypes.  The details of base pair position, GenBank
accession numbers and specific nucleotide substitutions are
depicted in Table 3. The base pair substitution in ITS 1 region
at position 1 and 2 in ‘GAUG 9808’ and ‘RGC 1059’ from C to A
and A to T, respectively, from consensus sequences were
also genetically catalogued in cluster II of RAPD dendrogram.
Whereas, ‘CAZG 6’ exhibited SNP at base pair position 112 as
substitution from T to A and also placed as an out group of
the major RAPD clusters. Similarly, ‘RGC 1038’ showed SNP
at base pair position 405 and 406 of ITS regions from T to A
and C to A, respectively. Although SNP in intron regions are
not uncommon but multiple sequence alignments and SNPs
at specific position complement and supplement RAPD
delineation of genotypes into different clusters and sub-
clusters. We recorded high frequencies of SNPs at 7 sites in
PCR amplified products of conserved gene region that enabled
us to reveal close lineages of genetically distinct varieties.
The ITS length variants and polymorphism have been reported
in other plant species (Nalini et al. 2007, Saini et al. 2008,
Carvalho et al. 2009).

Both the marker systems indicated that there is no
consistency in grouping clusterbean genotypes and
genotypes belonging to different agro climatic zones fall into
same phylogenetic cluster. For example, genotypes belonging
to Haryana (‘HGS 02-29’, ‘HGS 365’ and ‘HGS 155-56’), Gujarat
(‘GAUG 13’) and Rajasthan (‘VIKAS 35’, ‘RGC 1059’ and
‘CAZG 6’) were phylogenetically grouped into the same cluster
I. It suggests that clusterbean genetic diversity has wide
genetic distribution across agro-climatic zones. Thus present
knowledge of genetic relationships and phylogenies might
contribute for the designing of intra-specific crosses by
selecting genetically diverse parents for crop improvement.
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ABSTRACT

Studies  were ca rrie d out during  200 9-10  under four
environments to evaluate phenotypic stability of 102 CMS-
based pigeonpea hybrids and their parents for the yield and
yield contributing traits. At each location, experiments were
conducted in á-lattice design with two replications. Significant
genotypic differences were observed for all the characters except
seeds/pod and 100-seed weight, suggesting differential
responses of genotypes to the environmental changes. The
results showed that parents ‘HPL 24-63’, ‘ICP 3963’, ‘ICPA 2043’,
‘PHULE T-00-4-11-6-2’ and ‘ICP 10934’ exhibited general
stability for grain yield. The stability analysis further revealed
that the hybrids ‘ICPA 2043 × ICPL 20106’ and ‘ICPA 2047 ×
ICPL 20106’ were stable for days to flower, days to maturity,
pods/plant, pod weight/plant and yield/plant; while hybrids
‘ICPA 2092 × AKT 9913’ and ‘ICPA 2092 × BSMR 203’ exhibited
stability for grain yield/plant, plant height, pods/plant and pod
weight/plant. Grain yield in the hybrids was positively associated
with pods/plant, pod weight/plant and seeds/pod in all the four
locations.

Key words: Biplot, Cajanus cajan (L.) Millsp., Correlation, GGE,
Hybrid pigeonpea, Stability

In pigeonpea (Cajanus ca jan  (L.)  Millsp.) , the
development of stable cytoplasmic nuclear male-sterility
(CMS) system (Saxena et al. 2005, 2010), identification of
fertility restorers (Saxena et al. 2011), occurrence of a
reasonable level of natural out-crossing (Saxena et al. 1990)
and existence of significant standard heterosis (Saxena and
Nadarajan 2010) have opened a new research avenue for
enhancing yield through hybrid breeding. The CMS-derived
pigeonpea hybrids are new introduction in the states of
Maharashtra, Karnataka, Andhra Pradesh, and Madhya
Pradesh though information on their stability and adaptation
is lacking. To determine linear relationship between genotypic
performance and environment, a number of models for stability
analyses has been proposed time to time. Eberhart and Russell
(1966) proposed a methodology in which the environmental
index is estimated as the mean performance of all the entries in
an environment. The performance of each genotype is
regressed on the environment to obtain its mean performance
over all environments. A desirable genotype is one with high
mean value, with unit regression coefficient and non-
significant deviation from regression. Such a genotype will
perform better as the environment improves. The present study
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was therefore aimed to evaluate new hybrids for their stability
for yield and yield components across different environments
of Maharashtra and Andhra Pradesh.

MATERIALS AND METHODS

The experimental materials consisted of 102 CMS-based
pigeonpea hybrids derived from crosses involving three
diverse CMS-lines and 34 testers made in a line × tester mating
scheme during 2008 at Marathwada Krishi Vidyapeeth (MKV),
Parbhani, Maharashtra. The F1's and their parents were grown
with two checks ‘BSMR 736’ and ‘ICPH 2671’ in a á-lattice
design with two replications at Patancheru (17°53’N, 78°27’E,
545.0 m), Parbhani (19º16’N, 67°47’E, 409.0 m), Latur (18°24’N,
76°36’E, 633.8 m), and Badnapur (19°50’N, 47°53’E, 519.6 m)
during 2009-10. 14 plants in each entry, sown in 4.2 m long
single rows, were maintained after thinning. The inter- and
intra-row spacing was kept at 75 cm and 30 cm, respectively.
The recommended package of cultural practices (Ramkrishna
et al. 2005) was followed to raise a good crop. In each plot,
five competitive plants were identified randomly for recording
data on days to flower and maturity, plant height (cm), number
of primary branches/plant, number of secondary branches/
plant, number of pods/plant, pod weight/plant (g), seeds/pod,
100-seed weight (g) and grain yield/plant (g). The data
recorded at all the locations were subjected to stability analysis
according to the model proposed by Eberhart and Russel
(1966) and three stability parameters mean (m), regression
coefficient (bi) and the deviation from linearity (S2di) were
estimated. To examine the relationships among the stability
parameters of yield with their related traits, the parents and
hybrids were compared. The stable genotypes were further
studied to estimate the main and genotype-environment
interaction effect for seed yield, using GGE biplot approach
proposed by Yan (1999) and Yan et al. (2000). To achieve this,
the total G + GE effects were separated from the observed
mean and partitioned into multiplicative terms by using
singular values decompositions (SVD) for the first principal
component (PC 1) and second principal component (PC 2).
The Pearson’s correlation coefficients among the characters
were also estimated.

RESULTS AND DISCUSSION

The genotypic differences were found to be highly
significant for all the traits in each environment (ANOVA not
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presented). The mean genotypic values from different locations
were subjected to pooled analysis. The mean sum of squares
(MSS) due to genotypes (G) were significant for all the traits
except seeds/pod and 100-seed weight; and that due to
environments (E) were significant for all the characters when
tested against MSS due to G × E. The results were in close

conformity to the findings of Phad et al. (2005). The MSS due
to G × E when tested against pooled error, were found highly
significant for all the characters except seeds/pod and 100-
seed weight. Thus stability analysis was carried out for all the
traits except seeds/pod and 100-seed weight. The variances
due to G × E were partitioned into G × E (linear) and due to

Table 1. Mean performance of lines, testers and control cultivar over locations for yield and yield contributing characters
during 2009 rainy season

Days to Genotypes 
flowering 

(no.) 
maturity 

(no.) 

Plant 
height 
(cm) 

Primary 
branches/ 

plant 
(no.) 

Secondary 
branches/ 

plant 
(no.) 

Pods/ 
plant 
(no.) 

Seeds/ 
pod 
(no.) 

Pod 
weight/ 
plant  

(g) 

100-Seed 
weight  

(g) 

Grain 
yield/ 
plant 

(g) 
Lines           
ICPA 2043 116 166 161 11 26 217 4.1 163.2 10.7 102.0 
ICPA 2047 119 167 179 10 28 111 4.5 81.3 11.0 58.5 
ICPA 2092 128 174 187 11 30 207 4.0 127.8 10.0 94.2 
Testers           
BSMR198 122 170 168 10 25 283 3.9 159.9 11.0 106.1 
BSMR846 126 176 169 10 17 117 3.7 68.0 9.9 46.2 
BSMR164 122 173 183 10 16 112 4.0 69.8 10.1 40.1 
BDN 2001-6 129 174 185 10 27 199 3.8 109.5 9.7 83.0 
ICP3525 128 176 190 12 33 432 4.1 232.7 10.7 183.6 
BSMR175 124 177 191 9 27 151 4.0 107.5 10.6 72.1 
BSMR2 127 169 185 11 24 190 3.9 111.2 11.0 79.4 
ICPL12749 128 173 172 12 25 178 3.9 102.0 10.3 66.9 
BSMR203 125 173 172 10 24 182 4.0 112.7 11.5 72.7 
BWR154 124 172 175 9 25 203 3.7 105.1 10.9 75.5 
BSMR571 121 171 180 9 23 206 3.9 132.3 10.6 86.2 
ICP13991 125 167 166 11 27 254 3.8 152.8 10.9 108.0 
ICP10934 123 166 181 13 23 274 3.8 131.0 12.0 97.4 
HPL 24-63  122 168 177 11 30 312 3.7 174.3 11.1 118.1 
AKT 9915 118 171 177 13 28 214 3.8 123.3 11.3 75.7 
ICP 10650 118 168 175 13 26 192 3.6 113.4 10.3 65.3 
ICP 3407 125 175 181 10 18 141 3.4 81.0 11.2 45.1 
ICP3475 123 175 165 11 29 207 3.3 118.9 10.7 74.7 
BSMR736 119 174 170 10 21 185 3.3 112.3 11.4 63.1 
TV 1 117 173 180 11 22 342 3.6 167.5 10.7 118.5 
AKT8811 118 173 175 12 30 248 3.7 127.1 10.8 87.0 
PHULE T-00-1-25-1 117 175 172 10 24 240 3.8 136.7 11.0 90.8 
PHULET-04-3-1 120 172 178 11 23 140 3.5 115.1 12.2 48.7 
AKT9913 120 171 171 12 23 110 3.7 71.2 10.9 46.9 
AKT222521 127 172 167 11 23 214 3.8 119.0 11.5 76.9 
AKT 00-12-6-4 122 173 173 12 22 217 3.2 127.3 11.4 68.5 
ICP 3963 125 180 184 11 24 264 3.6 150.0 10.8 103.1 
PHULE T-00-5-7-4-1 121 174 174 12 25 110 3.6 80.9 11.2 46.9 
VIPULA 117 170 174 12 26 209 3.2 127.3 11.3 67.2 
PHULE T-00-4-11-6-2 120 171 174 8 23 252 3.8 136.4 11.2 100.5 
ICP11376 122 168 165 12 30 110 3.8 67.7 10.7 32.9 
ICP3514 120 175 188 11 23 110 3.6 114.7 11.7 81.5 
ICP3374 128 173 189 11 23 183 3.8 125.3 11.8 71.5 
ICPL20106 121 172 176 12 26 156 4.0 91.1 11.0 59.8 
BSMR 736 (Check 1) 121 173 172 10 24 220 4.0 130.4 10.3 92.8 
ICPH 2671 (Check 2) 121 174 176 11 28 232 4.1 138.9 10.5 99.8 
SEm (±) 0.63 0.50 2.58 0.27 1.07 4.82 0.08 3.89 0.10 8.02 
CV (%) 0.70 0.40 1.40 3.90 4.40 3.30 2.10 3.10 1.40 18.30 
CD (P= 0.05) 1.77 1.39 5.09 0.77 2.12 13.46 0.16 7.67 0.29 22.43 
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pooled deviation (non-linear). These variances were highly
significant when tested against pooled error (Table 5). These
observations indicated that some reliable predictions about G
× E interactions as well as its unpredictable components can
be made for these traits. Hence, both these components
contributed significantly in determining the stability of
genotypes. Venkateshwaralu (1998) also reported similar
findings in pigeonpea.
Mean performance of parents and hybrids: The mean
performances of genotypes (parents and hybrids) for each of
the characters over pooled environments are given in Table 1-
4. The parents ‘ICPA 2043’, ‘TV 1’, ‘PHULE T-00-1-25-1’ and
‘VIPULA’ and the hybrids ‘ICPA 2043 × HPL 24-63’, ‘ICPA
2043 × ICP-3475’, ‘ICPA 2043 × BSMR 736’ were significantly
superior to checks for early flowering. The parents ‘ICPA 2043’,
‘ICP 10934’, ‘ICP 13991’ and hybrids ‘ICPA 2043 × BSMR 2’,

‘ICPA 2043 × ICP 10934’, and ‘ICPA 2043 × PHULE T-00-4-11-
6-2’ were significantly superior to controls for days to maturity.
For grain yield/plant, the parents ‘ICP 3525’, ‘TV 1’, ‘HPL 24-
63’, ‘ICP 13991’, ‘BSMR 198’, ‘ICP 3963’, ‘PHULE T-00-4-11-6-
2’ and ‘ICP 11376’ were at par with the controls; whereas
hybrids ‘ICPA 2043 × ICP 3374’, ‘ICPA 2047 × HPL 24-63’,
‘ICPA 2092 × ICPL 20106’, ‘ICPA 2092 × ICP 10934’ and ‘ICPA
2043 × ICPL 20106’ were superior to the controls.
Correlation among the traits: The correlation coefficients
were estimated among all the pairs of variables at Patnacheru,
Parbhani, Latur and Badnapur (Table 8). It was observed that
the secondary branches/plant had significant and positive
correlation with primary branches/plant at Patancheru,
Parbhani and Latur. The seeds/pod was significantly and
positively associated with pod weight/plant, while pod weight/
plant was positively correlated with pods/plant across the

Table 2. Mean performance of ‘ICPA 2043’-derived hybrids
Days to Hybrids 

flowering 
(no.) 

maturity 
(no.) 

Plant  
height 
(cm) 

Primary 
branches/ 

plant 
(no.) 

Secondary 
branches/ 

plant 
(no.) 

Pods/ 
plant 
(no.) 

Seeds 
/pod 
(no.) 

Pod 
weight/ 
plant  

(g) 

100-
Seed 

weight 
(g) 

Grain 
yield/ 
plant 

(g) 
ICPA2043 × BSMR198 119 168 171 9 19 177 4.0 119.9 11.0 74.7 
ICPA2043 × BSMR846 119 173 178 9 22 99 3.3 68.3 11.6 35.7 
ICPA2043 × BSMR164 123 174 172 9 24 114 4.1 86.1 11.2 54.1 
ICPA2043 × BDN 2001-6 125 171 176 11 27 293 4.1 172.5 11.2 127.9 
ICPA2043 × ICP3525 122 175 186 10 25 150 3.2 85.6 11.7 47.0 
ICPA2043 × BSMR175 121 172 171 10 28 162 4.0 109.2 11.5 70.5 
ICPA2043 × BSMR2 118 166 172 10 20 227 3.9 132.8 12.1 93.3 
ICPA2043 × ICPL12749 121 174 169 10 23 154 4.5 133.1 11.2 83.8 
ICPA2043 × BSMR203 119 171 182 9 21 156 3.7 89.6 11.8 66.5 
ICPA2043 × BWR154 117 172 186 8 24 173 3.6 106.3 11.1 66.3 
ICPA2043 × BSMR571 118 170 179 10 22 148 3.4 85.9 11.8 53.7 
ICPA2043 × ICP13991 118 171 179 10 26 110 3.6 80.4 10.9 48.3 
ICPA2043 × ICP10934 119 167 169 10 26 253 4.0 151.5 11.6 115.2 
ICPA2043 × HPL24-63  115 168 170 10 23 134 3.9 83.1 12.0 54.8 
ICPA 2043 × AKT9915  120 171 161 11 26 176 4.2 115.3 11.7 84.8 
ICPA2043 × ICP3407 118 172 170 9 21 182 3.9 110.7 11.1 75.7 
ICPA2043 × ICP10650  118 170 174 8 22 193 3.6 127.2 11.8 72.4 
ICPA2043 × ICP3475 115 171 180 10 24 273 4.1 165.0 10.4 115.7 
ICPA2043 ×BSMR736 115 170 179 11 22 243 3.9 151.2 10.5 95.9 
ICPA2043 × TV1 117 170 193 13 26 175 3.7 109.8 9.8 76.9 
ICPA2043 × AKT8811 118 168 186 11 23 187 3.8 110.7 11.7 74.8 
ICPA2043 × PHULE-T-00-1-25-1 117 171 201 9 24 177 3.9 106.1 10.2 68.0 
ICPA2043 × PHULE-T-04-1-31 119 170 192 10 17 131 3.9 92.9 10.0 58.1 
ICPA2043 × AKT9913 122 173 192 12 27 174 3.9 112.9 11.2 80.3 
ICPA2043 × AKT222521 119 172 185 8 22 119 4.1 78.4 11.2 51.6 
ICPA2043 × AKT-00-12-6-4 119 170 181 7 23 146 4.0 99.5 11.1 62.3 
ICPA2043 × ICP3963 122 170 181 8 23 146 3.9 85.1 10.8 62.9 
ICPA2043 × PHULET-00-5-7-4-1 122 173 180 9 25 135 3.8 84.6 10.7 54.2 
ICPA2043 × VIPULA 120 172 180 10 29 129 3.8 89.0 11.2 56.2 
ICPA2043 × PHULET-00-4-11-6-2 119 167 180 9 26 263 3.9 151.6 11.7 103.9 
ICPA2043 × ICP11376 122 170 179 7 24 147 3.7 88.8 12.3 58.7 
ICPA2043 × ICP3514 123 172 179 9 30 281 3.8 147.7 10.7 123.3 
ICPA2043 × ICP3374 125 171 177 12 30 357 4.0 220.2 10.7 164.9 
ICPA2043 × ICPL20106 123 171 189 9 30 288 4.0 193.7 10.8 144.5 
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locations. The traits that were positively correlated with grain
yield across the four locations were number of pods/plant,
pod weight/plant and seeds/pod. It indicated that these
characters may be used in selection for high yield. Similar
associations were also reported by Sarma et al. (1994) in
pigeonpea.
Stability analysis of parent genotypes: Based on stability
parameters, 12 hybrid parental genotypes were classified as
stable for grain yield/plant. The parents ‘HPL 24-63’, ‘ICP
3963’, and ‘ICPA 2043’ were among the top entries which had
their mean yield greater than the average of all the parents
with unit regression coefficient (bi = 1) and non-significant
deviation from regression (S2di = 0). This indicated their high
stability over all the environments. Patel et al. (2005) reported
above average stability of pigeonpea lines for seed yield. The
parents ‘BSMR 2’, ‘ICP 3514’, and ‘BDN 2001-6’ had bi = 1

and S2di = 0, but their mean was low, indicating their adaptation
to stress environments (Table 6).

The stability analysis revealed that 11 parents were
stable for pods/plant, 9 for pod weight/plant, 7 for secondary
branches/plant, 5 for plant height, and one each for both
number of primary branches/plant and days to maturity (Table
6). The parent ‘PHULE T-00-1-25-1’ was stable for plant height,
secondary branches/plant, pods/plant, and pod weight/plant,
while ‘HPL 24-63’ was stable for primary branches/plant, pods/
plant and pod weight/plant. Similarly, the parents ‘ICP 3963’,
‘PHULE T-00-4-11-6-2’, ‘ICP 10934’ and ‘ICP 3514’ were stable
for secondary branches/plant, pods/plant, and pod weight/
plant. The results suggested that these traits might have
stability for seed yield. It was also observed that the parents,
which showed above average stability for grain yield, also
exhibited non-significant regression coefficient for all the

Table 3. Mean performance of ‘ICPA 2047’-derived hybrids
Days to Hybrids 

flowering 
(no.) 

maturity 
(no.) 

Plant  
height 
(cm) 

Primary 
branches/ 

plant 
(no.) 

Secondary 
branches/ 

plant 
(no.) 

Pods/ 
plant 
(no.) 

Seeds 
/pod 
(no.) 

Pod 
weight/ 
plant  
(g) 

100-
Seed 

weight 
(g) 

Grain 
yield/ 
plant 
(g) 

ICPA2047 × BSMR198 124 173 194 8 20 239 3.8 140.3 11.2 94.1 
ICPA2047 × BSMR846 127 174 178 10 20 134 4.0 98.2 11.5 69.8 
ICPA2047 × BSMR164 126 178 184 9 21 132 3.8 85.1 11.3 54.4 
ICPA2047 × BDN 2001-6 129 177 184 11 21 304 3.9 176.8 10.3 126.3 
ICPA2047 × ICP3525 128 177 188 9 21 144 4.0 89.3 11.3 56.1 
ICPA2047 × BSMR175 126 175 195 8 18 165 3.9 127.7 11.2 86.5 
ICPA2047 × BSMR2 129 177 171 9 24 167 4.2 116.1 10.9 88.4 
ICPA2047 × ICPL12749 128 176 187 9 21 195 3.8 129.3 10.5 95.7 
ICPA2047 × BSMR203 125 177 195 10 26 150 4.2 98.5 10.4 64.7 
ICPA2047 × BWR154 128 177 192 10 23 152 4.1 102.3 10.2 68.1 
ICPA2047 × BSMR571 126 175 185 8 17 192 3.7 114.7 10.8 75.5 
ICPA2047 × ICP13991 129 175 197 8 28 202 4.0 110.9 10.7 81.9 
ICPA2047 × ICP10934 128 174 182 8 26 323 3.7 176.4 11.5 125.3 
ICPA2047 × HPL24-63 125 174 199 9 23 384 4.1 234.0 10.5 164.4 
ICPA2047 × AKT9915  126 177 186 11 20 171 4.0 106.5 10.2 72.5 
ICPA2047 × ICP3407 127 179 174 9 21 182 4.1 114.0 10.5 77.5 
ICPA2047 × ICP10650 124 178 185 8 24 255 3.9 146.4 11.0 106.2 
ICPA2047 × ICP3475 122 174 178 7 25 196 4.1 129.4 10.0 85.1 
ICPA2047 × BSMR736 123 174 193 9 22 206 4.0 123.4 10.7 85.0 
ICPA2047 × TV1 123 175 204 10 21 168 3.9 99.7 10.3 68.2 
ICPA2047 × AKT8811 123 172 194 8 24 136 3.3 74.5 10.2 43.8 
ICPA2047 × PHULE-T-00-1-25-1 123 173 196 7 21 146 3.9 84.8 10.3 56.0 
ICPA2047 × PHULE-T-04-1-3-1 124 176 186 8 22 133 3.7 88.2 11.0 51.0 
ICPA2047 × AKT9913 125 176 203 9 26 187 3.5 109.0 10.8 73.2 
ICPA2047 × AKT222521 120 174 190 10 25 134 3.6 80.7 10.1 49.0 
ICPA2047 × AKT-00-12-6-4 125 175 191 11 24 236 3.8 142.6 10.3 95.5 
ICPA2047 × ICP3963 123 174 196 7 20 146 4.0 100.4 10.3 64.8 
ICPA2047 ×PHULET00-5-7-4-1 126 176 201 7 22 147 3.9 93.1 10.0 62.2 
ICPA2047 × VIPULA-27 125 174 181 11 21 219 4.1 124.4 10.2 88.6 
ICPA2047 × PHULET-00-4-11-6-2 122 172 176 10 26 160 4.0 99.6 10.5 68.6 
ICPA2047 × ICP11376 125 172 182 9 24 235 4.0 155.5 10.9 108.3 
ICPA2047 × ICP3514 128 175 184 8 22 317 4.0 178.2 10.2 120.8 
ICPA2047 × ICP3374 131 173 185 9 30 237 4.4 156.5 10.1 119.4 
ICPA2047 × ICPL20106 133 176 189 13 27 297 3.9 174.2 10.7 120.5 
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characters except days to flower, secondary branches/plant,
and pod weight/plant. For pod weight/plant, the parent ‘BSMR
571’ recorded high mean yield; but high regression coefficient
and significant deviation from regression indicated its
instability in different environments. Phenotypic stability of
various component traits associated with the stability for yield
was also reported by Muthiah and Kalaimagal (2003) for
branches/plant and Patel et al. (2003) for days to maturity,
branches/plant and pods/plant.
Stability analysis of hybrids: Among the 102 hybrids
evaluated, 29 were found stable for grain yield/plant, 25 for
pods/plant, 22 for pod weight/plant, 6 each for days to flower
and primary branches/plant, 5 each for days to maturity and
plant height, and one hybrid for secondary branches/plant

(Table 7). It was further observed that the hybrids derived
from ‘ICPA 2092’ exhibited greater stability followed by ‘ICPA
2047’ and ‘ICPA 2043’ hybrids. The most stable hybrid derived
from ‘ICPA 2043’ was ‘ICPA 2043’ × ‘ICP 3514’ which had a
high mean yield, unit regression coefficient and no deviation
from regression. The other most stable hybrids derived from
‘ICPA 2047’ was ‘ICPA 2047’ × ‘ICPL 20106’ and from ‘ICPA
2092’, it was ‘ICPA 2092’ × ‘BSMR 164’. Similar results were
reported by Kyu et al. (2011). They reported that CMS-derived
hybrid had high stabil ity across the three different
environments of Myanmar and produced 1846 to 1967 kg/ha
yield with 30.4 to 41.7% standard heterosis.

Considering the three stability parameters, hybrid ‘ICPA
2043’ × ‘PHULE T-00-4-11-6-2’ was found to be highly stable

Table 4. Mean performance of ‘ICPA 2092’-derived hybrids
Days to Hybrids 

flowering 
(no.) 

maturity 
(no.) 

Plant  
height 
(cm) 

Primary 
branches/ 

plant 
(no.) 

Secondary 
branches/ 

plant 
(no.) 

Pods/ 
plant 
(no.) 

Seeds 
/pod 
(no.) 

Pod 
weight/ 
plant  

(g) 

100-
Seed 

weight 
(g) 

Grain 
yield/ 
plant 
(g) 

ICPA2092 × BSMR198 127 178 185 11 27 272 3.9 159.1 10.3 108.1 
ICPA2092 × BSMR846 125 179 180 8 24 206 4.3 119.8 10.5 85.9 
ICPA2092 × BSMR164 126 180 183 9 25 294 3.8 178.1 11.0 128.8 
ICPA2092 × BDN 2001-6 122 175 192 12 23 247 4.4 158.2 10.9 114.4 
ICPA2092 × ICP3525 126 177 191 13 25 238 3.9 139.5 10.9 91.6 
ICPA2092 × BSMR175 124 179 194 9 23 207 4.2 131.8 11.7 94.7 
ICPA2092 × BSMR2 131 179 188 13 22 162 3.9 98.7 10.8 62.3 
ICPA2092 × ICPL12749 127 176 177 10 25 238 3.9 129.5 11.2 91.6 
ICPA2092 × BSMR203 126 174 188 11 26 233 3.9 137.3 10.8 93.9 
ICPA2092 × BWR154 127 175 186 12 22 233 3.7 123.5 11.0 81.4 
ICPA2092 × BSMR571 125 173 182 12 28 195 4.0 121.2 10.6 82.8 
ICPA2092 × ICP13991 124 172 171 11 20 138 4.0 83.7 10.2 59.8 
ICPA2092 × ICP10934 123 177 181 12 24 403 3.9 221.8 11.4 148.7 
ICPA2092 × HPL24-63 123 171 178 11 26 164 3.9 102.7 10.5 66.7 
ICPA2092 × AKT9915  126 174 185 9 21 231 3.9 140.7 10.4 94.4 
ICPA2092 × ICP10650 129 175 183 10 20 259 3.9 160.6 10.6 109.3 
ICPA2092 × ICP3407  126 175 194 9 31 227 3.7 153.6 10.6 88.8 
ICPA2092 × ICP3475 122 178 188 10 27 167 4.2 108.7 10.6 73.1 
ICPA2092 × BSMR736 122 177 185 7 22 192 3.8 128.8 12.4 76.6 
ICPA2092 × TV1 124 178 193 10 28 208 3.9 140.7 10.2 93.7 
ICPA2092 × AKT8811 120 177 186 10 23 171 3.9 104.0 10.1 65.7 
ICPA2092 ×PHULET-00-1-25-1 123 176 194 9 25 157 3.3 99.2 10.2 61.3 
ICPA2092 × PHULE-T-04-1-3-1 122 179 187 12 27 185 3.9 114.5 11.6 77.6 
ICPA2092 × AKT9913 122 176 199 9 25 267 3.9 170.5 11.0 119.8 
ICPA2092 × AKT222521 123 174 190 11 22 168 3.5 97.6 10.8 56.9 
ICPA2092 × AKT-00-12-6-4 120 178 168 8 20 217 3.8 143.0 11.2 82.3 
ICPA2092 × ICP3963 127 179 177 8 20 284 3.3 148.3 9.9 102.3 
ICPA2092 × PHULET00-5-7-4-1 122 178 183 12 23 128 3.8 73.9 10.2 47.6 
ICPA2092 × VIPULA 123 179 172 11 27 243 3.9 153.1 11.4 102.3 
ICPA2092 × PHULET0-4-11-6-2 146 175 171 9 26 210 3.6 124.5 11.6 90.2 
ICPA2092 × ICP11376 123 175 175 11 27 337 3.7 156.1 10.8 115.2 
ICPA2092 × ICP3514 127 178 184 13 28 275 4.3 187.3 10.2 125.4 
ICPA2092 × ICP3374 127 175 185 10 25 332 4.0 195.3 10.9 135.8 
ICPA2092 × ICPL20106 126 178 180 9 22 419 3.9 218.3 10.0 153.3 
BSMR 736 (Check 1) 121 173 172 10 24 220 4.0 130.4 10.3 92.8 
ICPH 2671 (Check 2) 121 174 176 11 28 232 4.1 138.9 10.5 99.8 
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for yield/plant, primary branches/plant, secondary branches/
plant, pods/ plant and pod weight/plant (Table 7). Hybrids
‘ICPA 2043’ × ‘ICPL 20106’ and ‘ICPA 2047’ × ‘ICPL 20106’
exhibited stability for days to flower, days to maturity, pods/
plant, pod weight/plant and yield/plant. Hybrid ‘ICPA 2092’ ×
‘AKT 9913’ showed stability for grain yield/plant, plant height,
pods/plant and pod weight/plant, while ‘ICPA 2092’ × ‘BSMR
203’ registered stability for plant height, primary branches/
plant and pods/plant. In general, it was observed that the
hybrids which showed stability for grain yield also exhibited
stability for pods/plant, pod weight/plant, days to maturity
and number of primary branches/plant. In contrast, three
hybrids ‘ICPA 2043’ × ‘ICP 3514’, ‘ICPA 2047’ × ‘AKT-00-12-6-
4’ and ‘ICPA 2092’ × ‘VIPULA’ showed stability for grain yield
but had significant values for both bi and S2di for secondary
branches/plant indicating instability of hybrids under both
favourable and stress environmental condition. Similarly,
hybrids ‘ICPA 2092’ × ‘VIPULA’ and ‘ICPA 2092’ × ‘ICP 3963’
for days to maturity, ‘ICPA 2092’ × ‘BDN 2001-6’ for days to
flower, ‘ICPA 2092’ × ‘ICP 3525’ for plant height and ‘ICPA
2043’ × ‘ICP 3514’ for pod weight/plant showed instability in
the four environments. It is evident that no generalization can

be made with regard to stability of genotypes for yield and its
component traits. Among the three stability parameters,
greater genotypic mean was found to be the most important,
since the other two parameters do not have practical utility if
the genotype is low yielding. The hybrid having high per se
performance had above average stability.

The hybrid parents ‘ICP 3475’, ‘BSMR 736’ and ‘BSMR
2’, when crossed with the male-sterile lines ‘ICPA 2043’ and
‘ICPA 2047’ produced hybrids with greater adaptability across
the environments. Similarly, crossing of ‘ICP 3514’ and ‘PHULE
T-00-11-6-2’ with ‘ICPA 2043’ and ‘ICPA 2092’; and ‘ICP 11376’,
‘ICP 10650’, ‘ICP 12749’, ‘BSMR 198’ and ‘VIPULA’ with ‘ICPA
2047’ and ‘ICPA 2092’ produced hybrids with greater stability
in diverse environments. From this study, it is concluded that
the hybrids derived by crossing of ‘ICPA 2047’ and ‘ICPA
2092’ with ‘ICP 3514’, ‘PHULE T-00-11-6-2’, ‘ICP 11376’, ‘ICP
10650’, ‘ICP 12749’, ‘BSMR 198’ and ‘VIPULA’ may be stable
under variable environmental conditions.

It was observed that the stable hybrids derived from
‘ICPA 2043’ involved parents with above average stability
and high per se performance. This indicated a positive

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

Table 5. Analysis of variance for yield and yield contributing characters
Days to Source df 

flowering 
(no.) 

maturity 
(no.) 

Plant  
height  
(cm) 

Primary 
branches 

/plant 
(no.) 

Secondary 
branches 

/plant 
(no.) 

Pods/        
plant 
(no.) 

Pod weight/ 
plant   

(g) 

Grain yield/ 
plant  

(g) 

Genotypes (G) 140 133.476** 48.35** 638.24** 13.21** 19.13** 493.52** 405.39** 387.59** 
Environments (E) 3 5755.972** 5703.47** 413470.8** 2417.6** 4487.97** 19915.23** 9742.35** 16453.56** 
G × E 420 84.651** 32.47** 470.06** 14.42** 21.22** 7.64** 7.95** 6.98** 
E + (G × E) 423 62.437** 64.559 1699.572 19.935 109.685 5480.723 951.6851 1001.328 
E (Linear) 1 8633.958** 15197.34 620206.2 4595.001 27916.09 2200237 361305.4 399807.1 
G × E (linear) 140 40.388** 25.117** 266.028** 7.042** 74.372** 332.738** 123.4192** 89.856** 
Pooled deviation              
(non-linear) 282 42.988** 30.479** 217.974** 10.112** 28.612** 253.934** 85.031** 39.627** 

Pooled error 560 1.373 0.888 13.241 0.634 2.073 36.827 12.362 8.1 

 
Table 6. Two way table showing stable and unstable parents for yield verses component characters

S: stable parent, S/S: stable hybrid, S/*, */S and */*: unstable hybrid, bi: regression coefficient,   S2di: deviation from regression line, *: bi #1, S2di #0

Stability parameter of yield components Genotype no. Stable parent   
for seed yield Days to 

flowering 
(bi/S2di) 

Days to 
maturity 

Plant 
height  

(bi/S2di) 

Primary 
branches 

plant 
(bi/S2di) 

Secondary 
branches 

/plant 
(bi/S2di) 

Number of 
Pods/ 
plant  

(bi/S2di) 

Pod 
weight/ 
plant 

(bi/S2di) 
118 HPL 24-63 S/* S/* S/* S/S S/* S/S S/S 
131 ICP 3963 S/* S/* S/* S/* S/S S/S S/S 
139 ICPA 2043 S/* S/S S/S S/* */S S/S S/S 
134 PHULE T-00-4-11-6-2 S/* S/* S/* S/* S/S S/S S/S 
117 ICP10934 S/* S/* S/* S/* S/S S/S S/S 
141 ICPA 2092 S/* S/* S/* S/* S/* S/* S/S 
126 PHULE T-00-1-25-1 S/* S/* S/S S/* S/S S/S S/S 
125 AKT8811 S/* S/* S/S S/* S/* S/S S/* 
115 BSMR571 S/* S/* S/* S/* S/S S/S */* 
108 BDN 2001-6 S/* S/* S/S S/* */S S/S S/S 
136 ICP3514 S/* S/* S/* S/* S/S S/S S/S 
111 BSMR2 S/* S/* S/S S/* S/S S/S S/* 
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association between per se performance and stability. The
‘ICPA 2043’ based stable hybrids were ‘ICPA 2043’ × ‘ICP
3514’, ‘ICPA 2043’ × ‘ICP 10934’, ‘ICPA 2043’ × ‘PHULE T-00-
4-11-6-2’ and ‘ICPA 2043’ × ‘BSMR 2’. Similarly, ‘ICPA 2092’
based stable hybrids were ‘ICPA 2092’ × ‘PHULE T-00-4-11-6-
2’, ‘ICPA 2092’ × ‘ICP 3963’, and ‘ICPA 2092’ × ‘BDN 2001-6’.
It was also observed that the greater stability in ‘ICPA 2047’
derived hybrids was independent of stability of their parents.
The hybrids made on ‘ICPA 2047’ involved both stable and
unstable parents. The ‘ICPA 2047’-based stable hybrids were
‘ICPA 2047’ × ‘ICPL 20106’, ‘ICPA 2047’ × ‘ICP 12749’ and
‘ICPA 2047’ × ‘VIPULA’. These observations support the
conclusions of Phad et al. (2005) and Muthiah and Kalaimagal

(2005). They also reported stability of hybrids under stress
environments and found that a few hybrids performed better
only under favorable environments. Vanniarajan (2007) found
that the genotypes which showed high stability for yield
showed unstable performance for yield components.
Biplot analysis of parents and hybrids: Yield data from multi-
environment trials are usually large, and their graphical
presentation helps understand the pattern involved in
particular data set. The GGE biplot allows visual examination
of the GE interaction pattern of multi environment trials data.
The biplot analysis, as viewed the environment-vector of
parents and hybrids, has been shown in Figure 1. The results

Table 7. Two way table showing stable and unstable hybrids for yield versus component characters

S: stable parent, UNS: unstable parent, S/S: stable hybrid, S/*, */S and */*: unstable hybrid, bi: regression coefficient, S2di: deviation from regression
line, *: bi # 1 or S2di # 0
DF: days to flower, DM: days to maturity, PH: plant height (cm), PB: primary branches/plant, SB: secondary branches/plant, PP: pods/plant, PW:
pods weight/plant (g), SP: seeds/pod, SW:100-seed weight (g)
BDN: Badnapur location, PBN: Parbhani location, ICRISAT: Patancheru location, Latur: Latur location

Stability parameter of yield components Stability of 
parents 

Mean 
 Days to 

Hybrid 
No. 

Hybrids 

P1 P2 P1 P2 flowering  
(bi/ S2di) 

maturit
y (bi/ 
S2di) 

Plant 
height  

(bi/ 
S2di) 

Primary 
branches 

/plant 
(bi/S2di) 

Secondary 
branches/ 

plant 
(bi/S2di) 

Number 
of pods/ 

plant 
(bi/S2di) 

Pod 
weight/ 
plant 

(bi/S2di)
34 ICPA2043 × ICP3514 S S 102 81.5 S/* S/S S/* S/* */* S/S */* 
20 ICPA2043 × ICP3475 S S 102 74.7 S/S S/* S/S S/S S/* S/* S/S 
15 ICPA2043 × ICP10934 S S 102 97.4 S/S S/* S/* S/* S/* S/S S/* 
32 ICPA2043 × PHULET-00-4-11-

6-2 
S S 102 100.5 S/* S/* S/* S/S S/S S/S S/S 

21 ICPA2043 × BSMR736 S S 102 63.1 S/* S/* S/* S/* S/* S/S S/S 
9 ICPA2043 × BSMR 2 S S 102 79.4 S/* S/* */S S/S S/* S/S S/S 
70 ICPA2047 × ICPL20106 UNS S 58.5 59.8 S/S S/S S/* S/* S/* S/S S/S 
69 ICPA2047 × ICP3374 UNS S 58.5 71.5 S/* S/* S/S S/* S/* S/* S/* 
67 ICPA2047 × ICP11376 UNS UNS 58.5 32.9 S/S S/* S/* S/* S/* S/S S/S 
53 ICPA2047 × ICP10650 UNS UNS 58.5 65.3 S/* S/* S/* S/* S/* S/S S/S 
44 ICPA2047 × ICP12749 UNS UNS 58.5 66.39 S/* S/* S/S S/* S/* S/S S/S 
62 ICPA2047 × AKT-00-12-6-4 UNS S 58.5 103.1 S/S S/S S/* S/* */* S/S S/* 
37 ICPA2047 × BSMR198 UNS UNS 58.5 106.1 S/* S/S S/* S/* S/* S/S S/S 
65 ICPA2047 × VIPULA UNS S 58.5 67.2 S/* S/S S/* S/* S/* S/S S/* 
43 ICPA2047 × BSMR2 UNS S 58.5 79.4 S/* S/* S/* S/* S/* S/S S/S 
54 ICPA2047 × ICP3475 UNS S 58.5 74.7 S/* S/* S/S S/* S/* S/S S/S 
55 ICPA2047 × BSMR736 UNS S 58.5 63.1 S/* S/* S/* S/S S/S S/S S/S 
73 ICPA2092 × BSMR164 S UNS 94.2 40.1 S/* S/* S/* S/* */S S/S S/S 
102 ICPA2092 × ICP3514 S S 94.2 81.5 S/* S/* S/* S/* */S S/S S/S 
94 ICPA2092 × AKT9913 S S 94.2 46.9 S/* S/* S/S S/* S/* S/S S/S 
101 ICPA2092 × ICP11376 S UNS 94.2 32.9 S/* S/* S/S S/* S/S S/* S/S 
74 ICPA2092 × BDN 2001-6 S S 94.2 83 */* S/* S/* S/* S/* S/S S/S 
86 ICPA2092 × ICP10650 S UNS 94.2 65.3 S/* S/* S/* S/* S/* S/S S/S 
71 ICPA2092 × BSMR198 S UNS 94.2 106.1 S/* S/* S/* S/S S/* S/S S/S 
97 ICPA2092 × ICP3963 S S 94.2 103.1 S/* */* S/* S/* S/* S/* S/S 
99 ICPA2092 × VIPULA S S 94.2 67.2 S/* */* S/* S/* */* S/S S/S 
76 ICPA2092 × BSMR175 S S 94.2 72.1 S/S S/* S/* S/* S/* S/S S/* 
79 ICPA2092 × BSMR203 S S 94.2 72.7 S/* S/* S/S S/S S/* S/S S/* 
90 ICPA2092 × TV1 S UNS 94.2 118.5 S/* S/* S/* S/S S/* S/S S/* 
75 ICPA2092 × ICP3525 S UNS 94.2 183.6 S/* S/* */* S/* S/* S/S S/S 
78 ICPA2092 × ICP12749 S S 94.2 66.9 S/* S/* S/* S/* S/* S/S S/S 
100 ICPA2092 × PHULET-00-4-11-

6-2 
S S 94.2 100.5 S/* S/* S/* S/* */S S/* S/S 

87 ICPA2092 × ICP3407 S UNS 94.2 45.1 S/* S/* S/* S/* S/* S/S S/S 
72 ICPA2092 × BSMR846 S S 94.2 46.2 S/* S/* S/* S/* S/* S/S S/S 
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of PCA of GEI (genotype × environment interaction) showed
that the first two principal components in the biplot explained
98.9% of the total variation in GEI (Cooper and De-lacy 1994).
The environment vectors covered a small Euclidean space,
indicating that the four environments used in this study
represented positive association among the environmental
conditions (Fig. 1). To construct a meaningful biplot, PC1 and

PC2 eighnvectors were plotted after partitioning of singular
values into the genotype and environment eighnvectors.
Theoretically, the partitioning factors can take any value
between 0 and 1. However, for this analysis a value of 0.5 was
used to give equal importance to both the genotypes as well
as environments.
Environment evaluation based on GGE biplots: The pattern

Table 8. Pearson correlation between different  yield and yield contributing traits at four locations

DF: days to flowering (no.), DM: days to maturity (no.), PH: plant height (cm), PB: primary branches /plant (no.), SB: secondary branches/plant
(no.), PP: pods/plant (no.), PW: pods weight/plant (g), SP: seeds/pod (no.), SW:100-seed weight (g)

Variable Environment DF DM PH PB SB PP PW SP SW GY 
Patancheru 1 0.41** 0.25** 0.12 0.06 0.12 0.13 0.15 -0.07 0.17** 
Parbhani 1 0.66** 0.46** 0.08 0.04 0.29** 0.3** 0.27** -0.08 0.32** 
Latur 1 0.32 0.08** -0.02* -0.18* 0.04 0.04* -0.01 -0.07* 0.06 

DF 
 
 
 Badnapur 1 0.11 -0.05 -0.17** 0.11 0.15** 0.16** 0.02 -0.01 0.15 

Patancheru  1 0.36** 0.04 -0.15 0.04 0.05 0.12 -0.27* 0.11 
Parbhani  1 0.47 -0.15 0.05 0.03 0.08 0.15 -0.18* 0.08 
Latur  1 0.06 -0.16 -0.18* 0.16 0.13 -0.07 -0.05* 0.12 

DM 
 
 
 Badnapur  1 0.08 -0.14 0.03 0.12 0.13 -0.16** 0.03 0.09 

Patancheru   1 0.13 -0.02 -0.01 0.01 0.08 -0.13 0.03 
Parbhani   1 -0.05 -0.01 0 0.03 0 -0.21 -0.01 
Latur   1 0.3** 0.04 -0.02 0 0.16* -0.17* 0.03 

PH 
 
 
 Badnapur   1 0.13 0 0.11 0.06 -0.11 0.02 0.09 

Patancheru    1 0.34** 0.29** 0.28** 0.06 0.25 0.26** 
Parbhani    1 0.27** 0.05 0.01 0.02 0.02 -0.01 
Latur    1 0.32* -0.13 -0.1 0.19* -0.05 -0.08 

PB 
 
 
 Badnapur    1 0.09 -0.06 -0.08 -0.3** -0.08 -0.11 

Patancheru     1 0.37** 0.35** 0.08** 0.16 0.35** 
Parbhani     1 -0.03 0.02 0.17** -0.14 0.06 
Latur     1 -0.13 -0.09 -0.04 0.06 -0.08 

SB 
 
 
 Badnapur     1 0.15 0.18* -0.08 -0.08 0.16 

Patancheru      1 0.94** 0.1 0.07 0.92** 
Parbhani      1 0.92** 0.14 0.08* 0.93** 
Latur      1 0.93** 0.11 0.07 0.96** 

PP 
 
 
 Badnapur      1 0.92** 0.09 0.05 0.97** 

Patancheru       1 0.24* 0.02 0.95** 
Parbhani       1 0.27** 0.02 0.95** 
Latur       1 0.27** 0.06 0.97** 

PW 
 
 
 Badnapur       1 0.12 0.04 0.91** 

Patancheru        1 -0.13 0.36** 
Parbhani        1 0.04 0.34** 
Latur        1 -0.01 0.27** 

SP 
 
 
 Badnapur        1 -0.04 0.25** 

Patancheru         1 0.02* 
Parbhani         1 0.05* 
Latur         1 0.05 

SW 
 
 
 Badnapur         1 0.05 

Patancheru          1 
Parbhani          1 
Latur          1 

GY 

Badnapur          1 
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of environment in the biplots (Fig. 1) suggests that all the
environments were clustered in one group. In present study,
as the angle between any two environments was less than
900, it suggested that GE was moderately small and these
environments tend to discriminate among genotypes in a
similar manner. The Latur and Badnapur environment vectors
positioned above the Average Environment Axis (AEA) with
smaller angle (<45º) between them indicated presence of
positive correlation between them. Similarly, the Patancheru
and Parbhani environment vectors were found below the AEA
and were positively correlated. This indicated that stability
could be assessed by testing either Latur or Badnapur and
Patancheru or Parbhani. Patancheru had the longest
environment vector which demonstrated more discriminating
ability than other environments. The environments of
Parbhani and Latur were most discriminating among with
smaller angle with the AEA and the genotypes nearer to these
two environment vectors exhibited stability for grain yield;
whereas Patancheru and Badnapur had larger angle with AEA
and these were classified as discriminating. The non-
representative test environments and genotypes evaluated
in these environments had specific adaptation.
Evaluation of genotypes based on GGE biplots: The position
and perpendicular projection of genotypic points onto an
environmental vector can be used to identify a genotype or
genotypes having specific adaptation in that environment
(Yan et al. 2000). The genotypes that are farther along the
positive direction of the vector tend to give higher yields, and

are better adapted to those environments. Among the parents,
‘HPL 24-63’ was away from AEA and near to Badnapur and
Latur indicating their specific adaptability to both the
environment (Fig. 1). On the contrary, ‘ICPA 2043’, ‘PHULET-
00-4-11-6-2’ and ‘ICP 3963’ had a mean yield similar to the
mean of the parents with less angle with AEA exhibiting general
adaptability. The parents ‘ICP 10934’ and ‘AKT 8811’ recorded
grain yield below mean and had longest distance from the
AEA indicating their specific adaptability under stress
environments of Badnapur and Latur, whereas ‘BSMR 571’
had low mean and near to AEA indicating their general
adaptability. The hybrid ‘ICPA 2092’ × ‘BSMR 164’ had the
highest mean yield and it was placed on AEA indicating their
general stability followed by ‘ICPA 2043’ × ‘ICP 3514’, ‘ICPA
2043’ × ‘ICP 3475’ and ‘ICPA 2043’ × ‘ICP 10934’. The hybrid
‘ICPA 2047’ × ‘ICPL 20106’ had above average mean, and it
was away from AEA and situated exactly on Latur vector
indicating their specific adaptability. Similarly, hybrid ‘ICPA
2043’ × ‘ICP 3514’ had specific adaptability to Parbhani while
‘ICPA 2047’ × ‘ICP 3374’ to Patancheru. The hybrid ‘ICPA
2092’ × ‘PHULE T-00-4-11-6-2’ had low mean and it was was
near to AEA indicating its general adaptability under stress
environmental conditions.

Seed yield is complex character and the analysis of
individual yield component can lead to simplification in
explaining the stability for seed yield. The stable genotypes
identified could be used as parents in the future breeding
programmes for developing suitable genotypes with wider
adaptability. Analysis of stability of component characters
revealed that yield stability in the parents ‘PHULE T-00-1-25-
1’, ‘PHULE T-00-4-11-6-2’, ‘ICP 3963’, ‘ICP 10934’ and ‘ICP
3514’ might be due to the high mean performance and non-
significant values of bi and S2di. The study of yield stability
of ‘ICPA 2043’ derived hybrids with component characters
revealed that the parents with high per se performance and
general adaptability produced stable hybrids which can be
grown across the four environments. In contrast ‘ICPA 2047’
and ‘ICPA 2092’ derived hybrids were stable for yield. The
stable hybrids derived from ‘ICPA 2047’ and ‘ICPA 2092’ had
parents with high × low per se performance and general and
specific adaptability.

The critical examination of stability of parents and cross
combinations reveals interesting information on the role of
component characters in imparting yield stability. Three
crosses ‘ICPA 2043’ × ‘ICPL 20106’, ‘ICPA 2047’ × ‘ICPL 20106’
and ‘ICPA 2092’ × ‘BSMR 203’ exhibited high plasticity
(predictable G × E interaction) for yield component traits. The
cultivars lacking stability for yield were characterized by
unpredictable G × E interaction. Bradshaw (1965) suggested
that minimum fitness could be obtained by adjustment in the
plastic component traits. In a homeostastically buffered
population, expression of component traits can shift in the
compensating manner in changing environment in order to
perform for the final traits.

Fig 1. The environment-vector view of the GGE biplot to
show s imilarit ies among test environments in
discriminating the genotypes
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From the present investigation, it is concluded that
superior performing parents ‘HPL 24-63’, ‘ICP 3963’, ‘ICPA
2043’, ‘PHULE T-00-4-11-6-2’ and ‘ICP 10934’ were stable over
four locations for yield and its important components and
could be used for developing stable hybrids. Even though as
many stable hybrids were identified among the hybrids, the
most high yielding potential stable hybrids were ‘ICPA 2043’
× ‘ICPL 20106’, ‘ICPA 2047’ × ‘ICPL 20106’, ‘ICPA 2092’ ×
‘AKT 9913’ and ‘ICPA 2092’ × ‘BSMR 203’across the four
different environmental conditions since they possessed
favorable combination of all stability parameters or ideal
stability values with significant desired mean performance
levels over both promising checks ‘BSMR 736’ and ‘CPH 2671’
for yield and its important components.
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ABSTRACT

In the present regime of Intellectual Property Rights, the
distinctness of a candidate variety from all other varieties is an
important criterion for granting protection of Plant Breeder’s
Right.  Keeping this in view, a total of 29 released Indian
cultivars of lentil was grouped for several agro-morphological
descriptors.  Most of the varieties belonged to medium and
large seeded category. Very large seed size was observed in ‘IPL
406’ and ‘PL 5’. Varieties were also classified on the basis of
presence or absence of stem pigmentation. It was present in all
the varieties except in ‘DPL15’, ‘DPL62’, ‘IPL81’, ‘L4076’, ‘LH
84-8’, ‘K 75’, ‘NDL 1’, ‘PL 77-12’ and ‘IPL406’.  The lentil
varieties were largely of medium to late flowering category
except ‘Asha’, ‘Ranjan’, ‘Subrita’, ‘JL1’, ‘JL3’ and ‘LH84-8’
which belonged to early flowering category.  Considerable
variability was observed for leaflet size. Varieties with small
leaflet size were ‘VL1’, ‘VL103’, ‘PL639’, ‘PL4’, ‘L4147’, ‘Asha’,
‘JL1’, ‘Subrita’, ‘LL699’ and ‘VL126’. Other varieties were of
medium size leaflet except ‘IPL81’, ‘PL5’, ‘L4076’, ‘K75’ and
‘PL77-12’ where large sized leaflet was present.  Seed testa
colour was brown in all the varieties except ‘VL1’ and ‘VL4’
which had black testa colour.   Such characterization of released
cultiva rs may provide valua ble info rmation for the
strengthening of lentil breeding programme.

Key words: Characterizatio n, Cultivars , Descriptors,
Distinctness, Lentil, Lens culinaris Medik.

Lentil (Lens culinaris Medik.) is one of the most
nutritious cool season food legumes and ranks next only to
chickpea.  It is grown throughout the northern and central
India for grains. Besides its utilisation as ?dal’, whole or
dehulled grains are also used in various other preparations.
Lentil occupies 1.51 million ha area in India with a production
of 0.95 million tons (Dixit et al. 2009). It is mainly cultivated in
Uttar Pradesh, Madhya Pradesh, Chhattisgarh, Jharkhand,
Bihar and West Bengal. These states together account for
85% and 90% of the total area and production of lentil,
respectively. In lentil, breeding efforts have led to the release
of a number of new cultivars that are high yielding and disease
resistant with stability in performance. However,
morphological descriptions of many cultivars are vague.
Characterization of lentil varieties is required for their
protection under Plant Variety Protection (PVP) legislation,
because varietal testing for distinctness, uniformity and

stability (DUS) is the minimum criterion for grant of protection
of new plant varieties under the Protection of Plant Varieties
and Farmer’s Right (PPV&FR) Act, 2001. The act has provision
to compare the candidate variety with the varieties of common
knowledge on a set of relevant characteristics prescribed in
the Draft National Test Guidelines for DUS testing of Lentil
(Singh et al. 2006) and commonly accepted for this purpose at
the time of filing of application. Therefore, the present study
was undertaken to characterise 29 released cultivars of lentil
on the basis of qualitative morphological characters and to
establish distinctness of the candidate variety from all other
varieties and also among extant varieties developed in India.

MATERIALS AND METHODS

A total of  29 lentil varieties viz.,  ‘K75’, ‘L4076’, ‘DPL15’,
‘DPL62’, ‘IPL81’, ‘PL406’, ‘PL639’, ‘PL4’, ‘PL5’, ‘PL234’,
‘L4147’, ‘Asha’, ‘Ranjan’, ‘Subrita’, ‘JL1’, ‘JL3’, ‘LH 84-8’,
‘NDL1’,’VL1’, ‘VL4’, ‘VL103’, ‘PL77-12’, ‘LL56’, ‘LL147’,
‘LL699’, ‘VL507’, ‘KLS218’, ‘IPL406’ and ‘VL126’ released and
notified in India were evaluated at Indian Institute of Pulses
Research, Kanpur (26.28°N and 80.21°E) in a randomized block
design with three replications over three years (rabi 2005-06,
2006-07 and 2007-08). Each plot consisted of six rows of 5 m
length. Rows were spaced 30 cm apart and interplant distance
was kept at 15 cm. Cultivars were evaluated for 14 descriptors
viz., intensity of green colour in foliage, anthocyanin
colouration in stem, time of flowering, leaf pubescence, leaflet
size, plant growth habit, flower colour, plant height, pod
anthocyanin colouration, seed size, seed testa colour, testa
mottling, cotyledon colour and tendril type on different
character states. These characters were recorded as per DUS
guidelines of PPV&FR (Singh et al. 2006).  The observations
were recorded on 10 plants in each replication at specified
stages of crop growth period when the characters under study
had full expression. Intensity of green colour in foliage was
recorded at flower bud stage anthocyanin colouration in stem,
time of flowering, leaf pubescence, leaflet size, plant growth
habit, tendril type and flower colour were recorded at the stage
of 50% flowering. Plant height was recorded at maturity stage,
whereas pod anthocyanin colouration was observed at fully
developed green pod stage. Seed size, seed testa colour,
testa mottling and cotyledon colour were recorded on mature
seeds.
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RESULTS AND DISCUSSION

With the inception of All India Coordinated Pulses
Improvement Project (AICPIP) in 1966, collective efforts of
ICAR Institutes/State Agricultural Universities were made to
develop varieties with wider adaptability. Varieties developed
during seventies were ‘PL 406’ for North-West Plain Zone,
‘PL 234’ for Uttar Pradesh, ‘B77’ (‘Asha’) for West Bengal and
‘JLS1’ for Madhya Pradesh. These varieties were developed
through selection from landraces. During eighties, varieties
were developed through hybridization. The first variety ‘L639’
developed through hybridization was released for northern
plains in 1981.  Other varieties developed through
hybridization were ‘LL56’ and ‘LL147’ for Punjab; large seed
varieties ‘L4076’ for North-West Plain Zone and Central Zone,
and ‘LH84-8’ (‘Sapna’) for NWPZ.  During this period, some
good varieties developed through selection were ‘K75’ (large
seeded) for North-East Plain Zone and Central Zone and ‘VL1’
and ‘VL4’ for Uttarakhand.  Some of the varieties developed
through mutation were ‘PL77-12’ (‘Arun’) for Bihar and ‘B256’
(‘Ranjan’) for West Bengal.  During nineties, high yielding
and disease resistant small seeded varieties ‘PL4’ and ‘L4147’
and large seeded varieties ‘DPL 15’ and ‘DPL 62’ for NWPZ;
‘NDL1’ for Uttar Pradesh and ‘WBL58’ for West Bengal were
released.  These variet ies were developed through
hybridization.  Later, a wilt tolerant and large seeded variety,
‘JL3’, developed through selection was released for Central
Zone. Recently, two small seeded varieties ‘VL507’ and
‘KLS218’ have been released for NHZ and NEPZ, respectively.

Among the 29 lentil cultivars studied, considerable
variation was observed for all the important attributes under
study except for flower colour, testa mottling, leaf pubescence
and cotyledon colour. The characterization of lentil varieties
is presented in Table 1 and classification based on grouping
of characters is provided in Table 2.  On the basis of seed size,
lentil varieties can be classified into four groups viz., small (<2
g/100 seed wt.), medium (2 - 2.5 g/100 seed wt.), large (2.6 – 3.0
g/100 seed wt.) and very large (> 3 g/100 seed wt.) seeded.
Most of the varieties belong to medium and large seeded
category. Very large seed size was observed in ‘IPL406’ and
‘PL5’. The small seeded varieties are generally shorter in height
and more pigmented and have smaller leaves, leaflets and
pods than the large seeded varieties (Erskine and Goodrich
1991).  Varieties were also classified on the basis of presence
or absence of stem pigmentation. It was present in all the
varieties except in ‘DPL15’, ‘DPL62’, ‘IPL81’, ‘L4076’, ‘LH 84-
8’, ‘K75’, ‘NDL1’, ‘PL77-12’ and ‘IPL406’.  The lentil varieties
were largely of medium to late flowering except ‘Asha’,
‘Ranjan’, ‘Subrita’, ‘JL1’, ‘JL3’ and ‘LH84-8’ which belonged
to early flowering category.

Plant height is yet another trait with limited variability.
Most of the varieties were of medium height. Singh and Singh
(1991) and Pandey et al. (1992) indicated that plant height and
number of pods/plant had significant and positive correlations

with yield/ plant in macrosperma as well as in microsperma
types. In general, it was observed that varieties of lentil can
be grouped into the medium plant height category. Summerfield
et al. (1982) noted that cultivars of tall, erect, non-lodging
habit and with non- shattering pods would faci litate
mechanical harvesting.

Foliage colour varied from light green to dark green in
the varieties studied. Few varieties like ‘VL1’ and ‘VL507’
developed from VPKAS, Almora have light green leaves.  Most
of the other varieties were medium green in colour except
‘JL1’ and ‘JL3’ with dark green foliage colour.  Considerable
variability was observed for leaflet size. Varieties with small
leaflet size were ‘VL1’, ‘VL103’, ‘PL639’, ‘PL4’, ‘L4147’, ‘Asha’,
‘JL1’, ‘Subrita’, ‘LL699’ and ‘VL126’. Other varieties were of
medium size leaflet except ‘IPL81’, ‘PL5’, ‘L4076’, ‘K75’ and
‘PL77-12’ where large sized leaflet was observed. Tendril type
is another character with sufficient variability in lentil varieties.
Prominent tendril was observed in the varieties ‘Asha’,
‘Ranjan’, ‘Subrita’, ‘JL1’, ‘VL1’, ‘VL4’, ‘VL103’, ‘PL77-12’,
‘VL507’ and ‘VL126’.

Anthocyanin colouration on pods was present in
‘Asha’, ‘Ranjan’, ‘Subrita’ and ‘JL1’ but absent in all other
varieties studied.  Seed testa colour was brown in all the
varieties except ‘VL1’ and ‘VL4’ with black testa colour. The
colour of the cotyledon was observed as orange, seed testa
mottling and leaf pubescence were absent and there was
standard violet colour of flowers in all the varieties under
study. A narrow diversi ty l imits the scope for new
recombinations.  The recent approach on hybridization of
diverse genotypes from different agro-climatic zones of India,
and involvement of exotic lines in breeding programmes has
helped in broadening the genetic base and now a wide range
of variation can be seen in breeding material generated at
various research centers.

Erskine and Goodrich (1991) studied variability in lentil
growth habit. Over the seasons, the vegetative structure of
the crop was similar in stature, but the branch angle of primary
branches was more acute during dry seasons.  The main stem
and the lower most two primary branches accounted for 49.5%
of seed yield. Despite large fluctuations in total pod numbers,
the distribution of pods on the plant was relatively unaffected
by season or genotype. In India, semi-spreading varieties are
mostly grown under optimum and late sown situations, and
yields are stable because the plants are able to fill the available
space, initiating lateral branches and compensating for poor
emergence.  Most of the varieties studied were of semi-erect
nature except ‘DPL15’, ‘Ranjan’ with erect growth habit.

On the basis of present preliminary characterization,
these varieties are grouped into different categories for each
character and may be used as reference cultivars.  Lentil is
mainly grown under rainfed conditions and realization of yield
potential depends on seasonal variation.  The realization of
grain yield has been further complicated by poor sink-source
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Table 2. Details of the groups of the varieties based on their characteristics
Characters Name of varieties  
Stem pigmentation 
Absent DPL15, DPL62,IPL81, L4076, LH 84-8, K-75, NDL 1 
Present PL 406, PL 639, PL 4, PL 5, PL 234, L 4147, Subhrita, JL 1, JL 3,VL 1,VL 4,VL 103, LL 699,VL 507, 

KLS 218,VL 126 
Time of flowering 
Early Asha, Ranjan, Subhrita, JL 1, JL 3, LH 84-8 
Medium DPL 15, DPL 62, IPL 81, PL 406, PL 639, PL 5, PL 234, IPL 406, L 4076, K 75, NDL 1,VL 1, VL 103, PL 

77-12, LL56, KLS 218 
Late PL 5, L 4147,VL 4, LL 147, LL 699,VL 507,VL 126 
Foliage colour 
Light VL 1, VL 103,VL 507 
Medium PL 406, PL 639,PL 4, PL 5, PL 234, L 4147, Asha, Ranjan, Subhrita, DPL 15, DPL 62, IPL 81, L 4076, LH 

84-8, K75, NDL 1, PL 234, KLS 218,VL 126, L 4147, Asha, Ranjan, PL 77-12, IPL 406 
Dark JL 1, JL 3 
Leaflet size 
Small PL 639, PL 4, L 4147, Asha, Subhrita, JL 1,VL 1,VL 103,LL 699, VL 126 
Medium DPL 15, DPL 62, PL 406, PL 234, Ranjan, JL 3, LH 84-8, NDL 1,VL 4 ,LL 56, LL 147,VL 507, KLS 218, 

IPL 406 
Large IPL 81, PL 5, L 4076, K 75, PL 77-12 
Seed size 
Small VL 4,VL 126 
Medium PL 406, PL 4, L 4147, Asha, Ranjan, Subhrita, VL 1, LL 56, LL 699, KLS 218 
Large DPL 15, IPL 81, PL 639, PL 234, JL 1, LH 84-8, K 75, NDL 1,VL 103, LL 4147 
Very large DPL 62, PL 5, L 4076, JL 3, PL 77-12, VL 507, IPL 406 
Seed testa colour 
Black VL 1, VL 4 
Brown PL 406, PL 4, L 4147, Asha, Ranjan, Subhrita, LL 56, L 699, L 4147, DPL 15, IPL 81, PL 639, PL 234, JL 

1, LH 84-8, K 75, NDL 1,VL 103, DPL 62, PL 5, L 4076, JL 3, PL 77-12,VL 507, IPL 406, KLS 218, LL 
4147 

 
relationship.  Production problems like sensi tive to
environmental variations, lack of input response, lodging at
the time of maturity, reduced seed size at terminal stage, pod
drop, forced maturity with early rise in temperature, lack of
wilt/root rot resistant varieties, etc., are responsible for low
realization of yield potential.  There is need to identify
genotypes tolerant to wider range of environmental variations
particularly, temperature and soil moisture.

A substantial area of lentil is sown under late sown/
utera condition in rice belt of Indo-gangetic plains.  So far, no
variety has been released specifically for such situation.  Early
maturing genotypes with higher biomass are advocated for
such situations. The existing plant types in different agro
climatic zones are the most suitable plant types as far as
survival of crop is concerned.  There is need to understand
vegetative and reproductive components to develop the
physiologically efficient plant types for higher yield potential.
It is suggested that an efficient plant type will be one which
has rapid growth, flower early and harmonious with
environments conducive to seed setting and development.
For mechanical harvesting, a variety of lentil should have a
combination of traits such as tall plant height, erectness, non-
lodging habit and non-shattering of pods.
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ABSTRACT

Genetic divergence and character association in sixty four F6
progenies (Indo-African derivatives) of pigeonpea indicated
significant variability. High heritability coupled with moderate
to high genetic advance for grain yield/plant, plant height,
number of pods/plant, days to 50% flowering and days to
maturity showed importance of additive gene effects and
thereby higher selection value for these traits. Grain yield was
significantly and positively correlated with plant height,
branches/plant, pods/plant, pod length, seeds/pod and 100-seed
weight. Path coefficient analysis too revealed that pods/plant
had the highest positive direct effect on grain yield/plant.
Accordingly, pods/plant, pod length, seeds/pod and 100-seed
weight may be considered during selection. The sixty-four
derivatives were grouped in eight clusters with inter-cluster
distances ranging from 2.124 to 5.463, indicating substantial
diversity among the derivatives. Cluster VIII (63.81 g) had the
highest mean values for grain yield/plant followed by cluster
VI (52.78 g) and cluster VII (32.93 g). Therefore, genotypes
from the above clusters may be exploited in both conventional
and heterosis breeding programmes.

Key words: Character association, Cluster, D2 analysis, Genetic
divergence, Genetic variability, Indo-African
derivatives

Pigeonpea [Cajanus cajan (L.) Millspaugh] is the
second important pulse crop of India. It is a versatile food
legume crop which has diversified uses for vegetables, food,
fodder, fuel and for construction of thatched shelters. The
productivity of pigeonpea has been low and stagnant for last
four decades (Acharya and Patel 2011). Maturity period, plant
types, growth habit and resistance to biotic and abiotic
stresses are some of the characters that have been improved
in cultivated plant types of pigeonpea. Several reasons for
low productivity have been suggested (Jeswani 1986) among
which narrow genetic base has been the major bottleneck for
genetic improvement. Genetic diversity is important as crosses
between diverse parents are expected to yield bet ter
segregants than those between closely related parents. D2

analysis (Mahalanobis 1936) quantifies the degree of
divergence among the biological populations at genotypic
level with relative contributions of different components to
the total divergence. Therefore, genetic divergence and
character association among different yield attributing traits
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[Cajanus cajan (L.) Millsp.]
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in 64 Indo-African derivatives of pigeonpea were studied.

MATERIALS AND METHODS

With an objective to broaden the narrow genetic base,
exotic lines from Kenya (‘ICP-9140’ and ‘ICP-9135’), Tanzania
(‘ICP-12116’ and ‘ICP-12161’), Myanmar (‘ICP-11488’) and
Canada (‘ICP-13555’) and diverse indigenous genotypes (‘GT-
100’, ‘GT-101’, ‘Banas’ and ‘ICP-11912’) were crossed in the
diallel fashion. In the F5 generation, 64 single plant progenies
were selected on the basis of number of branches, pod colour,
seeds per pod, plant type, flower colour, stem colour, leaf
thickness and maturity duration during kharif 2007. These 64
single plant progenies were raised in the randomized complete
block design (RCBD) with three replications during kharif
2008 for characterization at Centre of Excellence for Research
on Pulses, S. D. Agricultural University, Sardarkrushinagar,
Gujarat. Each plot consisted of a single row of 4 m length,
spaced 60 cm apart with plant to plant distance kept at 30 cm.
All the recommended agronomical practices were followed to
raise good crop. The observations were recorded by randomly
taking five competitive plants on plant height (cm), number of
branches/plant, number of pods/plant, pod length (cm),
number of seeds/pod, days to 50 per cent flowering, days to
maturity, 100-seed weight (g) and grain yield/plant (g).

The data were subjected to the analysis of variance
using plot means. Genetic coefficient of variation, broad sense
heritability and expected genetic advance were estimated as
per Burton (1952), Burton and De Vane (1953) and Johnson et
al. (1955), respectively. The data were also analysed for
estimating the correlation coefficient (Al-Jibouri et al. 1958)
and path coefficient (Dewey and Lu 1959) for grain yield/
plant and its contributing characters. Rao (1952) described
the multivariate analysis o f genetic divergence using
Mahalanobis’s D2 statistic. Grouping of the genotypes in
different clusters was done by using Tocher’s method (Rao
1952).

RESULTS AND DISCUSSION

Substantial differences among progenies with respect
to various parameters such as mean, range, genetic and
phenotypic coefficient of variation (GCV and PCV), heritability
(broad sense) and genetic advance as per cent of mean for
different quantitative characters were observed (Table 1). A
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very close connection between the estimates of GCV and PCV
was noted for plant height, pods/plant, days to 50 per cent
flowering, days to maturity and 100-seed weight.  High
estimates of GCV and PCV were noted for grain yield/plant,
pods/plant and branches/plant which were in conformity with
earlier reports (Basavarajaiah et al. 2000, Gohil 2006b, Singh
et al. 2008).  Low estimates of GCV and PCV were recorded for
days to maturity, days to 50 per cent flowering, seeds/pod
and pod length that culminated into low genetic advance.
Heritability (broad sense) was high for all the characters
studied. However, due to environmental fluctuations, the GCV
alone may not be sufficient to measure the magnitude of
heritable variation. Therefore, heritability coupled with genetic
advance should be considered and given due weightage. High
heritability coupled with high genetic advance was observed
for grain yield/plant, pods/plant and branches/plant indicating
the predominance of additive gene effects. Therefore,
selection based on phenotypic performance will be quite

effective for these traits. Similar results were reported for seed
yield/plant by Basavarajaiah et al. (2000), for seed yield/plant
and pods/plant by Gohil (2006b) and for seed yield/plant and
primary branches/plant by Singh et al. (2008).

Grain yield was significantly and positively correlated
with plant height, branches/plant, pods/plant, pod length,
seeds/pod and 100-seed weight, indicating the significance
of these characters for grain yield in pigeonpea (Table 2).
Thus, an ideal plant type in pigeonpea may comprise more
number of branches bearing good number of pods having
large seeds. Significant and positive correlation of seed yield/
plant with plant height was reported by Singh et al. (2008).

Path coefficient analysis (Table 3) revealed that pods/
plant had the highest positive direct effect on grain yield/
plant and hence could increase the grain yield, if other variables
are held constant. The other characters viz., plant height,
branches/plant, pod length, seeds/pod and 100-seed weight

Table 1. Range, mean, phenotypic and genotypic coefficient of variation, heritability (broad sense) and genetic advance for nine
traits in 64 progenies of pigeonpea

GCV: Genotypic coefficient of variance; PCV: Phenotypic coefficient of variance; HBS: Heritability in broad sense; GA: Genetic advance

Character Mean 
+ SEm 

Phenotypic 
range 

GCV  
(%) 

PCV 
(%) 

HBS 
(%) 

GA 
(% mean) 

Plant height (cm) 128.85 +0.27 67.4 -210.2 20.49 20.66 98.40 41.88 
Branches/plant (no.) 5.98 +0.30 1.5 -12.4 45.16 45.59 98.10 92.31 
Pods/plant (no.) 80.40 +0.28 25.4 -203.7 46.20 46.40 99.10 94.76 
Pod length (cm) 4.58 +0.20 3.2 -7.0 19.10 19.85 92.60 37.77 
Seeds/pod (no.) 4.13 +0.17 2.9 -5.4 15.88 16.62 91.30 31.23 
Days to 50% flowering (no.) 114.26 +0.12 91.0 -138.7 11.26 11.33 98.70 23.05 
Days to maturity (no.) 162.60 +0.12 138.7 -192.3 9.15 9.19 99.00 18.75 
100-seed weight (g) 10.92 +0.17 3.8 -16.4 20.93 21.02 99.20 42.95 
Grain yield/plant (g) 29.51 +0.12 11.2 -75.3 52.09 58.22 99.20 119.01 
 

Table 2. Genotypic and phenotypic correlation coefficients among nine different characters in 64  progenies of pigeonpea

*, **: Significant at P=0.01 and 0.05, respectively; rg, rp: genotypic and phenotypic correlation coefficients, respectively

Characters r Branches/ 
plant 
(no.) 

pods/plant 
(no.) 

Pod length 
(cm) 

Seeds/ 
pod 
(no.) 

Days to 
50% 

flowering 
(no.) 

Days to 
maturity 

(no.) 

100-seed 
weight 

(g) 

Grain 
yield/plant 

(g) 

rg 0.168* 0.336** 0.271** 0.307** 0.224** 0.221** -0.003 0.396** Plant height (cm) 
rp 0.164* 0.333** 0.257** 0.293** 0.222** 0.216** 0.003 0.390** 
rg  0.587** 0.020 0.239** -0.531** -0.530** -0.066 0.423** Branches/plant 
rp  0.580** 0.022 0.225** 0.523** -0.525** -0.063 0.416** 
rg   0.040 0.190** -0.221** -0.206** -0.003 0.846** Pods/plant 
rp   0.040 0.181* 0.218** -0.205** -0.003 0.839** 
rg    0.722** 0.214** 0.204** 0.120 0.329** Pod length 
rp    0.649** 0.209** 0.194** 0.116 0.317** 
rg     -0.011 0.006 0.001 0.467** Seeds/pod 
rp     -0.012 0.001 0.002 0.442** 
rg      0.985** -0.090 -0.134 Days to 50% 

flowering rp      0.976** -0.090 -0.132 
rg       -0.058 -0.096 Days to maturity 
rp       0.059 -0.096 
rg        0.293** 100-seed weight 
rp        0.291** 
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possessed positive but low direct effect on grain yield.
Indirect association of all the characters among themselves
was weak. The residual effect was positive and low (0.080),
indicating that characters included in the present study
accounted for most of the variation. Therefore, the emphasis
can be laid on pods/plant, pod length, seeds/pod and 100-
seed weight during selection in segregating generations for
improvement of yield in pigeonpea.

For improvement of a complex character like yield,
selection of diverse parents is important. In the present study,
D2 statistic estimated in 64 single plant progenies showed
that generalized distance (D) between two populations varied
from 2.124 to 5.463 (Table 5), indicating substantial diversity
among the derivatives.

On the basis of clustering of 64 genotypes following
Tocher’s method (Rao 1952), overall eight clusters were formed
(Table 4). Cluster IV had the highest number of derivatives
(12) followed by cluster I (10), cluster III and VII (8 each),
cluster V and VI (7 each) and cluster II and VIII (6 each). The
pattern of cluster formation shows that there was enormous
genetic diversity in the genotypes for yield and its components.
This is in agreement with findings of Henry and Krishna 1992,
where genetic diversity was claimed to be non parallel with
geographical diversity and has been supported in pigeonpea
too (Sandhu et al. 1993).

The maximum inter-cluster distance (D = 5.463) was

observed between cluster VIII and cluster II followed by
cluster VIII and cluster V (D = 5.180), cluster VI and cluster II
(D = 4.978) and cluster VII and cluster II (D = 4.976) (Table 5).
High heterotic combinations are expected when the genotypes
of distantly placed clusters are inter-crossed. In the present
investigation, the crossing of genotypes from cluster VIII with
genotypes of cluster II may give high heterosis.

In general, all the clusters exhibited moderate to high
mean values for different characters. The cluster VIII had the
highest mean values for grain yield/plant followed by cluster
VI (52.78 g) and cluster VII (32.93 g) (Table 6). Cluster VIII
showed highest mean values for pods/plant and seed yield/
plant. Similarly, cluster IV for test weight, cluster II for days to
50% flowering and days to maturity, cluster VI for plant height,
pod length and number of seeds per pod, cluster VII for number
of branches per plant and cluster VIII for plant height exhibited
the highest cluster mean values. The clustering pattern could
be utilized in identifying the best cross combinations for
generating variability with respect to various traits. Therefore,
for creating wide spectrum of variability and improving yield,
the genotypes included in cluster VIII, cluster IV, cluster II,
cluster VI and cluster VII may be inter-crossed.

It was observed that cluster III had lowest mean values
for test weight and seed yield/plant, while cluster VII
possessed lowest mean value for days to 50% flowering and
days to maturity, cluster II for pod length and number of seeds/

Table 4. Distribution of 64 progenies of pigeonpea to different clusters on the basis of D2 statistics

SPS: Single plant progenies

Cluster Number of 
genotypes 

Genotypes 

I 10 SPS-3, SPS-15, SPS-18, SPS-19, SPS-23, SPS-24, SPS-26, SPS-29, SPS-31, SPS-56 
II 6 SPS -21, SPS-22, SPS-32, SPS-44, SPS-47, SPS-50 
III 8 SPS-25, SPS-27, SPS-33, SPS-41, SPS-51, SPS-59, SPS-60, SPS-61 
IV 12 SPS-5, SPS-28, SPS-30, SPS-34, SPS-37, SPS-38, SPS-39, SPS-53, SPS-54, SPS-57, SPS-58, SPS-63 
V 7 SPS-14, SPS-17, SPS-20, SPS-35, SPS-45, SPS-49, SPS-52 
VI 7 SPS-7, SPS-11, SPS-13, SPS-36, SPS-40, SPS-43, SPS-48 
VII 8 SPS-1, SPS-2, SPS-4, SPS-6, SPS-9, SPS-10, SPS-16, SPS-42 
VIII 6 SPS-8, SPS-12, SPS-46, SPS-55, SPS-62, SPS-64 
 

Table 3. Path coefficient analysis showing direct and indirect effect of eight casual variables on grain yield per plant of 64
progenies of pigeonpea

Figures in bold letters indicate the direct effects Residual effect = 0.08

Character Plant 
height 
(cm) 

Branches 
/plant 
(no.) 

Pods/ 
plant 
(no.) 

Pod  
length 
(cm) 

Seeds/ 
pod 

Days to  
50%  

flowering (no.) 

Days  
to  

maturity (no.) 

100-seed 
weight  

(g) 

Correlation 
with grain  

yield/plant (g) 
Plant height  0.034 0.023 0.287 0.018 0.084 -0.092 0.089 -0.001 0.396** 
Branches/plant 0.006 0.137 0.501 0.001 0.065 0.218 -0.214 -0.017 0.423** 
Pods/plant 0.011 0.080 0.853 0.003 0.052 0.091 -0.083 -0.001 0.846** 
Pod length  0.009 0.003 0.034 0.065 0.197 0.088 0.083 0.032 0.329** 
Seeds/pod 0.010 0.033 0.163 0.047 0.273 0.004 0.003 0.000 0.467** 
Days to 50% flowering 0.008 0.073 0.188 0.014 0.003 -0.411 0.0398 0.024 -0.134 
Days to maturity 0.008 0.073 0.176 0.013 0.002 0.405 0.404 0.015 -0.096 
100-seed weight 0.000 0.009 0.003 0.008 0.000 0.037 0.023 0.265 0.293** 
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pod, cluster V for branches/plant and pods/plant and cluster
I for plant height. Inter crossing of genotypes among these
clusters may produce variability for the respective traits
(Sandhu et al. 1993, Gohil 2006a).

It can be concluded that the genotypes from the above
clusters could be exploited in both conventional and heterosis
breeding programme. Superior genotypes for hybridization
programme could also be selected on the basis of inter-cluster
distance and cluster means.
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Table 6. Cluster means for different characters of 64 progenies of pigeonpea
Cluster 
number 

Number 
of 

genotypes 

Plant 
height 
(cm) 

Branches 
/plant 
(no.) 

Pods 
/plant 
(no.) 

Pod 
length 
(cm) 

Seeds 
/pod 
(no.) 

Days to 
50% 

flowering 
(no.) 

Days 
to 

maturity 
(no.) 

100-seed 
weight 

(g) 

Seed 
yield 
/plant  

(g) 
I 10 92.90 5.24 72.94 4.41 4.06 112.47 159.60 10.00 22.05 
II 6 138.13 3.94 65.16 3.46 3.02 130.72 181.67 10.53 16.49 
III 8 128.27 4.69 49.31 4.50 4.35 120.12 169.71 7.60 14.72 
IV 12 121.49 6.31 73.18 3.98 3.59 103.08 149.97 12.78 24.74 
V 7 129.75 3.01 44.58 5.41 4.40 127.48 177.10 12.06 19.87 
VI 7 167.91 6.60 109.87 5.86 4.99 126.67 178.33 11.86 52.78 
VII 8 136.90 9.15 90.13 4.84 4.41 98.08 143.67 10.63 32.93 
VIII 6 137.68 8.87 158.36 4.43 4.43 106.94 154.33 11.48 63.81 
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ABSTRACT

The study was undertaken to develop a package of agronomic
practices for large-scale nucleus seed production of a
cytoplasmic-nuclear male-sterile (CMS) line ‘ICPA 2043’. The
experimental treatments included two planting ratios involving
4 male-sterile: 1 male-fertile and 3 male-sterile: 1 male-fertile
lines, two irrigation frequencies (14 and 18 day intervals), and
eight plant spacings. Spacing of 75 cm × 30 cm in the 3:1 row
ratio with irrigation at 14 days interval during reproductive
period produced the highest seed yield of 1871 kg/ha, which
was 18.30% more than the best seed yield (1529 kg/ha) obtained
in the 4:1 planting ratio with spacing of 75 cm × 30 cm and
irrigation at every 14 days. The results further showed that for
4:1 and 3:1 planting ratios, the yield in 75 cm row spacing was
42.64 and 45.56% greater, respectively than the 150 cm with
irrigation at every 14 days. Under low plant population density,
plants were shorter and sturdier with semi-spreading branches
and produced greater single plant yield, biomass, number of
primary branches, and pods/plant due to better availability of
light. These attributes, however, did not help in realizing high
seed yield per unit of land area. In contrast, under high plant
population density, individual plants were tall with erect
branches, had relatively less biomass and seed yield per plant
but produced significantly higher seed yield per ha.

Key words: Cytoplasmic-nuclear male-sterility, Pigeonpea,
Planting ratio, Plant spacing, Seed production

Pigeonpea [Cajanus cajan (L.) Millspaugh] is
recognized as an important pulse crop for subsistence
agriculture in the tropics and sub-tropics due to its drought
tolerance, high protein (20-22%) grains, quality fodder, and
fuel wood. It is cultivated in 4.63 million ha (FAOSTAT 2008)
in Asia, Africa, Latin America, and Caribbean islands. India is
the largest producer and consumer of pigeonpea. It is one of
the major staple foods providing proteins to complement a
carbohydrate-rich vegetarian diet in India. According to DAC
report (2011), India is cultivating 3.90 million ha of pigeonpea
(about 77% of the total global area) with annual production of
only 2.89 million tons due to low productivity at 741 kg/ha.
However, the annual domestic consumption of this legume is
around 3.4 million tons (Price et al. 2003). To meet the shortage,
the country has to import about 1.5 – 2.8 million tons of
pigeonpea annually from Myanmar and Africa (CRNindia.com
2008). The level of productivity of pigeonpea has remained
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unchanged for decades, which poses a challenge to
researchers.

To improve the productivity of this crop, pigeonpea
hybrid technology based on cytoplasmic-nuclear male-sterility
(CMS) system was developed at ICRISAT (Saxena et al. 2005),
which facilitated the large-scale economic seed production of
hybrids and their female parents. The nucleus seed production
of the female parental line of hybrids was undertaken to ensure
the highest standards of genetic purity and uniformity (Saxena
2006).

For large-scale nucleus seed production of female
parents of pigeonpea, cytoplasmic-nuclear male-sterile (A)
and maintainer (B) lines should be planted at an isolation
distance of about 500 m from other pigeonpea fields to avoid
contamination due to natural out-crossing. However, the
success of seed production depends on various physical and
biological factors such as the number and type of pollinating
insects (Bhatia et al. 1981). Some other agronomic practices
are regarded as important for seed production. These include
sowing seeds at a right time and in a right way; appropriate
inter- and intra-row spacing; optimum soil moisture during
crop growth, and efficient insect management.

Growth and development of pigeonpea varies from
location to location due to variability in agro-climatic and soil-
water related parameters. Even in the same location, variability
in growth takes place due to different sowing dates, plant
density, irrigation methods and frequency, nutrient and weed
management, and other cultural and management practices
(Ahlawat and Rana 2005). Plant density is an important factor
in increasing crop production; however, narrow row spacings
bring variation in microclimate like light intensity, evapo-
transpiration and temperature of soil surface (Sinha et al. 1988).
These production constraints stand as a challenge among
stakeholders including farmers. This research was conducted
to identify the best plant spacing and irrigation frequency for
optimizing yield of nucleus seed of a CMS-line ‘ICPA 2043’ of
pigeonpea.

MATERIALS AND METHODS

The male-sterile ‘ICPA 2043’ and its male-fertile
maintainer line ‘ICPB 2043’ were sown in an isolated area of
0.4 ha in Alfisols at the International Crops Research Institute
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for the Semi-Arid Tropics (ICRISAT), Patancheru on June 20,
2008. The parental lines were sown in two planting ratios that
included 4 male-sterile (female) to 1 male-fertile (male) (4:1)
and 3 male-sterile to 1 male-fertile (3:1). Within each planting
ratio, there were two row-to-row spacings (75 cm and 150 cm),
two irrigation frequencies (14 day and 18 day intervals after
flower initiation till pod development) at field capacity of 50
mm/irrigation by flooding, and four plant-to-plant spacings
(30 cm, 50 cm, 75 cm and 100 cm) of male-sterile plants. During
the reproductive stage, three irrigations (at every 14 days
interval) and two irrigation levels (at every 18 days interval)
were applied. The maintainer line was sown at 30 cm intra-row
spacings. The length of each row was 5 m. A basal dose of di-
ammonium phosphate (18-46-00) @ 100 kg/ha was applied.
Recommended agronomic practices were followed uniformly
to produce a good crop for all the experimental units. Total
rainfall of 868.4 mm was received during 2008-2009 cropping
season with more rainfall in the months of July (114.3 mm),
August (382.1 mm), September (184.4 mm) during its vegetative
phase and October (85.4 mm) during its flower initiation phase.
Irrigation was stopped when the pods are at physiological
maturity. Data on plant height at 50% flowering (cm), diameter
of main stem (cm), weight of dry biomass (kg), number of
primary branches, pods/plant, seeds/pod, 100-seed mass (g),
and seed yield (g/plant) were collected on 10 randomly
selected competitive plants within each treatment. The total
seed yield (kg/ha) was calculated on plot basis. To determine
the best plant spacing in each row ratio and irrigation, analyses
of variance for split-split plot design with two replications
was used to determine the best treatments for optimizing seed
yield of ‘ICPA 2043’.

RESULTS AND DISCUSSION

Row ratio effect: The yield contributing traits of ‘ICPA 2043’
such as plant height, stem diameter, seeds/pod, and 100-seed
mass were significantly (P<0.05) different between the two
row ratios (Table 1). In the 4:1 row ratio, the t-test revealed
that weight of dry biomass, number of primary branches, and
number of pods was greater as compared to 3:1 row ratio.
However, these traits did not help the plants influence the
production of more seed yield. The study showed that among
the yield contributing characters of pigeonpea, the 100-seed
mass in the 3:1 row ratio has relatively influenced the seed
yield (10.08 g/plant), which confirms to the findings of Makhan
and Gupta (1984) where higher seed yields were positively
associated with seed weight of pigeonpea. The present study

further revealed that the 3:1 row ratio gave marginally higher
(10.75%) but non-significant seed yield as compared to the
4:1 row ratio. These results refuted the findings of Saxena
(2006), and Mula et al. (2010) where 4:1 was identified as the
optimum row ratio of male:female parent lines for producing
higher seed yield of hybrid pigeonpea.
Irrigation effect: The results showed that yield traits such as
plant height and stem diameter were significantly (P<0.05)
influenced by the different irrigation levels in both row ratios,
whereas the 100-seed mass and dry biomass were significant
for irrigation treatment in 4:1 ratio while seeds/pod was
significantly affected by the different irrigation treatments in
3:1 ratio (Table 2). However, in both the row ratios, the number
of primary branches, number of pods, and seed yield between
the two irrigation frequencies were similar.

The t-test showed that irrigation at every 14 days for
both row ratios of 4:1 (790 kg/ha) and 3:1 (909 kg/ha) produced
the high seed yield. These results correspond to the findings
of Mula et al. (2010) where irrigation at every 14 days in row
ratio 4:1 resulted in higher seed yield by as much as 14.74%.
According to Chauhan (1990), the application of three
irrigations doubled seed yields of pigeonpea in Alfisols. The
results are also in conformity to the findings of Rao et al.
(1983) where application of one or two protective irrigations
during the critical growth stages of pigeonpea (flowering and
pod formation) produced higher yields. This concludes that
the productivity of pigeonpea is enhanced through irrigation
(Chauhan et al. 1987, Mula et al. 2010).
Row spacing effect: In the 4:1 row ratio, the agronomic
characters of ‘ICPA 2043’ with irrigation at every 18 days were
significantly (P<0.05) different between the row spacing of 75
cm and 150 cm on the stem diameter, dry biomass, pods/plant,
seeds/pod, and 100-seed weight. While in irrigation at every
14 days, the two row spacings were significantly different for
stem diameter, dry biomass, pods/plant, and seed yield/plant
however, seed yield of the different row spacings with two
irrigation levels was not significant; but the total effect of
both the row spacings and irrigation levels on seed yield was
significantly affected (Table 3). In the 3:1 row ratio with
irrigation at every 18 days, stem diameter, dry biomass, number
of branches, pods/plant, 100-seed weight, and seed yield/
plant were significantly (P<0.05) different between the two
row spacings. In irrigation at every 14 days, there were
significant differences for stem diameter, weight of dry
biomass, pods/plant, and seed yield. However, both the row

Table 1. Effect of row ratio on the various agronomic and yield and yield traits of ‘ICPA 2043’
Yield Row ratio 

 
 

Plant height at 
50% flowering 

(cm) 

Stem 
diameter 

(cm) 

Biomass 
(kg) 

Branches 
(no.) 

Pods/ plant 
(no.) 

Seeds/ 
pod 
(no.) 

100- seed 
weight 

(g) 
Per plant 

(g) 
Per ha 

(kg) 
4:1 205.78 2.90 1.45 18.88 729.43 3.69 9.72 89.87 778 
3:1 213.01 2.61 1.28 16.48 673.83 3.63 10.08 104.12 861 

P(<0.05) 0.0004 0.02 0.27 0.086 0.44 0.01 0.04 0.17 0.34 
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spacings under both irrigation levels significantly influenced
the seed yield.

The study showed that 75 cm row spacing in the 3:1
row ratio gave the highest seed yield of 1078 kg/ha, which is
16.01% higher than its counterpart in the 4:1 row ratio (Table
3). The results further showed that in both row ratios, seed
yield in row spacing of 75 cm was superior over 150 cm except
in 3:1 planting at 18 days irrigation interval, which corroborated
the findings of Rao et al. (1983) but refuted to the findings of
Singh et al. (1983). However, these results corresponds to the
findings of Mula et al. (2010) where row spacing of 75 cm,
irrespective of irrigation levels, produced higher seed yield
vis a vis 150 cm even though individual plants at 150 cm row
spacing have thicker stem, more dry biomass, more number of
productive branches and more number of pods than at 75 cm.
Plant spacing and irrigation effect: The effect of plant
spacing and irrigation influenced the seed yield and other

plant traits in both the row ratios. The diameter of main stem,
dry biomass, pods/plant, seeds/pod, and seed yield/plant were
significantly (P<0.05) different among spacings of the two
irrigation levels in 4:1 and 3:1 row ratios. In addition, the weight
of 100-seed in the 4:1 row ratio and seed yield/ha in the 3:1
row ratio was significantly different (Table 4). These attributes
further prove that the different spacings have influenced seed
yield of ‘ICPA 2043’ which corresponds to the findings of
Mula et al. (2010), but is not in conformity to the findings of
Siag and Verma (1994) where seed yield and yield contributing
characters of pigeonpea were not significantly influenced by
plant spacing. However, the study further revealed that at
closer planting distance, seed yield tends to be on higher side
than the wider spacing due to higher plant density per unit
area, which conforms to the findings of Mula et al. (2010).
Plant spacing of 75 cm × 30 cm with irrigation at every 14 days
in the 4:1 and 3:1 row ratios registered the highest seed yield
of 1529 kg/ha and 1872 kg/ha, respectively (Table 4). The

Table 2. Effect of irrigation on various agronomic and yield traits of ‘ICPA 2043’ under 4:1 and 3:1 row ratio
Yield Irrigation Plant height at 

50% flowering 
(cm) 

Stem 
diameter 

(cm) 

 Biomass 
(kg) 

 Branches 
(no.) 

Pods/ 
plant 
(no.) 

Seeds/ 
pod 
(no.) 

Weight of 
100 seeds 

(g) 
Per plant 

(g) 
Per ha 

(kg) 
Row ratio 4:1 
Every 18 days  202.61 3.00 1.30 18.53 697.44 3.686 10.16 92.96 765 
Every 14 days 208.95 2.80 1.60 19.22 761.43 3.687 9.28 86.78 790 
P (<0.05) 0.006 0.004 0.008 0.79 0.29 0.94 <.0001 0.61 0.79 
Row ratio 3:1 
Every 18 days  209.11 2.51 1.37 16.72 641.15 3.67 10.05 104.59 814 
Every 14 days 216.91 2.71 1.19 16.23 706.51 3.59 10.10 103.66 909 
P (<0.05) 0.004 <.0001 0.12 0.44 0.27 0.01 0.85 0.90 0.22 
 
Table 3. Interactive effect of row spacing, row ratio with irrigation for various agronomic and yield traits of ‘ICPA 2043’

Yield Row spacing Plant height at 
50% flowering 

(cm) 

Stem 
diameter  

(cm) 

Biomass 
(kg) 

Branches 
(no.) 

Pods/ 
plant 
(no.) 

Seeds/ 
pod 
(no.) 

Weight of 
100 seeds 

(g) 
Per plant 

(g) 
Per ha 

(kg) 
Interactive effect of row spacing in row ratio 4:1 with irrigation every 18 days 
75 cm 201.85 2.46 0.95 17.73 504.02 3.71 10.51 73.13 873 
150 cm 203.36 3.13 1.65 19.34 890.92 3.66 9.81 112.78 659 
P(<0.05) 0.63 0.0003 0.001 0.35 0.003 0.003 0.02 0.09 0.09 
Interactive effect of row spacing in row ratio 4:1 with irrigation every 14 days 
75 cm 209.29 2.59 1.01 14.26 562.45 3.69 9.43 69.25 929 
150 cm 208.61 3.42 2.19 24.18 960.45 3.68 9.14 104.32 651 
P(<0.05) 0.82 <.0001 <.0001 0.07 0.002 0.74 0.15 0.02 0.09 
Effect of row spacing in 4:1 row ratio 
P(<0.05)         0.02 
Interactive effect of row spacing in row ratio 3:1 with irrigation every 18 days 
75 cm 207.21 2.25 0.77 15.67 506.77 3.63 9.70 69.43 814 
150 cm 211.01 2.76 1.62 17.77 775.57 3.70 10.41 139.74 814 
P(<0.05) 0.10 <.0001 <.0001 0.05 0.01 0.12 0.04 0.0004 0.99 
Interactive effect of row spacing in row ratio 3:1 with irrigation every 14 days 
75 cm 220.32 2.41 1.05 15.69 486.10 3.58 10.17 82.41 1078 
150 cm 213.50 3.00 1.69 16.78 926.97 3.59 10.02 124.90 741 
P(<0.05) 0.14 0.0004 0.02 0.27 0.002 0.82 0.60 0.006 0.02 
Effect of row spacing in 3:1 row ratio 
P(<0.05)         0.04 
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with wider spacing the number of pods/plant was more due to
more number of branches. However, the vegetative and yield
characters did not gain any advantage to the total seed yield
as compared with closer plant spacing as found in conformity
with Sekhon et al. (1996). Likewise, at closer planting distance,
seed yield varies remarkably under different spacing and
irrigation levels (Mula et al. 2010).

The agronomic traits of ‘ICPA 2043’ are an indicator of
the extent to which a crop shows its potential in producing
quality seeds. There were significant (P<0.05) differences in
most of the agronomic traits of pigeonpea using different plant
spacings for both the row ratios and irrigation treatments. It

difference in yield increase in 3:1 compared to 4:1 ratio was
22.41%. These results also refuted the findings of Saxena (2006)
where row ratio of 4:1 with planting distance of 100 cm × 50 cm
increased seed yield by as much as 164% as compared with
the yield obtained from plant spacing of 75 cm × 30 cm. The
3:1 row ratio having plant spacing of 75 cm × 30 cm with
irrigation at every 14 days was superior amongst the
treatments.

This study further  showed that as plant density
increases, there was a progressive reduction on yield and
yield traits of individual plants which conforms to the findings
of Mula et al. (2010). Ahlawat and Saraf (1981) reported that

Table 4. Interactive effect of plant spacing for various agronomic and yield and yield traits of ‘ICPA 2043’under different
irrigation treatments in row ratios of 4:1 and 3:1

Yield Spacing 
(cm) 

Plant height at 
50% flowering  

(cm) 

Stem 
diameter  

(cm) 

Biomass 
(kg) 

Branches 
(no.) 

Pods/ plant 
(no.) 

Seeds/ 
pod 
(no.) 

Weight of 
100 seeds 

(g) 
Per plant 

(g) 
Per ha 

(kg) 
Irrigation every 18 days in row ratio 4:1  
75×30 205.75 1.99 0.68 15.78 293.90 3.80 10.58 43.84 1062 
75×50 199.25 2.32 0.73 16.80 367.70 3.55 10.34 60.27 878 
75×75 198.90 2.67 1.08 17.58 612.60 3.68 10.44 73.23 708 
75×100 203.50 2.84 1.31 20.75 741.90 3.81 10.68 115.20 839 
150×30 208.50 2.59 0.97 20.77 478.40 3.76 9.40 68.83 834 
150×50 202.90 3.15 1.46 15.62 768.00 3.64 9.43 71.78 523 
150×75 201.15 3.27 1.81 20.48 1126.20 3.65 10.02 123.42 597 
150×100 200.90 3.53 2.37 20.48 1191.10 3.58 10.36 187.09 681 
Irrigation every 14 days in row ratio 4:1   
75×30 205.15 2.07 0.69 12.48 413.10 3.66 9.57 63.11 1529 
75×50 212.00 2.50 0.88 14.38 445.90 3.72 9.75 60.59 882 
75×75 215.00 2.73 1.19f 14.00 753.40 3.71 9.50 79.14 765 
75×100 205.00 3.04 1.28 16.18 637.40 3.69 8.88 74.17 540 
150×30 211.50 2.78 1.51 16.45 711.70 3.57 9.38 71.42 866 
150×50 207.40 3.43 2.00 21.33 968.40 3.72 8.53 95.16 693 
150×75 206.90 3.57 2.50 33.47 1103.00 3.65 9.20 112.20 543 
150×100 208.65 3.89 2.77 25.47 1058.70 3.77 9.44 138.49 504 
P(<0.05) 0.28 <.0001 <.0001 0.49 0.0005 0.03 0.002 0.05 0.11 
Irrigation every 18 days in row ratio 3:1 
75×30 207.75 1.93 0.49 13.78 429.50 3.61 9.56 46.92 1050 
75×50 208.90 2.12 0.73 16.57 449.10 3.64 9.94 71.25 958 
75×75 205.30 2.34 0.80 14.42 528.30 3.65 9.70 79.11 707 
75×100 206.90 2.61 1.07 17.93 620.20 3.63 9.59 80.45 541 
150×30 207.25 2.35 1.12 18.10 571.60 3.61 9.74 93.67 1047 
150×50 212.80 2.68 1.53 16.68 729.80 3.78 10.47 141.85 953 
150×75 212.25 2.89 1.71 18.27 897.70 3.75 10.86 152.05 678 
150×100 211.75 3.11 2.11 18.02 903.20 3.64 10.55 171.41 576 
Irrigation every 14 days in row ratio 3:1  
75×30 217.75 2.17 1.06 14.27 373.30 3.58 9.69 83.67 1872 
75×50 222.80 2.34 0.99 14.90 512.00 3.59 10.59 87.73 1179 
75×75 223.75 2.50 1.10 16.87 615.20 3.53 10.08 89.39 798 
75×100 217.00 2.63 1.06 16.73 443.90 3.64 10.33 68.86 463 
150×30 215.50 2.62 1.32 16.37 562.10 3.67 9.62 85.78 965 
150×50 209.75 2.87 1.66 16.48 898.60 3.60 10.05 130.15 875 
150×75 214.25 3.18 1.82 15.87 1064.20 3.69 10.46 154.15 688 
150×100 214.50 3.35 1.98 18.40 1183.00 3.41 9.95 129.54 435 
P (<0.05) 0.27 <.0001 0.003 0.23 0.003 0.02 0.72 0.0007 0.001 
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can be inferred that pigeonpea yield tends to be higher at
closer spacing and a progressive decline with wider spacing.
With wider planting distance, the mean value per plant for a
trait was higher as compared to closer spacing. This study
showed that planting distance of 75 cm × 30 cm with irrigation
at every 14 days in 4:1 and 3:1 row ratios produced the highest
seed yield of 1529 kg/ha and 1872 kg/ha, respectively. For
both planting ratios, row spacing of 75 cm was superior over
150 cm. The response of irrigation at every 14 days (3
irrigations during flower initiation till pod development) and
18 days (2 irrigations) to seed yield of ‘ICPA 2043’ was not
significant. The row ratio of 3:1 provided marginally higher
seed yield than 4:1.
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ABSTRACT

A field experiment was conducted at Punjab Agricultural
University, Ludhiana (Punjab) during kharif 2005 and 2006 to
study the effect of three sowing dates (May 15, June 1 and June
15) on growth and yield of four pigeonpea genotypes (‘AL 201’,
‘AL 1492’, ‘AL 1507’ and ‘AL 1514’). Crop sown on June 1
recorded the highest nodules/plant and nodule dry weight. Crop
sown on May 15 accumulated 515 and 173 higher growing degree
days (GDD) than crop sown on June 15 for 50% flowering in
2005 and 2006, respectively. Similarly, crop sown on May 15
accumulated 322 and 278 higher GDD than June 15 sown crop
for maturity in 2005 and 2006, respectively. May 15 sown crop
produced significantly higher grain yield (10.3 and 35.0% in
2005 and 15.6 and 18.9% in 2006, respectively) than June 1 and
June 15 sown crop, respectively. Among the genotypes, ‘AL 1507’
produced the highest nodule number and dry weight of nodules/
plant. However, genotype ‘AL 1492’ gave significantly higher
grain yield than all other genotypes and took maximum
duration as well as growing degree days for  flowering (50%)
and maturity .

Key words: Genotypes, Growing degree days, Pigeonpea, Sowing
time, Yield

Pigeonpea [Cajanus cajan (L.) Millsp.] is an important
kharif pulse crop grown in India. In Punjab, it was grown on
5.9 thousand ha area with the total production of 5.4 thousand
tons and average productivity of 915 kg/ha during 2008-09
(PAU 2010). Pigeonpea has considerable potential as a tropical
legume for human and livestock consumption. Some of the
short duration pigeonpea varieties like ‘UPAS 120’, ‘AL 201’,
‘Manak’, ‘Pusa 992’, etc. helped in multiple cropping in
Western Uttar Pradesh, Haryana, Punjab, Delhi, Northern
Madhya Pradesh and command area of Rajasthan (Nadarajan
and Chaturvedi 2010). Besides its main use as dal (split grains),
the green seeds and pods are consumed as vegetable (Saxena
et al. 2010). The crushed dry seeds are fed to animals, while
green leaves are used as a quality fodder. The dry stems of
pigeonpea make an excellent fuel wood.

Time o f sowing, a non-monetary input, has a
considerable influence on growth and yield of this crop. It
ensures the complete harmony between vegetative and
reproductive phases on one hand and climatic rhythm on the
other hand. Sowing time also plays an important role in dry
matter accumulation by the crop.  Early sown crop may
accumulate excessive dry matter and reduce podding, whereas

late sown crop may reduce the biomass accumulation and
consequently reduction in yield. Delayed sowings beyond
the optimum period result in low grain yields of pigeonpea
(Rao et al. 2004, Kumar et al. 2008). Further, genotypes may
vary in productivity (Singh 2006, Egbe and Vange 2008) and
are equally important in realizing the potential yield of this
crop. Long duration genotypes produce higher yield than
early maturing genotypes, but they take more time to mature
which may delay the sowing of succeeding crop such as wheat
in a cropping system. Keeping all these factors in mind, the
present experiment was conducted during 2005 and 2006 to
study the optimum sowing time and to find out an appropriate
variety of pigeonpea under Punjab conditions.

MATERIALS AND METHODS

The field experiment was conducted at Punjab
Agricultural University, Ludhiana (Punjab) during kharif 2005
and 2006. Ludhiana, which represents the trans-Indo-Gangetic
alluvial plains, is situated at the 30°56' N latitude and 75°52' E
longitude and at an altitude of 247 m above mean sea level.
The mean maximum and minimum temperature during the study
period have been presented in Fig 1. Maximum and minimum
temperature ranged from 30.4 to 40.1°C and 16.8 to 29.4°C
during 2005 and 29.6 to 40.3°C and 15.8 to 29.3°C during 2006.
The rainfall received during the crop season was 599.1 mm
and 530.8 mm during 2005 and 2006, respectively.

The experiment comprised 12 treatments in 4 replications
with three sowing dates (May 15, June 1 and June15) in main
plots and four genotypes (‘AL 201’, ‘AL 1492’, ‘AL 1507’ and
‘AL 1514’) in sub-plots. The crop was raised using a seed rate
of 15 kg/ha. The soil of the experimental field was loamy sand,
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Fig 1. Standard week-wise meteorological data during crop
seasons of 2005 and 2006
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low in organic carbon and medium in available phosphorus
and potassium.  The crop was sown at a row spacing of 50 cm
and plant-to-plant spacing of 25 cm. The fertilizer dose of 15
kg N and 40 kg P2O5 per hectare was applied as basal dose.
The crop was raised as per the recommended package of
practices.

Data on various phenological stages were collected from
each plot and growing degree days (GDD) were calculated
accordingly. Five plants/plot were selected for counting
nodules/plant and nodule weight/plant. These plants were
uprooted 45 days after sowing when the soil was near field
capacity. After counting, the nodules were dried in oven at 60
+ 5°C. The data on plant height, primary branches/plant,
secondary branches/plant and pods/plant were collected at
the time of harvest from five randomly selected plants. Twenty
pods/plot were selected to collect data on seeds/pod. From
the total produce of the plot 100 seeds were counted and
weighed for 100-seed weight.  The growing degree days (GDD)
were calculated at 50% flowering and at maturity using the
following formula (Nuttonson 1956):

GDD = 
 n

max min
b

i=1

T +T
-T

2
  
  
  



Where
N = The number of days taken for the completion or

start of particular growth phase
Tmax & Tmin = The daily maximum and minimum air

temperature respectively in oC
Tb = The minimum base temperature (threshold

temperature) for a crop (ºC). For pigeonpea Tb was taken as
10oC (Nuttonson 1956)

RESULTS AND DISCUSSION

Effect of sowing time: Nodules not only supply the nitrogen
to the crop but also leave some residual nitrogen to the

succeeding crop. Highest number of nodules/plant and nodule
dry weight/plant were recorded in June 1 sowing (Table 1).

The crop sown on May 15 had significantly taller plants
than the crop sown on June 1 and June 15 during 2005. During
the year 2006, May 15 sown crop was statistically on par in
height with June 1 sown crop but significantly taller than
June 15 sown crop. It might be due to the availability of
sufficient time and favourable environment for the vegetative
growth and development in case of the early sown crop.
Primary branches/plant were significantly more in early sown
crop (May 15) than the two other sowing dates. Secondary
branches/plant were highest in May 15 and June 15 sowings
during 2005 and 2006, respectively. Kumar et al. (2008) also
reported lower plant growth and yield attributes in case of
delayed sowing.  The number of pods/plant is an important
character which directly influences grain yield of the crop.
Significantly more pods/plant were observed in May 15
sowing than June 1 and June 15 sowing time. June 1 sowing
also produced significantly more pods/plant than June 15
sowing. May 15 sown crop gave 7–13% higher pods than
June 1 and 23–53% higher pods/plant than June 15 sowing.
The highest pods/plant in May 15 sown crop might be due to
better balance between vegetative and reproductive phase
and sufficient time available for setting of pods.  Seeds/pod
and 100-seed weight were the highest in May 15 sowing;
however, the differences among sowing dates were non-
significant for these two yield components.

The days and growing degree days taken to 50%
flowering and maturity were maximum in May 15 sowing (Table
2). Crop sown on this date accumulated 515 and 173 higher
GDD than June 15 sown crop for 50% flowering in 2005 and
2006, respectively. Similarly, May 15 sown crop accumulated
322 and 278 higher GDD than June 15 sowing date for maturity
in 2005 and 2006, respectively. Number of days taken to 50%
flowering and maturity decreased as sowing was delayed from
May 15 to June 15. During 2005, the crop sown on May 15
took 8 and 10 days more for 50% flowering than June 1 and

Table 1. Effect of sowing time on nodulation, growth and yield attributes of pigeonpea genotypes
Nodules/ 

plant 
(no.) 

Nodule dry 
weight/ 

plant (g) 

Plant  
height  
(cm) 

Primary 
branches/ 
plant (no.) 

Secondary 
branches/ 
plant (no.) 

Pods/ 
plant  
(no.) 

Seeds/ 
pod  
(no.) 

100-seed 
weight  

(g) 

Treatment 

2005 2006 2005 2006 2005 2006 2005 2006 2005 2006 2005 2006 2005 2006 2005 2006 
Sowing date                 
May 15 7.3 11.1 24.0 34.1 214.7 261.7 9.98 7.30 13.07 12.45 155.7 152.7 3.38 4.00 7.57 7.84 
June 1 13.0 12.0 37.0 37.3 198.7 237.1 9.55 5.60 12.00 12.75 137.4 142.2 3.33 4.18 7.54 7.82 
June 15 11.3 9.4 20.6 22.0 141.0 199.0 7.81 4.97 9.75 13.47 101.7 126.6 3.26 3.98 3.98 7.82 
CD (P=0.05) 2.8 1.7 3.4 1.2 10.9 29.7 0.49 0.84 0.90 0.69 10.0 2.51 NS NS NS NS 
Genotypes                 
‘AL 201’ 9.5 10.0 24.2 27.6 192.8 222.3 9.55 4.84 11.87 12.62 133.5 133.6 3.41 4.02 7.48 8.14 
‘AL  1492’ 11.0 9.8 27.0 28.8 187.6 246.7 9.57 6.91 12.35 12.93 142.2 149.6 3.34 4.07 7.80 8.19 
‘AL 1507’ 12.8 12.5 32.2 35.6 181.0 240.2 8.86 5.58 11.37 12.98 126.8 144.5 3.34 4.13 7.56 7.49 
‘AL 1514’ 8.8 11.0 25.4 32.5 177.8 221.2 8.46 6.79 10.83 13.02 122.1 134.3 3.21 4.00 7.17 7.49 
CD (P=0.05) 2.3 1.2 NS 2.0 4.6 19.5 0.37 0.71 0.56 NS 4.2 10.1 0.11 NS 0.13 0.25 
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June 15 sown crop, respectively. Similarly during 2006, May
15 sown crop took 2 and 4 days more for 50% flowering than
June 1 and June 15 sown crop, respectively. However, Kumar
et al. (2008) found that days to 50% flowering and heat unit
required for 50% flowering were almost similar for May 20 to
June 10 sowing and increased under 20th and 30th of June
sowing. The days taken to maturity were maximum in May 15
sown crop during both the years of the study. During 2005,
May 15 sown crop took 2 and 6 days more for maturity than
June 1 and June 15 sown crop, respectively.  However, during
2006, the May 15 sown crop took 2 and 4 days more for maturity
than June 1 and June 15 sown crop, respectively.

May 15 sowing gave significantly higher grain yield
than June 1 and June 15 sowing dates in both the years. In
2005, May 15 sown crop gave 10.3% higher grain yield than
June 1 and 35% higher than June 15 sown crop (Table 3).
Similarly in 2006, May 15 sown crop gave 15% higher yield
than June 1 and 19% higher grain yield than June 15 sown
crop. Higher grain yield in early planting might be due to more
primary branches/plant, secondary branches/plant (except in
2006), pods/plant (Table 1) and higher growing degree days
taken to 50% flowering and maturity (Table 2). Reddy et al.

(2001) reported that early sowing resulted in lower incidence
of lepidopteran pod borers viz., Maruca testulalis, Exelastis
atomosa and Helicoverpa armigera and highest grain yield
was recorded in early sowing of indeterminate varieties. Patel
et al. (1997) reported that the high leaf area index (LAI)
persistence and photosynthetically radiation interception,
coinciding with the podding phase, appeared to be primarily
responsible for the increased yield in early sowing. Other
researchers also reported sharp decline in the grain yield of
pigeonpea with delay in sowing time (Padhi 1995, Rao et al.
2004, Kumar et al. 2008). Grain yields were 24.7% higher in
2006 than in 2005 (Table 3), which might be due to differences
in rainfall and temperature during two years (Fig. 1). Singh et
al. (2010) also recorded decline in grain yield with delayed
sowing of kharif mungbean from 5th of July to 5th of August.
Performance of genotypes: In 2005, the highest nodule
number/plant was observed in ‘AL 1507’, which was
statistically on par with ‘AL 1492’ (Table 1). Again in 2006,
genotype ‘AL 1507’ produced significantly higher nodules/
plant over all other genotypes. Highest nodule dry weight/
plant was observed in ‘AL 1507’, which was statistical on par
with other genotypes during 2005 but significantly higher

Table 2. Days and growing degree days for 50% flowering and maturity of pigeonpea genotypes as influenced by sowing date

Days taken to 50% 
flowering (no.) 

 Growing degree days for 
50% flowering (no.) 

 Days taken to 
maturity (no.) 

 Growing degree days for 
maturity (no.) 

Treatment 

2005 2006  2005 2006  2005 2006  2005 2006 
Sowing date            
May 15 107 94  2356 1883  140 139  2768 2737 
June 1 99 92  1961 1796  138 137  2656 2582 
June 15 97 90  1841 1710  134 135  2446 2459 
Genotypes            
‘AL 201’ 105 90  2124 1771  140 137  2665 2603 
‘AL  1492’ 102 102  2082 1993  145 146  2722 2733 
‘AL 1507’ 100 86  2046 1690  134 130  2573 2495 
‘AL 1514’ 96 88  1958 1731  132 133  2532 2541 
 
Table 3. Grain yield (kg/ha) of pigeonpea genotypes as influenced by sowing dates

2005 2006
CD (P=0.05) Sowing date 48 106

Genotypes 55 95
Interaction NS NS

Genotypes Sowing date 
‘AL 201’ ‘AL 1492’ ‘AL 1507’ ‘AL 1514’ Mean 

2005 
May 15 1577 1673 1362 1317 1482 
June 1 1348 1528 1293 1202 1343 
June 15 1126 1222 1066 975 1097 
Mean 1351 1474 1240 1166  
2006 
May 15 1448 2074 1689 1718 1807 
June 1 1481 1689 1630 1452 1563 
June 15 1422 1778 1481 1393 1519 
Mean 1551 1847 1600 1521  
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than all other genotypes during 2006.
The plant height was highest in case of ‘AL 15’ and ‘AL

1492’ during 2005 and 2006, respectively. Reddy (1990)
observed that late-maturing long-duration varieties are
generally tall, because of their prolonged vegetative phase,
while the short-duration or early-maturing varieties are
comparatively short in stature due to their short vegetative
growth phase. Primary branches/plant was highest in ‘AL
1492’ during both the years. Secondary branches/plant was
maximum in ‘AL 1492’ during 2005, which were statistically on
par with ‘AL 201’ but significantly higher than ‘AL 1507’ and
‘AL 1514’. The results for secondary branches/plant were not
significant during 2006. The genotype ‘AL 1492’ recorded
significantly higher pods/plant than all other genotypes
during 2005. ‘AL 1492’ recorded highest pods/plant which
were significantly higher than ‘AL 1514’ and ‘AL 201’ but
statistically on par with ‘AL 1507’ during 2006. Higher pods/
plant in ‘AL 1492’ might be due to its genetic potential and
higher primary and secondary branches which contribute to
the higher number of pods. In 2005, maximum seeds/pod was
recorded in ‘AL 201’, which was significantly higher than ‘AL
1514’ but on par with other genotypes. ‘AL 1492’ recorded the
highest 100-seed weight.

During 2005, ‘AL 201’ and during 2006, ‘AL 1492’ took
maximum days for 50% flowering and accumulated the highest
heat units for 50% flowering (Table 2). During 2005, the
genotype ‘AL 201’ took 3, 5 and 9 days higher to 50% flowering
than ‘AL 1492’, ‘AL 1507’ and ‘AL 1514’, respectively. During
2006, ‘AL 1492’ took maximum days to 50% flowering which
was 12, 16, and 14 days higher than in ‘AL 201’, ‘AL 1507’ and
‘AL 1514’, respectively. ‘AL 1492’ took maximum days and
GDD for maturity during both the years of the study.  During
2005, ‘AL 1492’ took 5, 11 and 13 days more than ‘AL 201’,
‘AL 1507’ and ‘AL 1514’, respectively. However, during 2006,
the genotype ‘AL 1492’ took 9, 16 and 13 days more than ‘AL
201’, ‘AL 1507’ and ‘AL 1514’, respectively for maturity of the
crop.

‘AL 1492’ produced the highest grain yield, which was
significantly higher than all other genotypes tested in both
the years of the study (Table 3). ‘AL 1492’ recorded about 9,
19 and 26% higher grain yield in 2005 and 19, 15 and 21%
higher grain yield in 2006 than ‘AL 201’, ‘AL 1507’ and ‘AL
1514’, respectively. Interactions, with respect to grain yield,
were found to be non-significant during both the years of the
study. Other researchers also reported genotypic variation
with respect to growth and yield (Mligo and Craufurd 2005,
Reddy et al. 2006, Singh 2006, Egbe and Vange 2008).

Therefore, it can be concluded that for getting good
yield and to sow the succeeding crops such as wheat and
rapeseed mustard at the optimum time, the pigeonpea crop

may be sown on May 15. The genotype ‘AL 1492’ can be
advised to grow for getting better yields.
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ABSTRACT

A field experiment was carried out during two consecutive winter
(rabi) seasons of 2007-08 and 2008-09 at Kanpur to find out the
suitable row ratio of chickpea (Cicer arietinum L.) and fennel
(Foeniculum vulgare L.) in intercropping system under varying
fertility levels in scarce moisture condition. Intercropping
reduced the seed yield of chickpea by 48% compared to the sole
crop. However, chickpea equivalent yield (1,699 kg/ha), net
returns (Rs. 20,275 per ha) and cost: benefit ratio (2.12) were
higher with chickpea + fennel (1:1) intercropping system over
the corresponding values of 1,572 kg/ha, Rs. 1,7243 per ha and
1.95, respectively with sole chickpea. On the basis of land-
equivalent ratio (1.06) and relative crowding coefficient (1.34),
maximum advantage from the intercropping of chickpea +
fennel was obtained when sown in 1:1 row ratio. Results further
revealed that chickpea-equivalent yield, net returns and
moisture use efficiency were maximized significantly at 100%
recommended dose of fertilizer (20:60:20 kg NPK/ha) over 50%
recommended dose of fertil izer but at par with 150%
recommended dose of fertilizer. It may be concluded that
chickpea + fennel with 1:1 row ratio under 100% recommended
dose of fertilizer proved to be highly productive, profitable and
biologically efficient intercropping system.

Key words: Chickpea, Chickpea equivalent yield, Competition
functions, Economics, Fennel, Fertility, Moisture use
efficiency

Chickpea (Cicer arietinum L.) is one of the most
important grain legumes and a valuable source of energy and
protein to Indian population. India is the world’s largest
producer of this crop and the year 2008-09 witnessed a
significant increase in chickpea area (8.25 million ha) recording
a productivity of 855 kg/ha (Jayalakshmi et al. 2011). In India,
it is grown both under assured irrigation and residual soil
moisture conditions; however, more than two-third of the total
chickpea area (5.16 million ha, 68.9%) is under rainfed
condition. Fennel (Foeniculum vulgare L.) is a high value
crop, commercially grown mainly in Gujarat and Rajasthan
under limited moisture conditions. Gujarat alone accounts for
about 64% area under fennel cultivation in India. Intercropping
system has some of the potential benefits such as increased
productivity/unit area/unit time, high profitability, improvement
in soil fertility, efficient use of resources and reducing damage
caused by pests, diseases and weeds (Ghosh et al. 2006).
Hence, to achieve the best results, a rational approach is

required for agronomic information on appropriate row ratio
of chickpea and fennel in an intercropping system. Since, fennel
is a new crop for central plain zone of Uttar Pradesh, positive
associability of intercropping of fennel in chickpea is not
known. Furthermore, for promoting the area under chickpea
along with fennel in intercropping, matching agro-technique
is required in the state. Therefore, this study was undertaken
to assess the compatibility, productivity and profitability of
chickpea intercrop with fennel under varying fertility levels in
central plain zone of Uttar Pradesh.

MATERIALS AND METHODS

Field experiments were conducted for two consecutive
winter seasons of 2007-08 and 2008-09 at C.S. Azad University
of Agriculture and Technology, Kanpur, Uttar Pradesh. The
soil was sandy loam in texture, slightly alkaline in reaction
(pH=7.8), low in organic carbon (0.31%) and medium in
available P (16.6 kg/ha) and K (139 kg/ha). The experimental
treatments consisted of 5 planting geometries (chickpea sole
at 45 cm row spacing, fennel sole at 45 cm row spacing,
chickpea + fennel in 1:1, 2:1 and 1:2 row proportion in
replacement series) and 3 fertility levels (50% RDF, 100% RDF
and 150% RDF for the system) assigned in randomized
complete block design with 3 replications.

The recommended dose of fertilizers (RDF) 20: 60: 20 kg
NPK/ha (both of sole crops) were applied as basal. Chickpea
variety ‘Udai’ and fennel variety ‘Azad Saunf 1’ were sown in
first week of November during both the years of study using
100 and 12 kg/ha seed rate, respectively. Plant-to-plant
distance of 10 and 30 cm was followed for sowing of chickpea
and fennel, respectively. 11.1 and 14.9 total rainfall mm were
received during first and second year of experimentation,
respectively. A life saving light irrigation was provided to the
crop on 20th February 2008 and 26th February 2009 at pod
fo rmat ion stage. Both the crops were raised wi th
recommended package of practices. Biometric observations
were recorded at the time of maturity. The soil moisture was
determined thermo-gravimetrically using the samples collected
from 0-25, 25-50, 50-75 and 75-100 cm depth. The amount of
water use by the crop under different treatments was computed
by summing up the value of soil-moisture depletion from the
profile during the entire crop season. The moisture use
efficiency (MUE) of the crop was calculated by the method
(MUE = Y/ET) described by Viets (1962) (where, Y=seed yield
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of the system in kg/ha, ET = total evapo-transpiration in mm).
The chickpea equivalent yield (CEY) was worked out by
converting the seed yield of fennel into chickpea yield on the
basis of existing market price.

The yields were further used for computation of different
competition functions like land equivalent ratio (LER), relative
crowding coefficient (RCC), competitive ratio (CR) and
aggressivity as suggested by Willey (1979). The economics
of the treatments were computed on the basis of prevailing
market rates of produce and agro-inputs.

RESULTS AND DISCUSSION

Yield attributes and seed yield of chickpea: Sole crop of
chickpea showed higher number of branches/plant and yield
attributes over intercropped chickpea (Table 1). Branches/
plant, pods/plant, seeds/pod and 1000-seed weight of
chickpea decreased significantly in intercropping system
depending on its spatial arrangement during both years of
study. Chickpea in association with fennel in 2:1 row proportion
recorded more branches/plant, pods/plant, seeds/pod and test
weight owing to wider spacing of intercrop compared to other
row arrangements. Maximum reduction in yield attributes were
recorded in chickpea intercropped with fennel in 1:2 row
proport ion which might be due to more shading and
competition effects by intercrop on chickpea (Chand and
Gautam 2009).

Intercropping significantly reduced the seed yield of
chickpea compared with sole chickpea due to absence of inter
space competition and limited competition of habitat (Table
1). The average reduction in seed yield of intercropped
chickpea varied from 32.1 to 67.0% depending on varying
planting patterns compared to its sole stand due to higher
plant population (100%) (Chand and Gautam 2009); however,
1:1, 2:1 and 1:2 row proportions contributed only 50%, 67%
and 33% plant stand of chickpea, respectively. Among

intercropping systems, the highest seed yield of chickpea
was recorded under 2:1 row proportion which might be
because the depressing effect of fennel on chickpea was
minimized due to more space, maximum light penetration and
higher plant population enjoyed by the chickpea. The results
are in conformity with the findings of Tripathi et al. (2005).

Growth and yield attributes as well as seed yield of
chickpea recorded marked increased up to 100% recommended
dose of fertilizer (RDF), beyond which the increase was
marginal (Table 1). The increase in seed yield of chickpea due
to application of 100 and 150% RDF over the 50% was 27.18
and 31.67%, respectively. The yield response of chickpea up
to 125% RDF has also been reported by Singh and Mukherjee
(2009).
Yield attributes and seed yield of fennel: Number of branches/
plant and yield-attributing characters of fennel such as
umbels/plant, umbellets/plant and 1000-seed weight were
higher in intercrop stands with chickpea over its sole cropping
(Table 2). Among intercropping systems, fennel grown under
2:1 row ratio had higher values of yield attributes owing to
lesser competition for nutrients, light, space and moisture,
and took more advantage of solar radiation. However, the
seed yield of fennel under different intercropping patterns
decreased significantly as compared to sole cropping due to
higher plant population. Among intercropping treatments, 1:2
row proportion recorded significantly higher seed yield of
fennel over other two-row arrangement owing to higher plant
population of fennel.

Fertility level at 100% RDF significantly increased the
number of branches/plant and yield-attributing characters of
fennel such as umbellets/plant and 1000-seed weight and seed
yield. The seed yield of fennel increased by 17.42% and 22.58%
with 100% and 150% RDF, respectively over 50% RDF (Table
2). The present results are in line to the findings of Chauhan
et al. (2010).

Table 1. Yield attributes and seed yield of chickpea as influenced by different row ratio in intercropping with fennel under
varying fertility levels

*RDF = Recommended dose of fertilizer

Primary 
branches/plant 

(no.) 

Secondary 
branches/plant 

(no.) 

Pods/plant 
(no.) 

Seeds/pod 
(no.) 

1000-seed 
weight  

(g) 

Seed yield  
(kg/ha) 

Treatment 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

Mean 

Cropping system              
Chickpea sole 3.96 5.19 9.11 10.50 42.61 48.92 1.96 2.02 168.66 173.33 1423 1721 1572 
Chickpea + fennel (1:1) 3.54 4.52 8.01 9.33 40.38 44.63 1.76 1.82 164.71 169.36 697 838 768 
Chickpea + fennel (2:1) 3.62 4.76 8.33 9.60 40.60 45.80 1.81 1.87 165.21 170.00 915 1121 1018 
Chickpea + fennel (1:2) 3.47 4.40 7.95 9.02 39.49 44.03 1.73 1.79 164.22 168.41 431 524 478 
CD (P = 0.05) 0.23 0.38 0.42 0.68 1.45 2.02 0.11 0.13 2.17 1.90 55 68 59 
Fertility level (% RDF*)             
50 2.72 3.80 6.84 7.80 38.33 43.31 1.57 1.67 161.41 164.83 741 862 802 
100 4.04 5.05 8.95 10.28 41.58 46.30 1.90 1.95 167.36 172.26 913 1126 1020 
150 4.18 5.29 9.26 10.75 42.41 47.92 1.97 2.01 168.38 173.74 945 1166 1056 
CD (P = 0.05) 0.20 0.33 0.36 0.59 1.25 1.86 0.10 0.12 1.88 1.65 39 47 42 
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Productivity and production efficiency: All the intercropping
patterns, irrespective of the row ratio had more productivity
in terms of chickpea equivalent yield and production efficiency
than sole cropping of chickpea or fennel (Table 3). Higher
chickpea equivalent yield under various intercropping systems
was due to additional yield of fennel. Among the different
intercropping patterns, 1:1 row ratio gave maximum chickpea
equivalent yield of 1, 699 kg/ha, which was 8.08% and 6.39%
more than that of sole chickpea and sole fennel, respectively.
However, all the intercropping patterns were statistically at
par to each other which conformed to the findings of Abraham
et al. (2010). Similarly, production efficiency (11.81 kg/ha/day)
was also maximum under 1:1, followed by 2:1 (10.72 kg/ha/
day) and 1:2 (10.68 kg/ha/day) row ratios. This revealed a
greater degree of efficiency and compatibility of fennel with
chickpea. Sole chickpea recorded the lowest chickpea
equivalent yield and production efficiency.

Application of 150% RDF recorded significantly higher
chickpea equivalent yield (1,777 kg/ha) over the control (1,400
kg/ha), but was statistically at par with that of 100% RDF
(1,709 kg/ha; Table 3). The increase in chickpea equivalent
yield was due to the fertilizer application which is in conformity
to the findings of Abraham et al. (2010).
Moisture use efficiency: Moisture use efficiency (MUE) in
terms of chickpea equivalent yield showed marked variation
due to all the practices. Chickpea intercropped with fennel in
2:1 row ratio recorded higher mean MUE over all the cropping
systems (Table 3). Water use and moisture use efficiency were
affected considerably due to fertility levels. Increasing levels
of fertilizer from 50% to 150% RDF also increased the water
use and moisture use efficiency. The maximum mean values of
water use (210 mm) and moisture use efficiency (8.77 kg seed/
ha/mm) were noticed with 150% RDF. This might be because
of higher chickpea equivalent yield which utilize maximum

Table 2. Yield attributes and seed yield of fennel as influenced by different row ratio in intercropping with chickpea under
varying fertility levels

*RDF = Recommended dose of fertilizer

Primary 
branches/plant 

(no.) 

Secondary 
branches/plant 

(no.) 

Umbels/plant  
(no.) 

Umbellets/ 
umbel  
(no.) 

1000-seed 
weight  

(g) 

Seed yield 
(kg/ha) 

Treatment 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

2007-
08 

2008-
09 

Mean 

Cropping system              
Fennel  sole 5.76 6.95 4.37 3.71 131.22 137.00 19.11 22.76 3.49 3.79 511 529 520 
Chickpea + fennel (1:1) 6.43 8.40 4.49 4.68 133.76 138.01 21.22 25.10 5.03 5.29 292 315 304 
Chickpea + fennel (2:1) 6.54 8.46 4.54 4.79 136.21 141.33 21.70 25.80 5.27 5.57 197 208 203 
Chickpea + fennel (1:2) 6.32 8.20 4.44 4.60 134.32 139.55 20.02 24.23 4.76 5.18 361 393 377 
CD (P = 0.05) 0.46 0.55 0.25 0.41 NS NS 1.08 1.20 0.28 0.30 33 43 37 
Fertility level (% RDF*)             
50 5.38 7.11 3.55 3.88 131.49 136.84 18.66 22.62 4.02 4.41 301 318 310 
100 6.59 8.22 4.46 4.63 134.16 139.36 21.13 25.05 4.86 5.12 352 375 364 
150 6.80 8.72 4.62 4.80 135.99 140.73 21.75 25.75 5.01 5.30 369 391 380 
CD (P = 0.05) 0.39 0.47 0.21 0.36 NS NS 0.94 1.04 0.24 0.26 26 35 31 
 

Table 3. Chickpea-equivalent yield, moisture use efficiency (MUE) and monetary returns as influenced by chickpea + fennel
intercropping patterns under varying fertility levels (pooled data of 2 years)

*RDF = Recommended dose of fertilizer

Chickpea-
equivalent yield 

(kg/ha) 

Production 
efficiency 

(kg/ha/day) 

Water use  
(mm) 

MUE  
(kg/ha/mm) 

Treatment 

2007-
08 

2008-
09 

Mean 2007-
08 

2008-
09 

Mean 2007-
08 

2008-
09 

2007-
08 

2008-
09 

Gross 
returns 
(Rs/ha) 

Net           
returns 
(Rs/ha) 

Monetary 
efficiency 
(Rs/ha/ 

day) 

Benefit
: cost 
ratio 

Cropping system               
Chickpea sole 1423 1721 1572 9.23 11.32 10.28 192 195 7.41 8.82 35445 17243 231.9 1.95 
Fennel  sole 1582 1611 1597 10.26 10.59 10.43 213 218 6.79 8.49 35925 17563 234.4 1.94 
Chickpea + fennel (1:1) 1601 1797 1699 10.39 11.81 11.10 205 210 7.69 9.11 38277 20275 250.4 2.12 
Chickpea + fennel (2:1) 1525 1754 1640 9.90 11.53 10.72 196 201 7.50 9.56 36946 19044 241.7 2.06 
Chickpea + fennel (1:2) 1548 1720 1634 10.04 11.31 10.68 204 209 7.37 9.39 36814 18512 240.7 2.01 
CD (P = 0.05) 90 105 89        1418 1239  0.06 
Fertility level (% RDF*)              
50 1336 1463 1400 8.67 9.62 9.15 197 201 6.60 8.01 31516 14032 206.1 1.81 
100 1603 1815 1709 10.40 11.94 11.17 203 208 7.66 9.57 38501 20342 251.8 2.11 
150 1669 1885 1777 10.83 12.40 11.62 207 212 7.80 9.74 39758 21209 260.1 2.13 
CD (P = 0.05) 78 85 81        1266 996  0.05 
 



214 Journal of  Food Legumes 24(3), 2011

water and fertility which conforms the findings of  Singh and
Rana (2006) where the increasing trend in water use efficiency
up to higher tested level of fertility was reported in Indian
mustard + lentil intercropping system.
Competition functions: All the intercropping systems under
study had higher land-equivalent ratio (LER) than unity (Table
4). The mean LER in 2 years ranged from 1.12 to 1.16, indicating
biological sustainability of intercropping over sole cropping.
In intercropping pattern of chickpea with fennel in 1:1 row
ratio showed the greater biological efficiency of the system
(LER=1.16). This yield advantage owing to intercropping might
be attributed to combined effect of better utilization of natural
resources than sole cropping of component crops, resulting
in higher productivity per unit area. This corroborated the
findings of several researchers (Kumar et al. 2010).
Aggressivity values of intercropping were greater than zero
indicating yield advantage over sole cropping. Aggressivity
values were negative under chickpea (Table 4). The data
revealed that intercrops were dominant and chickpea was the
dominated crop in intercropping systems.

The highest value of relative crowding coefficient (RCC)
was obtained under 1:1 row ratio (1.34) and lowest under 1:2
row ratio (1.16). The higher RCC value in 1:1 row ratio indicates
that the system in this row proportion had more yield than
expected. This showed that chickpea + fennel intercropping
system in 1:1 row pattern should be preferred over rest of two
row patterns. In all the intercropping systems, competitive
ratio was high under intercrop leading to dominance of fennel
as intercrop over chickpea.
Economics: All the intercropping systems were more
remunerative than sole stands, giving higher gross return,
net return and cost benefit ratio (Table 3). Among the
intercropping patterns, chickpea + fennel in 1:1 row proportion
gave significantly more gross income (Rs. 38, 277/ha) with net
returns of Rs. 20, 275/ha over 1:2 row ratio; but statistically at
par with 2:1 row ratio. The cost: benefit ratio were higher under
chickpea + fennel intercropping in 1:1 ratio (2.12) mainly due
to higher economic production in this system. This system
also provided high monetary efficiency (Rs. 250.4/ha/day).
The significantly high net return (Rs 21209/ha) and cost benefit
ratio (2.13) were obtained with the application of 150% RDF
over 50% RDF (Rs 14032 per ha, 1.81); however, it was
statistically at par with 100% RDF with net return of Rs 20342

per ha and cost benefit ratio of 2.11.
It is concluded that intercropping of chickpea and fennel

in 1:1 row ratio, respectively, receiving 100% RDF (20:60:20 kg
NPK/ha) was the most compatible, productive and profitable
with better resource-use efficiency than other row ratios (2:1
and 1:2 row) under limited moisture condition of central Uttar
Pradesh.
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Table 4. Land-equivalent ratio (LER), aggressivity, relative crowding coefficient (RCC) and competitive ratio (CR)  as influenced
by row ratios in intercropping under varying fertility levels (pooled data of 2 years)

*RDF = Recommended dose of fertilizer

Aggressivity RCC CR Treatment LER 
Chickpea Fennel Chickpea Fennel Product Chickpea Fennel 

Cropping system         
Chickpea sole 1.00        
Fennel  sole 1.00        
Chickpea + fennel (1:1) 1.16 -0.20 0.20 0.95 1.41 1.34 0.83 1.21 
Chickpea + fennel (2:1) 1.13 -0.22 0.22 0.91 1.30 1.18 0.82 1.20 
Chickpea + fennel (1:2) 1.12 -0.16 0.16 0.89 1.31 1.16 0.84 1.21 
 



Journal of Food Legumes 24(3): 215-217, 2011

ABSTRACT

Variation in sugar content of flowers and its effect on
gynophores and pod development in groundnut cultivars ‘M-
522’ and ‘SG-84’ with foliar application of ethrel (ethylene
releasing substance) and cobalt chloride (CoCl2) was studied.
Sugar content, number of gynophores and number of pods/
plant increased with CoCl2  and decreased with ethrel
application compared to those of control. Retained flowers
recorded higher sugar content than the abscised flowers. Higher
soluble sugar content of the retained flowers was favourable
for early gynophores formation and ultimately synchronous
pod development. Thus, early emergence of gynophores leading
to formation of effective pods can be maneuvered through the
exogenous application of cobalt chloride (cobalt acting as
ethylene antagonist).

Key words: Cobalt chloride, Ethrel, Flowers, Groundnut,
Gynophores, Pod development, Soluble sugars,

Groundnut (Arachis hypogaea L.), belonging to family
Fabaceae, is an important oil and food crop of both the tropics
and temperate regions. Groundnut is grown on an area of 23.9
million ha worldwide with an average production of 36.4 million
tons. In India, it is grown on an area of 5.47 million ha with an
average production of 5.51 million tons (FAOSTAT 2011),
which is rather low as compared to those of the developed
countries. The crop faces a physiological constraint of poor
energy economy where only 30% of the total pegs develop
into mature pods (Prasad et al. 1999), consequently providing
low returns to the farmers. It is well documented that the
partitioning of photoassimilates is under hormonal control
and supply of assimilates to various plant parts is a hormonal
directed transport (HDT). Exogenous application of growth
regulators has been undertaken by various researchers (Suo
and Wu 1990, Singh et al. 2002) to achieve favourable hormonal
levels for improved HDT. Although, there is excessive
flowering in groundnut but most of the flowers abscise, which
is ascribed to lack of availability of photosynthates essential
for further development of flowers into pods. Ethylene is a
gaseous plant hormone which influences growth and
development of plants such as seed germination, root hair
development, flower senescence, abscission, and fruit
ripening (Johnson and Ecker 1998, Bleecker and Kende 2000).
At present, there are no concrete evidences to show the
involvement of silver ions with signaling networks which lead
to down-regulation of physiological responses governed by

ethylene although silver ion inhibits the ethylene action, acting
at the receptor level (Veen 1986). Cobalt (Co2+) has also been
found to inhibit ethylene production and reverse the effects
of ethylene (Samimy 1978).  Therefo re, the present
investigation was undertaken to study the effect of ethrel (an
ethylene releasing substance) and its antagonist cobalt (used
as cobalt chloride, CoCl2) on changing pattern of HDT and
resultant source-sink relationship with special emphasis on
gynophore development to pod formation in two groundnut
cultivars, ‘M-522’ and ‘SG-84’.

MATERIALS AND METHODS

The present investigation was carried out in the
experimental field area and laboratories of the Department of
Botany, Punjab Agricultural University (PAU), Ludhiana
during 2006 and 2007. Seeds of groundnut cultivars ‘M-522’
and ‘SG-84’ were procured from the Department of Plant
Breeding and Genetics, PAU, Ludhiana. These were sown in a
randomized complete block design (RCBD) with three
replications for each treatment. Foliar application with ethrel
(2-chloroethly phosphonic acid) @ 200 µg/ml and CoCl2 @ 15
µg/ml were given at vegetative growth stage (25 days after
sowing; DAS) followed by another spray at flowering stage
(45  DAS). P lants wi th no spray served as contro l.
Recommended package of practices were followed.

Total soluble sugars (mg/g dry weight) were estimated
from the retained and just abscised flowers (collected at 8.00
A.M. in the morning) starting from 35 to 85 DAS in both the
cultivars (Dubois et al. 1956). Number of gynophores was
recorded from 45 to 115 and 125 DAS and number of pods
from 65 to 115 and 125 DAS in ‘M-522’ and ‘SG-84’, respectively
at 10 days interval. Seed yield/plant (g) was also recorded
from five randomly selected plants. Data were statistically
analyzed following Cochran and Cox (1967) and expressed at
5 per cent level of significance.

RESULTS AND DISCUSSION

Data on the effect of ethrel and CoCl2 on the total soluble
sugars (mg/g dry weight) in retained and just abscised flowers
of ‘M-522’ and ‘SG-84’ are presented in Fig 1a and b,
respectively. In both the cultivars, total soluble sugars
increased from 35 to 65 DAS in both, retained and abscised
flowers, the level of sugars in general was comparatively higher
in the retained flowers. Sugar level was lower in ethrel treated

Ethylene induced changes in sugar content of flowers and their role in gynophore
and pod development in groundnut (Arachis hypogaea L.)
GAGANPREET KAUR1, USHA PARMAR1, PARMIL SINGH1 and JAGMEET KAUR2

1Department of Botany, Punjab Agricultural University, Ludhiana-141 004, India; 2Department of Plant Breeding and
Genetics, Punjab Agricultural University, Ludhiana-141 004; E-mail: jagskaur@gmail.com

(Received: January 19, 2011; Accepted:August 5, 2011)



216 Journal of  Food Legumes 24(3), 2011

plants while higher level of soluble sugars was maintained
with CoCl2 in both the cultivars compared to that of control.
Cobalt may be acting by regulating the metabolism of sugars
since sugars act as an energy source in flower development
(Moalem-Beno et al. 1997). Possibly, CoCl2 also plays some
role in regulating endogenous ethylene production. This may
be the reason for the antagonistic effect of cobalt in decreasing
abscission. Number of gynophores/plant in ‘M-522’ increased
with CoCl2 till 65 DAS and declined thereafter due to
subsequent conversion into pods (Table 1a). On the other
hand, ethrel t reated plants recorded less number of
gynophores initially which increased at the later stages
compared to that of control and CoCl2 treated plants. Similar
trend was recorded in ‘SG-84’ (Table 1b), where number of
gynophores increased significantly with CoCl2 treatment
compared with that of control and ethrel treated plants during
early stages (till 75 DAS). CoCl2 treatment recorded higher
number of pods (initiated at 65 DAS) in both ‘M-522’ and ‘SG-
84’ (Table 2a and b). Number of pods increased significantly
with CoCl2 from 75-115 DAS in ‘M-522’ and 75-125 DAS in
‘SG-84’. Ethrel reduces the problem of pod shattering by
restricting the flower and pod abortions (Bhat et al. 2010), but
in the present study the number of pods in general remained
lowest with ethrel application in both the cultivars at all the
stages compared with that of other treatments. CoCl2 caused
three and five per cent increase in seed yield/plant in ‘M-522’
and ‘SG-84’, respectively whereas ethrel application decreased
the same compared to that of control (Table 2a and 2b).

Sugar content in the flowers was highest at 65 DAS in
‘M-522’ and in ‘SG-84’ the level was maintained till 75 DAS.
Maximum flowers were also retained and converted to
gynophores during these two respective stages in the two
cultivars. Higher soluble sugar content in retained flowers as
compared to that of the abscised flowers can be correlated
with better and sufficient translocation of photoassimilates
to meet the increased demand of gynophores for conversion

into efficient and productive pods. Foliar application of CoCl2
may be involved in a favourable shift of endogenous hormonal
level responsible for increased HDT. The increase in sugar
content i.e. increased sink strength of the developing flowers
is coordinated with increased mobilization of stored reserves

Table 1a & b. Effect of foliar application with ethrel and cobalt chloride on number of gynophores of groundnut cvs. ‘M-522’ and
‘SG-84’ from 45-115 and 45-125 DAS, respectively

(a) ‘M-522’

Days after sowing Treatment 
45 55 65 75 85 95 105 115 

Control 5.00 14.67 29.00 24.00 22.35 21.33 18.07 16.33 
Ethrel 200 3.67 10.00 19.33 21.01 26.00 22.33 19.67 18.00 
CoCl2 15 7.00 18.00 32.00 28.00 20.00 19.00 17.00 14.67 
CD (P=0.05)  1.79 2.59 3.46 2.78 3.69 NS NS NS 

 (b) ‘SG-84’

Days after sowing Treatment 
45 55 65 75 85 95 105 115 125 

Control 6.00 9.00 15.33 29.00 22.33 23.00 19.00 16.67 15.00 
Ethrel 200 4.67 7.00 12.00 20.01 24.67 26.07 20.00 18.08 16.33 
CoCl2 15 8.00 10.33 19.00 33.04 27.00 22.33 19.66 17.67 14.33 
CD (P=0.05)  2.00 NS 2.07 3.72 4.39 2.31 1.98 1.77 NS 
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Fig 1a & b. Effect of foliar application with ethrel and cobalt
chloride  on total soluble sugar content (mg/g dry wt.) in
retained and abscised flowers in groundnut  cultivars
‘M-522’ and ‘SG-84’ (35-85 DAS)
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as well as supply of photosynthates for effective pod
formation. This further helps in establishing pod load and
increasing the seed yield. Brenner and Jones (1990) emphasized
that hormones may enhance the translocation of carbon
assimilates to developing fruits by increasing demands for
favourable partitioning.

Early formation of gynophores with CoCl2 treatment is
an important indicator for the enhancement in conversion of
flowers to gynophores with ethylene antagonist compared to
that of control and ethrel application in both the cultivars.
Improved flower retention, earliness in gynophore formation
and subsequent pod development compared to that of control
leads to higher seed yield. Decline in number of gynophores
at the later stages is indicative of conversion of more
gynophores into pods as the number of pods increased
drastically from 65 DAS till harvest in ‘M-522’ and ‘SG-84’.
However, higher number of gynophores during later stages
on the other hand is indicative of ineffective pod formation
and non-conversion of gynophores to pods. Singh et al. (2002)
reviewed the aim of understanding the process of flowering
pattern and flower abscission in legumes to understand the
basic mechanism involved and means evolved to check
wastage of energy and photoassimilates. Accordingly,
conjecture has been drawn that this could be achieved through
earlier retention and conversion of flowers through fertilization
to pods, thus providing a longer filling period to achieve
synchrony in maturity of pods by using various plant growth
regulators including retardants for improved HDT. Similar
results have been reported in the present study, where higher
soluble sugar content in the retained flowers with CoCl2
coincided with early and more number of gynophores at that
stage in both the cultivars further providing a longer filling
period for synchronous pod development.

The present study therefore emphasizes the fact that if
higher number of gynophores is converted earlier into pods,
it proves to be a favourable indicator for improving the energy
economy of this crop. It is evident from the results that CoCl2

application enhances the assimilate product ion and
translocation by retained flowers which triggers early
gynophore formation leading to more effective pod
development, less wastage of resources and higher seed yield.
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Table 2a & b. Effect of foliar application with ethrel and cobalt chloride on number of pods and seed yield/plant (g) of groundnut
cvs. ‘M-522’and ‘SG-84’ from 45-115 and 45-125 DAS, respectively

(a) ‘M-522’
Days after sowing Treatment 

65 75 85 95 105 115 
Seed yield/  
plant (g) 

Control 7.00 14.33 22.31 32.34 37.67 39.69 63.45 
Ethrel 200 4.00 12.00 19.03 28.32 34.33 37.08 62.14 
CoCl2 15 9.00 17.00 26.35 35.00 40.31 43.33 65.87 
CD (P=0.05)  2.07 2.72 2.66 1.99 3.01 3.11 1.25 

 
Days after sowing Treatment 

65 75 85 95 105 115 125 
Seed yield/ 
plant (g) 

Control 3.00 15.67 29.00 33.33 36.08 39.67 41.67 52.54 
Ethrel 200 2.67 10.67 25.00 30.00 34.00 37.00 40.00 51.70 
CoCl2 15 5.67 19.00 33.00 37.01 40.33 43.00 44.33 55.55 
CD (P=0.05)  2.61 4.21 2.27 3.19 2.39 3.08 2.45 1.34 

 

(b) ‘SG-84’
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ABSTRACT

For optimization of osmotic pretreatment process of shelled
peas prior to mechanical drying at 60oC temperature to safe
moisture content of 10% (w.b.), experiments were planned in
Box and Behnken design using response surface methodology.
The independent process variables for osmotic pretreatment
process were osmotic solution concentrations (5-15% w/v sodium
chloride), osmotic solution temperature (30-60°C) and
immersion time (60-180 min) with constant solution to pea
ratio (4:1 v/w). The osmotic pretreatment process was optimized
for maximum water loss, overall acceptability, texture
(firmness), rehydration ratio and minimum solute gain and
colour change. The optimum conditions were 14.99% salt
concentration, 30°C osmotic solution temperature and 115.67
min immersion time. An analysis of variance (ANOVA) revealed
that, among the process variables, concentration had the most
significant effect on water loss, solute gain, rehydration ratio,
ove rall  acc epta bility a nd texture (firmness ); s olution
temperature had the maximum effect on colour change.
Immersion time was observed to have significantly lower effect
on responses.

Key words: Osmotic  dehydration, Response s urface
methodology, Shelled peas

Pea (Pisum sativum L.) is a leguminous vegetable of
immense importance. It is consumed in several forms such as
fresh, dehydrated, canned and dehusked splits (dal). The area
of fresh peas in India is 313.5 thousand ha with production of
25.60 lakh tons, whereas the area under cultivation of fresh
peas in Punjab state is 18.5 thousand ha with production of
1.11 lakh tons (Anonymous 2009). Shelling of peas increases
the respiration rates resulting in its susceptibility to microbial
contamination. The methods of extending shelf life are freezing,
by cold storage, sun drying, hot air drying, freeze drying and
canning. Frozen or canned processed peas can be made
available throughout the year but they require expensive and
sophisticated processing. The market glut during its peak
season of production causes uneconomic returns to the pea
growers. Therefore, it can be dehydrated for its availability
during off season. The dehydrated peas are popular because
they offer the advantage of greater shelf life, palatability,
convenience during transport and handling and good culinary
quality thus creating considerable scope for export market.
To achieve a dehydrated product of high quality, the drying
process should be such that it allows effective retention of
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colour, flavour, texture, taste and nutritive value along with
improved shelf life of peas. The osmotic dehydration is one of
popular methods in practice for certain products since long
time (Shi and Maguer 2002).

Osmotic dehydration is a process in which partial water
is removed by immersion of a water-containing cellular solid
in a warm concentrated aqueous solution of high osmotic
media (hypertonic media) for a specified time. It has potential
advantages of less heat damage, good blanching effect, less
enzymatic browning, better retention of flavor, colour, texture
and energy saving because no phase change occurs
(Chaudhary et al. 1993). Moreover, for fruits and vegetables,
the osmotic pretreatment prior to other drying methods
improves its nutritional,   sensorial and functional properties
(Islam and Flink 1982, Ertekin and Cataloz 1996, Pokharkar
2001). Sugar, glucose, fructose, corn syrup and salt are the
commonly used osmotic agents. The food, which has been
osmotically dehydrated, can further be processed by freezing,
freeze drying, vacuum drying and air drying (Nanjundaswamy
et al. 1978).

Several researchers have studied the effect of process
parameters on osmotic dehydration of different fruits and
vegetables (Pokharkar 2001, Madamba and Lopez 2002, Singh
et al. 2007, Alam et al. 2010). Such studies are lacking for
peas; and moreover the optimum process parameters for osmo-
convective dehydration have not been studied. Keeping in
view the above aspects, the present study was planned with
the objectives to study the effect of osmotic process
parameters on the quality of shelled peas and to optimize the
osmo-convective dehydration process for shelled peas by
application of response surface methodology.

MATERIALS AND METHODS

Experimental Design: Response surface methodology (RSM)
is a collection of mathematical and statistical techniques that
are useful for modeling and analysis of problems in which the
response is influenced by several variables. It is reported to
be an efficient tool for optimizing a process when the
independent variables have the joint effect on the responses
(Mudahar et al. 1989). It has been applied in optimizing food-
processing operations by several investigators (Madamba
and Lopez 2002, Rai et al. 2004, Dhingra and Paul 2005, Alam
et al. 2010). The Box-Behnken design of three variables and
three levels each with three-center point combination was
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used (Box and Behnken 1960). This design was taken because
it fulfills most of the requirements for optimizing the
pretreatment (osmotic dehydration) process prior  to
convective drying. In the above design X1, X2, X3, are the
coded variables, which are related to un-coded variables using
the following relation:

Xi = 2 (i–j) / di (1)
where,  i is variable value in actual units of the it h

observation, j is the mean of highest and lowest variable
value of i and di is the difference between the highest and
lowest variable value of i.

The experiment was conducted according to the
requirements of response surface methodology for analyzing
the data. A second order Box-Behnken design was conducted
to work out the range of osmotic process variables for osmotic
drying of peas. The independent osmotic process variables
and their levels in the form of coded variables for three-factor
three level response surface analyses are given in Table 1.

The independent process variables were osmotic
solution concentration, osmotic solution temperature, process
duration keeping constant solution to pea ratio of 4:1 (v/w).
The low level and high level in the actual (un-coded) form
were 5-15% salt (w/v), 30-60oC and 60-180 min for osmotic
solution concentration, temperature and immersion time
respectively (Biswal et al. 1991, Kar and Gupta 2001, Ozen et
al. 2002, Alam et al. 2010).
Sample preparation: Fresh peas were procured in February,
2010 from local market of Ludhiana, Punjab, India shelled and
were sorted for uniform size, colour and physical damage.
The initial moisture content of shelled peas was 80.23% (w.b.)
when determined by standard oven method (AOAC 2000).
Osmotic dehydration: Osmotic dehydration of un-blanched
shelled peas was performed using parameters explained in

Table 1. The temperature of the osmotic solution was
maintained with an accuracy of ±0.5ºC using hot water bath.
After attaining the desired temperature of osmotic solution,
known weights (100 g) of shelled peas were put into the beaker
(500 ml). Samples were osmosed for the desired process time
as per the experimental combinations (Table 1). After osmosis,
shelled peas were removed from the osmotic agent and were
rinsed immediately in running tap water for 2-3 min to remove
the adhered solute to its surface. A sample (5-8 g) of pretreated
peas was drawn to determine the dry matter by oven method
(AOAC 2000). The remaining part of each sample was dried in
a single layer to final moisture content of 10% (wet basis)
using a hot air tray drier preset at 60°C air temperature and air
velocity of 1 m/s. The dried samples were cooled in a
desiccators containing silica gel for half an hour, packed in
HDPE (100 gauge) bags and kept at ambient condition (28°C,
60% RH) for quality analysis.
Water loss and solute gain during osmotic dehydration:  The
mass transfer parameters, i.e., water loss (WL) and solute
gain (SG) reflecting as one of the quality attributes of shelled
peas were calculated by the equations given by Ozen et al.
(2002) and Singh et al. (2007) as:

% WL = Water loss /100g shelled peas

100x
W

)S(S)W(W

0

0tt0 
 (2)

% SG = Solute gain /100g shelled peas

100x
W

)S(S

0

0t  (3)

Where, W0 is the initial weight (g) of shelled peas taken
for osmotic dehydration, Wt is the weight (g) of shelled peas
after osmotic dehydration at any time t, S0 is the initial dry

Table 1. Experimental design for three factor-three level response surface Analysis
Temperature (oC)             Solution concentration (%) Immersion time (min)              
(Te) (X1) (C) (X2) (t) (X3) 

Sample No. 

Uncoded Coded Uncoded Coded Uncoded Coded 
1. 30 -1 10 0 60 -1 
2. 30 -1 10 0 180 +1 
3. 30 -1 15 +1 120 0 
4. 30 -1 5 -1 120 0 
5. 45 0 10 0 120 0 
6. 45 0 5 -1 180 +1 
7. 45 0 10 0 120 0 
8. 45 0 10 0 120 0 
9. 45 0 15 +1 180 +1 

10. 45 0 15 +1 60 -1 
11. 45 0 5 -1 60 -1 
12. 60 +1 10 0 180 +1 
13. 60 +1 10 0 60 -1 
14. 60 +1 5 -1 120 0 
15. 60 +1 15 +1 120 0 
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matter (g)of shelled peas and St is the dry matter (g) of shelled
peas after osmotic dehydration at any time t.
Colour change: Colour is the most important parameter for
the acceptability of the product. The colour properties of the
fresh and rehydrated sample were measured by using Miniscan
XE plus Hunter Lab Colorimeter (USA), Model No. 45/0-L.
The colour of the fresh and rehydrated peas was measured in
terms of ‘L’, ‘a’ and ‘b’ value after making paste of the sample
by mortar and pestle.  For determination of colour, the sample
was completely filled in Petri-dish and no light was allowed to
pass during the measuring process.  The ‘L’, ‘a’ and ‘b’ values
were recorded at D 65/10° and were compared to the standard
values of fresh peas

The desired function colour change was calculated from
the ‘L’, ‘a’ and ‘b’ readings (Gnanasekharan et al. 1992).

Colour change = [(L-L0)
2 + (a-a0)

 2 + (b-b0)
2] (4)

Where, L0, a0 and b0 represent the respective values for
fresh sample.
Rehydration ratio: Rehydration was performed according to
process explained by BIS (1968).
Texture (firmness):  Texture (firmness) of the rehydrated
samples was determined with the help of Texture Analyzer
(TA-Hdi).  Samples were compressed by an aluminium plate
of 75 mm diameter to 75% strain (Kumar et al. 2009). The pre
and post compression speed were set at 5 mm/s whereas; test
speed was 1 mm/s as recommended by Bourne (1982). The
height of the force peak during compression cycle was defined
as firmness (N).
Sensory Evaluation: Sensory evaluation was performed
according to method explained by BIS (1971).  For this a panel
of 10 judges was formed and a score card prepared by using
9-point hedonic scale was provided.  The dried and rehydrated

sample was taken for quality evaluation. The judges were
supposed to score for colour, flavour, texture and overall
acceptability of peas (Kanawade 1990).
Optimization of osmotic process parameters: Response
surface methodology was applied to the experimental data
using a commercial statistical package, Design-Expert version
8.0.2 (Statease Inc., Minneapolis, USA, Trial version). The
same software was used for the generation of response surface
plots, superimposition of contour plots and optimization of
process variables. Response surface and contour plots were
generated for different interaction for any two independent
variables, while holding the value of other two variables as
constant (at the central value). Such three-dimensional
surfaces could give accurate geometrical representation and
provide useful information about the behavior of the system
within the experimental design (Cox and Cochran 1964,
Montgomery 2004). The optimization of the osmotic
dehydration process aimed at finding the levels of independent
variables viz., osmotic solution concentration (C), temperature
(Te) and immersion time (t), which could give maximum possible
water loss (WL), overall acceptability (OA), texture (firmness)
(T), rehydration ratio (RR), and lowest solute gain (SG) and
colour change (CC). For desirability, a mathematical method
was used for selecting the optimum process values. For several
responses and factors, all goals get combined into one
desirability function. The numerical optimization finds a point
that maximizes the desirability function.

RESULTS AND DISCUSSION

The value of various responses at different experimental
combination for coded variables is given in Table 2. A wide
variation in all the responses was observed for different
experimental combinations, i.e., 5.6 to 11.5% for water loss,
3.6 to 7.5% for solute gain, 2.4 to 2.7 for rehydration ratio, 9.25

Table 2. Experimental data of sodium chloride osmosed shelled peas for response surface analysis

Te: Temperature, C: osmotic solution concentration, t: immersion time, WL: water loss, SG: solute gain, RR: rehydration ratio, CC: colour change,
T: texture (firmness), OA: overall acceptability

Te ( 
oC) C (%) t (min) WL (%) SG (%) RR CC T (N) OA (%) 

45 5 180 6.5 4 2.5 9.53 323.63 72 
60 10 180 11.5 7.5 2.4 9.29 377.78 77 
45 10 120 7.5 5 2.6 15.11 300.19 88 
60 5 120 6.5 4.5 2.5 10.91 326.38 83 
45 5 60 6 4 2.4 11.76 354.04 83 
45 10 120 7.5 5 2.6 15.11 300.19 88 
30 10 180 8.5 5 2.5 15.15 371.60 88 
45 15 60 9 6 2.5 10.6 353.85 83 
45 10 120 7.5 5 2.6 15.11 300.19 88 
60 10 60 7 5 2.4 11.02 372.58 88 
30 5 120 5.6 3.6 2.4 9.25 326.87 77 
45 15 180 10 6 2.7 12.36 369.94 94 
30 10 60 6 4 2.4 11.11 353.06 83 
60 15 120 8.5 6 2.5 9.27 367.09 83 
30 15 120 9 6 2.6 11.46 371.80 94 
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to 15.15 for colour change, 300.19 to 377.78 N for texture
(firmness) and 72.2 to 94.44% for overall acceptability. The
maximum consumer acceptance was witnessed for the sample
pretreated at experimental condition of 15%, 45°C, 180 min
process duration.  The data was analyzed employing multiple
regression technique to develop a response surface model. A
linear model and a second order model with and without
interaction terms were tested for their adequacies to describe
the response surface and R2 values were also calculated. A
second order polynomial of the following form was fitted to
the data of all the responses and results are given in Table 3
and the fitted model is presented in Table 4.

  
  


n

1i

n

1i

n

1ij 
jiij

1-n

1i

2
iiiii0k xxβ xβ  xβ  β   y    (5)

where i , ii  , ij  are constant coefficient and xi xj are
coded independent variable  linearly related to i  (C ,T, and t).
Effect of process variables on water loss: From Table 3 it can
be seen that, the water lo ss is highly influenced by
concentration followed by time. Similar results were also
reported by Azoubel and Murr (2004) for apples and cherry
tomato during osmotic dehydration in salt solution. The
maximum water loss (11.5%) was noticed at a solution
temperature of 60°C, solution concentration of 10% and
immersion time of 180 min and the minimum water loss (5.6%)
was recorded at a solution temperature of 30°C, solution
concentration of 5% and immersion time of 120 min (Table 2).
It can be seen that water loss was found to be significantly
affected by concentration and time individually (p<0.05)
whereas, the quadratic terms showed non-significant effect
on water loss.
Effect of process variables on solute gain: Solute gain was
remarkably influenced by concentration followed by
temperature. Similar results were also reported by Escriche et
al. (2000), Kar and Gupta (2001). The maximum solute gain

(7.5%) was seen at a solu tion temperature of 60°C,
concentration of 10% and immersion time of 180 min, while
the minimum solute gain (3.6%) was observed at a solution
temperature of 30°C, concentration of 5% and immersion time
of 120 min (Table 2). It can be seen that solute gain was found
to be significantly affected by concentration and temperature
individually (p<0.05), whereas the quadratic terms showed
non-significant effect on solute gain (Table 3).
Effect of process variables on rehydration ratio: From Table
3 it can be seen that the rehydration ratio is greatly influenced
by concentration followed by time. Similar results were
reported for osmo-convectively dehydrated aonla (Alam and
Singh 2010). The maximum rehydration ratio (2.7) was noticed
at a solution temperature of 45°C, concentration of 15% and
immersion time of 180 min and the minimum rehydration ratio
(2.4) was observed; at a solution temperature of 60°C,
concentration of 10% and immersion time of 180 min; at a
solution temperature of 45°C, solution of 5% and immersion
time of 60 min; at a solution temperature of 60°C, solution of
10% and immersion time of 60 min; at a solution temperature
of 30°C, solution of 5% and immersion time of 120 min and at
a solution temperature of 30°C, solution of 10% and immersion
time of 60 min (Table 2). This minor variation in rehydration
ratio might be due to the higher solute gain in the samples
either osmosed at higher concentration of salt or immersed in
osmotic solution for longer duration resulting in blockage of
capillaries resulting in relatively shrinked product. Similar
results were also reported by Alam and Singh (2010). It can be
seen that linear and cross product terms of concentration,
quadratic and cross product terms of temperature and linear
and quadratic terms of time are significant (p<0.05) whereas,
the quadratic term of concentration, linear term of temperature
and cross product of time are non-significant (Table 3).
Effect of process variables on colour change: From Table 3,
it can be seen that the colour change was greatly influenced
by temperature. Similar results were observed by other

Table 3. Statistically analyzed data for the selected responses

The data in parenthesis are the p-value at 5% level of significance; NA: not applicable

F-value Source 
Water loss Solute gain Rehydration ratio Colour change Firmness Overall acceptability 

Fitted Model Linear Linear Quadratic Quadratic Quadratic Quadratic 
Temperature (A) 3.01 (0.111) 7.53 (0.019) 0.83 (0.403) 5.46 (0.066) 0.53 (0.499) 9.85 (0.026) 
Concentration (B) 22.03 (0.001) 24.26 (0.001) 20.83 (0.006) 0.65 (0.455) 21.84(0.005) 121.3 (0.0001) 
Time ( C) 11.24 (0.006) 4.76 (0.052) 13.33 (0.015) 0.44 (0.535) 0.11(0.751) 2.47 (0.177) 
  A*B NA NA 6.66(0.049) 3.87 (0.106) 0.045(0.840) 44.61(0.001) 
  A*C NA NA 1.66(0.253) 8.70 (0.032) 0.45 (0.532) 44.08(0.001) 
  B*C NA NA 1.66(0.253) 4.15 (0.097) 5.44 (0.067) 79.12(0.0003) 
  A2 NA NA 24.61(0.004) 17.89(0.008) 40.83(0.001) 4.58(0.085) 
  B2 NA NA 0 (1.00) 28.8 (0.003) 8.03 (0.036) 17.64(0.008) 
  C2 NA NA 13.84(0.014) 6.65 (0.049) 46.75(0.001) 17.96(0.008) 
C.V. (%)  11.53 % 11.10 % 1.55 % 8.29 % 2.89 % 1.47 % 
S.D (5.0 % LSD) 0.90 0.57 0.39 0.98 1.02 1.25 
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scientists for mushroom and aonla (Kar and Gupta 2001, Alam
and Singh 2010). The maximum colour change (15.11) was
seen at a solution temperature of 45°C, solution concentration
of 10% and immersion time 120 min and the minimum colour
change (9.25) was recorded at a solution temperature of 30°C,
solution concentration of 5% and immersion time of 120 min
(Table 2). It can be seen that quadratic term of concentration,
quadratic and cross product term of temperature, quadratic
and cross product term of time are significant (p<0.05) whereas,
the linear and cross product term of concentration, linear term
of temperature and linear term of time are non-significant.
Effect of process variables on texture (firmness): From Table
3, it is clear that the texture (firmness) was remarkably
influenced by concentration. The maximum texture (firmness)
(377.78 N) was noticed at a solution temperature of 60°C,
solution concentration of 10% and immersion time of 180 min
and the minimum texture (firmness) (300.19 N) was seen at a
solution temperature of 45°C, solution concentration of 10%
and immersion time of 120 min (Table 2). This might be due to
more solute gain at higher osmotic solution temperature as
well as concentration. It can be seen that linear and quadratic
terms of concentration, quadratic term of temperature and
quadratic term of time are significant (p<0.05) whereas, cross
product term of concentration, linear and cross product term
of temperature and linear and cross product of time are non-
significant (Table 3).
Effect of process variables on overall acceptability: From
Table 3, it is obvious that the overall acceptability was highly

influenced by concentration followed by temperature. The
maximum overall acceptability (94%) was recorded at a solution
temperature of 45°C, solution concentration of 15% and
immersion time of 180 min and at a solution temperature of
30°C, solution concentration of 15% and immersion time of
120 min. Minimum overall acceptability (72%) was noticed at
a solution temperature of 45°C, solution concentration of 5%
and immersion time of 180 min (Table 2). It can be seen that
linear, cross product and quadratic terms of concentration,
linear and cross product terms of temperature and quadratic
and cross product of time were significant (p<0.05), whereas
quadratic term and linear term of time were non-significant
(Table 3). The similar effects of process parameters were
reported for osmo-convectively dehydrated aonla (Alam and
Singh 2010).
Optimization of osmo-convective dehydration process:
Graphical multi-response optimization technique was adopted
to determine the workable optimum conditions for the osmotic
dehydration of shelled peas. The contour plots for all the
responses were superimposed and regions that best satisfy
all the constraints were selected as optimum conditions. The
main criteria for constraints optimization were maximum
possible water loss, overall acceptability, texture (firmness),
rehydration ratio and lower solute gain, and colour change
(Themelin et al. 1997, Ade-Omowaye et al. 2002). These
constraints resulted in “feasible zone” of the optimum
conditions (shaded area in the superimposed contour plots).
Superimposed contour plots having common superimposed

Table 4. Adequacy of model fitted
Parameters Fitted Model R2 value p value 
Water loss (%) WL= 1.02 + 0.03 * Te + 0.29  * C +0.01 * t 0.77 0.0008 
Solute gain (%) SG= 0.607 + 0.037  * Te + 0.197  * C + 7.29 E - 003 *t 0.76 0.0008 
Rehydration ratio RR= 0.862 + 0.049 * Te + 0.032  * C+ 6.25E-003 * t - 6.667E-004 * Te * C - 2.778E-

005 * Te * t+ 8.333E-005  * C * t - 4.44E-004 * Te2 - 5.45E-018 * C2-2.083E-005 * t2 
0.94 0.013 

Colour change CC= - 29.516 + 1.129* Te + 2.422  * C + 0.130* t - 0.0128 * Te * C - 1.604E-003 * 
Te * t + 3.325E-003 * C * t - 9.576E-003  * Te2 - 0.109 *C2-3.649E-004*t2 

0.93 0.0178 

Texture(firmness), N T =  79.099 - 1.273 * Te- 1.271  * C -0.261 * t - 1.440E-003  * Te * C - 3.786E-004  
* Te * t + 3.947E-003  * C * t + 0.0150  * Te2 +  0.059  * C2 + 1.003E - 003 * t2 

0.95 0.0061 

Overall acceptibility (%) OA= 22.415 + 1.574 * Te + 3.440  * C + 0.194 * t - 0.0557  * Te * C - 4.611E-003  * 
Te * t + 0.0185  * C * t - 6.189E-003  * Te2 - 0.109 * C2 - 7.659E-004 * t2 

0.98 0.0005 

 Table 5. Optimum values of process parameters and responses
Process parameters Goal Lower 

Limit 
Upper 
Limit 

Optimization 
Level 

Desirability 

Temperature (oC)  is in range  30 60 30.00  
Concentration (%)  is in range  5 15 14.99  
Time (min)  is in range  60 180 115.67  
Responses     predicted value 0.655 
Water loss (%)  maximize  5.6 11.5 8.63  
Solute gain (%)  minimize  3.6 7.5 5.51  
Rehydration ratio  maximize  2.4 2.7 2.61  
Colour change  minimize  9.25 15.15 12.07  
Texture(firmness)(N)  maximize  300.25 377.84 361.99  
Overall acceptability (%)  maximize  72.2 94.44 94.44  
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area of all the responses for osmo-convective dehydration
sodium chloride solution are presented in Fig 1. The optimum
range of process parameters obtained for osmo-convective
dehydration of shelled peas was: 14.91 to 15% of osmotic
solution concentration, 30 to 31.02°C of osmotic solution
temperature and 114 to 117.57 min of process time.

To optimize the process conditions for osmotic
dehydration process by numerical optimization technique,
equal importance was given to all the three process parameters
(viz. osmotic solution concentration, solution temperature and
immersion time) and responses (i.e water loss, solute gain,
colour change, rehydration ratio, texture (firmness) and overall
acceptability). The optimum operating condition for osmotic

solution concentration, temperature and immersion time was
15%, 30°C and 115.67 min, respectively. Corresponding to
these values of process variables, the value of water loss was
8.63 g water/ 100g shelled pea, solute gain 5.51 g/100g shelled
pea, colour change 12.07, rehydration ratio 2.61, texture
(firmness) 361.99 N and overall acceptability 94.44% (Table 5).
The overall desirability, which ranges from zero outside of the
limits to one at the goal, was 0.655. The conditions were
experimentally verified with deviation of ± 0.10%.

In conclusion, the response surface methodology was
effective in optimizing process parameters for osmotic
dehydration of shelled peas in osmotic aqueous solution of
salt with concentration in the range of 5 to 15%, temperature

Fig 1. Overlaid contours of different responses for optimization of osmotic dehydration
process of shelled peas in sodium chloride solution
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30 to 60°C and immersion time 60 to 180 min at constant solution
to pea ratio of 4:1 (v/w). The regression equations obtained
can be used for optimum conditions for desired responses
within the range of conditions applied in this study. Graphical
techniques, in connection with RSM, aided in locating optimum
operating conditions, which were experimentally verified and
proven to be adequately reproducible. The optimum process
condition for osmotic dehydration of shelled pea is 15% salt
solution concentration, 30°C osmotic solution temperature
and 115.67 min of immersion time for achieving the maximum
possible water loss, overall acceptability, texture (firmness),
rehydration ratio and minimum solute gain and colour change.
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ABSTRACT

The management of harvest and post-harvest food losses are
receiving increasing attention as a potential option for ensuring
food security at the national level. Keeping it in view, the
present study was undertaken to assess losses of mungbean
occurring during harvest as well as post harvest stages in the
Punjab state. The study was conducted on 300 mungbean growers
spread over four strata and various farm sizes in Sangrur
district. Data were collected through personal interview
method. This study estimated 1.09%, 1.00% and 0.84% losses
of net mungbean production at harvesting stage on small,
medium and large farms, respectively.  Overall, total mungbean
losses were estimated to be 1.04%, which included 0.91% and
0.13% losses at harvesting and post-harvesting stage,
respectively. Total losses as proportion of net mungbean
production was worked out to be 1.35, 1.09 and 0.93% on small,
medium and large farm size, respectively.

Key words: Food grain losses, Grain legume management, Harvest/
post harvest losses, Mungbean loss estimates, Pulses
production losses

Pulses occupy a very important position in Indian
agriculture as they restore soil fertility. India is the world’s
largest producer of grain legumes. Pulse production has
rapidly increased from 14.7 million tonnes (mt) in 2009-10 to
18.09 mt during 2010-11 (DAC 2011), partly due to sizeable
expansion in the area devoted to pulses and partly owing to
fast hike in productivity due to normal monsoon rains
(Chandrasekhar 2011).  Though import of pulses has also
declined to 2.7 mt in 2010-11from the previous year’s record
import of 3.6 mt, yet the country has remained a regular importer
to meet the local consumption of pulses.  Ali and Kumar (2005)
emphasized to enhance substantially the productivity levels
of pulses in the country. Moreover, pulses are the cheapest
source of proteins for Indian population and fulfill its 20 to
30% of protein requirement. The protein content of pulses is
three times higher than cereals. Among the pulses, mungbean
ranks third in production after chickpea (33% share) and lentil
(21% share) in India.  The per capita daily availability of pulses
in the country was 37 g on July 2010, which is far less than the
minimum requirements of 60 g recommended by the nutritional
experts (Agricultural Statistics at a Glance 2010).

Undoubtedly, to cope with current and future demand
of pulses and to ensure protein security, augmenting pulses
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supplies by increasing their production and productivity is a
prerequisite; yet reducing the loss of pulses during and after
harvest may also contribute to the per capita availability to
some extent.  Greeley (1982) highlighted that more food
production and better food distribution are the two main
options for increasing food availability. The management of
post-harvest food losses has been receiving increased
attention as a potential option of food policy. To address this
issue effectively, it is important to assess the losses that occur
at harvest and post harvest stages in terms of storage and
transportation, etc.  The present study was, therefore,
undertaken to assess the various losses of mungbean
occurring during harvesting as well as post harvest stages in
Punjab in order to examine the possibility to minimize losses
to augment mungbean availability to the consumers and better
profitability to the producers.

MATERIALS AND METHODS

The present study was conducted in Sangrur district of
Punjab, a major mungbean cultivating district of the state.
This district was taken as representative of the state as
mungbean was grown over 3.80 thousand ha, sharing around
20% of the total mungbean cultivation in the state (Statistical
Abstract of Punjab 2008). The district was divided into four
strata by suitably combining the contiguous blocks keeping
in view the heterogeneous cropping pattern for the exposure
of entire district. From each stratum a cluster of five villages
were randomly chosen for intensive survey in the district. A
complete list of farmers growing mungbean crop in the villages
of each stratum was prepared by through enumeration method.
Twenty-five cultivators each from small (0-2 ha), medium (2-4
ha) and large (above 4 ha) holdings were selected randomly
from this enumerated list from each stratum. Thus a total sample
of 300 mungbean growers spreading over all the four strata of
the district was selected for the survey.
Data collection and statistical analysis: The required
information was collected through personal interview method
using a specially designed interview schedule during 2007-
08.  The comprehensive field survey was conducted in the
end of kharif /summer season for mungbean crop in the entire
district. Tabular analysis and simple statistical tools such as
averages and percentages were used for the interpretation of
the results.
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RESULTS AND DISCUSSION

Harvest losses of mungbean: The information pertaining to
mungbean losses at various harvest stages both across strata
as well as farm size categories have been presented in Table 1.
The losses of mungbean were found as 580 kg at harvest
stage, 420 kg on the threshing floor and 210 kg in straw on all
the sample holdings. The total losses at the harvesting stages
came at 1210 kg (300 kg in stratum I, 250 kg in stratum II, 430 kg
in stratum III and 230 kg in stratum IV), accounting for 0.91%
of net mungbean production (1.11% in stratum I, 0.87% in

stratum II, 0.88% in stratum III and 0.82% in stratum IV) in the
sample area. Singh et al. (1992) reported that food grain
suffered 1.49 to 1.55% loss during harvesting with sickle
whereas such loss with harvest-combine ranged from 1.57 to
1.60%.  Gill et al. (1984) examined losses at farm level in Punjab
and brought out that the losses during harvesting, threshing,
storage and marketing turned out to be 104 lakh kg in case of
gram. The maximum losses of mungbean have been found 90
kg, 140 kg and 350 kg on small, medium and large farm size,
respectively. Threshing and shattering losses accounted for

Table 1. Mungbean losses at the harvesting stage across farm size categories in Sangrur district of Punjab

Figures in parentheses indicate per cent to net production

Losses (kg) due to Stratum Holding 
size group 

Average 
yield 

(kg/ha) 

Net 
production 

(ton) 
Harvesting Threshing 

and 
shattered 

Straw Total 
Gross 

production 
(ton) 

Small 570 4.9  
(100.00) 

30 
 (0.61) 

30 
 (0.61) 

10 
 (0.20) 

70 
 (1.43 

4.97 

Medium 810 6.2  
(100.00) 

30 
 (0.48) 

20  
(0.32) 

10 
 (0.16) 

60 
 (097) 

6.27 

Large 740 15.95 
 (100.00) 

40 
 (0.25) 

80 
 (0.50) 

50  
(0.31) 

170 
 (1.07) 

16.10 

I 

All 722 27.05  
(100.00) 

100 
 (0.37) 

130 
 (0.48) 

70 
 (0.26 

300 
 (1.11) 

27.34 

Small 710 3.31 
(100.00) 

30 
 (0.91) 

20 
 (0.60) 

0.0 50 
 (1.51) 

3.36 

Medium 840 6.93 
 (100.00) 

40  
(0.58) 

20 
 (0.29) 

0.0 60 
 (0.86) 

7.00 

Large 1020 18.49 
 (100.00) 

110 
 (0.59) 

30 
 (0.16) 

0.0 140 
 (0.76) 

18.64 

II 

All 930 28.73 
 (100.00) 

180 
 (0.63) 

70 
 (0.24) 

0.0 250 
 (0.87) 

29.00 

Small 650 4.56 
 (100.00) 

20 
 (0.44) 

10 
 (0.22) 

10 
 (0.22) 

40 
 (0.88) 

4.59 

Medium 790 7.63 
 (100.00) 

50 
 (0.66) 

60 
 (0.79) 

10 
 (0.13) 

120 
 (1.57) 

7.75 

Large 900 36.96 
 (100.00) 

150 
 (0.41) 

90 
 (0.24) 

30 
 (0.08 

270 
 (0.73) 

37.23 

III 

All 850 49.15 
 (100.00) 

220 
 (0.45) 

160 
 (0.13) 

50 
 (0.10) 

430 
 (0.88) 

49.57 

Small 630 4.64 
 (100.00) 

10 
 (0.18) 

10 
 (0.18) 

10 
 (0.18) 

30 
 (0.53) 

4.67 

Medium 680 8.30 
(100.00) 

20 
 (0.24) 

10 
 (0.12) 

20 
 (0.24) 

50 
 (0.60) 

8.36 

Large 610 15.04 
 (100.00) 

50 
 (0.33) 

40 
 (0.27) 

60 
 (0.40) 

150 
 (1.00) 

15.20 

IV 

All 630 27.98 
 (100.00) 

80 
 (0.29) 

60 
 (0.21) 

90 
 (0.32) 

230 
 (0.82) 

28.23 

Small 630 17.41 
 (100.00) 

90 
 (0.52) 

70 
 (0.40) 

30 
 (0.17) 

190 
 (1.09) 

17.59 

Medium 770 29.06 
 (100.00) 

140  
(0.48) 

110 
(0.38) 

40 
 (0.14) 

290 
 (1.00) 

29.38 

Large 820 86.44 
 (100.00) 

350 
 (0.40) 

240  
(0.28) 

140  
(0.16) 

730 
 (0.84) 

87.17 

District 

All 810 132.91  
(100.00) 

580 
 (0.44) 

420 
 (0.32) 

210 
 (0.16) 

1210 
(0.91) 

134.14 
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420 kg varying between 70 kg on small farms and 240 kg on
the large farm size holdings. The total losses at the harvesting
stages across farm size categories in the sample district were
1210 kg (as 190 kg, 290 kg and 730 kg on small, medium and
large farm size holdings, respectively). These losses at these
harvesting stages were 1.09%, 1.00% and 0.84%of net
mungbean production on small, medium and large farms,
respectively.
Post–harvest losses of mungbean: The major post harvest

operation of mungbean at farmers’ level involves cleaning,
transportation and storage. These are processed and utilized
in a number of ways such as dry seeds, fried seeds, cooked
dal, etc. The mungbean is used as whole grain or split, husked
or un-husked in a variety of ways for human consumption.
Also, these are fed to milk animals/poultry birds as a
concentrate/feed. Singh (2000) observed that the post harvest
losses relating to handling and storage did not receive the
required attention. It was estimated that about 10% of food

Table 2. Mungbean losses at post harvest stage across farm size categories in Sangrur district of Punjab

Figures in parentheses indicate percent to net production

Losses (kg) due to Stratum Holding 
size 

group 

Average 
yield 

(kg/ha) 

Net 
production 

(ton) 
Transp-
ortation 

Storage Home 
Consump- 

tion 

Left in 
animal 

and  
poultry 

Total 
  
 

Gross 
production 

(ton) 

Small 570 4.90 
 (100.00) 

0.0 0.0 3 
 (0.06) 

10 (0.20) 13 
 (0.26) 

4.97 

Medium 810 6.20 
(100.00) 

10 
 (0.16) 

0.0 4 
 (0.06) 

0.0 14 
 (0.23) 

6.27 

Large 740 15.95 
(100.00) 

20 
 (0.13) 

10 (0.06) 3 
 (0.02) 

10 (0.06) 43 
 (0.27) 

16.10 

I 

All 720 27.05 
(100.00) 

30 
 (0.11) 

10 (0.04) 10 
 (0.04) 

20 (0.07) 70 
 (0.26) 

27.34 

Small 710 3.31  
(100.00) 

10 
 (0.30) 

0.0 3 
 (0.09) 

0.0 13 
 (0.39) 

3.36 

Medium 840 6.93  
(100.00) 

0.0 0.0 3 
 (0.04) 

0.0 3 
 (0.04) 

7.00 

Large 1020 18.49 
(100.00) 

0.0 0.0 4 
 (0.02) 

10 (0.05) 14 
 (0.07) 

18.64 

II 

All 930 28.73 
(100.00) 

10 
 (0.03) 

0.0 10 
 (0.03) 

10 (0.03) 30 
 (0.09) 

29.00 

Small 650 4.56 
 (100.00) 

0.0 0.0 5 
 (0.11) 

0.0 5 
 (0.11) 

4.59 

Medium 790 7.63 
 (100.00) 

0.0 0.0 6 
 (0.08) 

0.0 6 
 (0.08) 

7.75 

Large 900 36.96 
(100.00) 

20 
  (0.05) 

0.0 9 
 (0.02) 

10 
 0.03) 

39 
 (0.10) 

37.23 

III 

All 850 49.15 
(100.00) 

20 
 (0.04) 

0.0 20 
 (0.04) 

10 (0.02) 50 
 (0.10) 

49.57 

Small 630 4.64 
 (100.00) 

0.0 0.0 4 
 (0.07) 

0.0 4  
(0.07) 

4.67 

Medium 680 8.30  
(100.00) 

0.0 0.0 3 
 (0.04) 

0.0 3 
 (0.04) 

8.36 

Large 610 15.04 
(100.00) 

0.0 0.0 3 
 (0.02) 

0.0 3 
 (0.02) 

15.20 

IV 

All 630 27.98 
(100.00) 

0.0 0.0 10 
 (0.04) 

0.0 10 
 (0.05) 

28.23 

Small 630 17.41 
(100.00) 

20 
 (0.11) 

0.0 15 
 (0.09) 

10 (0.06) 45 
 (0.26) 

17.59 

Medium 770 29.06 
(100.00) 

10 
 (0.03) 

0.0 16 
 (0.06) 

0.0 26 
 (0.09) 

29.38 

Large 820 86.44 
(100.00) 

30 
 (0.03) 

10 (0.01) 19 
 (0.02) 

30 (0.03) 89 
 (0.09) 

87.17 

District 

All 810 132.91 
(100.00) 

60 
 (0.05) 

10 (0.01) 50 
 (0.04) 

40 (0.03) 160 
 (0.13) 

134.14 
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grains is lost due to conventional means of storage at farm
level.  Since mungbean production is seasonal, storage of
grains is necessary to meet the year round demand throughout
the year. Safe storage, therefore, helps to maintain continuity
of supply. Grain legumes in commercial quantities are stored
in modern storage structure i.e. flat godowns and silos so that
the loss during storage can be minimized. At domestic level,
traditional grain legume storage containers are used, which
have been improved and replaced by modern airtight metal
bins that are easily available in a variety of sizes.  The major
sto rage losses are due to the insects, rodents and

microorganisms, which mostly take place at farmers’ level.
Girish et al. (1990) estimated that losses due to birds, rodents
and insects were in the range of 0.5- 1.5% during drying/
cleaning, while damage due to the insect ranged from 0.0-
23%.   Losses of mungbean at post-harvest stages has been
estimated as 60 kg during transportation, 10 kg in storage, 50
kg in home consumption and 4 kg as leftover of animal feed
(Table 2). The total losses of mungbean at various post-harvest
stages was 160 kg, which  found to be 70 kg in stratum I, 30 kg
in stratum II, 50 in stratum III and 10 kg in stratum IV on all the
sample holdings. These losses were 0.26% in stratum I, 0.09%

Table  3.Total mungbean losses at different harvest and post harvest stages across farm size categories in Sangrur district of
Punjab

Figures in parentheses indicate percent to net production

Losses (kg) due to Total  losses (%) of Stratum Holding 
size 

group 

Average 
yield 

(kg/ha) 

Net 
production 

(ton) 
Harvesting Post 

harvest 
Total 

Gross 
production 

(ton) 
Gross 

production 
Net 

production 
Small 570 4.90  

(100.00) 
70  

(1.43) 
13  

(0.26) 
83  

(1.69) 
4.97 1.67 1.69 

Medium 810 6.20  
(100.00) 

60  
(0.97) 

14  
(0.23) 

74  
(1.20) 

6.27 1.18 1.19 

Large 740 15.95 
(100.00) 

170 
 (1.07) 

43  
(0.27) 

213  
(1.34) 

16.10 1.32 1.34 

I 

All 722 27.05 
(100.00) 

300 
 (1.11) 

70  
(0.26) 

370  
(1.37) 

27.34 1.35 1.37 

Small 710 3.31  
(100.00) 

50 
 (1.51) 

13  
(0.39) 

63  
(1.90) 

3.36 1.88 1.90 

Medium 840 6.93  
(100.00) 

60 
 (0.86) 

3 
 (0.04) 

63  
(0.90) 

7.00 0.90 0.91 

Large 1020 18.49 
(100.00) 

140  
(0.76) 

14  
(0.07) 

154  
(0.83) 

18.64 0.83 0.83 

II 

All 930 28.73 
(100.00) 

250  
(0.87) 

30  
(0.09) 

280  
(0.96) 

29.00 0.97 0.97 

Small 650 4.56  
(100.00) 

40  
(0.88) 

5 
 (0.11) 

45  
(0.99) 

4.59 0.98 0.99 

Medium 790 7.63  
(100.00) 

120  
(1.57) 

6 
 (0.08) 

126  
(1.65) 

7.75 1.63 1.65 

Large 9.00 36.96 
(100.00) 

270  
(0.73) 

39  
(0.10) 

309  
(0.83) 

37.23 0.83 .084 

III 

All 850 49.15 
(100.00) 

430  
(0.88) 

50  
(0.10) 

480  
(0.98) 

49.57 0.97 0.98 

Small 630 4.64  
(100.00) 

30  
(0.53) 

4 
 (0.07) 

34  
(0.60) 

4.67 0.60 0.60 

Medium 680 8.30  
(100.00) 

50 
 (0.60) 

3 
 (0.04) 

53  
(0.64) 

8.36 0.63 0.64 

Large 610 15.04 
(100.00) 

150 
 (1.00) 

3 
 (0.02) 

153  
(1.02) 

15.20 1.01 1.02 

IV 

All 630 27.98 
(100.00) 

230  
(0.82) 

10  
(0.05) 

240  
(0.87) 

28.23 0.85 0.86 

Small 630 17.41 
(100.00) 

190 
 (1.09) 

45  
(0.26) 

235  
(1.35) 

17.59 1.34 1.35 

Medium 770 29.06 
(100.00) 

290  
(1.00) 

26  
(0.09) 

316  
(1.09) 

29.38 1.08 1.09 

Large 820 86.44 
(100.00) 

730  
(0.84) 

89  
(0.09) 

319  
(0.93) 

87.17 0.94 0.93 

District 

All 810 132.91 
(100.00) 

1210 
(0.91) 

160  
(0.13) 

1370 
(1.04) 

134.14 1.02 1.04 
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in stratum II, 0.10% in stratum III and 0.05% stratum IV of net
mungbean production at various post-harvest stages in the
area of study. The mungbean losses at various post-harvest
stages across farm size categories in the study area as shown
in Table 2 highlighted that mungbean losses at transportation
stage as more (60 kg) followed by losses during home
consumption (50 kg) and mungbean wastage in terms of
leftover of animals (40 kg). The mungbean losses at all these
post-harvest stages taken together accounted for 160 kg (45
kg on small farms, 26 kg on medium farms and 89 kg on large
farms), constituting 1.09% on small farms, 1.0% on medium
and 0.84% on large farms of net mungbean production. The
losses during transportation, home consumption, animal feed
and during storage were 60 kg, 50 kg, 40 kg and 10 kg,
respectively. Total losses of mungbean at all these stages
were 160 kg, which  were  45 kg on small farms, 26 kg on
medium farms and 89 kg on the large farms accounting  0.26%
on small farms and 0.9% on medium and large farms.
Total losses of mungbean: Total losses of mungbean at both
harvest and post-harvest stages as depicted in Table 3 was
noted as 1370 kg on the sample holdings with 370 kg in stratum
I, 280 kg in stratum II, 480 kg in stratum III and 240 kg in
stratum IV which accounted 1.37%, 0.97%, 0.98% and 0.86%
of net mungbean production, respectively. On the whole in
case of mungbean, the total losses (harvesting and post/
harvest stages) were estimated to be 1.04% (0.91% at harvest
and 0.13% at post-harvest stages) in the study area. Table 3
demonstrated total losses of mungbean both at harvest and
post-harvest stages across farm size categories.  These losses
varied from 235 kg on small farms to 319 kg on large farms,
which were 1.35%, 1.09% and 0.93% of net mungbean
production on small, medium and large farm size, respectively.
The overall total losses of mungbean at different harvest and
post-harvest stages in the study area were 1.04% of the total
net mungbean production i.e. 0.91% at harvesting stage and
0.13% at the post-harvesting stages.

In conclusion, the losses at harvesting stage accounted
for 0.91% of net mungbean production (1.11% in stratum I,
0.87% in stratum II, 0.88% in stratum III and 0.82% in stratum

IV) in the sample area. The total losses at harvesting stages
were 1.09%, 1.00% and 0.84% of net mungbean production on
small, medium and large farms, respectively. Losses of
mungbean at post-harvest stages were estimated to be 0.26%
in stratum I, 0.09% in stratum II, 0.10% in stratum III and 0.05%
stratum IV with an overall loss of 0.13% in the study area. The
total losses including harvest and post/harvest stages were
1.04 per cent, which were estimated to be 1.35%, 1.09% and
0.93% of net mungbean production on small, medium and
large farm size, respectively.
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ABSTRACT

The study conducted among 200 pulse growers of Hamirpur
district of Budelkhand region in Uttar Pradesh aimed at
microlevel analysis of impact of climate change on weather
parameters and their consequences on pulse productivity.
Related secondary data on temperature and rainfall for the
duration 2001-2008 were collected from the official records
and primary data related to productivity of selected pulses like
chickpea, pigeonpea and lentil were collected from the sampled
farmers for the period 2004-08. During the four years, average
maximum and average minimum temperature increased on an
average of 0.86 and 2.46ºC, respectively from the baseline year
of 2001-03. Similarly, the average rainfall declined at the
absolute rate of 268 mm which was lesser by 31.2% than the
normal rainfall during the above period from the same baseline
year. On further analysis, it was oberved that with every 0.1ºC
increase in maximum and minimum temperature,  and
temperature differences, the yield of the chickpea (38.49, 13.46
and 12.73 kg/ha), lentil (40.70, 14.22 and 13.46 kg/ha) and
pigeonpea (22.86, 9.39 and 2.90 kg/ha) respectively, declined
considerably. Results also indicated that there was greater
impact of increase in average maximum temperature on yield
reduction as compared to increase in minimum temperature
and the temperature difference. The consequence of rainfall
decline was also studied. On an average, the yield reduction
for every 10 mm average annual rainfall drop for the selected
pulse crops was found to be 12.35, 13.05 and 8.05 kg/ha for
chickpea, lentil and pigeon pea, respectively.  Farmers’
perceptions to adapt their cropping system under the changing
climatic conditions were documented.

Key words: Bundelkhand region, Climate change, Pulse crops

In India, major pulses like chickpea, lentil and pigeonpea
account for 39, 10 and 21% of the total pulse production in the
country (Anonymous 2009). The changing climatic conditions
have a major impact on rainfed crops including pulses (Basu
et al. 2009). Pulses are reported to be particularly sensitive to
heat stress at the bloom stage; only a few days exposure of
high temperature (30-35ºC) can cause heavy yield losses
through flower drop or pod damage (Siddique et al. 1999).

The Bundelkhand region is considered to be the pulse
bowl of Uttar Pradesh as it shares bout 50% area and 45% of
total pulse production of the state (Anonymous 2007). The
major pulses of the region are lentil, pigeonpea and chickpea
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grown under fully rainfed condition (clay soil) as well as
partially irrigated (loam soil) condition. The climatic parameters
like rainfall and temperature are the major determinants of pulse
productivity besides other factors like quality seed availability
and associated biotic stresses. In a study by Kothawale and
Rupakumar (2005), significant warming trends of 0.05ºC/10
years during the period of 1991-2001 were observed on the
basis of all India mean annual temperature. In another finding
by the same authors, it has been observed that annual mean
temperature and the average maximum and minimum
temperatures have increased at the rate of 0.42, 0.92 and 0.09ºC,
respectively. Singh et al. (2008) and Singh et al. (2009) also
suggested the need for situation-specific production
technological interventions keeping in mind the bio-physical
and environmental factors in the Bundelkhand region.

A micro-level study was conducted for temporal analysis
of rainfall and temperature pattern in the Hamirpur district of
Bundelkhand region. Study also attempted to determine the
impact of increased temperature on the rainfall pattern besides
quantifying the consequences of the rainfall and temperature
fluctuation on the yield level of three major pulses viz.,
chickpea, lentil and pigeonpea. Also, the perceptions of
farmers about their adaptation strategies in the changing
climatic regime were ascertained.

MATERIALS AND METHODS

The present study was conducted in purposively
selected Hamirpur district of Bundelkhand region of Uttar
Pradesh among 200 randomly drawn farmers from the four
villages namely Vidokhar, Helapur, Amirta and Kalauli Tir where
two participatory projects were implemented by Indian
Institute of Pulse Research (IIPR), Kanpur during 2000-2006.

For temporal analysis of rainfall and temperature, the
related data on average maximum and minimum temperatures
and average rainfall were collected for the period 2001-2008
from the official records of the district agricultural department,
Hamirpur. The analysis period was taken for five years i.e.
2004-2008 with the baseline year as the average of three years
i.e. 2001-2003 for temperature and rainfall. Based on the available
information, year-wise average change of maximum and
minimum temperature, change in temperature difference and
impact of temperature fluctuation on rainfall pattern were
drawn.
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Data related to prevailing agro-ecosystem of the selected
villages and trends in the productivity level of major pulse for
the period of 2004-08 were collected from the sampled pulse
growers. The collected productivity data were analyzed with
respect to influence of weather parameters. In addition,
farmers’ perception of mitigating strategies against the climatic
crisis was ascertained through open-ended questions.
Accordingly, the yield variation of these pulses for every 0.1ºC
increase in temperature and every 10 mm drop in the rainfall
was estimated. Simple statistics like average, standard
deviation (SD), coefficient of variation (CV), percentages,
percent changes and per unit changes were utilized to draw
meaningful conclusions.

RESULTS AND DISCUSSION

Existing agro-ecosystem of the study area: In the selected
villages of district Hamirpur, the predominant situation was
characterized by clay (Mar) and clay loam (Kabar) soil, rainfed
and mono-cropping situation which occupied about 60 per
cent of the total area. Under this situation, major cropping
sequences were kharif fallow-lentil + linseed and mixed
cropping of chickpea + linseed in that order of acreage. The
second important situation which shared 20 per cent of the
area was characterized by clay loam (Kabar) and Loam (Parwa)
soils with partially irrigated condition and monocropped
situation. Under this situation, the major crops grown were
mixed cropping of pigeonpea with sorghum. The third type of
micro-level production situation was characterized by double
cropping with pre-sowing irrigation condition. The major
cropping sequences were urdbean-wheat and urdbean-
chickpea under clay loam (Kabar) and loam (Parwa) soils,
respectively. Only 5 per cent of the area was found to have
loam soil with fully irrigated condition and double cropping
system in the study area. Findings helped to understand that
pulses cultivation in the study area was mostly rainfed, and

hence any deviation in the weather parameters like temperature
and rainfall shall have direct implication on the crop
productivity.
Temporal change pattern of average temperature: The data
given in the Table 1 revealed that the average maximum
temperature for the period 2001-2008 was 36.98ºC with SD of
4.49ºC and CV of 12.19%, whereas the average minimum
temperature during the same period was calculated to be
15.02ºC (with SD and CV of 0.98ºC and 6.73%, respectively).
This reflected more fluctuation in maximum temperature as
compared to minimum temperature in the study area. For the
base year (2001-03), the average maximum and minimum
temperature was 36.27ºC and 12.97ºC, respectively. From these
baseline figures, the average change in maximum temperature
was worked out to be 0.86ºC and the maximum deviation
(increase) was observed in the year 2008 (+1.81ºC), followed
by in the year 2005 (+1.15ºC) and 2004 (+0.61ºC). This indicated
continuous rise in the average maximum temperature over the
year 2004-08. Sinha and Swaminathan (1991) also worked out
that the average temperature during rabi season was high by
1.7ºC. On the other hand, it was further noticed from the Table
1 that the deviation for average minimum temperature was still
higher (+2.46ºC). Year-wise, it was highest during 2007 (+3.03ºC)
followed by 2006 (+2.95ºC) and 2004 (+2.45ºC).

Temperature difference is another important weather
parameter. The average of temperature difference for the base
year (2001-03) was 24.26ºC (Table 2). From the data, it may be
inferred that the maximum deviation of temperature difference
was in the year 2004 (-3.26ºC) and it shows constant decline
till the year 2008 with average figure of -2.06ºC. The findings
indicated variation in the maximum and minimum temperature
as well as temperature difference.
Impact of temperature changes on rainfall pattern: The
temporal data on temperature and rainfall pattern were further

Table 1. Change pattern of maximum and minimum temperature in Bundelkhand region over the years (2004-2008) from the
base year (average of 2001-2003)

S.N. Year Average 
Max. Temp 

(ºC) 

Average 
Minimum Temp 

(ºC) 

Average 
maximum 

temp. for base 
year (2001-

2003) 

Average 
minimum temp. 

for base year 
(2000-2003) 

Average deviation 
of maximum temp 
from the base year 

Average deviation 
of minimum temp 
from the base year 

1 2001 36.17 13.37 - - 
2 2002 36.10 13.83 - - 
3 2003 36.54 11.70 

36.27 12.97 

- - 
4 2004 36.42 15.42 - - +0.15 +2.45 
5 2005 36.88 15.08 - - +0.61 +2.11 
6 2006 37.42 15.92 - - +1.15 +2.95 
7 2007 36.83 16.00 - - +0.56 +3.03 
8 2008 38.08 14.75 - - +1.81 +1.78 
Overall Average 36.98 15.02   +0.86 +2.46 
SD 4.49 0.98 - - - - 
CV (%) 12.19 6.73 - - - - 
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analyzed to get more objective information and meaningful
interpretation. Data presented in Table 3 indicates average
increase of maximum and minimum temperature during the
period of 2004-08 was 0.86ºC and 2.46ºC, respectively.
Therefore, temperature showed increasing trend during the
last eight years (2001-2008). Sinha et al. (1998) had also
reported that the actual temperature rise in the major wheat
growing region of Haryana was 2.3 to 4.5ºC which is on a
higher side as compared to the results obtained from the study
area. Table 3 further revealed that the rainfall during the same
period witnessed average annual decline of 268 mm (31.2%)
from the base year 2001-03. On further analysis, it was found
that with every 0.1ºC increase in the maximum temperature,
the absolute and per cent rainfall declined at the rate of 31.2
mm and 3.62%, respectively. However, the minimum
temperature which increased at higher rate (+2.46ºC) than
maximum temperature (+0.86ºC), had lesser impact on rainfall
decline pattern. With every 0.1ºC increase in minimum
temperature, the average and per cent decline in the rainfall
were 10.89 mm and 1.27, respectively. Further, the influence of
temperature difference was found to have the least influence
on rainfall pattern. The average and per cent decline of rainfall
due to 0.1ºC decline in temperature difference were 1.18 and
0.14 mm, respectively.

The above findings helped to infer that the increase in

average maximum temperature had more influence on rainfall
as compared to average minimum temperature and temperature
difference in the Bundelkhand region of Uttar Pradesh.
Consequence of temperature increase on the yield of major
pulse: Impact of temperature on the yield of chickpea, lentil
and pigeonpea was ascertained for maximum and minimum
temperature and temperature difference (Table 4). Findings
contained in the Table 4 showed that the yield of all the
selected pulses have shown declining trends during the period
of 2004-08. It was further computed that with every 0.1ºC
increase in maximum temperature, the yield reduction were to
the extent of 38.49 kg/ha, 40.70 kg/ha and 26.86 kg/ha for
chickpea, lentil and pigeonpea, respectively. However, with
every 0.1ºC increase in minimum temperature, the yield
reduction for above pulse crops were 13.46 kg/ha, 14.22 kg/ha
and 9.39 kg/ha, respectively. However, with every 0.1ºC
increase in temperature difference, the yield reduction (kg/ha)
were still lower i.e. 12.73, 13.46 and 2.90, respectively (Table
4).

Findings helped to understand that increase in minimum
temperature as well as temperature difference had lesser
influence on yield reduction of pulses as compared to increase
in the maximum temperature. The greater influence of increased
temperature on the yield reduction of pulses could be explained

Table 2. Change pattern of temperature difference (Max-Min temp.) in Bundelkhand region over the years (2004-08) from the
base year (Average of 2001-2003)

S.N. Year Average temperature 
difference (ºC) 

Average temperature difference (ºC)  
for the base year 

Deviation of the average temp 
difference (ºC) from the base year 

during 2004-08 
1 2001 24.46 - 
2 2002 23.79 - 
3 2003 24.54 

24.26 

- 
4 2004 21.00 - -3.26 
5 2005 21.33 - -2.93 
6 2006 21.71 - -2.55 
7 2007 20.89 - -3.37 
8 2008 23.33 - -0.93 
Overall average 22.63 - -2.60 
SD 0.799  - 
CV (%) 03.53  - 
 

Table 3. Effect of temperature change on the rainfall pattern in the Bundelkhand region
S.N. Parameter Value 
1. Average increase in maximum temperature (2004-2008) +0.86oC 
2. Average increase in minimum temperature (2004-2008) +2.46oC 
3. Average decline in rainfall during 2004-2008 -268.0 mm 
4. Average percent decline in rainfall during 2004-2008 -31.2% 
5. Decline in rainfall with every 0.1ºC increase in maximum temperature -31.2 mm 
6. Per cent decline in rainfall with every 0.1ºC increase in maximum temperature -03.62% 
7. Decline in rainfall with every 0.1ºC increase in minimum temperature -10.89 mm 
8. Percent decline in rainfall with every 0.1ºC increase in minimum temperature -01.27% 
9. Decline in rainfall with every 0.1ºC increase in temperature difference -01.18 mm 
10. Percent decline in rainfall with every 0.1ºC increase in temperature difference -00.14% 
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on the ground that the critical crop growth stages of pulses
like flowering and seed filling stage (Siddique et al. 1999) and
pod setting stage (Basu et al. 2009) are extremely sensitive to
temperature rise and thereby consequent yield reduction.
Consequences of declined rainfall on the yield of major
pulse: Findings as depicted in Table 4 showed that the average
yield of chickpea, lentil and pigeonpea declined to the extent
of 331 kg/ha, 350 kg/ha and 231 kg/ha, respectively during the
analysis periods (2004-08) against the base year of 2004.
During the same period, average decline in the rainfall was
found to be 268 mm. Therefore, it is estimated that with every
10 mm reduction in the average annual rainfall,  the
corresponding decline in the yield were 12.35 kg/ha, 13.05 kg/
ha and 8.6 kg/ha.

However, based on the above analysis, it could be
inferred that rising temperature was a critical factor for rainfall
decline as well as yield reduction of the selected pulse crops
as compared to reduction in rainfall only. This may be attributed
to the fact that pulse are though not water loving crops albeit
the present trends of fluctuating rainfall (heavy as well as
perennial drought condition) may have serious implications
on pulse productivity in the region. No empirical evidence is
available showing the influence of declining rainfall on pulse
productivity with particular reference to this region.

Farmers’ perception of adaptation strategies against
changing climatic condition:

The sampled farmers were asked to respond on their
perception and practice of the adaptation strategies to mitigate
the changing climatic condition in their area. Findings as
presented in Table 5 indicate that most of the farmers felt that
the prevailing kharif fallow mono-cropped situation may be
brought under urdbean-lentil/chickpea sequence (70%). This
helped to conclude that under the given rainfed
monocropping situation, the declined rainfall was the less
serious problem and could be overcome by adjusting the
cropping sequence as compared to temperature increase. This
scenario has been viewed as the opportunity by the farmers
to convert mono-cropping to double cropping sequence. The
other pre-dominant perception of farmers to mitigate the
negative influence of rising temperature and unwanted rainfall
at the maturity time for lentil was its early sowing (first week
of October) with pre-sowing irrigation (65%). Another popular
perception expressed by the pulse growers included large
scale use of disease tolerant high yielding varieties of
chickpea, lentil and pigeonpea (63.50%); large scale cultivation
of sesamum and chickpea cropping sequence under hitherto
mono-cropped situation (40%) and more use of sprinkler
system of irrigation for optimum use of scarce resources like
water for pulse cultivation (35.50%) in that order.

Table 4. Consequences of changed weather parameters on the yield of major pulses

Figures in parentheses in sixth column indicate magnitude of rainfall decline
Figures in parentheses indicate yield variation from the base year 2004

Increase in 
temperature (ºC) 

Actual and decline yield (kg/ha) of major 
pulse from the base year 2004 

S.N. Year 

Max. 
temp. 

Min.  
temp. 

Variation in the 
temp. Differences 
(ºC) from the base 

year 2001-2003 

Trends in actual and 
declined rainfall (mm) 
from the baseline year 

of 2001-2003  
(860.07 mm) 

Chickpea Lentil Pigeonpea 

1 2004 +0.15 +2.45 -3.26 698 (162) 1550 (  -  ) 1800 (  -  ) 1400 ( - ) 
2 2005 +0.16 +2.11 -2.93 680 (180) 1500 (-050) 1750 (-050) 1325 (-075) 
3 2006 +1.15 +2.95 -2.55 534 (326) 1200 (-350) 1525 (-275) 1200 (-200) 
4 2007 +0.56 +3.03 -3.37 556 (304) 1100 (-450) 1300 (-500) 1105 (-295) 
5 2008 +1.81 +1.78 -0.93 600 (260) 1075 (-475) 1225 (-575) 1045 (-355) 
Average +0.86 +2.46 -2.60 614 (268) 1285 (-331) 1520 (-350) 1215 (-231) 
Change in yield with every 0.1ºC increase in max. and min. temperature Max. Temp.:  

-38.49 kg/ha 
Min. Temp.:  
-13.46 kg/ha 

Max. Temp.:  
-40.70 kg/ha 
Min. Temp.:  
-14.22 kg/ha 

Max. Temp.:  
-26.86 kg/ha 
Min. Temp.:  
-09.39 kg/ha 

Change in yield reduction with every 0.1ºC increase in temperature differences -12.73 kg/ha -13.46 kg/ha -02.90 kg/ha 
Change  in yield with every 10 mm drop in the rainfall -12.35 kg/ha -13.05 kg/ha -08.60 kg/ha 
 

Table 5. Pulse farmers’ perception of adaptation strategies against changing climatic conditions (N=200)
S.N. Adaptation strategies % of response Rank 

1. Kharif fallow may be converted to urdbean crop 70.0 I 
2. Early sowing (First week of October) of chickpea and lentil with pre-sowing irrigation 65.0 II 
3. Use of disease tolerant and high yielding varieties of pulse 63.5 III 
4. Large scale adoption of sesamum-chickpea cropping sequence 40.0 IV 
5. Use of sprinklers system of irrigation for optimum use of water 35.5 V 
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Findings of the study provide empirical evidences of
the consequences of changing climatic condition on pulse
productivity in the Hamirpur district. Though the study was
confined to the micro-level and of limited time span, the
longitudinal analysis of weather parameters in relation to pulse
productivity gave ample credence of the serious implications
for pulse cultivation in Hamirpur district. Findings gave two
fold implications- first, there is need to take-up such study on
large scale with more database on time series basis in order to
arrive at more precise conclusions and second, to redesign
the crop improvement and related crop management strategies
to combat the crisis of changing climatic regime. Moreover,
the need to take farmer participatory research and extension
for assessment, validation and dissemination of location
specific pulse production technology is not ruled out.
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ABSTRACT

Pods of two guar varieties ‘FS 277’ and ‘PNB’ were picked up at
45 and 60 days after sowing as a single lot and were used for
preparing potato-guar vegetable and raita. The protein, crude
fiber and total mineral contents were significantly high when
compared to the control (without guar pods). The potato-guar
vegetable prepared from the grain type cultivar ‘FS 277’
contained significantly higher crude protein, ash, fat and crude
fiber than the vegetable prepared from the genotype ‘PNB’.
Raita having guar pods of both the varieties irrespective of
stage of maturity had similar moisture contents but had more
protein and crude fiber than the control. Therefore, by
optimizing the right pod picking stage for preparing guar
products, maximum nutritional benefit can be obtained from
this crop.

Keywords: Cyamopsis tetragonoloba, Guar, Guar vegetable, Raita

Guar or cluster bean [Cyamopsis tetragonoloba (L.)
Taub] is a drought tolerant leguminous crop of the arid regions
of India. The crops are grown for green fodder and vegetable
under irrigated conditions during hot summer (pre-monsoon
months) and in rainfed conditions during monsoon months.
It is grown in Rajasthan, Gujarat, Haryana, Punjab and parts
of Uttar Pradesh. The average productivity level in Rajasthan
is 325 kg/ha under irrigated conditions and 275 kg/ha under
rain-fed conditions, while Haryana has much higher
productivity of 1100 kg/ha (Sharma 2010). The nutrient bio-
availability from guar depends on total nutrient content and
factors such as post-harvest handling, processing methods
and conditions, presence of anti-nutritional and/ or toxic
factors. Compared to other food legume crops, consumption
and utilization of Guar is low. This can be partially attributed
to inherent presence of beany flavour, presence of several
heat stable and heat labile anti-nutritional and toxic factors
including enzyme inhibitors like trypsin and saponins, and
prolonged preparation and cooking required for consumption
(Couch et al. 1966).  However, picking up guar pods at pod
filling stage (45 days after sowing), especially for the vegetable
purpose, can take care of the above-mentioned problems. At
later stage (60 days after sowing), guar pods become more
fibrous and hence are not acceptable in some of the food
products.
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tetragonoloba) pods
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MATERIALS AND METHODS

The present investigation was carried out to assess the
nutritional composition of pods of two guar varieties ‘FS 277’
(grain type) and ‘PNB’ (vegetable type). These varieties were
selected to develop value added products from pods. The
experiment was conducted during the year 2005-06 at CCS
Haryana Agricultural University, Hisar and the pods were
procured in a single lot at 45 and 60 days after sowing (DAS)
from forage section.

Potato and guar vegetables were prepared by mixing
35, 65, 10, 15, 10, 5, 5, 2, 5 and 5 g of potato, guar pods, onion,
oil, tomato, salt, turmeric powder, red chilli powder, coriander
powder and garam masala, respectively. In control (vegetable
without guar pods), only 100 g potato was used in place of
potato + guar pods. Vegetables were prepared in closed lid
pan and cooked on low flame for 20 min till these became
tender. Various types of raita were prepared by mixing 50, 3, 2,
2, and 5 g of curd, salt, red chilli powder, cumin seeds and oil,
respectively. In raita with guar pods, 15 g chopped and boiled
guar pods were added. Heated oil in pan, cumin seeds fried till
golden brown, salt and red chilli powder were added to the
curd and well mixed by stirring.

The most acceptable products were selected for analysis
in terms of proximate composition and dietary fiber and
analyzed by AOAC (1995) methods. Anti-nutritional factors
(saponins) were analyzed following Gestetner et al. (1996)
and trypsin was analyzed as per Roy and Rao (1971). Protein
digestibility (in vitro) was analyzed by using Mertz et al.
(1983), and starch digestibility (in vitro) was analyzed by Singh
et al. (1982) and total minerals were also estimated.

RESULTS AND DISCUSSION

The mean scores for colour, appearance, flavour, texture
and taste of all types of potato and guar vegetables ranged
from slightly desirable to moderately desirable. In general,
organoleptic characteristics of potato and guar vegetables
and raita (with guar pods) were not superior to the control.
However, these were comparable when 45 days after sowing
guar pods were used for preparing the vegetables and raita
(Table 1).
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content than the potato and guar bean vegetable prepared
from the vegetable type cv. ‘PNB’ (Table 2). In general, the
crude protein, fat, ash and crude fiber contents increased
signif icantly in the potato and guar bean vegetable
incorporating guar pods.  Raita having guar pods of ‘FS 277’

Potato and guar bean vegetable containing guar pods
of cv. ‘PNB’ picked up at 45 and 60 days had the highest and
lowest moisture content, respectively. The potato-guar
vegetable prepared from grain type cv. ‘FS 277’ contained
significantly more crude protein, ash, fat and crude fiber

Table 2. Effect of varietal differences and stage of maturity on proximate composition of vegetable and raita products containing
guar pods (% on dry matter basis)

Products Moisture Crude protein Fat Ash Crude fibre 
Potato and guar vegetables 
Control (without guar pods)  64.08 ± 0.08 2.13 ± 0.04 5.85 ± 0.12 1.33 ± 0.03 1.56 ± 0.04 
With guar pods (grain Type) 
FS 277 (45 days) 64.16 ± 0.01 4.04 ± 0.02 6.38 ± 0.03 2.59 ± 0.02 3.07 ± 0.01 
FS 277 (60 days) 63.07 ± 0.05 6.84 ± 0.01 6.79 ± 0.06 2.93 ± 0.03 3.31 ± 0.09 
With guar pods (vegetable type) 
PNB (45 days) 64.18 ± 0.04 3.81 ± 0.06 6.02 ± 0.01 2.37 ± 0.03 2.37 ± 0.01 
PNB (60 days) 63.68 ±0.17 6.53 ±0.02 6.21 ±0.03 2.79 ± 0.04 3.14 ± 0.12 
SEm (±) 0.11 0.04 0.02 0.03 0.08 
CD (P = 0.05) 0.33 0.13 0.24 0.11 0.25 
Raita 
Control (without guar pods)  87.93 ± 0.09 1.41 ± 0.02 2.83 ±0.03 1.62 ±0.12 ND 
With guar pods (grain type) 
FS 277 (45 days) 84.60 ± 0.17 1.80 ± 0.01 3.67 ± 0.13 3.02 ± 0.14 0.53 ± 0.01 
FS 277 (60 days) 84.04 ± 0.07 2.20 ± 0.02 3.75 ± 0.28 3.49 ± 0.03 0.77 ± 0.02 
With guar pods (vegetable type) 
PNB (45 days) 85.25 ± 0.11 1.75 ± 0.02 3.32 ± 0.05 2.70 ± 0.04 0.51 ± 0.03 
PNB (60 days) 84.94 ± 0.07  2.13 ± 0.00 3.55 ± 0.04 3.18 ± 0.05 0.73 ± 0.04 
SEm (±) 0.41 0.01 0.17 0.10 0.04 
CD (P = 0.05) 1.23 0.04 0.51 0.51 0.12 
 

Table 1. Sensory evaluation of potato and guar vegetable and raita prepared using guar pods

*Curd without guar pods but spices added

Organoleptic characteristics Products 
Colour Appearance Flavour Texture Taste Overall 

acceptability 
Potato and guar vegetables 
Control (without guar pods)  7.4 ± 0.24 7.0 ± 0.31 7.2 ± 0.21 7.4 ± 0.37 7.2 ± 0.28 7.28 ± 0.30 
With guar pods (grain Type) 
FS 277 (45 days) 7.6 ± 0.16 7.3 ± 0.15 7.4 ± 0.16 7.0 ± 0.33 7.0 ± 0.29 7.26 ± 0.16 
FS 277 (60 days) 7.3 ± 0.15 7.3 ± 0.15 6.7 ± 0.11 6.0 ± 0.25 6.3 ± 0.21 6.6 ± 0.07 
With guar pods (vegetable type) 
PNB (45 days) 7.1 ± 0.10 7.1 ± 0.10 6.9 ± 0.10 6.6 ± 0.22 6.6 ± 0.26 6.9 ± 0.12 
PNB (60 days) 7.0 ± 0.20 7.0 ± 0.50 6.7 ± 0.15 5.3 ± 0.01 6.3 ± 0.21 6.6 ± 0.07 
SEm (±) 0.12 0.09 0.11 0.20 0.18 0.09 
CD (P = 0.05) 0.36 0.29 0.33 0.62 0.54 0.28 
Raita 
Control* (without guar pods)  7.5 ± 0.31 7.5 ± 0.33 7.3 ± 0.43 7.7 ± 0.43 7.5 ± 0.28 7.2 ± 0.15 
With guar pods (grain type) 
FS 277 (45 days) 7.4 ± 0.16 7.4 ± 0.16 7.3 ± 0.15 7.1 ± 0.17 7.2 ± 0.13 7.28 ± 0.14 
FS 277 (60 days) 6.8 ± 0.13 6.1 ± 0.10 6.2 ± 0.13 5.7 ± 0.15 5.9 ± 0.17 6.14 ± 0.07 
With guar pods (Vegetable type) 
PNB (45 days) 7.5 ± 0.16 7.4 ± 0.16 7.3 ± 0.13 7.2 ± 0.13 7.2 ±0.13 7.3 ± 0.12 
PNB (60 days) 7.0 ±0.13 6.7 ± 0.15 6.9 ±0.10 6.4 ± 0.16 6.7 ± 0.15 6.7 ± 0.05 
SEm (±) 0.06 0.07 0.07 0.08 0.07 0.05 
CD (P = 0.05) 0.19 0.21 0.21 0.25 0.22 0.16 
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and ‘PNB’ irrespective of stage of maturity had similar moisture
contents but more protein and crude fiber than the control.
The neutral detergent fiber (NDF) content of potato and guar
bean vegetable containing ‘FS 277’ at 45 days was 6.30 g/ 100
g and NDF content of the same product prepared containing

‘FS 277’ (grain type) at 60 days after sowing was significantly
(P < 0.05) higher (6.75 g/100 g) than at 45 days after sowing
(Table 3). Similar trend was noticed in case of raita having
guar pods of ‘FS 277’. Ordinary cooking as well as pressure
cooking had no effect on the NDF. In case of acid detergent

Table 3. Effect of varietal differences and maturity stage on dietary fibers (NDF and ADF) and anti-nutritional factors activity of
vegetable and raita products containing guar pods

Products NDF ADF Saponin               
(mg/ 100 g) 

Trypsin inhibitor 
activity (TIU/ g) 

Potato and guar vegetables 
Control (without guar pods)  3.4 ± 0.10 1.75 ± 0.15 624.2 ± 2.07 30.4 ± 1.60 
With guar pods (grain type) 
FS 277 (45 days) 6.3 ± 0.10 3.6 ± 0.09 1250.4 ± 7.51 69.0 ± 1.03 
FS 277 (60 days) 6.8 ± 0.13 4.3 ± 0.12 1266.6 ± 6.6 70.2 ± 1.12 
With guar pods (vegetable type) 
PNB (45 days) 5.5 ± 0.20 3.4 ± 0.10 1157.9 ± 2.96 54.4 ± 0.78 
PNB (60 days) 5.9 ±0.10 3.7 ± 0.20 1248.1 ± 5.56 61.1 ± 1.84 
SEm (±) 0.02 0.04 6.35 1.67 
CD (P = 0.05) 0.06 0.12 19.07 5.03 
Raita 
Control (without guar pods)  3.4 ± 0.35 0.35 ± 0.05 ND ND 
With guar pods (grain type) 
FS 277 (45 days) 6.4 ± 0.04 3.5 ± 0.21 1214.3 ± 1.86 50.61 ± 0.51 
FS 277 (60 days) 6.8 ± 0.01 3.9 ± 0.05 1267.5 ± 2.56 61.7 ± 0.40 
With guar pods (vegetable type) 
PNB (45 days) 6.3 ± 0.19 3.1 ± 0.01 1118.9 ± 6.01 36.1 ± 1.84 
PNB (60 days) 6.7 ± 0.04 3.5 ± 0.05 1136.7 ± 3.52 46.2 ± 1.24 
SEm (±) 0.06 0.01 5.36 1.68 
CD (P = 0.05) 0.18 0.03 16.09 5.04 
 
Table 4. Effect of varietal differences and stage of maturity on in vitro starch and protein digestibility of vegetable and raita

products containing guar pods (on dry matter basis)
Products Protein digestibility  

(%) 
Starch digestibility  

(mg/maltose released/g meal) 
Potato and guar vegetables 
Control (without guar pods) 32.6 ± 0.05 66.9 ± 0.07 
With guar pods (grain type) 
FS 277 (45 days) 50.5 ± 0.44 62.1 ± 0.10 
FS 277 (60 days) 48.4 ± 0.43 58.6 ± 0.12 
With guar pods (vegetable type) 
PNB (45 days) 51.1 ± 0.13 62.4 ± 0.08 
PNB (60 days) 50.3 ± 0.16 59.8 ± 0.12 
SEm (±) 0.35 0.12 
CD (P = 0.05) 1.06 0.37 
Raita 
Control (without guar pods)  40.1 ± 0.83 20.8 ± 0.64 
With guar pods (grain type) 
FS 277 (45 days) 44.2 ± 0.11 28.6 ± 0.13 
FS 277 (60 days) 38.1 ± 0.09 25.8 ± 0.41 
With guar pods (vegetable type) 
PNB (45 days) 45.5 ± 0.24 29.1 ± 0.10 
PNB (60 days) 38.5 ± 0.06 28.8 ± 0.07 
SEm (±) 0.47 0.42 
CD (P = 0.05) 1.43 1.27 
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Table 5. Effect of varietal differences and stage of maturity on total mineral contents of vegetable and raita products containing
guar pods (mg/100 gm on dry matter basis)

Products Calcium Iron Phosphorus Zinc Copper 
Potato and guar vegetables 
Control (without guar pods)  50.9 ± 0.09 0.21 ± 0.01 41.6 ± 1.17 0.41 ± 0.02 0.35 ± 0.02 
With guar pods (grain type) 
FS 277 (45 days) 72.3 ± 0.08 1.60 ± 0.10 80.2 ± 0.09 0.62 ± 0.01 0.46 ± 0.01 
FS 277 (60 days) 80.0 ± 0.11 2.00 ± 0.10 84.0 ± 0.07 0.71 ± 0.02 0.57 ± 0.01 
With guar pods (vegetable type) 
PNB (45 days) 71.0 ± 0.10 1.40 ± 0.10 79.4 ± 0.09 0.56 ± 0.02 0.46 ± 0.01 
PNB (60 days) 76.7 ± 0.10 1.90 ± 0.09 82.7 ± 0.04 0.62 ± 0.01 0.52 ± 0.02 
SEm (±) 0.01 0.01 0.55 0.03 0.04 
CD (P = 0.05) 0.03 0.03 1.65 0.09 0.12 
Raita 
Control (without guar pods)  131.6 ± 1.40 ND  81.8 ± 1.70 ND ND 
With guar pods (grain type) 
FS 277 (45 days) 158.0 ± 0.03 0.74 ± 0.01 90.3 ± 0.15 0.15 ± 0.01 0.03 ± 0.00 
FS 277 (60 days) 165.2 ± 0.04 0.79 ± 0.02 97.4 ± 0.06 0.24 ± 0.01 0.07 ± 0.01 
With guar pods (vegetable type) 
PNB (45 days) 156.8 ± 0.35 0.70 ± 0.01 89.1 ± 0.07 0.15 ± 0.05 0.02 ± 0.03 
PNB (60 days) 164.1 ± 1.60 0.83 ± 0.01 96.7 ± 0.27 0.20 ± 0.01 0.22 ± 0.17  
SEm (±) 1.85 0.01 1.97 0.01 0.11 
CD (P = 0.05) 5.55 0.04 5.91 0.04 0.34 
 
fibre (ADF), the potato and guar vegetable recipe having guar
pods of vegetable type variety ‘PNB’ was 3.40 and 3.70 g/ 100
g at 45 and 60 days, respectively. The ADF content in case of
raita and potato bean vegetable increased with the maturity
stage of guar pods used in the recipe. The saponin contents
were significantly higher in potato and guar vegetable and
raita having grain type ‘FS 277’ guar pods picked up at 60
days after sowing than the control. Similar trend was observed
in case of trypsin inhibitors in both the recipes. The starch
digestibility (mg/ maltose released/ g meal) of potato and guar
vegetable and raita containing guar pods of grain and
vegetable type varieties at 45 and 60 days after sowing ranged
from 58.6 to 62.1 and 59.8 to 62.4, respectively and was
significantly less than the control. The protein digestibility
(in vitro) of potato and guar vegetable and raita containing
guar pods showed similar trends of decrease in digestibility
of protein (Table 4). Total mineral, Ca, P, Fe, Zn and Cu contents
of products prepared using guar pods increased with increase
in stage of maturity in both the recipes (Table 5).

Overall it can be concluded that this under-utilized crop
is a rich source of protein, fiber and minerals such as calcium,
phosphorus, iron, zinc and copper. The in vitro digestibility
of anti-nutrients of vegetable type guar variety at 45 days
was better than the grain type variety at same stage of maturity.
Using different methods of cooking processes, additional

products which are nutritionally acceptable can be developed
from the guar pods.
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Mungbean [Vigna radiata (L.) Wilczek] is a short
duration legume crop, cultivated primarily for its protein-rich
edible seeds. However, low productivity is the major constraint
for large-scale production of this crop. For developing high-
yielding varieties, a comprehensive knowledge of nature and
magnitude of gene action is required. Yield, which is a complex
quantitative trait, is governed by polygenes with complex gene
action. For improving yield through hybridisation, parents
are selected on the basis of combining ability and their per se
performance. Such parents may be expected to combine well
and produce desirable hybrids and segregants. Combining
ability analysis provides an insight into the nature and
magnitude of fixable and non fixable genetic effects and thus
helps to decide proper breeding method. In the present study,
an attempt was made to estimate the combining ability and
gene action governing the quantitative traits in mungbean
using line × tester mating design.

The experimental material for the present study
comprised 10 mungbean genotypes; 7 genotypes (‘IPRM 90’,
‘LGG 477’, ‘PDM 1’, ‘PUSA 105’, ‘T 44’, ‘ML 5’,  ‘HUM 10’)
were used as lines and the remaining 3 genotypes (‘HUM 15’,
‘EC 398884’ and ‘EC398888’) were used as testers. These
genotypes were crossed in the line × tester design. The
resulting 21 hybrids alongwith 10 parents (total 31 entries)
were grown in a randomized block design with three replications
during kharif, 2008. Each entry was grown in two rows plot of
2 m length with intra- and inter- row spacing of 15 cm and 40
cm, respectively. Recommended crop management and plant
protection practices were followed during the crop growth
period. The observations were recorded on five randomly
taken competitive plants on eight characters viz., plant height,
number of primary branches, number of clusters/plant, number
of pods/plant, number of seeds/pod, days to maturity, 100-
seed weight and seed yield/plant in each entry. The mean
data were subjected to line × tester analysis to estimate
combining ability (Kempthrone 1957).

Combining ability analysis gives information on genetic
architecture of the crosses under study and helps in ranking
the potential lines on the basis of their performance. Perusal
of analysis of variance in the present study revealed that
variances due to lines (females) were significant for all
characters except for number of clusters/plant, number of pods/
plant and seed yield/plant, while variances due to testers
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(males) were significant for plant height, number of primary
branches, number of clusters/plant and days to maturity.
However, variances due to L×T were highly significant for all
characters except for days to maturity. Kumar et al. (2005)
earlier reported that variances due to females (lines) were
significant for all the characters except for seed yield/plant,
number of pods/plant, pod length and protein content in
mungbean.  The variation due to parents (P) vs. hybrids (Hy)
was significant for number of primary branches, number of
pods/plant, number of seeds/pod, 100-seed weight and seed
yield/plant (Table 1). In a similar study, Singh and Dikshit
(2003) also reported that variation due to P × Hy was significant
for all traits, indicating the presence of substantial heterosis
in the crosses.

Combining ability analysis revealed that estimates of
specific combining ability (sca) variances were higher than
general combining ability (gca) variances for all characters
under study, suggesting predominance of non-additive gene
action for these characters. Gupta et al. (2006) earlier reported
that estimates of sca variances were higher than gca variances
for plant height, number of clusters/plant, number of pods/
cluster, number of pods/plant, number of seeds/pod and seed
yield/plant. However, Singh and Dikshit (2003) also reported
that estimates of sca variances were higher than gca variances
for all the characters under study, indicating the importance
of non-additive gene effects in the expression of these traits.

The estimates of gca effects showed that the parents
‘IPRM 90’ and ‘EC 398888’ with significant positive gca effects
were good combiners for many characters (Table 2).  The gca
estimates of ‘IPRM 90’ indicated that it was a good combiner
for number of pods/plant, number of primary branches/plant,
seed yield/plant, 100-seed weight, number of clusters/plant,
number of seeds/pod with reduced plant height while ‘EC
398888’ was a good combiner for plant height, number of pods/
plant, number of clusters/plant, seed yield/ plant, number of
primary branches/plant and 100-seed weight. ‘PUSA 105’ was
identified as a good combiner for plant height, number of
pods/plant, seed yield/plant and number of clusters/plant and
‘PDM 1’ was found to be good general combiner for seed
yield/ plant, number of pods/plant, number of clusters/plant,
and 100-seed weight.

The other parents namely, ‘LGG 477’, ‘ML 5’, ‘HUM
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10’, ‘HUM 15’ and ‘EC 398884’ were found to be good
combiners for two characters each. ‘HUM 10’ recorded
significant positive gca effects for number of clusters/plant
and number of seeds/pod and ‘ML 5’ showed significant
positive gca effects for 100-seed weight, number of primary
branches/plant and number of seeds/pod. In general, good
combiners for seed yield/plant had significant gca effects for
two or more yield component characters, suggesting their
potential use in further breeding programme to isolate
desirable transgressive segregants for seed yield and its
component characters (Dethe et al. 2008).

Genotypes ‘HUM 15’ and ‘EC 398884’ showed
significant positive gca effect for number of seeds/pod,
whereas ‘LGG 477’ recorded positive significant gca effects
for number of clusters/plant and number of seeds/pod. Four
parents namely ‘PDM 1’, ‘T 44’, ‘HUM 10’ and ‘EC 398888’
registered negative significant gca effect for days to maturity
indicating earliness in maturity.

Specific combining ability effects of some crosses
showed positive significant performance for one or more

characters. Ten crosses showed significant positive sca effects
for seed yield/plant. The crosses showing significant sca
effects for seed yield/plant also exhibited significant effects
for other component characters. This may be because the
seed yield is a complex character and is generally dependent
upon its component characters. The crosses, ‘PDM 1’ × ‘HUM
15’, ‘PUSA 105’ × ‘EC 398888’ and ‘LGG 477’ × ‘EC 398888’
expressed highly significant and positive sca effects for seed
yield/plant and number of pods/plant, respectively.  Besides
seed yield/plant and number of pods/plant, some other crosses
were also found to be good combiners for other characters,
like ‘PDM 1’ × ‘HUM 15’ and ‘PUSA 105’ × ‘EC 398888’ recorded
significant sca effects for number of clusters/ plant. Crosses
‘IPRM 90’ × ‘EC 398888’ and ‘PUSA 105’ × ‘EC 398884’
registered significant sca effects for 100-eed weight whereas
‘IPRM 90’ × ‘EC 398888’ also showed significant sca effect for
number of primary branches.

The crosses, ‘PDM 1’ × ‘HUM 15’, ‘PUSA 105’ × ‘EC
398888’ and ‘LGG 477’ × ‘EC 398888’ with high sca for seed
yield and other yield contributing characters involving parents

Table 1. Analysis of variance for combining ability in mungbean

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

Source df Plant 
height 
(cm) 

Primary 
branches/ plant 

(no.) 

Clusters/ 
plant 
(no.) 

Pods/ 
plant 
(no.) 

Seeds/ 
pod 
(no.) 

Days to 
maturity  

(no.) 

100-seed 
weight  

(g) 

Seed yield 
/plant  

(g) 
Replication 2 0.34 0.02 0.12 0.10 0.01 0.90 0.01 0.04 
Entries 30 36.63 0.48 6.78 37.41 0.08 24.19 0.70 20.65 
Parents 9 66.19** 0.80** 8.63** 24.72** 0.18** 45.93** 1.90** 16.77** 
Hybrids 20 25.10** 0.34** 6.28** 43.53** 0.04** 15.60** 0.11** 20.24** 
P vs Hy 1 1.20 0.22** 0.01 29.21** 0.06* 0.35 1.72** 63.93** 
Lines 6 33.09** 0.59* 3.49 24.56 0.08** 43.14** 0.25** 19.84 
Testers 2 148.19** 0.87* 39.04** 131.80 0.06 21.16** 0.06 23.32 
Line x Tester 12 0.60** 0.13** 2.22** 38.31** 0.02** 0.90 0.05** 19.90** 
Error 60 1.11 0.01 0.08 0.12 0.01 0.71 0.01 0.02 
Total 90 12.67 0.16 2.26 12.28 0.03 8.37 0.23 6.75 
σ2 gca 3.497 0.032 0.273 0.985 0.093 0.166 0.010 0.410 
σ2 sca 11.823 0.210 0.501 1.643 0.314 2.777 0.120 1.759 
gca/sca 0.296 0.152 0.545 0.600 0.296 0.060 0.083 0.233 
 

Table 2. General combining ability effects of parents in mungbean

*Significant at P = 0.01

S.N. Genotype Plant height 
(cm) 

Primary 
branches/ plant 

(no.) 

Clusters/plant 
(no.) 

Pods/plant 
(no.) 

Seeds/pod 
(no.) 

Days to 
maturity 

(no.) 

100-seed 
weight  

(g) 

Seed yield/ 
plant  

(g) 
1 IPRM 90  -2.72** 0.54** 0.23** 0.81** 0.13** 0.14 0.26** 0.42** 
2 LGG 477 -1.11** -0.01** 0.04** -0.33** 0.06** 1.81** -0.03** -0.02** 
3 PDM 1  0.34 -0.08** 0.49** 1.94** -0.07** -1.08** 0.02** 2.58** 
4 PUSA 105  1.63** -0.21** 0.25** 1.40** -0.02** 3.70** -0.19** 0.40** 
5 T 44  3.14** 0.08** -1.28** -3.08** -0.15** -2.41** -0.18** -2.39** 
6 ML 5 -0.69** 0.06** -0.25** -0.12** 0.03** 0.03 0.17** -0.67** 
7 HUM 10  -0.59** -0.19** 0.51** -0.61** 0.03** -2.19** -0.06** -0.32** 
8 HUM 15  -1.40** -0.02** -1.18** -1.61** 0.01** 0.27** -0.05** -0.41** 
9 EC 398884  -1.66** -0.92** -0.31** -1.27** 0.04** 0.84** 0.00 -0.79** 

10 EC 398888  3.06** 0.21** 1.49** 2.89** -0.06** -1.11** 0.05** 1.20** 
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with high gca × high gca combination, indicated that additive
and additive × additive gene effects were predominant in the
expression of the characters. Therefore, single plant selection
could be practiced in segregating generations to isolate
superior segregants from such combinations due to possibility
of fixation (Dethe et al. 2008).

The sca effects represented dominance and epistatic
components of variation which are non-fixable in nature. But
if the crosses showing significant sca effects involve any of
the general combining genotypes, they could be successfully
exploited to give stable performing transgressive segregants
carrying fixable gene effects (Loganathan et al. 2001).

From the present experiment, it can be concluded that
the estimates of sca variances were higher than gca variances
for all yield attributing traits except clusters per plant. It
indicates the importance of non-additive gene affects in the
expression of the traits in mungbean.

Table 3. Specific combining ability effects of crosses for different characters in mungbean

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

S. No. Characters Crosses with significant sca effects 
1. Primary branches/ plant (no.) IPRM 90 × EC 398888 (0.51**) 
2. Clusters/ plant (no.) PDM 1 × HUM 15 (1.93**), PUSA 105 × EC 398888 (0.90**) 
3. Pods/ plant (no.) PDM 1 × HUM 15 (5.70**), PUSA 105 × EC 398888 (4.59**), LGG 477 × EC 398888 (4.48**), 

T 44 × EC 398884 (2.61**), T 44 × HUM 15 (1.88**), HUM 10 × EC 398884 (1.29**), 
ML 5 × EC 398884 (1.28**), IPRM 90 × HUM 15 (1.17**), ML 5 × HUM 15 (0.79**)  

4. Days to maturity (no.) IPRM 90 × EC 398884 (1.05*) 
5. 100-seed weight (g) IPRM 90 × EC 398888 (0.15**), IPRM 90 × HUM 15 (0.12*), PUSA 105 × EC 398884 (0.11*) 
6. Seed yield/plant (g) PDM 1 × HUM 15 (3.61**), PUSA105 × EC 398888 (3.22**), LGG 477 × EC 398888 (2.61**) , 

T 44 × EC 398884 (1.47**),  PDM 1 × EC 398884 (1.28**), IPRM 90 × EC 398888 (0.80**), 
HUM 10 × EC 398884 (0.73**), HUM 10 × EC 398888 (0.55**), ML 5 × HUM 15 (0.40**),  
ML 5 × EC 398884 (0.19**) 
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Field pea (Pisum sativum L.) is an important rabi pulse
crop grown in India. In general, pedigree method is mostly
adopted for improvement of pulses. To strengthen the
recombination breeding, continuous assessment of combining
ability is required using different sets of pure lines. Diallel
analysis provides an idea of parental performance both for
general (gca) and specific combining ability (sca) with respect
to target trait. In field pea, both diallel and line × tester analysis
are used to assess the genetic recombination behavior and
genetics of the trait (Kumar et al. 2006, Singh et al. 2010). To
increase the productivity levels, strengthening of ongoing
varietal development program is necessary. Assessment of
recombination potential of available genetic stock is a
continuous process; therefore diallel analysis developed by
Griffing (1956) was undertaken to assess the combining ability
and nature and extent of gene action in field pea.

Seven field pea genotypes viz., ‘HFP 4’, ‘IPF 99-13’,
‘HFP 9426’, ‘DDR 23’, ‘KPMR 400’, ‘IPFD 1-10’ and ‘Ambika’
were crossed in diallel fashion to produce twenty one crosses
(excluding reciprocals). Parents and their F1’s were sown in
randomized complete block design (RCBD) with three
replications at Agricultural Research Station, Ummedganj, Kota
(MPUAT, Udaipur) during Rabi 2009-10. Each treatment was
sown in single row of 4 meter length with inter- and intra
spacing of 30 cm and 10 cm, respectively. Observations were
recorded on ten competitive plants for eleven quantitative
traits viz., days to 50% flowering, plant height (cm), number of
branches/plant, number of pods/plant, number of seeds/pod,
pod length (cm), days to maturity, 100-seed weight (g),
biological yield/plant (g), harvest index (%) and seed yield/
plant (g). The estimates of variance for gca and sca and their
effects were computed following Griffing’s method (1956).

The analysis of variance revealed significant differences
among the treatments for all the characters indicating sufficient
amount of genetic variability present among the parents and
hybrids. The parent ‘Ambika’ showed significant positive gca
effects for important yield contributing traits like number of
branches/plant, number of pods/plant, biological yield/plant
and seed yield/plant. ‘DDR 23’ and ‘HFP 9426’ exhibited
significant desirable negative gca effects as well as lower
mean values for days to 50% flowering and days to maturity
suggesting that these parents are good general combiners for
early types. ‘HFP 4’, ‘IPF 99-13’ and ‘DDR 23’ showed highest
significant negative gca effects and lowest mean values for
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plant height indicating that these parents are good general
combiners for developing dwarf genotypes. ‘HFP 9426’
showed highest significant positive gca effects for 100-seed
weight and seed yield suggesting its importance in breeding
large seed sized field pea. The highest significant positive
gca effects for number of seeds/ pod, pod length and harvest
index was shown by the parents ‘IPFD 1-10’, ‘IPF 99-13’ and
‘DDR 23’, respectively. It can be concluded that ‘Ambika’,
‘DDR 23’ and ‘HFP 9426’ are potential genotypes for improving
most of the yield contributing traits.

The estimates of specific combining ability revealed that
11 of the 21 crosses exhibited significant positive sca effects
for seed yield/plant. Among them, the ten best crosses were
selected on the basis of per se performance for ascertaining
their association with sca effects of seed yield/plant and its
attributes. These crosses also possessed significantly positive
sca effects for number of pods/ plant. Whereas, significant
desirable sca effects for other important yield contributing
characters viz., number of seeds/pod and biological yield/
plant was found in 6 crosses; number of branches/plant in 5
crosses; days to flowering, days to maturity and harvest index
in 4 crosses. The top ranking cross combinations on the basis
of significant desirable sca effects for various characters along
with gca status of parents, standard heterosis and mean
performance are listed in Table 1. The cross ‘IPF 99-13’ × ‘HFP
9426’ showed significant desirable sca effects along with Low
(L) × high (H) gca of parents, high standard heterosis and per
se performance for seed yield/plant. This cross also showed
significant desirable sca effects with different combinations
of gca status (L ×H, M × L, M ×M, H × M, H × L) of parents,
good per se and standard heterosis for harvest index, 100-
seed weight, number of branches/ plant, number of pods/
plant, number of seeds/pod, pod length, days to flowering
and maturity. The crosses expressed high sca irrespective of
the gca effects of the parents, indicating involvement of
dominance and epistatic gene effects in inheritance of traits.
Crosses involving at least one parent with high gca effect
could produce good segregants, only if the additive genetic
system present in the good general combiner and the
complementary epistatic effects in the other act in the same
direction to maximize the desirable plant attributes (Singh and
Choudhary 1995).

  Among all the crosses ‘HFP 9426’ × ‘IPFD 1-10’ showed
significant sca effects and high mean value for number of
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Table 1. Comparison of top ranking crosses selected on the basis of specific combining ability effects for different traits

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

Character Top ranking crosses  
for sca 

sca  
effects 

gca of 
parents 

Standard 
heterosis 

Per se  
performance 

Seed yield/ plant (g) IPF 99-13 × HFP 9426  
DDR 23 × IPFD 1-10 
HFP 9426 × IPFD 1-10  
DDR 23 × Ambika 
HFP 9426 × KPMR 400 

9.811** 
8.398** 
7.938** 
6.201** 
5.676** 

L × H 
L × H 
H × H 
L × H 
H × L 

134.64** 
118.40** 
135.43** 
102.63** 
89.38** 

21.72 
20.22 
21.79 
18.76 
17.53 

Days to 50% 
flowering (no.) 

DDR 23 ×KPMR 400  
IPF 99-13 × HFP 9426  
HFP 4 × Ambika 
HFP 9426 × KPMR 400  
HFP 4 ×HFP 9426 

-11.509** 
-9.694** 
-3.880** 
-2.065** 
-1.843** 

H × L 
L × H 
L × L 
H × L 
L × H 

-33.77** 
-21.65** 
-7.79** 

-13.42** 
-7.79** 

51.00 
60.33 
71.00 
66.67 
71.00 

Days to maturity (no.) HFP 4 × Ambika 
HFP 9426 × KPMR 400  
IPF 99-13 × HFP 9426  
IPF 99-13 × KPMR 400  
HFP 9426 × IPFD 1-10 

-6.935** 
-4.528** 
-4.083** 
-2.898** 
-2.454** 

L × L 
H × L 
L × H 
L × L 
H × L 

-9.12** 
-8.81** 
-8.21** 
-5.78** 
-6.69** 

99.67 
100.00 
100.67 
103.33 
102.33 

Plant height (cm) HFP 4 × IPFD 1-10 
HFP 9426 × Ambika 
IPF 99-13 × IPFD 1-10  
HFP 4 × HFP 9426 
IPF 99-13 × KPMR 400 

-13.943** 
-11.018** 
-10.967** 
-9.310** 
-9.154** 

H × H 
L × L 
H × H 
H × L 
H × H 

-63.66** 
11.71** 
-60.17** 
-28.59** 
-57.34** 

36.40 
111.90 
39.90 
71.53 
42.73 

Branches / plant (no.) HFP 4 ×IPFD 1-10 
HFP 4 × Ambika 
DDR 23 × IPFD 1-10 
IPF 99-13 × KPMR 400  
IPF 99-13 × HFP 9426 

1.007** 
0.896** 
0.752** 
0.744** 
0.704** 

H × M 
H × H 
M × M 
M × L 
M × L 

35.59** 
36.44** 
27.12** 
16.95** 
11.86 

5.33 
5.37 
5.00 
4.60 
4.40 

Pods / plant (no.) DDR 23 × IPFD 1-10  
IPF 99-13 ×HFP 9426 
 IPFD 1-10 x Ambika 
HFP 9426 × IPFD 1-10  
HFP 9426 × KPMR 400 

18.876** 
11.235** 
10.820** 
10.013** 
9.569** 

H × H 
L × H 
H × H 
H × H 
H × L 

58.28** 
13.31* 

43.19** 
27.88** 

7.97 

50.33 
36.03 
45.53 
40.67 
34.33 

Seeds / pod (no.) IPF 99-13 ×KPMR 400 
IPF 99-13 × HFP 9426  
HFP 9426 × IPFD 1-10  
DDR 23 × IPFD 1-10  
DDR 23 × Ambika 

0.971** 
0.849** 
0.553* 
0.549* 
0.549* 

M × M 
M × M 
M × M 
L × M 
L × M 

20.69* 
18.10 
12.93 
6.03 
4.31 

4.67 
4.57 
4.37 
4.10 
4.03 

Pod length (cm) IPF 99-13 × KPMR 400  
IPF 99-13 × HFP 9426  
DDR 23 ×Ambika  
HFP 9426 × IPFD 1-10 

1.088** 
0.386* 
0.349* 
0.345* 

H × L 
H × M 
L × M 
M × H 

15.07* 
5.58 
-6.29 
4.39 

6.47 
5.93 
5.27 
5.87 

Biological yield / plant 
(g) 

HFP 4 × HFP 9426  
HFP 9426 ×IPFD 1-10 
IPFD 1-10 × Ambika  
HFP 4 × Ambika 
HFP 9426 × KPMR 400 

24.179** 
19.874** 
17.866** 
11.638** 
10.451** 

M × L 
L × H 
H × H 
M × H 
L × M 

44.27** 
35.50** 
35.56** 
23.13* 
10.42 

71.64 
67.28 
67.32 
61.14 
54.83 

100-seed weight (g) HFP 9426 × IPFD 1-10  
IPF 99-13 × HFP 9426  
KPMR 400 × Ambika 

1.811** 
1.163** 
0.893** 

H × M 
M × H 
M × H 

10.96** 
7.39* 
-1.41 

15.76 
15.25 
14.00 

Harvest index (%) 
 

IPF 99-13 × HFP 9426  
HFP 4 × IPFD 1-10 
IPF 99-13 ×KPMR400  
DDR 23 × KPMR 400 
DDR 23 × IPFD 1-10 

26.810** 
26.383** 
23.256** 
20.415** 
18.386** 

H × L 
L × H 
H × M 
H × M 
H × H 

36.81** 
30.81* 

38.86** 
40.26** 
40.72 

56.03 
53.57 
56.87 
57.44 
57.63 
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pods/plant, number of seeds/pod, pod length, 100-seed
weight, biological yield/plant and seed yield/plant; ‘DDR 23’
× ‘IPFD 1-10’ showed significant sca effects and high mean
value for number of branches/plant, number of pods/plant,
number of seeds/pod, biological yield/plant, harvest index
and seed yield/plant. It may be inferred from the sca effects
that most of the best cross combinations for seed yield and
yield contributing traits involved at least one parent with
significant gca effects in desirable direction implying that
additive × dominance genetic interactions are operating in
the crosses studied. In this study some crosses showed
significant positive sca effects for seed yield and its
components and other significant negative sca effects,
indicating non-additive gene action. Therefore, it is suggested
that in pea emphasis should be given to specific crosses
followed by selection in progenies rather than pursuing gca
by mass selection (Ceyhan et al. 2008).

The results of the present study revealed the importance
of both additive as well as non-additive genetic effects for the
different characters. Similar results have earlier been reported
by Sachan et al. (2001), Dixit (2003) and Singh and Singh
(2004). Both gca and sca have previously been shown in pea
to be major contributing factors for pods/plant, seeds/pod,
plant height, 100-seed weight, pod yield and seed yield
(Ceyhan 2003). The good general combining parents like ‘DDR
23’, ‘HFP 9426’ and ‘Ambika’ can be useful source of  valuable
allelic resources based on their gca effects and per se
performance and can be used for crossing with elite genetic
resources to broaden their genetic base.  The promising
crosses like ‘IPF 99-13’ × ‘HFP 9426’, ‘HFP 9426’ × ‘IPFD 1-10’
and ‘DDR 23 ×IPFD 1-10’ involving non additive gene effects
may be improved through conventional breeding methods
such as biparental mating, diallel selective mating and multiple
crossing followed by recombination which will help to break
tight linkages to make potential variability available for

selection (Webel and Lonquist 1967). Besides this, the parents
showing good general combining ability for particular
components may be utilized in component breeding for
effective improvement in particular components, resulting in
the improvement of seed yield itself.
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Soybean (Glycine max (L.) Merrill) is a unique two-in-
one crop, having both high quality protein (43%) and oil (20%)
content. It has now been established as one of the most
important oilseed crops in the world, accounting for more
than 50% of oilseeds production and 30% of the total supply
of all vegetable oils. The world soybean production reached
an average annual production of 258.4 million tons (mt) in
2010 (FAO 2010). Soybean cultivation in India at present is
rest ricted mostly to Madhya Pradesh, Uttar Pradesh,
Maharashtra and Gujarat. It is also grown on a small scale in
Himachal Pradesh, Punjab and Delhi. During 2009-10, it was
grown on an area of 9.79 million ha with production and
productivity of 99.65 mt and 1,026 kg/ha, respectively in the
country. Soybean has much greater scope as it has diverse
uses including soya nuts, soya milk, cheese, etc. Due to
consumers’ preference, soybean demand is going to increase
in coming years in India. India imports vegetable oil, so
soybean production in the country will not only help in
meeting vegetable oil requirements but also save foreign
exchange (Pan 2008). To make any crop successful in any
area, it must have good varieties and improved production
technology for realizing good yields. Seed rate, row spacing
and varieties/genotypes (De Bruin and Pedersen 2008) are
known to influence the grain yield considerably. The potential
of any variety can be exploited through studies on their
agronomy. Yielding ability of different varieties may vary due
to their genetic make up. Soybean canopy development is a
function of row spacing, seed rate and environmental
conditions. The relative equidistant plant distribution leads
to increased leaf area development and greater l ight
interception early in the season. This increases crop growth
rate, dry matter accumulation and seed yield (De Bruin and
Pedersen 2008).

For realising the potential of any high yielding variety,
row spacing and optimum plant stand are very important. Solar
energy being unlimited, inexhaustible and non-pollutant, its
efficient utilization for crop production could be major
consideration, especially for a row crop like soybean.  The
low productivity of the crop is due to several constraints;
among them genotypes, their spacing and seed rates are
important (Dhaliwal and Kler 1995). Therefore, field experiment
was conducted to find out the best genotype, row spacing
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and seed rate for getting good yields of soybean.
The experiment was conducted at Punjab Agricultural

University, Ludhiana (36°56' N, 75°52' E and altitude 247 m),
representing Indo-Gangetic Plains of India during kharif 2008
and 2009. It comprised eighteen treatments with three soybean
varieties (‘SL 525’, ‘SL 744’ and ‘SL 790’), two row spacings
(30 and 45 cm) and three seed rates (62.5, 75 and 87.5 kg/ha).
The experiment was laid out in factorial randomized design
with four replications. The soil of the experimental field was
loamy sand, low in organic carbon (0.25%) and medium in
available phosphorus (20.5 kg/ha) and potassium (220 kg/ha).
In 2008, the maximum temperature during June-July was
slightly lower and minimum temperature during October and
early November was slightly higher than in 2009. Total rainfall
during crop season was 912.5 mm and 783.4 mm in 2008 and
2009, respectively. To raise good crop, 3 and 4 irrigations were
applied in 2008 and 2009, respectively. The crop received well
distributed rainfall during 2008 but in 2009, the rains were
erratic. The crop was raised by treating seed with Captan @ 3
g/kg seed to control seed rot and seedling blight. 30 kg N and
60 kg P2O5 per hectare was applied at the time of sowing using
50 kg Urea and 130 kg DAP as per recommendation.
Pendimethalin (Stomp 30 EC) herbicide @ 0.45 kg/ha was
applied using 500 litres of water followed by one hoeing (four
weeks after sowing) in both years of the study to control
weeds. Endosulfan 35 EC @ 2.5 litre/ha was sprayed twice to
control pod borer. To control whitefly 625 ml of Rogor
(dimethoate)/ha was applied twice in the season. The data on
plant height and pods per plant were collected from randomly
selected five plants per plot at the time of harvest. Twenty
pods per plot were selected to record data on grains per pod.
From the total produce of each plot, 100 grains were counted
and weighed to express 100-grain weight. The crop was
harvested when the pods were mature; the bundles were sun
dried for few days before threshing. The data on biological
and grain yield were collected at the time of harvest. The
harvest index was calculated dividing grain yield by biological
yield. The economics was calculated using prevailing prices
of inputs and output.

The plant height was significantly influenced by the
genotypes in 2008 (Table 1). The highest plant height was
recorded in variety ‘SL 525’ which was statistically on par
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with variety ‘SL 744’, but significantly higher than variety ‘SL
790’. Although the results were non-significant during 2009,
the variety ‘SL 790’ recorded lower plant height as compared
to ‘SL 525’ and ‘SL 744’. It might however be due the varietal
character. The pod per plant is the major yield contributing
character which may reflect the performance of the variety.
The variety ‘SL 744’ recorded highest pods which were
statistically on par with ‘SL 790’ but significantly higher than
he variety ‘SL 525’ in both the years of study. The data on
100-seed weight (9.55-10.40 g) and seeds per pod (2.0-2.6)
were found to be non-significant. However, variety ‘SL 744’
recorded slightly higher 100-seed weight, whereas ‘SL 525’
recorded higher seeds per pod. Pods per plant and 100-seed
weight in soybean have been reported to differ in different
sowing dates (Wafaa et al. 2002). The biological yield reflects
the accumulation of total dry matter by the variety. The
highest biological yield was recorded in variety ‘SL 744’ which
was statistically on par with ‘SL 790’ and significantly higher
than ‘SL 525’ in both years of the study. The grain yield is the
main product which shows the efficiency of dry matter
partitioning to the sinks. The highest grain yield was recorded
in ‘SL 744’ which was significantly higher than ‘SL 525’ and
‘SL 790’ in 2008. However, in 2009 the grain yield of ‘SL 744’
was statistically on par with ‘SL 790’ and significantly higher
than variety ‘SL 525’. It might be due higher pods per plant
and biological yield of this variety. The highest harvest index
was recorded in variety ‘SL 525’ in both years of the study
which was statistically on par with variety ‘SL 744’ and
significantly higher than variety ‘SL 790’. It might be due to
higher partitioning efficiency in variety ‘SL 525’ and ‘SL 744’
than variety ‘SL 790’.  Kumar et al. (2005) also reported
genotypic differences with respect to pods per plant.
Genotypes of soybean do differ in grain yields (El Douby et

al. 2002, Billore et al. 2009). Line spacing of 30 and 45 cm
could not influence any of the plant character, yield attributes,
biological yield, grain yield and harvest index significantly
(Table 1).

Similar results were also reported by De Bruin and
Pedersen (2008) where closer spacing could not increase the
grain yield. The seed rates significantly influenced the plant
height in 2008 (Table 1). The seed rate of 87.5 kg/ha recorded
the highest plant height which was significantly higher than
seed rate of 75 and 62.5 kg/ha. It might be due to competition
amongst plants for resources like nutrients, space and sunlight.
In 2009, the data on plant height was found to be non-
significant. The pods per plant were significantly influenced
by the seed rate. The highest pods per plant were recorded in
62.5 kg/ha of seed rate which was significantly higher than 75
and 87.5 kg/ha in both the years of study. At higher seed rate,
the number of pods per plant decreased due to competition
amongst plants for resources like nutrients, moisture, light
and space. However, pods per plant recorded on 75 and 87.5
kg/ha were statistically on par with each other. The data on
100-seed weight were not influenced by seed rate. However,
the seeds per pod were significantly influenced by the seed
rate. The highest seeds per pod were recorded in 62.5 kg/ha
seed rate which were statistically on par with 75 kg/ha and
significantly higher than 87.5 kg/ha. It might be due to over
crowding of the plants in higher seed rate. In 2008, the highest
biological yield was recorded in 87.5 kg/ha seed rate which
was statistically on par with 75 kg/ha and significantly higher
than 62.5 kg/ha. However, in 2009 the seed rate of 75 kg/ha
recorded the highest biological yield which was statistically
on par with other seed rates. The grain yield of soybean was
not influenced significantly by seed rate in 2008, however, the
highest grain yield was recorded in 87.5 kg/ha of seed rate. In

Table 1. Effect of variety, row spacing and seed rate on plant characters, biological, grain yield and harvest index of soybean
Plant height 

(cm) 
Pods/ 

Plant (no.) 
100-seed weight  

(g) 
Seeds/pod 

(no.) 
Biological yield 

(kg/ha) 
Grain yield 

(kg/ha) 
Harvest 

index (%) 
Treatment 

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 
Varieties 
SL 525 87.5 77.4 57.2 49.6 10.21 9.94 2.6 2.2 7460 3971 2305 1433 31.0 34.1 
SL 744 86.4 77.7 69.7 63.8 10.40 10.37 2.5 2.1 9340 6816 2762 2147 29.6 32.5 
SL 790 70.3 60.3 61.2 55.6 9.62 9.55 2.4 2.0 8758 6660 2526 1721 28.8 26.2 
SEm (±) 2.5 2.5 4.1 5.1 0.3 0.4 0.1 0.1 585 602 102 262 1.5 2.4 
CD (P=0.05) 5.2 NS 8.1 10.7 NS NS NS NS 1345 1264 224 524 3.1 4.8 
Row spacing (cm) 
30 81.9 71.8 61.3 55.2 10.20 10.12 2.5 2.1 8301 5887 2623 1811 30.8 31.6 
45 80.3 71.7 64.1 57.5 9.95 9.79 2.5 2.1 8738 5745 2639 1723 30.0 30.2 
SEm (±) 0.6 0.0 1.4 1.1 0.13 0.21 0.0 0.0 197 67 8 41 0.4 0.7 
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Seed rate (kg/ha) 
62.5 78.1 71.7 68.1 60.8 10.38 10.02 2.7 2.3 7371 5455 2425 1704 31.2 32.9 
75.0 81.2 72.5 61.8 55.1 10.22 10.05 2.6 2.2 8397 6063 2536 1885 31.1 30.2 
87.5 83.9 71.2 58.2 53.1 9.65 9.79 2.2 1.8 8859 5929 2631 1406 23.7 29.7 
SEm (±) 1.0 0.5 2.4 2.5 0.51 0.52 0.2 0.2 280 230 102 124 2.2 1.2 
CD (P=0.05) 2.1 NS 5.3 5.5 NS NS 0.40 0.35 610 NS NS 357 5.6 2.3 
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2009, the highest grain yield was recorded in seed rate of 75
kg/ha which was statistically on par with 62.5 kg/ha and
significantly higher than 87.5 kg/ha seed rate. The grain yield
reduction in 87.5 kg/ha seed rate might be due to reduced
pods per plant as well as reduced number of seeds per pod
and overcrowding may have resulted in reduced partitioning
of the dry matter to the developing sinks. The highest harvest
index was recorded in 62.5 kg/ha which was statistically on
par with 75 kg/ha seed rate and significantly higher than 87.5
kg/ha. It might be due to inability of plants in higher seed rate
to partition sufficient dry matter to the seeds.  Though, lower
plant density may result in higher mean number of branches,
pods and seeds per plant, weight of pods and seeds per plant
and 100-seed weight (El Douby et al. 2002) possibly due to
low inter plant competition, yet the grain yields on per unit
area basis are lower due to inadequate plant population. Dry
matter accumulation/plant, number and dry weight of nodules/
plant (Dubey and Billore 1993), number of branches and pods/
plant (Ball et al. 2000) and number of seeds/pod (Kang et al.
1998) decrease with an increase in plant density. However, on
a per unit area basis, these parameters show an increasing
trend with increasing plant density and thus resulting in higher
grain yield at higher plant population, as observed in the
present investigation.

The gross income, net returns and B: C ratio was highest
in variety ‘SL 744’ which was significantly higher than ‘SL
790’ and ‘SL 525’ (Table 2). Even variety ‘SL 790’ recorded
significantly higher gross income, net returns and B: C ratio
than ‘SL 525’. Economics was not influenced by any of the
row spacing treatments. The seed rate of 75.0 kg/ha recorded
the highest gross income, net returns and B: C ratio which
was statistically on par with seed rate of 62.5 kg/ha but
significantly higher than seed rate of 87.5 kg/ha. Based on
this two years study, it is concluded that the varieties ‘SL 744’

Table 2. Effect of varieties, row spacing and seeding rate on gross returns, variable cost, net returns and B:C ration of soybean
(pooled mean)

Treatment Gross income (Rs/ha) Variable costs (Rs/ha) Net returns (Rs/ha) B:C ratio 
Varieties     
SL 525 26434 13844 12590 1.92 
SL 744 34707 13844 20863 2.52 
SL 790 30156 13844 16312 2.19 
SEm (±) 1731 - 902 0.08 
CD (P=0.05) 3350 - 2282 0.18 
Row spacing (cm)     
30 31379 13844 17535 2.28 
45 30900 13844 17056 2.24 
SEm (±) 305 - 202 0.02 
CD (P=0.05) NS - NS NS 
Seed rate (kg/ha)     
62.5 29200 13529 15671 2.17 
75.0 31299 13844 17455 2.27 
87.5 28633 14159 14474 2.03 
SEm (±) 1058 - 909 0.07 
CD (P=0.05) 2056 - 2210 0.15 
 and ‘SL 790’ recorded higher grain yield than ‘SL 525’. The

row spacing could not influence the grain yield and economics.
Seed rate of 75 kg/ha was found to be optimum for the new
varieties.
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Garden pea (Pisum sativum L.) is a vegetable crop of
immense economic importance in India. It is considered highly
nutritious due to abundance of dietary proteins, amino acids
and carbohydrates. It is taken as fresh, canned, frozen and in
dehydrated forms.  In Rajasthan, garden pea is cultivated on
12,687 ha with an annual production of 25, 385 tons (GOR,
2007). Phosphorus fertilization to legumes is more important
than that of nitrogen. Growing of pulses without phosphate
fertilizers is an important factor responsible for their low
productivity. Phosphorus plays an important role in the
formation of energy-rich phosphate bonds like ADP and ATP,
nuclear protein and phospholipids. It is also essential for
growth of root system and improves the quality of seed (Saad
and Sharma 2003). Biofertilizers play an important role in
increasing fertilizer use efficiency (Srivastava and Ahalawat
1993). It has been established that inoculation of seed with
Rhizobium increases the seed yield over the un-inoculated
seeds. Rhizobium improves soil fertility and is a very cost
effective method of nitrogen management in leguminous
crops. Most of the soils of Rajasthan are poor in phosphorus
and low in organic matter. Therefore, use of phosphate
solubilizing bacteria (PSB) may enhance availability of
phosphorus in soil and its use by plants (De and Singh 2010).
These aspects on garden pea cultivation have received very
little attention, particularly in the light textured soils of this
region.  Therefore, a study was undertaken to see the effect of
phosphorus, Rhizobium and PSB on productivity of garden
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pea in light texture soils of Rajasthan.
The present investigation was carried out at the

Horticulture Farm (Asalpur), S.K.N. College of Agriculture,
Jobner during the rabi season of 2005-06. The treatment
comprised four levels of phosphorus (0, 20, 40 and 60 kg P2O5/
ha) and biofertilizers (control, Rhizobium, PSB and Rhizobium
+ PSB) each, thereby making 16 treatment combinations. The
experiment was laid out in factorial randomized block design
with three replications. The soil was loamy sand having pH
8.0, organic carbon 0.16%, available N 128 kg/ha and available
P 16.8 kg/ha. Phosphorus was applied as a basal dose before
the sowing as per treatment. Nitrogen in plant was estimated
by colorimeter method (Snell and Snell 1949) and phosphorus
content in seed was estimated using vanadomolybdate
phosphoric acid method.

The results revealed that application of 40 kg P2O5/ha
significantly increased the number of branches/plant, total
number of nodules/plant and chlorophyll content in leaf as
compared to 0 and 20 kg P2O5 /ha and this dose remained at
par with 60 kg P2O5/ha (Table 1). The application of 60 kg
P2O5/ha significantly increased effective number of nodules/
plant of pea over 0, 20 and 40 kg P2O5/ha while days to 50%
flowering was significantly delayed at this dose, being at par
with 40 kg P2O5 /ha. Garden pea fertilized with 60 kg P2O5/ha
recorded significantly higher N content over 0 and 20 kg P2O5/
ha and remained at par with 40 kg P2O5/ha, whereas, P content

Table 1. Effect of phosphorus and biofertilizers on growth attributes and nutrient content in grains of garden pea
Treatments 
                                               

Branches/  
plant  
(no.) 

Days to 50% 
flowering  

(no.) 

Total nodules/ 
plant  
(no.) 

Effective 
nodules/plant 

(no.) 

Chlorophyll 
content 
(mg/g) 

N content 
in grain 

(%) 

P content in 
grain 
(%) 

P levels  (kg P2O5/ha)      
0 1.84 43.4 51.3 35.9 1.761 2.51 0.309 
20 2.13 44.5 59.0 41.3 2.119 2.97 0.352 
40 2.32 45.6 64.5 45.1 2.222 3.33 0.386 
60 2.49 47.0 58.9 48.2 2.290 3.61 0.420 
CD (P = 0.05) 0.18 2.01 5.1 2.8 0.091 0.34 0.03 
Biofertilizers        
Control 1.94 43.0 53.2 37.6 1.844 2.65 0.323 
Rhizobium 2.13 45.2 58.9 41.3 2.024 3.28 0.355 
PSB 2.29 45.6 63.5 44.5 2.183 3.07 0.383 
Rhizobium + PSB  2.42 46.6 67.4 47.2 2.341 3.42 0.406 
CD (P = 0.05) 0.18 2.01 5.1 2.84 0.091 0.34 0.03 
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in the grain was significantly higher under 60 kg P2O5/ha (Table
1). This might be due to increased availability of phosphorus
in soil which favourably supported the growth. These results
are in close conformity with that of Naik (1989). Yield and
yield attributes also increased significantly due to the
application of phosphorus (Table 2). Application of 40 kg P2O5/
ha significantly increased the pods/plant, pod length, pod
weight, weight of grains/plant and shelling percentage over
the lower doses. Application of 60 kg P2O5/ha recorded highest
pod yield indicating an increase of 25, 12.2 and 3.4 per cent
over 0, 20 and 40 kg P2O5/ha, respectively. The increase in
yield could be due to the concomitant increase in number of
pods/plant and number of grains/pod. These results are in
close agreement with those of Prasad and Maurya (1989) and
Yadav (2004).  The yield of garden pea was highest under 60
kg P2O5/ha and thus resulted in significantly higher net returns
under same treatment.

The present study further revealed that inoculation with
biofertilizers significantly increased the growth attributes,
yield attributes and yield of garden pea (Table 1 and 2).
Inoculation of garden pea with Rhizobium + PSB significantly
increased the branches/plant, days to 50% flowering, total
and effective nodules/plant and P content in grain over control
and Rhizobium inoculation. Similarly, combined application
of Rhizobium and PSB together gave significantly higher
chlorophyll and N content over rest of the treatments. It was
observed that application of Rhizobium and PSB alone also
proved significantly superior over no inoculation with respect
to the growth and yield attributes of garden pea. These results
are in close agreement with that of Rasal (1996) and Yadav
(2004). Seed inoculation with Rhizobium, PSB   and Rhizobium
+ PSB  resulted in significantly higher number of pods/plant,
grains/pod, pod length, grain weight/pod and shelling
percentage and green pod yield over no inoculation. Seed
inoculated with Rhizobium + PSB increased the green pod
yield by 16.8, 9.1 and 5.3 percent over control, Rhizobium and
PSB, respectively. The inoculation with Rhizobium + PSB gave

significantly higher net returns of garden pea over rest of the
biofertilizer treatments. Similar findings were also reported by
Yadav (2004) and Bhattarai et al. (2003) in pea.

Thus, from the above study it can be inferred that
application of 40 kg P2O5/ha along with seed inoculation with
Rhizobium + PSB would be helpful in getting higher
production of garden pea.
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Table 2. Effect of phosphorus and biofertilizers on yield attributes, green pod yield and economics of garden pea
 Treatments Pods/ 

plant 
(no.) 

Grains/ 
pod  
(no.) 

Pod length 
(cm) 

Weight/ pod  
(g) 

Weight of 
grains/ 
pod (g) 

Shelling 
(%) 

Green pod 
yield  
(q/ha) 

Net return 
(Rs/ha) 

 
P levels ( kg P2O5/ha)        
0 20.3 5.6 6.2 5.72 2.33 40.73 64.80 18,123 
20 23.4 6.5 6.9 6.15 2.80 45.52 71.98 22,551 
40 25.6 7.1 7.8 6.87 3.28 47.74 78.08 25,811 
60 27.4 7.6 8.2 7.05 3.45 48.93 80.77 27,025 
CD (P = 0.05) 2.0 0.5 0.6 0.56 0.22 2.01 6.04 1,619 
Biofertilizers         
Control 21.4 5.9 6.5 5.89 2.56 43.46 67.72 19,965 
Rhizobium 23.4 6.5 7.2 6.44 2.93 45.49 72.52 22,685 
PSB 25.3 7.0 7.6 6.65 3.07 46.16 75.10 24,233 
Rhizobium + PSB   26.6 7.4 7.8 6.79 3.29 48.45 79.14 26,627 
CD (P = 0.05) 2.0 0.5 0.6 0.56 0.22 2.01 6.04 1,619 
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In Karnataka, Gulbarga district alone contributes to more
than 70 per cent of the state’s pigeonpea production. The
productivity of pigeonpea in this region (609 kg/ha) is lower
than the world’s average productivity (846 kg/ha) (Singh and
Kochhar 2005). Soil is considered as the main factor for crop
production and it becomes essential to know fertility status
of soils in terms of essential major nutrients for achieving
potential yield of any crop. The continuous monocropping
with negligible replenishment of nutrients might have depleted
nutrients from the soils in major parts of north Karnataka. The
exploitation of soils has been further accelerated with the
adoption of high yielding varieties, which demand more
nutrients. Pigeonpea responds well to fertilizer application
and it is highly elastic in nature. As such, the constraints of
pigeonpea growing soils have not been identified. Therefore,
the present study was undertaken to identify the nutrient
constraints in pigeonpea growing areas of Gulbarga district.

Soil samples (0-15 cm) were collected during 2009-10
from Chittapur and Gulbarga talukas of pigeonpea growing
vertisols and alfisols of North Eastern dry zone of Karnataka.
100 soil samples, 50 each from black soils under vertisols and
red soils under alfisols were collected. The soil samples were
analyzed for available nitrogen by modified KMnO4 method
(Subbaiah and Asija 1956), phosphorus by Olsen’s extractant
in alkaline soil following colorimetric method using
spectrophotometer (Jackson 1967), potassium by extracting
the soil with neutral normal ammonium acetate solution by
using Flame photometer and sulphur by turbidometry (Jackson
1973). Micronutrients viz., zinc, iron, copper and manganese
were extracted with DTPA extractant and determined by using
Atomic Absorption Spectrophotometer as explained by
Lindsay and Norvell (1978).

Major nutrients (N, P and K), secondary nutrient (S)
and Micronutrients Zn, Fe, Cu and Mn status of pigeonpea
growing black and red soils of Gulbarga district are given in
Table 1. Available nitrogen in black soils in plough layer (0-
15cm) depth in Chittapur and Gulbarga talukas was low to
medium (113-313 kg/ha) and in red soils of Gulbarga was also
low to medium (125-413 kg/ha). The low levels of available N
content in most of the pigeonpea growing black soils was due
to low organic carbon content.  In red soils, available nitrogen
content of the soils was medium and this could be attributed

to parent material and organic carbon content. These results
are in accordance with the findings of Dey and Tilak (1984).

The available phosphorus content of black soils was
low to high (0.70 to 131.5 kg/ha) in Chittapur and Gulbarga
talukas respectively, and low to high (1.9 to 79.7 kg/ha) in
Gulbarga taluka red soils. Available phosphorus content of
most of the soils studied were medium to high irrespective of
black and red soils and it could be attributed to management
practices such as low or no addition of P containing fertilizers
(particularly DAP). These results are in accordance with the
findings of Rao et al. (2002).

Black soils belonging to vertisols were high in available
potassium which varied from 252 to 1392 kg/ha. Red soils
belonging to alfisols were low to medium in available
potassium ranging from 60-543 kg/ha. Rao et al. (2002) reported
that black soils had relatively larger available K as compared
to alluvial and red soils because of higher clay and smectite
clay.

Available sulphur content of black soils of Chittapur
and Gulbarga was low to medium which varied from 3.5 to 34.5
kg/ha. In Gulbarga taluka, available sulphur content of red
soils was low which ranged from 3.3 to 25.8 kg/ha.  Based on
10 mg/kg as critical level, 90% of the soils were low in available
sulphur and only 10% of the soils were medium in available
sulphur in black soils of Chittapur and Gulbarga talukas.
However, 100% of the red soils of Gulbarga taluka were low in
available sulphur (Table 2). Similar observations were made
by Rao et al. (2002).

DTPA extractable Zn in black soil of Chittapur and
Gulbarga (84%) was below the critical level (0.6 to 1.2 ppm)
and varied from 0.57 to 2.42 ppm while in red soils of Gulbarga,
DTPA extractable Zn was above the critical level (>1.2 ppm) at
all places and ranged from 1.83 to 3.86 ppm. Rao et al. (2002)
also observed the deficiency of Zn in pulse growing regions
of India. DTPA extractable Fe in black soils of Chittapur and
Gulbarga was below the critical level and ranged from 0.45 to
1.33 ppm.  In red soils of Gulbarga taluk (98%), DTPA extractable
Fe content was above the critical level (> 2.5 ppm) ranged
from 4.07 to 36.24 ppm. Available Fe contact of present soils
was within ranges reported by earlier reports by Murthy et al.
(1997).
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Table 1. Status of major nutrients (N, P , K and S) and micronutrients (Zn, Fe, Cu and Mn) in pigeonpea growing soils of of
Gulbarga district

0-15 cm soil depth                                               
Name of village Nitrogen    

(kg/ha) 
Phosphorus (P) 

(kg/ha) 
Potassium (K) 

 (kg/ha) 
Sulphur  
(kg/ha) 

Zn 
(ppm) 

Fe 
(ppm) 

Cu 
(ppm) 

Mn 
(ppm) 

Chittapur Taluka- Black soil 
Nalvar 113 24.0 285 31.8 0.74 0.89 1.26 5.25 
Nalvar 150 49.2 331 33.4 0.75 0.88 1.28 4.74 
Nalvar 125 40.8 267 24.5 0.79 0.83 1.14 3.63 
Nalvar 138 42.8 252 25.3 0.71 0.89 1.16 3.43 
Nalvar 213 56.4 267 25.3 0.60 0.77 0.98 2.75 
Maradagi 125 57.0 386 27.5 0.64 0.96 1.41 2.90 
Maradagi 313 16.8 416 23.1 0.70 0.91 1.15 2.66 
Maradagi 175 24.0 776 26.6 0.65 0.86 1.36 3.06 
Maradagi 163 35.0 335 22.8 0.74 0.76 1.34 4.38 
Maradagi 213 38.2 345 28.3 2.30 0.82 1.30 3.20 
Rawoor 138 42.1 412 29.3 0.95 0.96 1.54 7.03 
Rawoor 163 36.3 385 29.1 0.71 0.91 1.23 2.71 
Rawoor 213 66.1 784 28.3 0.68 0.95 1.60 2.23 
Rawoor 150 24.6 810 26.6 0.73 0.70 1.62 2.51 
Rawoor 163 7.8 433 28.8 0.76 0.86 1.24 2.72 
Rawoor 188 52.5 368 34.5 0.84 0.82 1.13 2.26 
Rawoor 188 6.5 440 21.5 0.61 0.91 1.41 2.67 
Rawoor 175 14.9 375 22.0 0.59 0.86 1.02 3.62 
Rawoor 225 24.0 589 17.4 0.89 0.76 1.35 2.62 
Rawoor 175 18.10 599 18.8 0.79 0.75 1.58 4.10 
Devanteganur 138 40.20 576 14.1 0.67 0.84 1.41 4.57 
Devanteganur 175 36.30 413 8.70 0.65 0.79 1.30 3.70 
Devanteganur 200 66.10 499 16.6 0.81 0.82 1.38 4.00 
Gulbarga Taluka – Black soil 
Dharmapur 188 110.8 361 17.1 0.73 0.85 2.19 3.71 
Dharmapur 225 47.30 507 12.5 0.69 0.97 2.26 2.95 
Aurad 188 108.90 713 11.4 0.57 0.79 2.40 2.86 
Aurad 175 59.60 748 3.5 0.77 0.65 3.45 5.33 
Aurad 188 0.70 1036 7.1 0.75 0.52 3.15 4.75 
Aurad 238 55.70 1392 10.3 2.00 0.54 3.84 4.39 
Navadagi 188 96.60 557 13.3 0.80 0.88 3.84 3.29 
Navadagi 250 55.10 504 7.1 0.91 0.71 4.80 3.73 
Navadagi 175 20.10 476 10.0 0.78 1.08 4.02 3.91 
Kurikota 200 121.20 805 9.6 0.94 0.81 4.20 5.99 
Kurikota 175 58.30 1150 14.4 2.27 0.45 4.59 7.83 
Katahalli 150 79.70 519 8.7 0.99 0.70 4.82 9.24 
Katahalli 150 131.50 454 5.2 0.73 0.83 3.45 4.21 
Harkanchi 200 79.10 773 7.0 0.96 1.11 4.41 17.21 
Harkanchi 163 71.30 767 5.7 0.92 0.73 3.78 5.47 
Kattahalli 163 70.60 487 5.7 0.86 1.07 3.30 5.41 
Kattahalli 175 88.80 848 7.0 0.98 0.78 3.82 6.30 
Nagur 188 62.90 388 23.5 1.84 0.81 3.14 8.76 
Nagur 200 48.0 364 26.5 0.96 1.33 3.98 19.3 
Nagur 113 5.80 624 26.1 0.84 0.64 2.78 8.41 
Nagur 138 11.70 752 28.7 2.42 1.25 4.48 25.70 
Nagur 113 3.90 471 27.0 1.00 0.81 3.28 1061 
Uppalava 275 14.90 390 30.0 2.05 0.74 4.74 6.38 
Uppalava 225 54.40 459 28.3 2.05 0.65 5.72 6.54 
Ankalga 288 84.20 700 28.7 1.90 0.63 3.57 5.17 
Ankalga 250 40.80 736 20.9 0.73 0.52 3.15 3.71 
Ankalga 250 0.70 781 34.2 0.89 0.52 3.31 4.01 
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0-15 cm soil depth                                               
Name of village Nitrogen    

(kg/ha) 
Phosphorus (P) 

(kg/ha) 
Potassium (K) 

 (kg/ha) 
Sulphur  
(kg/ha) 

Zn 
(ppm) 

Fe 
(ppm) 

Cu 
(ppm) 

Mn 
(ppm) 

Gulbarga Taluka- Red soil 
Donargaon 250 7.1 89 23.4 3.21 16.58 14.73 70.28 
Donargaon 200 14.3 105 21.7 2.91 11.04 9.54 43.26 
Donargaon 125 69.3 98 22.3 2.24 13.24 11.07 44.40 
Donargaon 275 6.5 60 21.5 2.57 24.25 10.06 77.50 
Donargaon 238 55.1 62 23.4 2.03 9.38 10.24 52.32 
Donargaon 263 79.7 191 21.2 2.57 25.49 9.48 52.90 
Donargaon 225 33.0 543 20.9 1.83 25.69 5.75 37.70 
Donargaon 275 48.6 85 25.8 2.69 7.25 9.58 31.75 
Donargaon 325 48.6 216 24.7 2.35 11.52 6.73 34.42 
Donargaon 250 33.0 143 21.2 1.92 7.79 7.75 30.51 
Donargaon 175 76.5 123 9.0 2.17 4.07 7.98 26.96 
Donargaon 288 72.6 113 7.6 2.18 31.07 14.45 79.13 
Donargaon 288 29.2 107 3.3 2.54 22.77 12.65 79.40 
Guttitanda 350 66.1 108 12.0 4.10 22.56 17.33 84.80 
Guttitanda 388 13.0 84 3.3 2.25 21.69 14.55 83.48 
Guttitanda 413 11.7 136 4.6 3.85 24.74 23.32 83.43 
Guttitanda 363 1.90 120 5.7 3.50 22.83 18.37 91.50 
Guttitanda 288 43.4 107 5.4 2.40 21.42 10.49 74.60 
Guttitanda 363 51.2. 111 7.3 1.99 16.12 9.08 59.53 
Guttitanda 275 20.1 93 7.1 1.95 9.37 9.09 34.43 
Guttitanda 338 44.1 237 7.6 3.07 14.96 21.33 6375 
Guttitanda 263 45.4 158 7.6 3.11 12.24 19.71 75.03 
Guttitanda 238 15.6 128 6.5 2.29 16.27 21.35 96.93 
Guttitanda 375 22.7 150 7.6 3.01 19.84 17.59 68.93 
Guttitanda 300 38.9 105 5.4 2.73 15.66 11.54 52.43 
Guttitanda 400 20.1 65 6.8 1.97 19.31 14.01 85.10 
Guttitanda 413 20.7 98 4.6 2.74 36.24 17.55 90.85 
Guttitanda 413 42.8 139 7.3 2.75 34.59 15.69 100.10 
Guttitanda 350 27.2 102 6.5 2.22 20.64 11.84 83.80 
Rathnaguttitanda 413 36.3 168 7.6 3.57 16.41 12.62 61.85 
Rathnaguttitanda 338 51.2 95 21.2 3.55 24.25 13.89 89.63 
Rathnaguttitanda 375 14.9 88 17.7 1.89 15.79 12.24 73.75 
Rathnaguttitanda 238 60.9 66 19.0 2.30 23.02 11.53 69.13 
Rathnaguttitanda 300 20.7 108 18.8 2.93 14.41 19.45 76.55 
Rathnaguttitanda 325 22.0 164 19.6 2.65 18.79 20.40 81.53 
Rathnaguttitanda 325 46.7 219 20.1 3.52 12.60 18.57 64.38 
Rathnaguttitanda 300 3.9 122 19.6 3.07 19.84 25.24 96.28 
Rathnaguttitanda 338 75.8 321 19.9 2.81 27.07 16.33 93.85 
Rathnaguttitanda 338 35.6 160 19.0 2.39 17.74 14.98 73.05 
Rathnaguttitanda 225 58.3 367 19.3 2.10 11.03 7.49 26.85 
Kalamandargi 325 18.1 91 18.8 3.05 27.28 10.67 85.98 
Kalamandargi 300 14.3 165 19.8 3.16 20.07 14.42 104.30 
Kalamandargi 325 16.2 139 20.4 2.41 16.43 7.02 55.45 
Kalamandargi 250 62.2 75 19.0 3.74 8.02 10.89 62.45 
Kalamandargi 400 66.1 314 22.8 2.35 18.96 8.42 61.23 
Kalamandargi 213 51.8 52 19.0 2.78 16.21 15.80 71.23 
Kalamandargi 350 4.5 81 20.7 2.77 16.91 14.03 53.68 
Kalamandargi 338 65.4 98 20.9 3.25 19.15 12.29 62.38 
Kalamandargi 275 3.9 95 20.1 3.21 19.05 12.25 63.00 
Kalamandargi 363 42.8 163 22.0 3.86 10.39 15.88 47.28 
 

Table 1. Contd.....
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Table 2. Nutrient status (%) in 0-15 cm soils of Gulbarga district
Place N P K S Zn Fe Cu Mn 

Chittapur Taluka- Black soil 
Low 95.7 08.7 - 87.0 04.30 100 - - 
Medium 04.3 30.4 13.0 13.0 91.40 - - 43.5 
High - 60.9 87.0 - 04.30 - 100 56.5 
Gulbarga Taluka – Black soil 
Low 96.3 14.8 11.1 92.6 03.70 100 - - 
Medium 03.7 11.1 07.4 07.4 70.40 - - 07.4 
High - 74.1 81.5 - 25.9 - 100 92.6 
Gulbarga Taluka- Red soil 
Low 36.0 12.0 50 100 - 02.0 - - 
Medium 64.0 28.0 42 - - - - - 
High - 60.0 08 - 100 98.0 100 100 
 

DTPA extractable Cu was above the critical level (> 0.2
ppm) and at all places, it varied from 0.98 to 5.72 ppm in black
soils of Chittapur and Gulbarga taluks.  In red soils of Gulbarga
taluk (100%), DTPA extratable Cu was above the critical level
(> 0.2 ppm); ranged from 5.75 to 25.24 ppm.  Rao et al. (2002)
observed that pulse growing regions soils of India were
sufficient in available Cu.

DTPA extractable Mn ranged from 2.23 to 25.70 ppm in
black soils of Chittapur and Gulbarga taluks, whereas Mn was
26.85 to 104.30 ppm.  All the soils had high levels of available
Mn (above the critical limit of 2.0 ppm). Similar observations
were made by Rao et al. (2002).

In general, pigeonpea growing black soils are low in
available nitrogen, high in available phosphorus, high in
available potassium and low in available sulphur. With respect
to micronutrients, the soils are often found marginal in zinc
and deficient in iron, while they were sufficient in manganese
and copper. The red soils of Gulbarga taluk were generally
low to medium in available nitrogen, medium to high in
available phosphorus, low to medium in available potassium
and low in available sulphur. With respect to micronutrients,
these were often found sufficient in zinc, iron, manganese
and copper.
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Field pea (Pisum sativum L.) is an important pulse crop
and grown during winter (rabi) season. It requires balanced
fertilization for better growth and yield. However, weed
infestation during early growth period is a major factor limiting
its productivity. Weed competition is a serious limitation in
field pea due to its slow initial growth resulting in huge yield
loss to the extent of 65.8% under unweeded condition (Mishra
2006). During winter season, dominance of broad leaved weeds
in the early stages of crop growth period is mainly due to their
fast growth and deep root system, which enables them to
easily tap soil moisture and nutrients.

Manual and mechanical methods of weed control are
quite effective, but they are costly and time-consuming. Thus,
chemical weed control becomes a promising option to control
the weeds during crop growth period. Herbicides like
fluchloralin as pre-plant incorporation (PPI) and alachlor and
pendimethalin as pre-emergence (PE) weedicides have been
recommended for weed control. However, these are effective
only during initial period. Thus, for the effective control of
weeds throughout the crop season, use of post-emergence
herbicides has been found safe and effective. Recently some
herbicides, particularly imazethapyr and quizalofop ethyl are
being marketed for selectively controlling post emergent
weeds in field pea. Keeping this in view, the present
investigation was undertaken to evaluate the efficacy of some
post emergence herbicides in field pea under vertisol
conditions.

The field experiment was conducted during rabi season
(2008-09 and 2009-10) at Agricultural Research Station,
Ummedganj, Kota (25º18' N, 77º23' E, 271 m above mean sea
level). The soil of the experimental field is clay loam, low in
organic carbon (0.41%), medium in available phosphorus (20.5
kg/ha), high in available potassium (292.5 kg/ha) and slightly
alkaline in reaction (pH 7.5). The experiment was laid out in
randomized complete block design (RCBD) comprising 14
treatment combinations viz., quizalofop ethyl (40, 50, 60 g/ha),
imazethapyr (25, 37.5, 50 g/ ha) in combination with two times
of application at 20 and 30 days after sowing (DAS),
pendimethalin 1.0 kg/ha as pre emergence, hand weeding twice
at 20 & 40 DAS and weedy check with three replications. The
field pea variety ‘HUDP 15’ (110-120 days) was sown at a row
spacing of 30 cm with a seed rate of 80 kg seed/ha on 18th

November in 2008 and 10th November in 2009, respectively.
‘HUDP 15’ is a high yielding, dwarf and leaflet less variety

which is resistant to powdery mildew and fairly tolerant to
rust. Half dose of nitrogen (60 kg/ha) and full dose of
phosphorus (40 kg P2O5/ha) through urea and diammonium
phosphate, respectively were applied in the soil before sowing
and the remaining half (30 kg/ha) was top dressed at the time
of first irrigation (42 DAS). The crop was raised under irrigated
condition with recommended package of practices for the zone.

The post emergence herbicide imazethapyr 10% SL at
25.0, 37.5 and 50.0 g a.i./ha and quizalofop ethyl 5% EC at 40.0,
50.0 and 60.0 g a.i./ha were sprayed 20 and 30 DAS,
respectively using flat fan nozzle in the knapsack sprayer with
a spray volume equivalent to 500 l/ha. The plant population/
m2 was recorded at 30 DAS and at harvest. The total number
of weeds from 1.0 m2  area were counted with the help of iron
quadrate at two places of the sample rows in each plot at 70
DAS and analysed after subjecting the original data to change
square root transformation (vX + 0.5). For dry matter, weeds
collected from the 1.0 m2 were dried under the sun and then in
an oven at 70°C for 72 h, weighed (g/m2) and converted into
kg/ha. Weed control efficiency (WCE) was calculated at 40
and 80 DAS and expressed as the percentage reduction in
weed population due to weed management practices over
control using formula: WCE (%) = weed population (no/m2) in
control plot (WPc) – weed population no/m2) in treated plot
(WPt) divided by weed population (no/m2) in control plot
times 100. Weed index (WI), which is the per cent reduction in
yield due to the presence of weeds in comparison with weed
free plot by the formula: WI (%) = average crop yield in the
hand weeded plot (YHw) – average crop yield in the treatment
under study (Y) divided by average crop yield in the hand
weeded plot times 100. The economics of treatments computed
on the basis of prevailing market prices of the inputs used
and outputs obtained under each treatment. The market price
of imazethapyr and quizalofop ethyl was Rs.1680 and 1380 per
litre, respectively, whereas, the cost of two hand weedings
(20 and 40 DAS) amounted to Rs. 7500 for 60 men days. The
sale price of field pea seed was taken @ Rs. 2200 per quintal.
Analyses of variance were performed on all data collected.
Since, similar trend was noticed during both the years, pooling
was done over the years. Where the F-test was significant (at
5% level of significance), the least significant differences was
used to compare the means at P = 0.05.
Effect on weeds: The experimental field was infested with
both, broad leaved and grass weeds. The major weed flora
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were Chenopodium album, Convolvulus arvensis,
Chenopodium murale, Cyperus rotundus and Cynodon
dactylon, etc. Out of these weed flora, mainly dicot weeds
invaded during the studies. All the weed control treatments
significantly reduced the weed population and their total
biomass over weedy check (Table 1). Hand weeding twice at
20 & 40 DAS observed significantly lower monocot weed
density recorded at 70 DAS and remained statistically at par
with quizalofop ethyl 60 g/ha at 20 DAS, quizalofop ethyl 60
g/ha at 30 DAS and quizalofop ethyl 50 g/ha at 20 DAS over
the other herbicidal treatments, respectively. Application of
imazethapyr 50 g/ha at 20 DAS significantly reduced dicot
weed density over rest of the herbicidal treatments, hand
weeding twice and weedy check. Lowest total weed density
at 70 DAS was recorded under hand weeding twice though
being at par with imazethapyr 50 g/ha at 20 DAS over rest of
the herbicidal treatments. This registered per cent reduction
of 63.06 and 58.81 weed density over the weedy check,
respectively. Application of post emergence herbicide,
imazethapyr at 25-50 g/ha sprayed at 20 and 30 DAS
significantly reduced the total weed density to the tune of
40.70-58.81 per cent over weedy check whereas, application
of quizalofop ethyl at 40-60 g/ha sprayed at 20 and 30 DAS
also significantly curb the total weed density to the tune of
11.94-19.71 percent over weedy check. Therefore, it might be
inferred that application of imazethapyr effectively controlled
the emerged grassy and broad leaved weeds.

Hand weeding twice recorded lowest weed biomass
15.95 g/m2 at 70 DAS remained at par with imazethapyr (50 g/
ha) and pendimethalin (1.0 kg/ha) over rest of the treatments,

which checked the weed population to the maximum extent
due to elimination of most of the weeds as compared to weedy
check and post emergence herbicides (Table 1). Amongst the
herbicide treatments, imazethapyr @ 50 g/ha at 20 DAS
remained statistically at par with imazethapyr @ 50 g/ha
applied at 30 DAS and pendimethalin (1.0 kg/ha) as pre
emergence recorded significantly lower weed biomass 19.78
g/m2 at 70 DAS, respectively over rest of the herbicide
treatments and it registered 84.8 per cent lower weed biomass
compared with weedy check. Thus, imazethapyr effectively
controlled the germinated broad as well as grass weeds and
observed least weed biomass. It also killed these weeds or
suppressed them (smothering effect) which was reported to
boost the crop growth as reported by Godara and Deshmukh
(2002) in soybean. However, application of quizalofop ethyl
was found quite effective against grass weeds but failed to
curb the population of broad leaved weeds in comparison to
imazethapyr.

Maximum weed control efficiency was observed with
the twice hand weeding treatment (86.6%) but remained
statistically at par with imazethapyr 50 g/ha at 20 DAS (83.3%)
recorded at 70 DAS and least under application of quizalofop
ethyl 40 g/ha at 30 DAS. This may be due to lower weed
biomass and higher efficiency against both broad and grassy
weeds (Table 1). Application of pendimethalin 1.0 kg/ha as
pre emergence weedicide controlled weeds to the tune of 79.5
per cent which was significantly superior over graded dose of
quizalofop ethyl at 20 and 30 DAS and weedy check. Vyas
and Jain (2003) also reported the highest weed control
efficiency with two hand weedings at 30 + 45 days after sowing.

Table 1. Effect of post emergence herbicides on monocot and dicot weeds, weed density, weed control efficiency and weed index
at 70 DAS in field pea (data pooled over 2 years)

Data subjected to square root  0.5  X   transformation and figures in perenthesis are original values

Treatments Monocot 
weed density 

(no./m2) 

Dicot weed 
density  
(no./m2) 

Total weed 
density  
(no./m2) 

Total weed 
biomass 
(g/m2) 

WCE 
(%) 

Weed dry 
matter 
(kg/ha)  

Weed  
index 
(%) 

Quizalofop Ethyl 40 g/ha at 20 DAS 3.47 (11.56) 10.14 (102.24) 10.69 (113.80) 81.77 26.7 818 37.8 
Quizalofop Ethyl 50 g /ha at 20 DAS 2.96 (8.29) 9.94 (98.21) 10.34 (106.50) 74.70 31.4 747 35.7 
Quizalofop Ethyl 60 g/ha at 20 DAS 2.49 (5.68) 9.73 (94.22) 10.02 (99.90) 70.49 35.6 705 33.7 
Quizalofop Ethyl 40 g/ha at 30 DAS 3.52 (11.88) 10.43 (108.32) 10.99 (120.20) 85.91 22.6 859 39.6 
Quizalofop Ethyl 50 g/ha at 30 DAS 3.06 (8.85) 10.23 (104.25) 10.66 (113.10) 80.88 27.1 809 36.8 
Quizalofop Ethyl 60 g/ha at 30 DAS 2.75 (7.07) 10.02 (99.83) 10.36 (106.90) 76.34 31.1 764 35.0 
Imazethapyr 25 g a/ha at 20 DAS 5.41 (28.76) 4.95 (24.04) 7.30 (52.80) 40.34 66.0 404 32.1 
Imazethapyr 37.5 g/ha at 20 DAS 5.06 (25.13) 3.63 (12.67) 6.19 (37.80) 28.82 75.7 288 26.3 
Imazethapyr 50 g/ha at 20 DAS 4.84 (22.93) 1.86 (2.97) 5.14 (25.90) 19.78 83.3 198 18.2 
Imazethapyr 25 g/ha at 30 DAS 5.53 (30.08) 4.97 (24.22) 7.40 (54.30) 41.47 65.0 415 33.1 
Imazethapyr 37.5 g a/ha at 30 DAS 5.27 (27.32) 3.69 (13.08) 6.40 (40.40) 30.57 74.0 306 28.4 
Imazethapyr 50 g/ha at 30 DAS 5.07 (25.16) 2.76 (7.14) 5.73 (32.30) 24.71 79.2 247 22.4 
Pendimethalin 1.0 kg/ha PE 3.83 (14.17)  4.26 (17.69) 5.69 (31.86) 24.16 79.5 242 23.9 
Hand Weeding at 20 & 40 DAS 2.25 (4.55) 4.09 (16.22) 4.61 (20.77) 15.95 86.62 160 - 
Weedy check 6.24 (38.47) 10.83 (116.74) 12.48 (155.21) 130.49 - 1305 60.3 
SEm+ 0.14 0.26 0.31 2.98 1.22 29.13 0.74 
C D (P= 0.05)  0.40 0.71 0.86 8.25 3.42 80.7 2.06 
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However, application of imazethapyr showed higher weed
control efficiency as compared to quizalofop ethyl as post
emergence herbicide applied at 20 and 30 days after sowing.
Post emergence herbicides were found to be superior to pre
emergence and pre plant incorporation applied herbicides. It
may be due to the fact that weeds were killed in their active
stage of growth. It is conformity with findings of Chen et al.
(1998). The minimum and significantly lower weed index
(18.2%) was recorded with imazethapyr 50 g/ha at 20 DAS
over rest of the herbicide treatments and weedy check (Table
1). This might be due to effective control of grassy and broad
leaved weeds.
Effect on crop: Hand weeding twice at 20 and 40 DAS (i.e.
weed free treatment) resulted in significantly higher plant
height (113.7 cm), number of branches/plant (5.0), pods/plant
(35.7) and seeds/pod (3.7) over weedy check but remained on
par with imazethapyr @ 50 g/ha applied DAS except branches/
plant and pods/plant (Table 2). The next best herbicide was
pendimethalin @ 1.0 kg/ha for obtained higher growth and
yield attributes. Growth and yield contributing characters
showed marked difference due to chemical weed control
measures and lowest values were recorded in weedy check.
Among the post emergence herbicides maximum values of
plant height (108.6 cm), branches/plant (4.2), pods/plant (29.3)
and seeds/pod (3.3) were also recorded with application of
imazethapyr 50 g/ha 20 DAS and next best herbicide was pre
emergence application of pendimethalin (1.0 kg/ha) which gave
higher values of growth and yield attributes. However,
application of quizalofop ethyl was found least effective for
increasing growth and yield contributing characters of field
pea though it was still significantly superior to weedy check.

The seed yield of field pea due to various weed control
treatments varied significantly (Table 2). It was less when the
weeds were allowed to compete with the crop throughout
season in the weedy check plots but increased identically
when the weeds were controlled either by use of post
emergence herbicides or hand weeding. Significantly higher
and the best seed yield (1236 kg/ha) was obtained with hand
weeding twice 20 and 40 DAS while the next best was found
with imazethapyr @ 50 g/ha applied 20 DAS (1011 kg/ha).
However, application of pendimethalin 1.0 kg/ha as pre
emergence weedicide produced significantly higher seed yield
(978 kg/ha) over the weedy check. The significant higher seed
yield under these treatments could be attributed to better
control of weeds during critical period of crop-weed
competition under moist soil environment, which in turn
reduced weed competition stress and provided a weed free
environment to the field pea crop. These findings are in close
proximity with that of Billore et al. (1999) with imazethapyr on
soybean. Among the herbicides, application of imazethapyr
@ 50 g/ha 20 DAS recorded maximum seed yield (1011 kg/ha)
which was obviously due to its higher values of yield
attributes, weed control efficiency and lowest weed index
(18.2%) compared to rest of the herbicide treatments. The
results confirm the findings of Nelson and Renner (1999) who
conducted such experiment in soybean. However, application
of imazethapyr, irrespective of its doses and time of application,
was significantly superior to weedy check. Lower seed yield
with quizalofop ethyl could be attributed to its poor efficiency
against broad leaf weeds.
Effect on economics:  The maximum and significantly higher
net return (Rs. 12435/ha) and B:C ratio (0.97) was obtained

Table 2. Effect of post emergence herbicides on growth, yield attributes, yield and economics of field pea (data pooled over 2
years)

Treatments Plant  
height  
(cm) 

Branches/ 
plant 
 (no.) 

Pods/ 
plant 
(no.) 

Seeds/ 
pod  
(no.) 

Seed 
yield 

(kg/ha) 

Cost of 
cultivation 

(Rs./ha) 

Net return 
(Rs./ha) 

B:C 
ratio 

Quizalofop Ethyl 40 g/ha at 20 DAS 91.7 3.6 19.6 2.8 769 13104 6132 0.47 
Quizalofop Ethyl 50 g /ha at 20 DAS 95.1 3.8 20.9 3.0 795 13380 6487 0.48 
Quizalofop Ethyl 60 g/ha at 20 DAS 97.2 4.0 23.6 3.1 819 13656 6816 0.50 
Quizalofop Ethyl 40 g/ha at 30 DAS 90.8 3.6 19.0 2.8 747 13104 5572 0.43 
Quizalofop Ethyl 50 g/ha at 30 DAS 92.3 3.7 19.8 2.9 781 13380 6145 0.46 
Quizalofop Ethyl 60 g/ha at 30 DAS 94.7 4.0 20.4 3.0 804 13656 6456 0.47 
Imazethapyr 25 g a/ha at 20 DAS 99.7 3.8 20.6 3.0 839 12420 8551 0.69 
Imazethapyr 37.5 g/ha at 20 DAS 104.7 4.0 24.5 3.2 911 12630 10142 0.80 
Imazethapyr 50 g/ha at 20 DAS 108.6 4.2 29.3 3.3 1011 12840 12435 0.97 
Imazethapyr 25 g/ha at 30 DAS 95.1 3.7 19.4 2.8 827 12420 8261 0.67 
Imazethapyr 37.5 g a/ha at 30 DAS 100.4 3.9 22.7 3.1 885 12630 9499 0.75 
Imazethapyr 50 g/ha at 30 DAS 102.5 4.1 27.2 3.2 959 12840 11146 0.87 
Pendimethalin 1.0 kg/ha PE 104.3 4.0 25.7 3.1 941 13525 10000 0.73 
Hand Weeding at 20 & 40 DAS 113.7 5.0 35.7 3.7 1236 19500 11408 0.59 
Weedy check 70.0 3.0 14.6 2.3 491 12000 273 0.02 
SEm (±) 4.88 0.14 1.33 0.16 33.61 - 1038 0.08 
C D (P= 0.05)  13.53 0.39 3.69 0.43 93.2 - 2878 0.22 
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with imazethapyr 50 g/ha applied 20 DAS owing to lower cost
of cultivation and effective control of broad as well as grassy
weeds (Table 2). The next best treatments were hand weeding
twice, imazethapyr 50 g/ha at 30 DAS, imazethapyr @ 37.5 g/
ha at 20 DAS and pendimethalin 1.0 kg/ha significantly
superior over rest of the herbicides and weedy check. Excellent
control of dominant grassy as well as broad leaved weeds
without any adverse effect on crop growth with good seed
yield may be attributed to superior economic indices in this
treatment. The least net return (Rs. 273/ha) and B: C ratio
(0.02) was recorded with weedy check due to poor crop yield.

Thus it may be concluded that application of imazethapyr
@ 50 g/ha at 20 DAS as post emergence herbicide could be
used safely for effective control of broad as well as grass
weeds in field pea for getting higher productivity.
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Chickpea (Cicer arietinum L.) is a globally important
pulse crop. However, abiotic stresses such as drought, heat
and salinity individually or sometimes cumulatively affect crop
productivity. Chickpea is generally grown under rainfed
conditions in limited soil moisture. Due to dominating rice-
wheat cropping system in India, chickpea has been shifted to
marginal lands. Drought is one of the major constraints in
chickpea yield. Terminal drought has been reported to decrease
chickpea yield from 13 to 37% (Yadav et al. 2007). Vegetative
as well as reproductive growth and the productivity of
chickpea are reported to be adversely affected under shortage
of water (Gunes et al. 2006, Leport et al. 2006 and Canci and
Toker 2009). Since drought is a complex trait, breeding for
drought tolerance in chickpea has not been rewarding in the
past due to the lack of suitable selection criteria (Jayalakshmi
et al. 2011). The improvement in genotypes is the only
alternative left for yield stability under drought stress. Plant
breeders evaluate a number of developed genotypes under
field conditions for developing a particular abiotic stress
tolerant genotype. However, if existing or newly developed
genotypes could be shortlisted on the basis of biochemical
markers before sowing, it could save a lot of money and time.
Keeping this in view, the present investigation was undertaken
to identify the diversity in drought susceptible and tolerant
chickpea cultivars with respect to eight biochemical markers
which can be useful for the breeding programme to develop
drought tolerant cultivars.

Seven drought susceptible genotypes namely ‘Pusa
209’, ‘Pusa 212’, ‘Pusa 261’, ‘Pusa 329’, ‘Pusa 244’ and ‘Pusa
1003’ and eight drought tolerant genotypes namely ‘Pusa 256’,
‘Pusa 372’, ‘Pusa 391’, ‘Pusa 1053’, ‘Pusa 1088’, ‘Pusa 1103’,
‘Pusa 1108’ and ‘BHD 72’ were obtained from National Bureau
of Plant Genetic Resources, New Delhi and raised in the
experimental fields at  Punjab Agricultural University, Ludhiana
in the year 2006-2007. The chickpea seeds were crushed in a
pestle and mortar at 4°C and contents were passed through
0.8 mm sieve. Enzyme activities were assayed at 30°C.  Acid
phosphatase was extracted from 100 mg of crushed seeds
with 3 ml of 0.1 M sodium acetate buffer (pH = 5.0) and the
supernatant obtained after centrifugation at 10000x g for 20
min at 4°C was used for assaying the activity using p-
nitrophenyl phosphate as a substrate (Gupta et al. 1998). The
assay system of -galactosidase was similar to that of acid
phosphatase except that p-nitrophenyl phosphate was
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replaced with p-nitrophenyl--D-galactoside as a substrate.
Antioxidative enzymes such as catalase, ascorbate peroxidase,
glutathione reductase and superoxide dismutase were
extracted and estimated as described by Kaur et al. (2009a).
Proline content was measured by the method of Bates et al.
(1973). Phytic acid was extracted from the powdered seeds
with 1.2% HCl and precipitated with ferric chloride (Zemel and
Shelef 1982) and organic phosphorous was estimated as per
the protocol of Rouser et al. (1974).

It was observed that the activity of -galactosidase
varied from 297.3 to 516.6 units/g with an average value of
388.8 and from 160.7 to 310.7 with an average value of 237.1
units/g in drought susceptible and drought tolerant chickpea
genotypes, respectively (Table 1). -Galactosidase is an
important enzyme that hydrolyzes raffinose family
oligosaccharides. All the drought tolerant genotypes have
lower -galactosidase activity in comparison with the average
-galactosidase activity of drought susceptible genotypes.

The average activity of acid phosphatase was 474.7
and 308.6 units/g for drought susceptible and drought tolerant
genotypes, respectively. Drought susceptible genotypes have
about 35 per cent higher acid phosphatase activity as compared
to the drought tolerant genotypes (Table 1). All the drought
tolerant genotypes except ‘Pusa 391’ have lower acid
phosphatase activity as compared with that of susceptible
genotypes (Table 1).

Accumulation of reactive oxygen species (ROS) is
observed under unfavourable environmental conditions. The
increase in concentration of ROS initiates such signal
transduction processes which activate protective mechanisms
involving the increase in the level of antioxidative enzymes
(Suzuki and Mittler 2006). The antioxidative enzymes involved
in scavenging reactive oxygen species could be the possible
biochemical markers for abiotic stress. Antioxidative enzymes
have been reported to play an important role in encountering
the low temperature stress in chickpea during seed
development (Kaur et al. 2009b). However, no significant
differences were observed in the mean activities of catalase
(CAT), ascarbate peroxidase (APX) and superoxide dismutase
(SOD) in seeds of drought susceptible and tolerant cultivars
(Table 1). However, significant variations within the drought
susceptible and tolerant cultivars were observed. The seeds
of drought susceptible chickpea genotypes have about 68
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Table 1. Distribution of enzyme activities, proline and phytic acid content in drought tolerant and susceptible chickpea genotypes

Values are mean±SD of three replicates; Enzyme activities are expressed as nmoles of Pi formed /min/g DW  (acid phosphatase and -galactosidase);
µmoles of H2O2 decomposed/min/g  DW (CAT); nmoles of  monodehydroascorbate formed /min/g1 DW (APX); nmoles of NADP+ formed/ min/g1 DW
(GR);  and units /min/g   DW (SOD) (one unit corresponds to amount of enzyme required for 50% inhibition of auto-oxidation of pyrogallol);
*: Significant at P=0.05

Sr. 
No. 

Genotypes α-galactosidase Acid 
phosphatase 

Catalase Ascorbate 
peroxidase 

Glutathione 
reductase 

Superoxide 
dismutase 

Proline 
(mg/ g) 

Phytic acid 
(mg/ g) 

Drought Susceptible genotypes 
1. Pusa 209 476.6±26.9 396.4±16.7 603.1±25.7 1178.6±59.6 564.2±22.6 108.0±10.0 0.57±0.02 4.13±0.86 
2. Pusa 212 516.6±18.7 583.2±25.9 593.9±38.2 334.2. ±17.4 341.6±12.8 174.3±12.4 0.46±0.04 2.53±0.73 
3. Pusa 261 372.4±20.0 505.8±40.4 372.2±10.9 149.9±20.8 506.4±32.0 129.6±11.2 0.35±0.02 3.69±0.59 
4. Pusa 329 319.3±29.4 468.5±32.8 223.8±22.4 899.9±41.7 122.9±9.8 122.5±11.0 0.32±0.03 2.75±0.24 
5. Pusa 240 415.2±36.6 449.8±22.9 437.1±15.8 600.1±50.8 320.7±22.0 165.0±9.8 0.54±0.04 2.89±0.30 
6. Pusa 244 322.9±22.8 553.9±38.3 277.1±19.4 696.4±43.6 176.8±17.2 120.6±7.7 0.32±0.04 2.68±0.28 
7. Pusa 1003 297.3±21.4 364.1±21.4 213.2±21.0 450.1±28.6 173.6±16.9 124.1±6.9 0.22±0.02 3.83±0.33 
 Mean 388.8* 474.7* 388.97* 615.99 315.4* 135.14 0.40* 3.24* 
 CD(5%) 1.41 0.89 1.26 1.67 0.948 0.96 0.167 0.105 
Drought Tolerant genotypes 
8. Pusa 256 201.2±16.8 278.1±22.0 405.1±17.8 900.1±39.7 96.4±9.0 157.9±9.9 0.22±0.02 1.83±0.30 
9. Pusa 372 295.3±15.4 371.3±19.4 618.2±32.4 374.9±80.6 341.6±15.6 113.3±10.1 0.16±0.03 2.75±0.54 
10. Pusa 391 310.7±17.9 449±32.6 490.3±24.8 599.9±45.6 102.8±8.7 116.9±9.7 0.21±0.02 1.30±0.24 
11. Pusa 1053 298.4±22.2 312.4±16.8 237.5±21.9 514.3±52.8 232.3±7.7 165.1±8.8 0.11±0.02 2.46±0.31 
12. Pusa 1088 166.6±11.8 299.9±17.4 309.1±12.8 750.2±59.6 154.3±12.0 114.8±6.6 0.19±0.03 2.60±0.15 
13. Pusa 1103 258.9±15.6 249.1±19.6 1044.6±85.6 300.1±28.6 376.1±22.6 104.6±9.4 0.21±0.02 3.11±0.19 
14. Pusa 1108 160.7±9.8 245.4±15.8 341.1±17.6 749.9±66.3 95.6±8.6 126.6±2.3 0.14±0.02 3.04±0.23 
15. BGD-72 205.4±12.7 262.9±16.4 341.1±17.6 749.9±66.3 96.7±7.9 135.4±5.9 0.28±0.04 1.88±0.10 
 Mean 237.1* 308.6* 473.7* 617.68 187.07* 129.58 0.19* 2.37* 
 CD 

(P=0.05) 
1.14 0.95 1.15 0.998 1.69 0.912 0.163 0.191 

 

per cent higher average glutathione reductase (GR) activity in
them as compared to drought tolerant genotypes. With
exception to ‘Pusa 372’ and ‘Pusa 1103’, the remaining six
tolerant genotypes showed lower GR activity as compared to
average GR activity in susceptible ones. Loggini et al. (1999)
compared two wheat cultivars with different drought tolerance.
Both cultivars responded with moderate decline in total
glutathione concentration and showed higher GSH/GSSG ratio
after a month of drought.  They observed that the increase in
glutathione reductase activity was more in susceptible

genotypes after drought.
The seeds of drought susceptible genotypes have

about two times the proline content as compared to drought
tolerant chickpea genotypes (Table 1). Accumulation of proline
is considered as a biochemical parameter for drought tolerance
in chickpea (Raut et al. 2003).  However, in the present
investigation proline content was found to be higher in
susceptible genotypes. It is possible that a lower level of
proline in drought tolerant seeds might give an advantage in
its up-regulation during abiotic stress conditions. There are

Table 2. Distribution of 5 important biochemical parameters in chickpea genotypes

*Sr. No. 1-15 refers to the names of genotypes as in Table 1; + sign indicates the presence of lower values of the corresponding parameter.

Status Chickpea genotypes 
(Activity/Content) Susceptible 

1*     2      3       4       5       6        7 
Tolerant 
8     9     10     11     12     13     14     15   

Low α-galactosidase 
(‹225 units min -1 g -1 DW) 

                                                     +                                +               +       + 

Low acid phosphatase 
(‹300 units min -1 g -1 DW) 

 +                                 +     +       +       + 

Low glutathione reductase 
(‹180 units min -1 g -1 DW) 

                         +               +          +                     +             +                  +              +         + 

Low proline 
(‹0.25 mg g -1 DW) 

                                                        +                   +      +     +                  +     +      + 

Low phytic acid 
(‹2.0 mg  g -1 DW) 

 +              +                                            + 
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reports indicating that the magnitude of proline increase was
inversely related to salt tolerance in rice cultivars (Lutts et al.
1999).  The average content of phytic acid was higher in
drought susceptible genotypes with an average value of 3.24
as compared to 2.37 mg/g in drought tolerant genotypes (Table
1). Phytic acid is the major storage form of phosphorus in
plant seeds. Phytic acid was reported to reduce the
bioavailability of minerals and form soluble complexes with
enzymes (Srivastava and Srivastava 2003). Reduced phytic
acid in seeds has been a desirable goal for genetic improvement.
Chitra et al. (1995) reported that genotypes of pulses with low
phytic acid content could be identified and can be used in
breeding programme to improve their nutritional value and
utilization. Association of phytic acid trait with drought
tolerance could be very useful for evolving drought tolerant
genotypes with lower phytic acid content. Kaur et al. (2010)
also observed that lower phytic acid in wild chickpea cultivars
is a desirable trait from nutritional perspective. On the basis
of present studies lower activities of -galactosidase and
phosphatase and glutathione reductase along with low
content of phytic acid and proline could appear to be the
possible biochemical markers for drought tolerance. Studies
of these markers have been summarized in drought tolerant
and susceptible genotypes (Table 2). Out of 8 drought tolerant
genotypes, all the genotypes except ‘Pusa 372’ and ‘Pusa
1053’ (at Sr. Nos. 9 and 11) were found to contain two or more
than two of these biochemical indicators.  The susceptible
genotypes at serial Nos. 1, 2, 3, 5 do not contain any of these
biochemical characters, whereas genotypes at serial No. 4
and 6 (‘Pusa 329’ and ‘Pusa 244’) contain only one biochemical
parameter i.e. low glutathione reductase. Only one susceptible
genotypes, ‘Pusa 1003’, was found to have two biochemical
characters.

The present data showed that it is possible to identify
biochemical traits associated with drought tolerance. Since
drought tolerance is a complex phenomenon and is determined
by a large number of genes, it is not possible to identify a
single biochemical factor responsible for drought tolerance.
Furthermore, instead of comparing with a single susceptible
check, preferably 5-6 different susceptible varieties should be
used as a check and the mean values of these susceptible
varieties should be compared with the data obtained from
another germplasm to further shortlisting them for possible
tolerant/susceptible germplasm. For example, in the present
studies, a low activity of -galactosidase, acid phosphatase,
glutathione reductase, phytic acid and proline content appear
to be somehow associated with drought tolerance. This is a
preliminary report, however, identification of such biochemical
markers along with molecular markers form the basis to forecast
the abiotic stress tolerance nature of a given germplasm for
testing in the field with reasonable degree of assurance.
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The importance of legume crops, which occupy a unique
position in the world agriculture, owes to the high protein
content in its seeds and its capacity for fixing atmospheric
nitrogen. The normal concentration of zinc in plants ranges
from 25 to 125 ppm on dry matter basis. Corn and beans are
particularly sensitive to zinc deficiency. Zinc is relatively
immobile in most of the soil. The availability of soil zinc to
plant decreases with increasing soil pH. Zinc deficiency is
generally most pronounced during cool, wet season and often
disappears with the advent of hot weather. Increasing soil
temperature has been reported to increase the availability of
zinc to crop. Seed soaking accelerates metabolic processes
involved in germination (Natrajan and Shrimathi 2006). This is
accompanied by the intake of oxygen and release of CO2 and
mobilization of the food reserves. The greatest advantage of
seed soaking is to extract sufficient moisture for quick and
better germination even under the stress of water. Zinc is
recognized as an essential component in several enzymes like
dehydrogenases, proteinases and peptidases for plant, these
include carbonic anhydrase, alcohol dehydrogenase, malic
dehydrogenase, D-glycerol-dehyde-3-phasphate dehydro-
genase and aldolase.

In view of the above facts, an experiment during 2005-
06 was conducted in pots to investigate the effect of seed
soaking with different concentration of zinc sulphate on
growth, yield and yield components of chickpea (Cicer
arietinum L.). The investigation was conducted in the
cemented pots (30 cm height × 30 cm diameter) and laid out in
a complete randomized design (CRD), using one cultivar
‘Avrodhi’, and two durations of seed soaking period replicated
ten times. The pots were filled with previously sieved
homogenized 9 kg soil and watered enough to obtain sufficient
moisture for germination. The seeds were treated with different
concentrations of zinc sulphate viz., no seed soaking (NSS),
seed soaking with demineralised water (SS) and 0.2, 0.4, 0.6,
0.8 and 1.0 percent zinc sulphate at two soaking durations
viz., 3 and 6 h. A stock solution of zinc sulphate 1% was
prepared by dissolving 2.5 g zinc sulphate in a small amount
of demineralized water and then made up to 250 ml, which was
further used to prepare different concentrations of zinc
sulphate solution. One hundred healthy disease-free seeds
of variety ‘Avrodhi’ were sorted out from the seeds stock and
put in beaker (100 ml) separately. 50 ml solution of different
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concentrations was added to each beaker to cover to the seeds
except in no seed soaking (NSS) treatment. In case of seed
soaking with demineralized water (SS), the same amount of
demineralized water was added. The seeds from each beaker
were removed in stipulated time and put on a blotting paper
for drying under shade and than treated with rhizobium
culture. After pulverizing the soil, each pot was sown with
five seeds at a depth of five cm. Observations were recorded
on plant height, number of branches (primary, secondary and
tertiary), yield per plant and chlorophyll content. Chlorophyll
was estimated following Arnon (1949).

Irrespective of soaking duration, maximum plant height
(38.5 cm.) was observed in 1% zinc sulphate at 80 days after
sowing (DAS). The lower concentration (0.2% of zinc sulphate)
was also effective, which did not differ significantly from its
higher concentration and remained at par. Seed soaking with
0.8 per cent zinc sulphate solution recorded maximum plant
height (43.2 cm) at 100 DAS which was significant over the
both the control (NSS and SS), 0.2 and 0.4% treatments and
remained at par among them. Primary, secondary and tertiary
branches per plant were influenced significantly by different
treatments over controls. Highest number of primary branches/
plant (5.4) was noticed at 0.6% concentration which was
significant over the controls while rest of the treatments were
at par. However, seed soaking in different concentrations of
zinc sulphate solution proved superior to both NSS and SS
control. Similarly, maximum number of secondary and tertiary
branches was observed at 1% zinc sulphate (14.4 and 16.2).
However, seed soaking in different concentrations of zinc
sulphate solution proved superior to both NSS and SS control.
These results are in agreement with the observations of Forth
and Ellis (1997).

Higher concentration of zinc sulphate (1%) caused
significant increase in chlorophyll a and b contents of leaf in
comparison to both the controls. Midvon and Cohn (1978)
reported that zinc plays an important role in the production
and protection of chlorophyll pigment in the leaves. Data also
revealed that seed soaking in different concentrations of zinc
sulphate solution enable to produce higher number of flowers.
The number of flowers varied from 76.3 to 77.7 in different
treatment of seed soaking, which were significantly superior
in comparison to NSS and SS controls, which produced 68.7
and 68.3 flowers per plant, respectively. The longer seed
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soaking duration (6 h) produced 76.6 flowers per plant, which
was significantly better than 73.3 flowers per plant of 3 h seed
soaking (Table 1). Similar results were reported by Mussa et
al. (1999) who stated that seed priming increased number of
flower and pods per unit area.

Maximum test weight (179.6 g) of seeds occurred in 1%
zinc sulphate solution, which is significantly superior to NSS
control. Seed soaking duration, which did not cause significant
improvement in test weight,  recorded 177.3 g in the case of
three hours seed soaking, while the same being 177.6 g in 6 h
seed soaking. Similarly, Singh et al. (2003) reported that seed
priming increased 1000 grain weight in chickpea.

Grain yield varied from a minimum of 11.91 g/plant in
NSS control to maximum of 14.89 g/plant obtained by pre-
sowing seed soaking treatments of seed in 1% zinc sulphate
solution thus, causing statistically significant differences.
Even the lowest concentration of 0.2% zinc sulphate solution
resulted in significant increases in grain yield over NSS and
SS controls. Duration of seed soaking period failed to cause
much variation in seed yield. In case of three hours of seed
soaking, it was 13.66 g/plant; while in case of 6 h seed soaking
duration, it was 13.69 g/plant. Grain yield (14.89 g) of 1% zinc
sulphate solution was at par with rest all zinc sulphate
treatments (Table 1). These results are in agreement with Rashid
et al. (2000) and Arif et al. (2007), who reported significant
higher grain yield for seed priming as compared to the control.

Table 1. Effect of seed soaking with zinc on various morpho-physiological traits in chickpea at 100 DAS and maturity stages

aObservations recorded at 80 DAS; T1= No seed soaking (NSS); T2= Seed soaking with distilled water (SS); T3= Seed soaking with 0.2% zinc  sulphate
solution; T4= Seed soaking with 0.4% zinc sulphate solution; T5= Seed soaking with 0.6% zinc sulphate solution; T6= Seed soaking with 0.8% zinc
sulphate solution; T7= Seed soaking with 1.0% zinc  sulphate solution;  DAS= Days after sowing

Chlorophyll 
(mg/g/fresh weight)a 

 

Treatments Plant 
height 
(cm)a 

Plant 
height 
(cm) 

Flowers/ 
plant 
(no.) 

Primary 
branches/ 

plant  
(no.) 

Secondary 
branches/ 

plant  
(no.) 

Tertiary 
branches/ 

plant  
(no.) Chl a Chl b 

Grain 
yield/ 
plant  

(g) 

Test 
weight  

(g) 
 

Soaking h  
3 36.6 41.0 73.3 4.4 10.5 13.3 1.66 1.05 13.66 177.3 
6 37.4 41.5 76.6 5.0 13.8 14.4 1.68 1.05 13.69 177.6 

CD (P=0.05) NS NS 0.8 0.5 1.1 0.4 NS NS NS NS 
Seed soaking 

T1 35.2 39.3 68.7 3.7 10.0 11.3 1.44 0.87 11.91 175.2 
T2 35.5 39.9 68.3 3.6 9.9 12.3 1.48 0.95 12.02 176.0 
T3 37.3 40.6 77.4 5.0 11.6 13.0 1.62 0.95 13.80 176.7 
T4 37.4 41.1 77.2 5.4 12.6 14.3 1.74 1.00 13.84 177.6 
T5 37.1 43.0 77.7 5.0 13.6 15.0 1.76 1.11 14.46 178.1 
T6 37.2 43.2 76.5 5.1 12.9 14.7 1.81 1.21 14.82 179.0 
T7 38.5 41.2 76.3 5.0 14.4 16.2 1.86 1.26 14.89 179.6 

CD (P=0.05) 1.6 1.8 1.5 1.0 2.0 2.0 0.14 0.17 1.42 3.6 
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Pulses can play a significant role in crop diversification
in major cereal based system of Punjab. Chickpea (Cicer
arietinum L.) is primarily a cool season legume that can be
grown successfully in semi-arid tropics. Chickpea being a
leguminous crop, can fix atmospheric nitrogen through
symbiotic association with effective and competitive strains
of Mesorhizobium (Khurana and Sharma 1998, Sharma and
Sharma 2008), thereby improving soil fertility as well as
productivity of subsequent cereal crops. Seed treatment with
various pesticides (fungicide and insecticide) at their
recommended rates (Anonymous 2007) are used to overcome
the economic loses of chickpea due to fungal (Ascochyta
blight, Botrytis grey mould, etc.) and insect-pest (termites)
attack that may affect biological nitrogen fixation (BNF),
resulting in reduced production of chickpea. Mesorhizobium
sp. cicer inoculant is often used in conjunction with fungicides
and insecticides in chickpea. Different fungicides and
insecticides showed variation in toxicity as seed treatment on
the survival ability of the rhizobial population (Malik and Tesfai
1983). Jeenie et al. (2010) also observed that at recommended
rate of application of fluchloralin in vitro, the growth of
rhizobium and phosphate solubilizing bacteria (PSB) remained
unaffected. The data on conjunctive use of Mesorhizobium
sp. cicer with fungicide and insecticides as seed treatment is
lacking in chickpea.  Therefore, the present study was planned
to examine the effect of a fungicide (captan @ 3 g/kg seed)
and insecticide (endosulfan @ 10 ml/kg seed) at sowing time
along with recommended Mesorhizobium sp. cicer (LGR 33)
inoculant as seed treatment on the growth, symbiotic efficiency
and productivity in chickpea.

Field experiments were conducted on the chickpea
variety ‘PBG 1’during rabi seasons (2006-07 and 2007-08) at
the Pulses Research Farm, Punjab Agricultural University,
Ludhiana. The soil was sandy loam in texture with pH of 8.1.
Three replications o f five t reatments viz., contro l,
Mesorhizobium (MR), captan+MR, endosulfan+MR and
captan+endosulfan+MR were taken. Emergence count was
recorded at 10 days after sowing (DAS) from central rows of
each plot after leaving two border rows on each side. Three
plants were randomly selected and uprooted at vegetative (55
DAS) and flowering (90 DAS) stages from each plot and
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observations for plant height, dry weight of shoot and root,
number of nodules and dry weight of nodules were recorded.
Leghaemoglobin (Wilson and Reisenauer 1963), chlorophyll
content (Witham et al. 1971) and nitrogen content (Mckenzie
and Wallace 1954) were recorded at flowering stage. Grain
yield was recorded at harvesting stage. The data were
analyzed as per standard statistical procedure using CPCS 1
software developed by Department of Mathematics, Statistics
and Physics, Punjab Agricultural University, Ludhiana.

Plant stand is an important parameter for achieving
higher productivity of the crop. On the basis of pooled mean
data of rabi 2006-07 and 2007-08, emergence count in different
treatments was non-significant and it varied from 86.5% to
89.1% (Table 1). It indicated that seed treatment of chickpea
with fungicide and insecticide application along with
Mesorhizobium sp. cicer had no adverse effect on emergence
count. No significant difference for plant height was observed
between treatments. Maximum height was recorded with
Mesorhizobium sp. cicer alone treatment (39.9 cm) at 90 DAS.
Improvement in plant height due to Rhizobium inoculation
has also been reported by Togay et al. (2008) in chickpea.
Seed treatment of chickpea with captan and endosulfan along
with Mesorhizobium sp. cicer showed non-significant
differences for dry weight of shoot and root in captan+MR,
endosulfan+MR and captan+endosulfan+MR treatments as
compared to Mesorhizobium sp. cicer alone treatment except
control at both, vegetative and flowering stages (Table 1).
Inoculation of Mesorhizobium sp. cicer increased the dry
weight of shoot and root over the un-inoculated control.
Increased in dry weight of shoot and root was also observed
in Rhizobium inoculated chickpea seeds by Ogutcu et al.
(2008) and Elkoca et al. (2008) which could be due to the
ability of rhizobia to conserve carbohydrates that further
increases the total plant biomass. Data corresponding nodule
number and dry weight of nodules at vegetative (55 DAS)
and flowering stage (90 DAS) has been given in Table 1.The
sole treatment with Mesorhizobium  sp. cicer registered
significantly higher number of nodules (16.7 per plant and
26.6 per plant) as compared to un-inoculated control (11.3 per
plant and 17.8 per plant) at vegetative and flowering stage,
respectively. Higher nodulation in inoculated plants could be



264 Journal of  Food Legumes 24(3), 2011

attributed to availability of large number of effective and
infective rhizobia (El Hadi and Elsheikh 1999) in the vicinity of
chickpea rhizosphere. Chickpea seeds treated with fungicide
captan and insecticide endosulfan along with Mesorhizobium
sp. cicer inoculation differed non-significantly for number of
nodules in comparison to Mesorhizobium sp. cicer alone
treatment. All the treatments enhanced dry weight of nodules
significantly over control. Fungicide and insecticide treated
Mesorhizobium sp. cicer inoculated chickpea seeds showed
higher dry weight of nodules over un-inoculated control.
Though chemical seed protectants (captan and endosulfan)
reduced the number of nodules but the size of nodules was
large. Hence, they weighed significantly higher as compared
to control. These results were in close confirmation with those
of Kulkarni et al. (1974) in groundnut and Revellin et al. (1992)
in soybean. Similarly, Dunfield et al. (2000) also reported no
deleterious effect on nodulation with captan and thiram seed
treatment along with R. leguminosarum in fieldpea.

All the treatments with Mesorhizobium sp. cicer
inoculation improved leghaemoglobin content significantly
over un-inoculated control. Significantly high leghaemoglobin
content was recorded with Mesorhizobium sp. cicer alone
treatment (2.37 mg/g o f nodules) followed by
captan+endosulfan+MR (2.30 mg/g of nodules) (Table 2).
Enhanced leghaemoglobin content in Mesorhizobium sp.
cicer treatments might be due to effective nodulation and

symbiotic nitrogen fixation. Soil insecticides viz., carbofuran,
thimet, dasanite and heptachlor had no apparent effect on
leghaemoglobin content of nodules (Kulkarni et al. 1974).
Significantly high chlorophyll content was observed with
Rhizobium alone treatment (1.510 mg/g leaves) followed by
captan+endosulfan+MR (1.490 mg/g leaves) (Table 2).
Mesorhizobium sp. cicer inoculation showed maximum
chlorophyll content. Similar results were also observed by
Elkoca et al. (2008) and Ogutcu et al. (2008) in chickpea.
Significant increase in nitrogen content was observed with
Mesorhizobium sp. cicer alone treatment (1.65%) over un-
inoculated control (1.42%). Increase in nitrogen content
(1.58%) was at par in treatments captan+MR, endosulfan+MR
and captan+endosulfan+MR. Chickpea seeds treated with
pesticides (captan and endosulfan) along with Mesorhizobium
sp. cicer showed non-significant difference for N content in
comparison to Mesorhizobium sp. cicer alone treatment.
Mesorhizobium sp. cicer inoculation significantly increased
the grain yield by 9.6% over un-inoculated control (Table 2).
The difference for grain yield in captan+endosulfan+MR (1652
kg/ha) was non-significant as compared to Mesorhizobium
sp. cicer alone treatment (1662 kg/ha). Improvement in grain
yield due to Mesorhizobium sp. cicer inoculation has been
reported in chickpea (Togay et al. 2008, El Hadi and Elsheikh
1999, Kabi and Behari 1990).  In conclusion, captan and
endosulfan at their recommended rates could safely be used

Table 1. Effect of seed treatment with captan and endosulfan along with Mesorhizobium sp. cicer on growth and symbiotic
parameters in chickpea

NS= Non significant

Emergence 
count  
(%) 

Plant height  
(cm) 

Dry weight of 
shoot/plant 

(g) 

Dry weight of 
root/plant 

(g) 

Nodule/plant 
(no.) 

Dry weight of 
nodules/plant 

(mg) 

Treatments 

10 DAS 55 DAS 90 DAS 55 DAS 90 DAS 55 DAS 90 DAS 55 DAS 90 DAS 55 DAS 90 DAS 

Control 86.5 13.7 35.7 0.328 2.36 0.177 0.442 11.3 17.8 31.9 84.6 

Mesorhizobium (MR) 88.9 14.6 39.9 0.359 2.80 0.211 0.580 16.7 26.6 44.1 108.6 

Captan+MR 89.1 14.3 37.7 0.349 2.73 0.205 0.575 14.9 25.5 38.2 102.2 

Endosulfan+MR 88.7 13.6 36.6 0.350 2.68 0.204 0.565 14.0 24.5 40.1 101.6 

Captan+endosulfan+MR 88.5 14.6 37.9 0.355 2.74 0.209 0.568 14.4 24.7 40.8 103.5 

CD (P=0.05) NS NS NS 0.018 0.07 0.006 0.04 3.0 3.8 2.5 3.2 

 

Table 2. Effect of seed treatment with captan and endosulfan along with Mesorhizobium sp. cicer on leghaemoglobin, chlorophyll,
nitrogen content and grain yield in chickpea

Treatments Leghaemoglobin 
content 

(mg/g nodules) 

Chlorophyll content 
(mg/g fresh weight of 

leaves) 

Nitrogen content 
(%) 

Grain yield 
(kg/ha) 

Control 1.8 1.45 1.42 1516 
Mesorhizobium (MR) 2.37 1.51 1.65 1662 
Captan+MR 2.23 1.49 1.59 1632 
Endosulfan+MR 2.30 1.48 1.58 1638 
Captan+endosulfan+MR 2.30 1.50 1.58 1652 
CD (P=0.05) 0.18 0.027 0.09 52.0 
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along with Mesorhizobium sp. cicer for getting higher
productivity in chickpea.
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