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ABSTRACT
Mungbean [Vigna radiata (L) Wilczek] is one of the important
short duration pulse crops. It is grown over a wide range of soils
throughout the world. Historically, India has been the largest
global producer and consumer of mungbean. Over the years,
systematic breeding efforts have led to the development of a
large number of improved varieties in this crop. However, its
true yield potential has yet not been achieved owing to several
constraints. One of the major constraints is its susceptibility
to a number of abiotic stresses. High temperature stress during
germination and flowering, waterlogging stress during early
growth stages, and drought and salinity stresses during the
entire life cycle of the crop cause considerable yield losses in
mungbean. However, breeding for abiotic stress resistance has
unfortunately remained neglected in mungbean. Due to
complex nature of these stresses and lack of appropriate
screening techniques, outcomes achieved have been less.
Keeping in view the importance of these stresses, development
of mungbean genotypes, which can retain maximum number
of flowers and produce productive pods during high temperature
(> 40º C) and tolerate drought and salinity stresses, are
essential to increase mungbean production in the country. Some
efforts have been undertaken in this direction besides screening
of mungbean genotypes for salinity stress as well as for heat
tolerance. However, limited basic information is available on
these aspects. This review summarizes the work done on
breeding for abiotic stress tolerance in mungbean.
Key words:

Drought, High temperature, Salinity, Vigna radiata,
Waterlogging

mungbean and it alone accounts for about 65% of the world
acreage and 54% of the world production of this crop. Being
rich in quality proteins, minerals and vitamins, mungbean is
an inseparable ingredient in the diets of vast majority of
population in the Indian subcontinent. The germinated seeds
(sprouts) of mungbean have good nutritional value as there
is an increase in the concentration of thiamine, niacin and
ascorbic acid with sprouting.
Despite holding such a great promise, mungbean is often
grown in marginal lands with limited inputs making it prone to
a number of abiotic stresses causing tremendous yield losses.
For the adaptation of a crop to new environments, tolerance
to abiotic stresses is more important than the biotic stresses.
Abiotic stresses affect plant metabolism, disrupt cellular
ho meostasi s and uncouple major physiol ogical and
biochemical processes (Arora et al. 2002, Srivalli et al. 2003).
Terminal heat and drought stresses may lead to considerable
flower drop and thus to reduced pod set. Excess moisture and
waterlogging conditions may lead to lodging of crop besides
making it vulnerable to a number of diseases and insect-pests,
resulting in reduction of yield and quality of the grains.
Although the abiotic stresses have been major constraints in
increasing the productivity of this crop, only limited work has
been carried out on breeding for tolerance to these stresses.
This review focusses on the few developments made on this
aspect over the years and attempts to emphasize the need to
do more work in the days ahead.
A. Drought stress

Mungbean [Vigna radiata (L.) Wilczek] is one of the
important pulse crops of the world. Also known as green
gram, it is a short duration grain legume having wider
adaptability and low input requirements. It has the unique
ability to fix the atmospheric nitrogen (58-109 kg/ha) in
symbiotic association with Rhizobium bacteria, which not only
enables it to meet its own nitrogen requirement but also
benefits the succeeding crops (Ali 1992). Mungbean is a prehistoric crop and grown throughout Asia, Australia, West
Indies, South and North America, and Tropical and Subtropical
Africa. India is the largest producer and consumer of
1
2
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Water stress affects various physiological processes
associated with growth, development and economic yield of
a crop (Hsiao and Acevedo 1974, Begg and Turner 1976).
Water deficit disturbs normal turgor pressure, and the loss of
cell turgidity may stop cell enlargement that causes reduced
plant growth. Water deficit may change the pattern of growth.
Due to water deficit, often the root shoot ratio increases, leaf
area index decreases and the thickness of cell walls and amount
of cutinization and lignifications increase. Mungbean is
reported to be more susceptible to water deficits than many
other grain legumes (Pandey et al. 1984), mostly because this
crop is generally cultivated under rainfed conditions.
Therefore, productivity is severely affected by water stress
conditions, particularly in the spring and summer grown crops.
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In many reports, mungbean is documented as relatively
drought tolerant, though it may be a case of escape due to its
short duration. The crop is more sensitive to drought during
the flowering periods and it is one of the major limiting factors
which contribute to instability and low productivity of
mungbean. Severe drought reduces vegetative growth, flower
initiation and pod set (Morton et al. 1982).
Osmoregulation is an easily measurable process and it
has been found to be significantly associated with drought
tolerance (Morgan 1984). The full osmoregulation is reported
to be positively and significantly correlated with grain yield.
In those plants which face water stress, the osmotic potential
tends to go down. Genotypic variation in the root system has
been reported in mungbean. A deeper and extensive root
system helps mungbean to combat the moisture stress
conditions. If genetically determined, the characters could be
useful in breeding new mungbean cultivars to grow in
declining soil moisture situations. A study was conducted on
10 different crop species for their relative shoot drought
tolerance in seedling stage using box screening method (Singh
et al. 1999). Based on per cent dead plants at various time
intervals and days taken by 100% dead plants for each of the
10 crops, soybean appeared to be the most susceptible and
cowpea was the most drought tolerant. The overall ranking of
the crops in the increasing order of drought tolerance was:
soybean, blackgram, mungbean, groundnut, maize, sorghum,
millet, bambaranut, lablab and cowpea. Sholihin and Hauteae
(2002) identified six AFLP markers as putatively associated
with both of the two traits namely, relative leaf water content
and leaf stress rating using as a measure of drought resistance
using one-way analysis of variance for QTL analysis. In
addition, four markers each were putatively associated with
either water content or stress alone.
Screening of genotypes for drought tolerance and
incorporating the trait into high-yielding lines has been greatly
emphasized at The World Vegetable Centre (AVRDC). Twenty
genotypes were subjected to 75 -100 centibars of soil-moisture
tensio n fo r 8 days fro m flowering (AVRDC 1979 ).
Consequently, the genotypes ‘V 1281’, ‘V 2013’ and ‘V 3372’
were identified as drought tolerant. At the same time, the
accessions ‘V 1968, ‘V 2984m’, ‘V 3092’ and ‘V 3372’ showed
varying levels of tolerance to flooding (AVRDC 1979). In
another study, the breeding lines ‘VC 1163 D’, ‘VC 2570A’,
‘VC 2754 A’ and ‘VC 2768 A’ were identified as drought tolerant
based on minimum reduction in yield, total dry matter, and
plant height in stressed environment as compared to the nonstressed environment (Fernandez and Shanmugasundaram
1988). Similarly, in another yield trial (Hubei, China), two
AVRDC high yielding lines ‘V 1381’ and ‘VC 2778 A’ showed
tolerance to drought and flood besides being resistant to
lodging (He et al.1988).
To evaluate the ability of genotypes to show the
symptoms of weather damage and to differentiate among the

responses of 3 mungbean cultivars identified from field
experiments differing in resistance, these were exposed to three
controlled experiments (immersing in water, exposure to
simulated rainfall, and exposure to cyclic wetting and drying
in a mist-chamber) (Williams et al. 1995). The rainfall simulator
produced more realistic conditions than seed immersion, and
symptoms typical of weather damage were produced.
However, the responses of cultivars were relatively poorly
differentiated and the method showed poor repeatability. The
exposure of podded racemes to wetting and drying cycles
provided the most reliable method for simulating weather
damage. The degree of damage increased with duration of
exposure.
Improvement in tolerance to abiotic stresses can be
achieved through selection. Fernandez and Kuo (1993) used
stress tolerance index (STI) to select genotypes with high
yield and tolerance to temperature and water stresses in
mungbean. Singh (1997) described the plant type of mungbean
for wet as well as dry (spring/summer) seasons. He emphasized
the need of developing mungbean genotypes with semideterminate, medium statured plants (70-75 cm) having large
inflorescence, more bunches/plant, 3-4 branches, an average
pod length with 8-10 seeds and average seed size of 30-40g/
1000 seeds, tolerance to shattering and moderate seed
dormancy. For spring/summer season, cultivars of short
duration (60-65 days) with determinate growth habit, high
harvest index, reduced photoperiod sensitivity, fast initial
growth, longer pods with more than10 seeds/ pod and large
seeds could be suitable.
B. Waterlogging stress
Mungbean cannot withstand waterlogging, particularly
during the early stages of growth (Tickoo et al. 2006).
Extensive losses have also been observed when the plants
are young. Flooding or waterlogging reduces oxygen
concentrations around the roots of the submerged plants and
restricts nodule act ivity and nitrogen fixation. Thus,
mungbean is not suited to the wet tropics when the annual
precipitation is >1000 mm (Fernandez and Shanmugasundaram
1988). The heavy rain coupled with strong winds damages
the mature crop causing severe yield losses. Plants of
mungbean die due to waterlogging and if they survive, they
get severely affected by fungal diseases and insect-pests
(Tickoo et al. 2006). Haqqani and Pandey (1994) in their studies
on response of mungbean genotypes to water stress and
irrigation at various growth stages observed that a decrease
in leaf area index and increase in specific leaf weight, leaf
water potential, osmotic potential and root length density
(RLD) were drought-avoidance mechanisms, helping in the
survival of the crops during the reproductive stage for seed
development when the moisture has been depleted in rice
soils.
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Varma and Rao (1975) grew mungbean in an alluvial soil
(34.6% water holding capacity) in a pot experiment with soilwater levels adjusted to 20 to 100%. Number of pods and seed
yield/pod were optimum at the 50% soil water level. It was
observed that the pods and seed yield reduced sharply with
both reduced and excess moisture levels. In another study on
8 cultivars, Duong et al. (1988) reported that 48 h of
waterlogging reduced plant height from 36 to 76%, leaf area
from 12 to 46% and drymatter production from 25 to 57%. The
cultivar differences to water logging were also observed.
Musgrave and Vanhoy (1989) conducted a growth analysis
of waterlogging damage in mungbean (Phaseolus aureus) and
illustrated the interrelationships between root and shoot
carbon budgets during response to the stress of waterlogging.
Efforts have been undertaken at AVRDC to identify tolerant
cultivars and several tolerant selections such as ‘V 1968’, ‘V
2984’, ‘V 3092’ and ‘V 3372’ have been made (Tickoo et al.
2006).
C. Temperature stress
Mungbean is a short duration crop and can be grown
over a range of environments. Keeping this in view, there is a
need to develop photoperiod- and temperature-insensitive
varieties which can be grown in dry as well as wet seasons.
This is important because mungbean in general is sensitive to
varying photoperiod and temperature regimes. There are
genotypic differences also for respo nse to changing
photoperiods. While most of genotypes usually flower in
photoperiods of 12 to 13 h, flowering is progressively delayed
as the photoperiod is extended. As the photoperiod is
lengthened from 12 to 16 h, flowering in some short-season
early strains may be delayed only a few days; but in
photoperiod sensitive strains, it may be delayed to as many
as 30 to 40 days and some strains may even fail to flower
(Poehlman 1991).
High temperature stress is reported to have a direct
negative impact on flower retention and consequently on pod
formation (Kumari and Varma 1983). Flower shedding is very
common in mungbean crop and the extent of flower shedding
has been reported up to 79% (Kumari and Varma 1983).
Screening and selection of mungbean genotypes, which can
retain maximum number of flowers and produce productive
pods during high temperature (>40º C), are essential to increase
its production in the country. However, only limited basic
information is available about mungbean flower shedding and
no work has been carried out for breeding of mungbean for
maximum flowers’ retention capability under high temperature
(>40º C).
Increased flower shedding under high temperature,
precipitation and desiccating winds during flowering period
in legumes have been reported by different researchers (Sinha
1977, Tickoo et al. 1996, Raineyand Griffiths 2005). Significant
flower shedding above 40° C in mungbean was reported by
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Tickoo et al. (1996). Khattak et al. (2009) reported absence of
resistance to flowers shedding under high temperature in
mungbean. In this crop, flowers are borne in clusters of 10 to
20 in axillaryor terminal racemes and come in different flushes.
Generally, a higher mean temperature hastens flowering, while
a lower mean temperature is expected to delay it at all
photoperiods. However, this relationship may not hold true
for all strains of mungbean as observed by Aggarwal and
Poehlman (1977). Rawson and Craven (1979) reported
temperature-flowering interactions in particular groups of
strains with high mean temperatures (24 to 28º C) and long
photoperiods (15 to 16 h).
Khattak et al. (2006) evaluated 14 commercial varieties
and 24 advanced genotypes of mungbean developed through
hybridization for maximum flower retention capability under
high temperature (above 40°C). Similarly, 77 mutants derived
from ‘NM 92’ and 51 recombinants selected from three crosses
viz., ‘VC1560D’ × ‘NM92’, ‘VC1482C’ × ‘NM92’ and ‘NM98’ ×
‘VC3902A’ were also evaluated for this trait under high
temperature. However, they observed that no genotype
showed absolute tolerance to flower shedding, while ‘NM 92’
showed susceptibility to the same trait under high temperature
(>40° C). Similarly, Khattak et al. (2009) observed that out of
242 recombinants/mutants, 163 showed 10-20% (moderately
tolerant) and 79 showed more than 40% (susceptible) flowers'
shedding from terminal raceme on the main stem at 90% pods
maturity. They observed that only the opened flowers shed
under high temperature, while the buds and pods at any stages
did not shed due to high temperature. They also observed
that humidity fluctuations had no effect on the flowers
shedding in mungbean.
The terminal heat stress is a severe problem in India,
particularly in spring and summer mungbean. However, in
kharif crop, more than 40º C temperature is witnessed during
the early growth stage which causes drastic reduction in seed
yield due to pollen inviability, lack of fertilization and high or
otherwise complete flower shedding. Rainey and Griffiths
(2005) reported abscission of reproductive organs as the
primary determinant of yield under heat stress in many annual
grain legumes. From observations of the International
Mungbean Nurseries, Poehlman (1978) suggested that mean
temperature of 28 to 30º C is optimum for this crop. In the semitropics or at higher altitudes, mungbean crop is sometimes
planted when mean night temperatures are <20º C, for instance
the spring/ summer crop of northern Indi a. In su ch
environments, the germination is delayed and reduced and
the growth of plants is very slow. Selection for rapid
germination and rapid growth in such environments would
improve plant stands, promote early maturity and improve
yields.
In the field experiments at Hisar, mungbean cultivar ‘K
851’ was sown in the summer season of 1989 (Singh et al.
1991). The leaf, flower and pod growth showed a linear
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response to cumulative heat units and were initiated at 140 ,
630 and 725º C, respectively. A strong linear correlation was
also observed between cumulative heat units and dry weight;
although dry matter gain was slow until 300º C of cumulative
heat units. At the same time, the perennial accessions of V.
radiata var. sublobata are tolerant to low temperature (Lawn
et al. 1988).
Total sugar content of mungbean increased by 28, 50
and 137% at 40, 50 and 60º C, respectively during seed
imbibition for 72 h (Das and Mukherji 1994). While the starch
content gradually decreased with increasing temperatures,
proline content increased by 6, 25, and 102%, respectively. It
was suggested that heat shock increased sugar content by
activation of a starch degrading enzyme and that the increase
in proline content could be due to temperature stress.
D. Salinity stress
Among abiotic stresses, salinity stress is an important
stress and it causes significant reduction in mungbean
production (Abd Alla et al. 1998, Saha et al. 2010). Salt stress
is reported to cause decline in seed germination, root and
shoot lengths, fresh mass and seedling vigour (Misra et al.
1996, Promila and Kumar 2000). Further, salt injury also
leads to pronounced symptoms like enhanced chlorosis,
necrosis and decreased content of chlorophyll A, B and
carotenoids (Wahid et al. 2004). Saha et al. (2010) reported
that NaCl stress caused a drastic effect on the roots as
compared to shoots, accompanying reductions in length,
number of root hairs and branches, while the roots became
stout, brittle and brown in colour. Salt stress caused a gradual
reduction in chlorophyll, carotenoid pigment contents and
chlorophyll fluorescence intensity, while the superoxide
dismutase and catechol peroxidase activities increased under
stress in both roots and leaves. NaCl stress, possibly combined
with other types of stress that accompanied the experimental
conditions, resulted in organ-specific changes in polyamine
biosynthesis and content in mungbean plants (Friedman et
al. 2006). Every aspect of the morphological, physiological
and biochemical pathway is strongly related to soil salinity
which affects yield.
Win et al. (2011) studied salt tolerance levels of 12
mungbean genotypes and they suggested that the genetically
diverse accessions resistant to salt stresses within the Vigna
genotypes could be of considerable practical value for
studying the mechanism of salt tolerance and for the provision
of genetic resources for salinity breeding programme. Further,
supplementing Rhizobium inoculation with L-TRP could be a
useful approach for improving the growth and yield of
mungbean under salt stress conditions (Zahir et al. 2010).
Saha et al. (2010) reported that a pretreatment with sublethal
dose of NaCl was able to overcome the adverse effects of
stress imposed byNaCl to variable extents by increased growth
and photosynthetic pigments of the seedlings, modifying the

activities of antioxidant enzymes, reducing malondialdehyde
and H2O2 content and increasing accumulation of osmolytes
like proline (Saha et al. 2010). In this way, mungbean plants
can be acclimatized to lethal levels of salinity by pretreatment
with sublethal levels of NaCl.
Most of the mungbean cultivars tolerate salt to the extent
of 9-18 m mhos/cm and these are tolerant to salinity at
germination stage. Paliwal and Maliwal (1980) reported that
mungbean seeds could tolerate 6 m mhos/cm salinity,
compared to 3 m mhos/cm for black gram. A progressive
reductio n in germi natio n and seedling development,
nodulation and nitrogen fixation was observed with increase
in salinity. In another study, 42 cultivars of mungbean and
black gram were studied for tolerance to salinity by Maliwal
and Paliwal (1982). These cultivars were tested at five levels
of salinity (3 to 18 m mhos/cm) in 1/5 Hoagland nutrient
solution in plastic containers. It was observed that germination
of all the cultivars was delayed and decreased with an increase
in salinity level. Seedling height also decreased significantly
at higher salinity. It is also observed that the salt tolerance
limit varied with cultivar. Some varieties of mungbean (‘S 72’,
‘H 45’, ‘No. 525’, ‘Madira’ and ‘RS-4’) have also been reported
to be more salt tolerant (Maliwal and Paliwal 1982). In a field
experiment, Reddy (1982) observed injury to mungbean
cul tivars with irri gati on water containing electrical
conductivity (ECV) of 4 m mhos/cm. More and Ghonsikar
(1982) determined that the critical level of salinity in irrigation
water for injury to seed germination in mungbean was 3.5 m
mhos/cm. Some of the accessions of V. radiata var. sublobata
showed no symptoms of chlorosis when grown on extremely
alkaline (pH > 8.5) calcareous soils (Lawn et al. 1988).
The effect of different NaCl regimes on the growth and
ion accumulation in cellular and whole plant response was
examined by Gulati and Jaiwal (1994). Whole plants grown in
sand culture were given Hoagland’s nutrient solution
supplemented with 0-350 mol/m-3 of NaCl. Callus cultures were
initiated from leaves of 7 day-old seedlings of the same seed
stock and grown in modified PC-L 2 medium (Phillips and
Collins 1979) containing the same levels of NaCl as in
Hoagland’s solution. Callus showed the same tolerance to
salt as did the whole plant, suggesting that mungbean appears
to have salt tolerance which operates at the cellular level. Ion
analysis of the whole plant showed that root Na concentration
of the tolerant cultivar ‘G 65’ was much higher and shoot Na
was much lower than those of the salt sensitive cultivar
‘ML 1’. Callus cultures of cultivar ‘G 65’ also accumulated
higher Na+ contents. NaCl resistant (selected at 300 mM NaCl)
and non-selected cell lines of mungbean were compared for
growth, various ions and metabolites at weekly intervals upto
28 days of culture in the presence or absence of 8-300 mM
NaCl (Gulati and Jaiwal 1995). It was concluded that sugars
and ions are most likely the major osmoregulants of resistant
lines of V. radiata under salt stress. Misra and Dwivedi (1995)
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reported that salt-tolerant cultivar was characterized by higher
levels of total soluble carbohydrates than the salt-sensitive
cultivar regardless of salinity level. Glucose is preferentially
metabolized through the pentose phosphate (PP) pathway in
the salt-tolerant cultivar during salt stresses.
During the germination of seeds of a mungbean cultivar
‘T 44’ subject ed to NaCl salinity stress, proline and
glycinebetaine contents in the root and shoot increased
continuously (Misra and Gupta 2006). A further increase in
proline and glycinebetaine concentration was also observed
with the addition of 5 mM CaCl2 to 200 mM Nacl (maximum
salinity stress). Calcium ions play an important role in
osmoprotection. The effects of Na+ and Ca2+ are thus additive
in causing accumulation of proline and glycinebetaine.
Pyrroline-5-carboxylate reductase (P-5-CR) and y-glutamyl
kinase play an important role in the synthesis of proline while
another enzyme proline oxidase catalyzes the conversion of
proline to glutamate, thus reducing the levels of proline.
Salinity stress, in the absence of calcium, increased proline
due to decreased proline oxidase activity and increased
accumulation of P-5-CR and y-glutamyl kinase activities in
both, roots and shoots. Thus, calcium ions increased both
proline and glycinebetaine production in NaCl stressed
mungbean seedlings (Misra and Gupta 2006).
Three species of Vigna (V. radiata, V. mungo and V.
unguiculata) were subjected to different doses of NaCl (0,
50, 75, 100, 125 and 150 mM) and changes of biomolecules
such as chlorophyll, reducing sugar, starch, protein, proline
and an enzyme activity peroxidase in shoots and roots were
observed at 15th day of sowing (Arulbalachandran et al. 2009).
It was observed that germination percentage, seedling growth,
relative water content, relative growth rate and photosynthetic
pigments decreased with the increasing concentration of NaCl
treatment in all species of Vigna. The metabolite solutes such
as reducing sugar, starch, protein, proline content and an
enzyme peroxidase activity increased with the increasing
concentration of NaCl in both shoot and root compared to
respective control. The decrease growth parameters and
photosynthetic pigments by NaCl stress were more in
mungbean than in black gram and cowpea. However, increase
of compatible solutes were more in cowpea than in black gram
and mungbean that regulate the osmosis and maintain
cytoplasm viscosity, suggesting that cowpea is more tolerant
than black gram and mungbean. The physiological processes
were compared in salt-tolerant (‘Pusa Vishal’) and salt-sensitive
(‘T 44’) cultivars of mungbean and it was examined that how
these processes were induced by salicylic acid (SA) treatment
to alleviate decrease in photosynthesis under salt stress (Nazar
et al. 2010). Application of 0.5 mM SA increased nitrogen
sulfur assimilation, glulathione (GSH) content and activities
of ascorbate peroxidase (APX), glutathione (GSH), ascorbate
peroxidase (APX) and glutathione reductase (GR). This
resulted in the increase in photosynthesis under non-saline
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conditions and alleviated the decrease in photosynthesis
under salt-stress. It also helped in restricting Na+ and Clcontent in leaf and maintaining higher efficiency of PSII,
photosynthetic N-use efficiency (NUE) and water relations in
‘Pusa Vishal’. However, application of 1.0 mM SA resulted in
inhibitory effects. The effect of SA was more pronounced in
‘Pusa Vishal’ than in ‘T44’. These results indicated that SA
applicatio n al levi ates the salt-i nduced decrease in
photosynthesis mainly through inducing the activity of nitrate
reductase (NR) and ATP-sulfurylase (ATPS) and increasing
antioxidant metabolism to a greater extent in ‘Pusa Vishal’
than in ‘T44’.
In mungbean, three distinct partial cDNAs (pVr-PLC 1,
pVr-PLC 2 and pVr-PLC 3), which encode forms of putative
phosphoinositide-specific phospholipase C (PI-PLC) were
identified (Kim et al. 2004). All three Vr-PLC genes were
transcriptionally active and displayed unique patterns of
expression. The Vr-PLC1 and Vr-PLC 2 transcripts were
constitutively expressed to varying degrees in every tissue
of mungbean plants examined. In contrast, the Vr-PLC 3
mRNA level was very low under normal growth conditions
and was rapidly induced in an abscisic acid-independent
manner under environmental stress conditions (drought and
high salinity). Results of in-vivo targeting experiment showed
that the GFP-Vr-PLC 3 fusion protein was localized primarily
to the plasma membrane of the Arabidopsis protoplast.
The character under selection isolated at the cellular
level is expressed at the whole plant level. Kumar and Sharma
(1989) initiated callus culture from seedling root segments of
mungbean cultivar ‘K851’ on modified PC-L2 (Phillips and
Collins 1979) basal medium. The Selected clones were
characterized with regard to their growth behaviour. K+, Na+
and free proline content when grown under stress as well as
on normal media and were compared with the normal sensitive
callus. The selected calli were capable of growing on medium
containing NaCl at the inhibitory concentration. The K+
content of the selected calli was lower in the case of NaCl
medium then for the normal medium; however, the selected
clones maintained higher K+ and Na+ levels, with increased
salinity compared with the wild type cells. Salt selected cells
accumulated higher levels of free proline under NaCl stress
compared to wild type cells. Under normal conditions,
however, the amounts of free proline in the selected and nonselected calli were comparable.
E. Other stresses
A prolonged rainy period at maturation often results in
poor seed quality due to fungal infestation, sprouting of seeds
within pods and discoloration of seeds. Pre-mature sprouting
is a serious problem in mungbean in the tropics (Fernandez
and Shanmugasundaram 1988). Small pod beak and angle,
thick pod wall, low rate of moisture absorption by pod wall,
hard-seededness and higher cuticular wax content on pod
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wall were found to impart resistance to pre-harvest sprouting
(Naidu et al. 1996). A moderate level (15-20 days) of hardseededness may be useful in contributing to tolerance to
weather damage. Transient hard-seededness is common in
mungbean; the level of hard seededness in mungbean has
been observed to be the highest at harvest and it declines
with storage. It has been observed that the hard-seeded
character in the wild progenitor of mungbean, V. radiata var.
sublobata is governed by a dominant gene Hd1 Hd1 (Singh et
al. 1983).
Mo st o f the mu ngbean geno types are prone to
shattering. The indeterminate flowering habit of this crop leads
to a spread of flowering and pod maturity on a single plant
over the entire reproductive phase. Consequently, pods which
develop at the earliest flower may shatter prior to 100% pod
maturity. To avoid shattering, often the pods are hand-picked.
Therefore, it may be desirable to identify donors and
incorporate gene(s) for non-shattering. ‘Pant Moong-1’ is
tolerant to shattering. Its harvesting can be delayed by 7-10
days, so as to allow the maturity of pods from second flush of
flowers (Singh and Sharma 1984). Verma and Krishi (1969)
showed that shattering is completely dominant to the nonshattering and probably conditioned by a single gene.
The long duration cultivars with more reproductive
flushes would give more stable yields because flowering would
be continued over the longer period (Chowdhury and Haque
1977). However, such cultivars would require additional
pickings and would be prone to lodging, shattering and
sprouting. Tolerance to aluminium toxicity as measured by
root length, plant height, and plant dry matter varied with
cultivars tested (Duong et al. 1988).
F. Conclusions and future prospects
Mungbean has the distinct advantage of being a short
duration pulse crop, which can grow in a wide range of soils
and environments. Owing to these qualities, it has tremendous
scope for horizontal expansion and can be a bonus to farmers
in those agricultural lands which remain fallow for two to three
months after the harvest of the main crops. However, being
sensitive to thermo- and photoperiods, drought, salinity and
waterlogging, its widespread adoption by the farmers is not
gaining ground. Therefore, there is an immediate need for the
evaluation of mungbean germplasm as well as its wild relatives
for identification of donors having genes for resistance to the
above stresses. Incorporation of genes from closely related
species for resistance or tolerance to water, temperature as
well as soil-related stresses and nutrient use efficiency should
be the top priority for mungbean breeders. There is a need to
define the range of preferential adaptation of the cultivated,
wild and related species to various abiotic stresses. In such a
case, field screening is a powerful tool for evaluation of
germplasm and breeding materials for their direct use in the
improvement of mungbean to abiotic stresses.

The RFLP markers linked genes for MYMV, PM and
bruchid resistance and for some important yield traits have
already been identified. This suggests the importance of
marker assisted breeding technique for the improvement of
tolerance to abiotic stresses in mungbean. For this purpose,
more robust markers available in other related pulses like
commonbean, black gram, cowpea and azuki bean could be
used besides development of new markers. It would be
imperative to use marker assisted selection for the root
characters which are very important for environmental and
soil stresses and are difficult to be improved through
conventional breeding. A potential source of resistance to
adverse climatic and soil conditions may be found in the wild
relatives of mungbean which can be incorporated into
cultivated genotypes through wide hybridization aided by
tissue culture methods.
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ABSTRACT
Ascochyta blight (AB) caused by Ascochyta rabiei L. is a
devastating disease of chickpea world-wide. Resistant
germplasm has been identified and an F2 mapping population
of chickpea cultivars with contrasting disease reactions to
Ascochyta rabiei L. was used to identify the markers linked to
the disease using STMS and ICCM markers. STMS markers
showed 40% polymorphism between the parents. Bulked
segregant analysis (BSA) was performed to identify markers
linked to the AB resistance gene. Of the 252 markers, only 10
were found to be possibly linked. MAPMAKER version 3.0
gave the linkage map of LG5 region of the chickpea genome
spanning a length of 275.2 cM. The AB resistance gene was
present on LG5 flanked by the markers TA 42 and TR 35, with
a distance of 45.0 cM and 38.6 cM, respectively. It was concluded
that there was synteny in the linkage groups 1, 3, 5 and 7.
Key words:

Ascochyta rabiei, BSA, Chickpea, ICCM markers,
STMS markers

Chickpea (Cicer arietinum L.) is a self-pollinated diploid
annual, with 2n=16 and genome size of approximately750 Mbp
(Arumuganathan and Earle 1991). It is the third most important
grain legume crop in the world. It is grown in the Indian
sub-conti nent, West Asia, North Africa (WANA), the
Mediterranean basin, the Americas and Australia (Croser et
al. 2003). However, the vulnerability of this crop to biotic
stresses (Ascochyta blight, Fusarium wilt, nematodes and
pests) and abiotic stresses (drought and cold) severely
reduces the yield. Ascochyta blight, caused by Ascochyta
rabiei L. [Pass] Labr., is a wide-spread foliar disease that
causes extensive crop losses in most regions of the world
where the crop is commonly grown. This is due to the fact
that environmental conditions favourable to chickpea crop
(>350 mm annual rainfall, 23-25° C) also favour the disease.
Therefore, controlling this disease is essential to ensure stable
chickpea production. Conventional breeding methods are
underway but efforts to breed for resistance has not proved
much fruitful. Molecular marker technology has made it
possible to identify markers linked to resistance gene/s for
ascochyta blight. However, Kusmenoglu et al. (1992) and
Udupa and Baum (2003) found that low polymorphism in the
cultivated chickpea limit the tagging of resistance genes for
either ascochyta blight or fusarium wilt. Huttel et al. (1999)

and Udupa et al. (1999) reported that the microsatellite based
marker systems as sequence tagged microsatellite sites
(STMS) markers which are polymorphic due to variable number
of repeat motifs have proved that microsatellites were
abundant in the chickpea genome and could efficiently be
used for detecting the genetic variation within the cultivated
chickpea. In the present study, efforts were made to map the
ascochyta blight resistance gene using STMS markers
developed by Udupa et al. (1999) and Winter et al. (1999) and
a set of ICCM chickpea markers developed at ICRISAT, in an
intraspecific cross of chickpea and also to study the colinearity
between the linkage groups.
MATERIALS AND METHODS
Mapping Population: The study employed 250 F2 plants of
chickpea derived from an intraspecific cross ‘GL 769’ × ‘GL
90168’. These two parents ‘GL 769’ and ‘GL 90168’ are
imparting susceptible and resistant reaction, respectively to
ascochyta blight. The F2 mapping population along with two
parents was sown in ascochyta blight screening nursery in
the year 2006-07 at Punjab Agricultural University Research
Farm, Ludhiana.
Phenotypic screening for ascochyta blight resistance: The
phenotypic screening of F2 population for ascochyta blight
resistance was done using cut twig screening technique as
per Sharma et al. (1995). The resistant and susceptible
individuals were identified to find out the genetics of
ascochyta blight resistance. The individual 250 F2 plants were
tagged using Zeol tag. The tender shoots of parents and
individual F2 plants were cut with the help of scissor. Individual
shoot was wrapped with moist cotton swab at the base and
then transferred into test tube (15x100 mm) containing fresh
water. The tubes were placed in test tube stands. Twigs were
inoculated by spraying spore suspension (1x105/ml) of isolate
2 of Ascochyta rabiei and covered with moist dasuti cloth
chambers. After 48 h, cloth chambers were removed and the
plants were kept wet by spraying water daily up to 13 days
from 10.00 – 16.00 h. After 13 days of inoculation, the severity
of disease was recorded on 1-9 disease scale in order to perform
phenotyping of the F2 population. The plants scoring disease
rating up to 5 were considered resistant, while >5-9 were rated
susceptible. Chi-square analysis was applied to test the
goodness of fit to find out the appropriate genetic ratio.
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Plant DNA extraction and genotyping using PCR: DNA was
extracted following CTAB (Cetyl Tri-methyl Ammonium
Bromide) protocol suggested by Saghai Maroof et al. (1984)
modified in the DNA extraction laboratory, School of
Agricultural Biotechnology, Punjab Agricultural University,
Ludhiana. Polymerase chain reaction (PCR) was used for DNA
amplification. Reaction mixture of 5 µl volume was prepared
from the following components for one reaction: Milliq H2O –
1.55 µl, Buffer 10X – 0.5 µl, Mgcl2 10 mM- 1µl, Primer 5pmoles/
µl –0.5µl, DNTPs 2mM –0.25µl, Taq polymerase (Bioline Inc.)
0.5U/µl – 0.2µl, DNA 5ng/µl –1 µl. The marker amplifications
were performed in ABI thermal cycler using a touchdown
amplification profile. For Winter et al series primers, the
amplification cycles were: initial denaturation of 3.00 min at
95°C followed by 5 cycles of denaturation for 20s (sec) at
94°C, touchdown from 65°C to 60°C (59°C) with 0.5°C decrease
in each cycle followed by extension at 72°C for 30s. The next
30 cycles were, denaturation at 94°C for 20s, annealing at
59°C for 50s and extension at 72°C for 30s followed by final
extension of 20 min at 72°C and then hold at 4°C. Majority of
the Winter et al series primers were amplified at 65-60°C touch
down profile. Veryfew were amplified at 55-45°C and 60-55°C.
The ICCM primers were amplified at TD PAGE Bioline (6154°C) with PCR profile: initial denaturation of 3.00 min at 94°C
followed by 10 cycles of denaturation for 15s at 94°C,
touchdown from 61°C to 54°C (59°C) with 0.5°C decrease in
each cycle followed by extension at 72°C for 30s. The next 35
cycles were, denaturation at 94°C for 10 s, annealing at 54°C
for 20 s and extension at 72°C for 30 s followed by final
extension of 20 min at 72°C and then hold at 4°C. 6%
polyacrylamide gels were used for separation and visualization
of PCR amplified microsatellite products. The components of
PAGE gel were: Dist.H2O – 52.5 ml, 10x TBE – 7.5ml, Acrylbisacrylamide -15ml, 10 per cent APS (ammonium per sulphate)
– 400-450 µl, TEMED (N, N, N’N’-tetramethylethylenediamine)—90-100 µl.

(PE- Applied Biosystems, California). The electrophoretic data
were exported to the GeneScan 3.7 software (PE- Applied
Biosystems, California) to allot the size peak patterns, using
the internal LIZ-500 size standard and Genotyper 3.7 (PEApplied Biosystems, California) for allele sizing. The unlabeled
primers were resolved on 6% PAGE gel for better separation
and visualization of PCR amplified microsatellite products.

Parental polymorphism was carried out using STMS
markers developed by Udupa et al. (1999) and Winter et al.
(1999) and a set of ICCM markers (Spurthy et al.2010). Total
252 markers were screened on parents. Two types of markers
viz., labeled with fluorescent dyes and unlabeled primers were
used in the present study. The forward primers of the labeled
markers had been labeled with different dyes (PET- Red colour,
NED- Yellow colour, FAM-Blue colour, VIC- Green colour) at
5’ end so as to screen them on capillary electrophoresis with
the use of these fluorescent dyes. Genotyping of unlabelled
primers was done on 6% PAGE gels. The labeled PCR product
of 1ml was mixed with 7µl of HIDIFORMAMIDE (PE- Applied
Biosystems, California), (maintains stability of DNA) and 0.25µl
of LIZ 500 (PE- Applied Biosystems, California), (which is a
size standard for determining allele size) and the total volume
was made to 10µl with distilled water. DNA framgents were
denatured at 94°C for 4 min and size fractioned using capillary
electrophoresis on an ABI-3130xl automatic genetic analyzer

RESULTS AND DISCUSSION

Bulked segregant analysis (BSA) and selective genotyping:
BSA was performed essentially as defined by Michelmore et
al. (1991). Equal amount of DNA from 10 resistant and 10
susceptible plants were bulked. The individuals having the
disease score of 1 in the phenotypic screening of the disease
by the cut twig method were considered as resistant and 10
plants of this score were pooled to constitute the resistant
bulk. Similarly, the individuals with the disease score of 9
were considered as susceptible and 10 plants of this score
were pooled to constitute the susceptible bulk and the DNA
concentration was normalized to 5ng/l.
Primers giving rise to polymorphic bands between the
bulks were further tested for possible linkage to resistance
locus by selective genotyping of 10 resistant and 10
susceptible F2 plants. Here, the marker analysis was performed
on 5 ng DNA of each individual F2 plant and two parents.
Bands present in all individuals of one group but absent in all
individuals of other group were assumed to be linked to one
or other resistance locus, and the respective primers were
tested on the whole population.
Linkage analysis: MAPMAKER version 3.0 was used to
generate the linkage map of the region and identifying markers
linked to Ascochyta blight resistance. Maximum LOD score
3.0 and recombination fraction 50 were used for identifying
linkage groups. MAPCHART version 2.1 developed by
Voorripps (2002) was used for the graphical presentation of
the linkage groups.

Screening for disease resistance: Phenotypic screening
revealed the parent ‘GL 769’ had 9 score whereas the resistant
parent ‘GL 90168’ had disease score of 2 and was found to be
truly resistant to ascochyta blight under artificially created
epiphytotic conditions. The F1 plants of this cross were also
resistant. The F2 population evinced the digenic control of
resistance as evident from 13R: 3S (2 = 0.240) genetic ratio.
Thus, resistance was found to be dominant with one dominant
and one recessive gene control. The digenic control of
resistance t o ascochyta blight was also reported by
Kusmenoglu (1990), Mahendra Pal et al. (1999) and Santra et
al. (2000).
Parental polymorphism survey: Of the total 252 chickpea
markers screened, 100 were found polymorphic among the
parents. The size of the amplified products ranged from 0.10.7 Kb with most of the markers falling in the range of 0.2-0.4
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Kb. The polymorphic amplification products were designated
according to their size (base pairs). Approximately 40% of the
pol ymorphism was fou nd i n the present stu dy. 40%
intraspecific polymorphism using microsatellites was also
reported by Winter et al. (1999) and Lichtenzveig et al. (2005).
However, high levels of intraspecific polymorphism (66%)
using STMS markers was reported Sethy et al. (2006) which
attributed to the preferential isolation of the GA/CT repeat
motifs, that have been reported to be highly polymorphic in
other plant systems like rice, bean, tomato and pea-nut by
Cho et al. (2000), Gaitan Solis et al. (2002) and He et al. (2003).
But the same STMS markers generated 77% interspecific
polymorphism in a cross between chickpea and C. reticulatum
as reported by Sethy et al. (2006).
Bulked Segregant Analysis (BSA): By definition, if a resistant
allele (R) was tightly linked to a given STMS band, then that
band would be present in parents (RR × rr). When gel was run
in which resistant and susceptible (S) phenotypes, segregating
in a cross between resistant and susceptible homozygous were
grouped separately, then any band that was present in all
resistant progeny, but absent in all susceptible progeny, must
therefore be linked in coupling phase with resistance. Using
each of the 100 polymorphic markers, BSA was carried out on
F2 individuals of two pooled DNA samples representing two
extremes of distribution. Out of the 100 polymorphic markers,
82 primers showed band in both the resistant and susceptible
bulks, indicating that these were not linked to the gene of
interest. 17 markers showed exact banding pattern among
resistant and susceptible bulks. These seventeen markers
viz., TAASH, TA 103II, TA 200, TA 71, TA 106, TA125, TA 64,
TA 42, TA 78, TA 80, TR 8, CaSTMS 9, TA 180, TR 26, TR 35,
TS 17 x and TA110 showed the exact genetic ratio for probable
linkage on the bulks. The 17 markers giving rise to polymorphic
bands between the bulks were further tested for possible
linkage to the resistance locus by selective genotyping of 10
resistant and 10 susceptible F2 individuals, to find out the
markers segregating in the same genetic ratio as the
phenotypic ratio. From these 17 markers, only 10 markers viz.,
TR 35, TA 71, TA110, TA 125, TA 42, TA78, TR 8, TA 200, TR
26 and TA 106 showed the probability of linkage. Then these
10 markers were applied to the population to find out the
markers showing the linkage pattern. BSA was also applied
by Rakshit et al. (2003) to identify DAF markers linked to the
locus contributing resistance to Ascochyta rabiei in chickpea
and found that three out of five markers were polymorphic
between the bulks, parents and also in selective genotyping
were linked to the resistance locus.
Marker segregation: Ten STMS markers were tested on the
F2 population to find out the linked marker to AB resistance
gene. The markers TA110, TA 125, TA 78, TA 200, TR 26 and
TA 106 segregated in the expected 3R: 1S F2 Mendelian ratio
and the markers TA 71, TA 42 and TR 8 segregated in 13R: 3S
ratio, whereas the marker TR 35 showed segregation distortion.
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Some markers in chickpea intraspecific cross that showed
segregation distortion were also reported by Flandez-Galvez
et al. (2003). Distorted marker segregation is the systematic
deviation from an equal representation of alleles among the
functional gametes involving all the chromosomes and could
be caused by selection processes at the gamete or zygote
stage or/ and post zygotic selection as reported by Gadish
and Zamir (1987), Zamir and Tadmor (1986) and Lyttle (1991)
or due to u neven recombinat ion of homeo logo us
chromosomes which results in the biased estimation of linkage
marker distance. The marker that showed skewed segregation
in the present study was in favour of the resistant parent; it
therefore appeared that the site of crossing over for that marker
was higher on the male side. Thus, marker segregation
distortion is a general phenomenon and is observed in the
segregating generations of the inter or intraspecific crosses.
Linkage Analysis: Linkage analysis was carried out using
MAPMAKER version 3.0 for determining the linkage between
the gene and the marker and for establishing tentative location
of the ascochyta blight resistance gene. The markers were
screened on F2 plants and their blight resistance gene was
confirmed by working out the recombination distance in
centimorgan (cM). The ascochyta blight resistance data was
converted to parents 1(A, susceptible), 2 (B, resistant) and
heterozygous (H) alleles and computed with the marker data
for determining the distance between the ascochyta resistance
gene and the marker. The seven markers (TA 200, TA 110, TA
125, TA 71, TA 42, TR 35 and TA 78) grouped in one linkage
group with the gene of interest and three markers (TR 8, TR 26
and TA 106) were found unlinked (Fig 1) using maximum LOD
score 3.0 and recombination fraction of 0.5. MAPCHART
version 2.1 developed by Voorripps (2002) was used to
construct the linkage map of LG 5, spanning a total length of
275.2 cM. The AB resistance gene was found to be associated
with two flanking markers TA 42 and TR 35, with a distance of
45.0 cM and 38.6 cM, respectively. The region of AB resistance
gene has been identified on LG 5. It is also evident from the
results that only one gene was flanked by the markers and we
were not able to define the second gene. The possibility could
be none of the polymorphisms detected in the present study
were actually linked to the other gene and that might be the
minor gene for resistance. Same findings were also encountered
in a study by Rakshit et al. (2003). Some of the markers
belonging to the different linkage groups in earlier studies by
Winter et al. (1999), Winter et al. (2000), Udupa and Baum
(2003) and Flandez-Galvez et al. (2003), were clubbed into
single group in the present study. The marker STMS marker
TA 200 has been mapped on LG I in a study by FlandezGalvez et al. (2003), TA 125 has been mapped LG 3 FlandezGalvez et al. (2003) and on LG I by Winter et al. (1999).
Similarly, marker TA 110 has been mapped on LG 2 by Udupa
and Baum (2003) and Winter et al. (2000) but the same was
also mapped on LG 7 by Winter et al. (1999). The markers TA
71 and TA42 have come from the same linkage group i.e LG 5
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LG5

0.0

TA200

43.3

TA110

76.4

TA125

132.8

TA71

157.2

TA42

202.2

AB

240.8

TR35

275.2

TA78

already reported by Kazan et al. (1993) and Simon and
Muehlbauer (1999). These discrepancies can be explained in
that recombination frequencies for specific region may change
from one F1 to another even in the population derived from
crosses of the same parental lines (Rakshit et al. 2003).
Most of the genetic studies reported earlier were based
on inter-specific crosses and have the disadvantage of
identifying loci that may be polymorphic only between the
more divergent genotypes but not between the more closely
rel ated genot ypes. Such maps thus have littl e direct
applications in breeding programmes that exploit intraspecific
variation within the cultivated forms since they may not
represent the true recombination distance map order of the
cultivated genome. A genetic linkage map constructed from a
cross within the cultivated gene pool especially in the frame
work of targeting traits of breeding interest, would therefore
be more desirable.
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ABSTRACT
Phosphorus (P) is one of the most important nutrients for plant
growth and development and its fixation is a major constraint
for crop production in low input agriculture. Crop species vary
in their ability to acquire P under limited supply of the nutrient.
Variation within the species among genotypes is also reported.
An investigation was carried out to examine the extent of
variability in the uptake and utilization of P and its association
with root associated traits among 76 medium duration
pigeonpea genotypes. Significant variation was found among
genotypes for root associated traits and P content in root and
leaf. Genotypes like ‘GS-1’ and ‘BSMR-736’ recorded high
root volume, dry weight and P content in the leaf. There was
good correlation between shoot P content and total dry matter.
Based on the root dry weight and leaf P content, genotypes
were classified as high, medium and low root types with high
and low P uptake capacity. High P uptake genotypes showed
high total dry matter compared to low P uptake types. Such
genotypes will be utilized in breeding for development of
appropriate genetic stocks.
Key words:

Leaf P content, Phosphorus uptake, Root associated
traits, Total dry matter.

Phosphorus (P) is one of the most limiting nutrients for
crop production in tropical and subtropical regions. Though
total soil P levels are 40-100 fold higher than the crop
requirement, the concentration of available phosphate in soils
with high iron or aluminum oxide content is often less than 10
µm (Clark 1990), making it unavailable to crops because of the
fixed state. Plant-available phosphorus is inherently low in
most soils across the globe. Crop response to phosphate
fertilizer depends mainly on genetic and physiological
characteristics of the plant. Besides, soil and environmental
conditions also influence P availability to the plants. Plants
which have the ability to increase P uptake, either by extensive
root growth or increased rate of P uptake (Mimura et al. 1990)
or a greater ability to absorb P due to increased root elongation
(Tadano et al. 1993) show superior growth in low P soils.
Differences among plant species or genotypes in the
acquisi tion of P under limi ting conditi ons provide
opportunities that can be manipulated to improve P availability.
Some crop species adapt to low-P environments through

various processes such as changes in root characteristics
like root length, root diameter and root hairs (Krasilnikoff et
al. 2003, Gahoonia and Nielsen 2004). This is because soil P is
supplied to plants mainly by diffusion and the P diffusion
coefficient is very low. The most prominent root characteristic
in grass is the high root length that results in a large root
surface area and a high ratio of root surface to shoot dry
weight. Genotypic variation in P uptake from low P soils has
been reported in number of crops like sorghum (Clark et al.
1986) and beans (Thung 1990). Existence of such variability is
very important to explore the possibility of selecting genotypes
with desirable characters (Caradus 1994). The capacity of plants
to access P under limiting conditions depends not only on
intrinsic genetic characters, but also on important adaptive
traits such as modification in root morphology, exudation of
organic acids, alteration in pH of rhizosphere and increased
ability of roots to explore different layers of soil (Schactman
et al. 1998).
The possibility of exploiting genotypic differences for
improving nutrient efficiency of crop plants has received
increased attention in recent years (Bolivar and Duncan 1990).
P efficient genotypes can be useful for maintaining high
productivity in low input agriculture. Additional breeding of
new crop genotypes with improved P efficiency may be a
supplementary alternative for reducing the traditional
amendments of soils for the application of fertilizer. Keeping
in view of the above facts, the present investigation was
undertaken to assess genotypic variation in P uptake and its
utilization in pigeonpea under low levels of P and to examine
the association of root traits with phosphorus uptake.
MATERIALS AND METHODS
Seventy six pigeonpea genotypes of medium duration
group (165-175 days) selected from the core collection of 250
accessions received from ICRISAT Patenchuru, Hyderabad,
AICRP (Pigeonpea), GKVK, Bangalore and ZARC, Gulburga
were grown in black polythene bags (8'’ × 12'’) filled with red
loamy soil having pH and organic carbon of 5.8 and 0.48%,
respectively. It had medium levels of available P (20 kg/ha)
and also relatively low P absorption capacity, as seen from
their P distribution coefficients. The organic and total P
contents of the soil were 70 and 130 kg/ha, respectively.

Krishnappa et al. : Variations in phosphorus uptake and its utilization in pigeonpea genotypes grown under phosphorus

Pigeonpea seeds were sown in the pots with basal fertilizer
application @ 40 and 50 kg/ha N and K, respectively. After 20
days, plants were divided into two sets; one set was given
recommended 50 P kg/ha and the other set without P and were
grown for a further period of 25 days.
The P content in leaf and root samples was estimated
separately by following Vanado-molybdate method (Jackson
1973). Root length, root dry weight and root to shoot dry
weight ratio were recorded at the end of the treatment period
(45 days after sowing). Root volume was determined by
immersing roots in 500 ml measuring jar containing known
amount of water. The difference between initial volume before
immersing and final volume after immersing was taken for
calculating the root volume and expressed as cm3/plant. Dry
weight of plant parts were estimated after drying in hot air
oven for 48 h at 72o C. The entire set of experiments was
conducted in factorial randomized complete block design
(RCBD) during 2005-06 and was repeated to confirm the
consistency of performance.
RESULTS AND DISCUSSION
Root associated traits: Among 76 genotypes tested, ‘ICP
7035’ and ‘WRP1’ had the highest root volume of 0.74 cm3 and
0.65cm 3 /plant, respectively. P deficiency significantly
increased root volume from 0.3 to 0.8cm3/plant accounting to
the extent of 25%. Root length was also more in P deficient
conditions with a mean value of 30.65 cm compared to 27.75
cm under P sufficient conditions, accounting to 10% increase
when compared to P sufficient condition (Table 1). Mean root
dry weight across genotypes was more in P deficient condition
(6.55%) than under P sufficient condition (Table 1).
Table 1.
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Genotypes having high P uptake efficiency had high
total dry matter and root biomass under P stress. Wissuwa
(2003) reported that genotypic differences in P uptake from P
deficient soils could be ascribed to high root growth or high
external root efficiency. It was observed in tomato cultivars
(Itoh and Barber 1983) that P uptake efficiency was influenced
by the extent of root surface area per plant, rate of P uptake
and kinetics of roots in addition to root hairs.
Root-shoot ratios and total dry matter: Genotypes such as
‘BRG2-4’, ‘BRG-2’, and ‘ICP7035’ accumulated more root dry
weight under P deficient condition than other genotypes like
‘Sel MA-2’, ‘TS- 3’, ‘ICP 40’ and ‘LCV-25’ for which very low
root dry weight were recorded under both sufficient and
insufficient P conditions. Under P deficient condition, ‘ICP
7035’ and ‘ICPL 87119’ recorded highest shoot dry weight;
the lowest was observed in the genotype ‘RA-6’. Under P
sufficient condition, there was significant variation in shoot
biomass and genotype ‘LCV-6’ recorded highest shoot dry
weight. Variation in shoot biomass indicated that even under
P deficient condition, some of the genotypes were efficiently
translocating the metabolites to shoots or these were
maintaining high photosynthetic activity. The investigation
revealed significant variability on a positive scale for several
growth parameters like shoot dry weight, root dry weight and
under added P conditions. Shoot length was affected by
deficiency to the extent of 22.6% under P deficiency (Table 1).
Several workers have reported similar genetic variability for
plant growth characteristics. Reduction in shoot growth is
related to reduction in the leaf expansion which could be to
the extent of 70% under P deficiency as reported by Brevedan

Mean and Range of different growth parameters of 76 pigeonpea genotypes grown under deficient and sufficient P
conditions for 40 days

Growth Parameters

Range

Mean

CD (P=0.01)

-P*

P sufficient**

-P

P sufficient

Shoot length (cm)

16.30-49.50

19.30-60.30

28.82

37.00

5.388

Leaf area (mm2)

134.7-434.4

174.0-537.7

230.62

309.39

13.84

Shoot dry weight (g)

0.58-3.10

1.02-3.76

1.71

2.40

0.194

Root volume (cm3)

0.30-0.84

0.26-0.74

0.54

0.44

0.087

Root dry weight (g)

0.30-1.07

0.27-1.17

0.65

0.61

0.118

Root length (cm)

19.25-39.00

18.30-39.50

30.65

27.75

4.819

R/S ratio

0.16-1.05

0.10-0.61

0.43

0.28

0.095

Total dry matter (g)

1.18-4.11

1.54-4.55

2.35

3.00

0.035

Leaf P (%)

0.16-0.73

0.29-0.85

0.41

0.49

0.098

Root P (%)

0.13-0.70

0.33-0.70

0.35

0.52

0.093

Root P (mg/pl)

0.63-4.34

1.33-7.60

2.36

3.13

0.805

Shoot P (mg/pl)

1.62-19.25

4.47-30.32

7.15

12.1

2.477

Total plant P (mg/pl)

3.06-21.14

6.59-34.59

9.51

15.24

2.608

*,**: P deficient and P sufficient condition, respectively
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et al (2002). The effect of low P was comparatively less on the
root growth. Another possibility for reduced shoot dry weight
under P deficiency could be due to diversion of more
photosynthates towards the root in an attempt to acquire
more P from the rhizosphere. This may be happening at the
cost of shoot growth. Similar trend was noticed in the present
investigation. Root to shoot dry weight ratio was high under
P deficient condition. The ratio was more in genotypes ‘RA-6’
and ‘ICP 7238’ and low in ‘ICP 40’and ‘Sel-1’. There were a
number of genotypes with high root to shoot dry weight ratio
under P deficient condition (Fig. 1A). Under P sufficient
conditions, the root: shoot ratio was comparatively low. 73%
genotypes had low root: shoot ratio (0.1-0.3) and only five
genotypes recorded higher root: shoot ratio (= 0.5) under P
sufficient conditions.
Considerable variation in total dry matter (TDM) among
genotypes was observed (Fig. 1B). Genotypes ‘ICP 7035’ and
‘ICPL 87119’ recorded higher TDM with the mean value of
2.35g/plant under P deficient condition (Data not shown).
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Under P sufficient conditions, genotypes ‘ICP 6400’ and ‘SelMA-2’ recorded lower TDM than those observed for the
genotypes ‘ICP 87119’ and ‘BRG-2’. The genotypes grown
under P sufficient conditions showed significantly higher
TDM than in deficient P conditions (Table 1). Only 5% of the
total genotypes high TDM (= 3g) under P deficient conditions
(Fig. 1B). There was a good correlation between root dry
weight and TDM under P deficiency (r 2 =0.54) (Fig. 3),
signifying the role of root dry weight in acquiring P and
translocati ng it to shoot under P deficiency. A good
relationship between shoot P content and TDM under P
deficiency (r2=0.565) indicated the contribution of shoot P
towards accumulation of biomass in pigeonpea genotypes
under P deficiency (Fig. 4).
Phosphorus content(%)

98

0.6

-P

0.5

+P

0.4
0.3
0.2
0.1
0
Leaf P (%)

50

Root P (%)

Parameter

40
30

Fig 2. Effect of P deficiency on phosphorus content in plant
tissue of 76 pigeonpea genotypes grown for 40 days
under P deficient (-P) and sufficient (+P) conditions.
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0.45

0.65
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15

Fig 3. Relatio nship between ro ot weight and TDM in 76
genotypes grown for 40 days with deficient P condition.
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Fig 1. Frequency distribution of pigeonpea genotypes for (A)
root: shoot ratio, and (B)TDM for 40 days after sowing
under P deficient (-P) and sufficient (+P) conditions

The relationship between shoot P and total dry matter
produced (Fig. 4) revealed that increase in shoot P content
resulted in the increase of the total biomass. A good
relationship between root dry weight and total plant P
accumulated among 76 pigeonpea genotypes was also noticed.
These results were in agreement with the findings of Adugyami et al (1989) that dry matter production is positively
correlated with P uptake both under Fe-P and Ca-P treatments.
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1
0.00
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10.00

15.00

20.00
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content and high P uptake types showed low root P content
under P deficiency. The relationship noticed between shoot P
and total dry matter produced (Fig. 4) was a testimony to the
fact that, P influences the photosynthetic processes leading
to high accumulation of total dry matter.

r = 0.565 n = 76 p<0.01

4.5

25.00

Shoot P (mg/plant)

Fig 4. Relatio nship between shoot P and TDM in 76
genotyp es grown for 40 days und er d efic ient P
condition.

Further they also reported a positive correlation between P
uptake and root dry matter production.
P content in plant: The extent of variability in crop plants to
acquire soi l P is i nflu enced by bot h genotype and
environmental factors (Nielson 1983). Genetic variability in P
content among pigeonpea genotypes was noticed, which
could be ascribed to higher uptake. Similar differences among
the cultivars in P uptake were documented by Gowley et al.
(1994) and were mainly attributed to root characteristics. P
content of roots and leaves varied significantly in both P
deficient and sufficient conditions. However, genotypes like
‘ICP 3226’, ‘ICP 8477’ and ‘BRG-2’ accumulated more leaf P
under P deficient condition.
There was an increase in the root P concentration to the
extent of 53% under sufficient P condition (Fig. 2). Under P
deficient conditions, ‘ICP 633’ (0.15%) and‘ICP 10678’ (0.13%)
had low root P and ‘LCV-25’ (0.7%) and ‘ICP 14152’ (0.58%)
accumulated high P content in the roots. Leaf P accumulation
was higher in the genotypes ‘ICP 8477’, ‘ICP 3226’ and ‘BRG2’
under P deficient conditions, whereas ‘ICP4557’, ‘ICP2933’
and ‘Sel20158’ showed low leaf P. Under P sufficient
conditions, a few genotypes like ‘ICP 8477’ and ‘BRG-2’, which
were accumulating high concentration of P in the leaves,
showed less P content in their roots under P deficiency. The
genotypes showing high leaf P under P deficient condition
had lower P concentration in the roots. Conversely, some of
the genotypes like ‘LCV-25’ and ‘ICP 14152’ having high root
P (0.70% and 0.58%, respectively) showed low concentration
of P (0.42% and 0.20%, respectively) in their leaves. P uptake
efficiency increased under P sufficient conditions compared
to P deficient conditions, whereas the utilization efficiency
increased under P deficient conditions. The efficient genotype
(for P uptake) appeared to have lower P uptake rates and
larger root systems, and higher capacity to re-translocate P
from inactive to active tissue. Similarly, Weineke (1990) showed
higher efficiency of P absorption in a maize cultivar and
attributed it to higher allocation of photosynthates to roots
and also higher remobilization capacity of the plants from
root and leaves. Low P uptake genotypes showed more root P

Total shoot P per plant was calculated using shoot dry
weight and leaf P. Under P deficiency, genotypes ‘ICP 8477’,
‘ICP3226’ and ‘BRG-2’ showed high shoot P content whereas
genotypes ‘ICP 4557’, ‘Sel 20158’ and ‘RA-6’ showed low
shoot P content. Under P sufficiency, ‘BRG-2’ and ‘ICP 8477’
showed high shoot P content and genotypes ‘ICP 20150’,
‘OGUK-1’ and ‘Sel MA-2’ showed low shoot P content. A
standardized normal distribution plot was performed (Z-plot)
between leaf P and root dry weight (Fig. 5). Based on the data,
the genotypes were classified into six different categories:
high P uptake types with low root weight (?ICP-3226'), moderate
root weight (?ICP-8477') and high root weight (?BRG-2'); low
P uptake types with low root weight (?Sel-20158') moderate
root weight (?ICP-4557') and high root weight (?ICP-2933').
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Fig 5. Z d istribution plot of 76 p igeo npea genotyp es
grown under deficient P conditions for 40 days

CONCLUSIONS
Increase in root growth and root surface area are known
to play a vital role in aiding plants to acquire more P under Pdeficient conditions along with exudation of organic acids,
and increased activity of acid phosphatases. Thus, it can be
concluded that there is significant variation in the ability of
pigeonpea genotypes to absorb more P under P-deficient
conditions, indicating scope of genetic improvement for higher
uptake of phosphorus. The increased accumulation of P was
due to higher P uptake efficiency, which can be related to
better root character like high root surface area, high root
biomass, high root length, high root volume and altered plant
metabolism like organic acid exudation and root acid
phosphatase activity. These strategies adopt ed by the
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efficient genot ypes under P deficiency need to be
investigated.

Gowrley CJP, Allan DL and Russelle MP. 1993. Defining phosphorus
efficiency in plants. Plant and Soil 155/156: 289-292.
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ABSTRACT
Twelve genotypes of mungbean were screened for powdery
mildew reaction under natural epiphytotic conditions. The
genotype ‘TARM-18’ exhibited resistant reaction. Out of twelve
genotypes, two were used as lines and the remaining ten as
testers. These were crossed in a line × tester fashion to generate
20 hybrids for assessment of heterosis. Moderate to high
heterosis was observed for seed yield and its 11 component
traits and the maximum heterobeltiosis for early maturity was
recorded in ‘Chinamung’ × ‘Meha’ and the highest better
parent heterosis for seed yield/plot was reflected by the
cross ‘Chinamung’ × ‘VC-1’ (13 6.4%) fo llow ed by
‘Chinamung’ × ‘BPMR-1’ (77.42%) and ‘Chinamung’ ×
‘TARM-18’ (66.77%). The highest harvest index (%) was shown
by the cross ‘Pusa Baisaki’ × ‘TARM-1’ (34.12%) followed by
‘Pusa Baisaki’ × ‘BPMR-145’ (27.12%).

its component traits and disease screening was done using 09 scale as suggested by (Mayee and Datar 1986). The data
were subjected to analysis of variance for various characters
as per Panse and Sukhateme(1976) and heterosis was worked
out according to Turner (1953) and Hayes et al. (1955).
RESULTS AND DISCUSSION
Screening of parental genotypes against powdery mildew:
The genotypes were screened during kharif 2008 under natural
epiphytotic condition and the majority of them showed
moderate to high level of disease incidence to powdery mildew.
‘Chinamung’ and ‘Meha’ exhibited highly susceptible reaction
and other genotypes viz., ‘Vaibhav’, ‘DMG-1030’, ‘KGS-83’,
‘BPMR-1’ and ‘Pusa Baisaki’ were rated susceptible to the
disease. However, Singh et al. (2007) reported that ‘DMG-

Key words: Heterobeltiosis, Heterosis, Mungbean, Powdery mildew

Mungbean [Vigna radiata (L.) Wilckzek] (2n = 2x = 22)
is the third important pulse after chickpea and pigeonpea.
The present yield potential of improved varieties is not enough
to attract the farmers. The crop is also susceptible to various
diseases, among which powdery mildew is very important.
This disease may cause yield loss up to 20-40% (Khare et al.
1998). Study of heterosis in mungbean is also important for
plant breeder to find out the superior crosses (Swindell and
Poehlman 1976). Therefore, an attempt was made to know the
magnitude of heterosis over mid-parent and better parent for
seed yield and its components and also to know the reaction
of parental genotypes against powdery mildew.
MATERIALS AND METHODS
The present study comprised of two adapted varieties
‘Chinamung’ and ‘Pusa Baisaki’ and 10 testers namely,
‘Vaibhav’, ‘TARM-1’, ‘TARM-2’, ‘TARM-18’ (from BARC,
Mumbai), ‘DMG-1030’, ‘Meha’ (IIPR, Kanpur), ‘KGS-83’
(advance breeding line) ‘BPMR-1’, ‘VC-1’ (exotic line, AVRDC
Taiwan) and ‘BPMR-145’. The crossing was carried out in a
line × tester fashion at College of Agriculture, University of
Agricultural Sciences, Dharwad. Resulting hybrids along with
their parents were sown following randomised complete block
design (RCBD) with three replications. The observations were
recorded on five randomly selected plants for seed yield and

a. TARM-18

b. VC-1

c. TARM-1

d. TARM-2

e. BPMR-145

Fig 1. Reaction of genotypes against powdery mildew disease
(a) Resistance (R), (b, c, d and e) Moderate Resistance
(MR)
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Table1.

Performance of green gram genotypes against powdery mildew under natural epiphytotic condition during kharif 2008 at
MRS, Dharwad

Disease
Rating

Number of genotypes

Genotypes

Disease reaction

0
1
3

0
0
1

Nil
Nil
TARM-18

Immune
Highly resistant
Resistant

5
7
9

4
5
2

TARM-1, TARM-2, VC-1, BPMR-145
Vaibhav, DMG-1030, KGS-83, BPMR-1, Pusa Baisaki
Chinamung, Meha

Moderately resistant
Susceptible
Highly susceptible

Table 2. Heterosis over mid-parent (MP) and better parent (BP) for grain yield and its component traits in mungbean
Crosses

Days to 50 %
flowering (no.)
MP

Chinamung × Vaibhav

-12.00*

Chinamung × TARM-1

-4.70*

BP

Day to maturity
(no.)
MP

-10.20** -4.72*
-3.40

-2.44

Plant height
(cm)

Clusters/plant
(no.)

BP

MP

BP

MP

BP

3.74

7.04

-8.95

3.89

-21.73**

0.00

5.96

-4.04

105.80** 47.30**

Chinamung × TARM-2

-1.63

0.67

-6.72**

-4.19*

12.59

3.89

27.20**

Chinamung × TARM-18

-4.73*

-4.08

0.22

11.11**

4.96

-8.81

123.49** 71.65**

8.90

-1.25

-5.99

-21.05*

1.92

2.73

-1.59

-7.52

Pods/plant
(no.)
MP

Pods/cluster
(no.)

BP

MP

BP

64.75**

11.67

2.44

-10.09

108.27**

40.41**

5.01

-5.02

12.27

-27.90**

-20.14

-35.42**

115.10**

48.49**

2.09

-12.23

-28.74**

12.27

-27.00**

17.02

2.76

-34.90**

17.59*

-19.40**

-16.60

-21.72*

Chinamung × DMG-1030

1.03

2.08

-3.66*

Chinamung × Meha

5.05*

6.12*

-7.26** -5.72**

Chinamung × KGS-83

2.00

4.08

-2.99

-2.40

-9.06

-21.77

-6.81

-25.71**

-18.04

-38.85**

-9.98

-17.60

Chinamung × BPMR-1

-0.68

0

-6.38**

0.90

22.22

17.59

28.52**

13.42*

77.84**

37.77**

25.19*

17.98

Chinamung × VC-1

-3.07

-2.53

-6.14** -5.95**

-3.13

-13.27

53.19**

12.00**

71.13**

52.71**

12.97

5.90

Chinamung × BPMR- 145

-1.75

1.45

-4.52*

11.05**

29.48*

27.91*

29.64**

10.07

78.01**

58.90**

35.53**

27.93*

Pusa baisaki × Vaibhav

-5.72

-2.77

-3.57

0.93

13.57

3.79

15.48** -12.61**

17.11**

-12.74*

1.73

-0.92

Pusa baisaki × TARM-1

-6.44**

-4.16

17.01

14.53

-30.14**

30.88**

-3.13

86.46**

85.16**

Pusa baisaki × TARM-2

0.67

4.16

Pusa baisaki × TARM-18

2.39

4.16

Pusa baisaki × DMG-1030

6.25*

6.25*

Pusa baisaki × Meha

-4.76*

-2.77

Pusa baisaki × KGS-83

-7.07**

-4.16

Pusa baisaki × BPMR-1

-1.71

0

Pusa baisaki × VC-1

-2.04

0

-2.67

1.28

24.31*

Pusa baisaki × BPMR-145

-4.96

-2.89

4.25*

16.33**

11.34

S.E (±)

1.15

1.33

1.42

1.65

3.27

-7.17** -5.98**
1.48

2.56

10.66** 17.86**
3.38

4.70*

33.26** 33.12** 52.42**

35.52**

3.43

-28.00**

-7.70

-18.08*

23.69*

15.69

-10.31**

28.86**

-1.80

17.14*

11.46

-0.38

-10.23

-17.33** -40.61**

2.14

8.09

29.46**

-8.45

60.63**

56.53**

42.72**

7.45

33.78**

27.74**

16.26**

-4.00

-28.98**

-40.38** -39.30** -40.64**

30.13**

14.68**

43.10**

25.75**

16.55

20.16

41.59**

21.73**

41.34**

35.93**

14.10

9.03

4.00

27.65**

12.67**

39.84**

34.49*

11.46

-4.83

3.77

0.28

0.32

1.27

1.47

0.26

0.30

-0.00

9.29** 13.29** 31.39** 25.92*

1030’ did not support the growth of Eryshiphe polygoni by
exhibiting resistant reaction. Four genotypes namely,
‘TARM-1’, ‘TARM-2’, ‘VC-1’ and ‘BPMR-145’ were
moderately resistant to powdery mildew (Fig. 1). Reddy et al.
(2008) also reported ‘VC-1’ as resistant to powdery mildew
disease. The differential resistance reaction observed in the
present study could be attributed to variation in weather
conditions and level of disease incidence. ‘TARM-18’
exhibited lower rate of disease development, thus exhibiting
resistant reaction (Table1) and similar reaction was also
reported by Reddy et al. (2008) and Gawande et al. (2003).

12.99*

-25.49**

7.95** -10.25** 29.28** 24.45*
-1.04

-48.55*

2.93

10.64

Heterosis: Analysis of variance indicated that mean squares
due to parents and testers were significant for all the traits
except 100-seed weight (data not presented). However, the
mean square due to hybrids was significant for all the traits.
In general, heterosis as tested by using parent vs. hybrids
was significant for all the characters except for days to maturity
and total dry matter at harvest, indicating presence of
heterosis for majority of traits under study. The data showed
that phenomenon of heterosis was of general occurrence for
all the characters (Table 2). Significant positive heterosis was
observed for seed yield/plot (136.43%) followed by seed yield/
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Table 2 continued….

Crosess

Pod length
(cm)

100- seed weight
(g)

MP

BP

Chinamung × Vaibhav

4.90

Chinamung × TARM-1

9.59

Chinamung × TARM-2

26.69**

21.27*

8.11

5.26

19.18

Chinamung × TARM-18

-3.05

-9.59

18.92

15.76

93.81**

15.79

10.00

Chinamung × DMG-1030

MP

BP

-2.75

16.67

16.67

9.05

24.32*

21.05

Seed yield/plant
(g)
MP

Seed yield/plot
(g)

BP

MP

BP

28.32*

-2.03

22.58**

-5.71

47.71**

15.00

39.87**

8.35

-12.57

15.11**

-16.32**

47.90**

0.29

62.07**

101.46**

66.77*

152.14**

84.44**

6.51

-1.39

24.32**

17.95

Chinamung × KGS-83

2.03

-8.55

18.92

15.76

-0.51

-17.09

-0.98

Chinamung × BPMR-1

11.91

5.77

23.81*

8.33

93.51**

67.29**

99.60**

-15.74* 47.37** 40.20** 172.87** 113.17** 196.60** 136.43**

Chinamung × Meha

45.59** 42.11**

MP

Harvest index
(%)

BP

MP

BP

36.01**

-12.47*

-20.14

-38.09**

117.59**

53.56** -36.19** -44.47**
-24.40

-33.31**

-27.96* -39.23**

10.10

-9.17

5.34

-12.27

-7.60

-38.36**

3.58

-21.33**

31.94*

11.50

16.08**

1.02

4.37

28.20**

9.73

-15.29

-13.95

17.09

-18.49*

-22.84

-38.72**

77.42**

26.46*

-11.48

34.09**

3.74

Chinamung × VC-1

-5.19

Chinamung × BPMR- 145

14.56

12.01

16.67

Pusa baisaki × Vaibhav

-6.84

12.14

10.53

5.10

Pusa baisaki × TARM-1

7.30

-6.07

-7.69

-0.09

Pusa baisaki × TARM-2

20.59**

7.08

-7.69

-0.09

1.56

Pusa baisaki × TARM-18

14.15**

7.08

-7.69

-0.09

34.63**

Pusa baisaki × DMG-1030

16.65*

7.19

-10.00

-0.09

Pusa baisaki × Meha

21.64**

2.24

7.69

5.0

Pusa baisaki × KGS-83

9.66

7.19

7.69

5.10

Pusa baisaki × BPMR-1

10.66

2.36

Pusa baisaki × VC-1

4.16

2.81

5.00

Pusa baisaki × BPMR-145

9.60

-0.01

-0.00

S.E (+)

0.55

0.63

0.35

0.41

16.67

Total dry matter at
harvest (g)

45.16**

0.12

63.59**

92.18**

76.11**

19.38**

-4.47

-0.88

-30.73**

4.57

-12.57

52.90**

23.29**

8.27

-15.01

40.92**

34.12*

-22.16*

4.44

-21.34**

8.31

19.12*

-4.91

-8.10

18.96

37.07**

18.73*

8.90

-10.63

21.25

11.72

1.44

-11.67

23.23**

7.36

-21.16*

-42.33**

20.17

-1.85

48.51**

32.74*

20.74**

10.23

43.67**

9.24

-2.90

-19.22

62.58**

61.54**

63.97**

14.09

-8.65

54.59**

26.43*

35.99** 13.83**
-15.17

-22.66*

-3.88

-15.38

-2.61

-11.22

-22.50*

-40.19**

18.18

1.52

65.31**

51.40**

76.58**

64.87**

41.77**

10.16

10.13

-8.15

5.00

71.05**

40.29**

77.92**

47.95**

-1.53

-4.08

61.45**

50.50**

69.00**

59.91**

28.37*

19.78

27.43*

27.12*

0.41

0.47

6.80

7.86

1.47

1.70

2.96

3.41

-13.64 -20.83*

plant (113.175%), pods/cluster (85%) and total dry matter
(84.44%). Significant positive heterosis was observed for pod
bearing clusters/plant (71.65%) in ‘Chinamung’ × ‘TARM18’, for pods/plant (52.71%) in ‘Chinamung’ × ‘BPMR-145’,
for 100-seed weight (42.11%) in ‘Chinamung’ × ‘Meha’, for
harvest index (34.12%) in ‘Pusa Baisaki’ × ‘TARM-1’, for
plant height (33.12%) in ‘Pusa Baisaki’ × ‘TARM-2’ and for
pod length (21.27%) in ‘Chinamung’ × ‘TARM-2’.
For traits like days to 50% flowering and days to
maturity, negative heterosis is desirable. In the present study,
only one cross ‘Chinamung’ × ‘Vaibhav’ showed significant
negative heteroisis for days to 50% flowering. For days to
maturity, as many as five crosses exhibited significant negative
heterosis. Similar findings were also reported earlier by
Jahagirdar (2001) and Vyas et al. (2007) in mungbean. Pods/
plant is one of the important traits for yield improvement in
mungbean. As many as 15 crosses showed significant positive
mid-parent heterosis and eight crosses over better parent
and the cross ‘Chinamung’ × ‘BPMR-145’ ranked first with
52.71 % heterosis followed by ‘Chinamung’ × ‘TARM-18’
with 48.49% heterosis. As far as the 100-seed weight was
concerned, only four hybrids exhibited positive heterosis over
mid-parent and two hybrids over better parents. Similar results
were reported by Sekhar et al. (1994) and Vyas et al. (2007) for
test weight.

-24.88** 29.69**

6.66

Mean performance for seed yield/plot and 11 related
traits is given in Table 3 and top performing hybrids based on
their heterosis for seed yield and other related traits along
with their mean performance is mentioned in Table 4. It is
evident that the top five crosses viz., ‘Chinamung’ × ‘VC-1’,
‘Chinamung’ × ‘TARM-18’, ‘Chinamung’ × ‘BPMR-1’, ‘Pusa
Baisaki’ × ‘VC-1’ and ‘Pusa Baisaki’ × ‘BPMR-1’ also exhibited
significant heterosis for seed yield/plant. The manifestation
of heterosis for seed yield in these crosses owed to heterosis
for pods/plant in all the five crosses. In the present study, low
or negative heterosis observed for 100-seed weight, pod length
and harvest index could restrict improvement for these traits
in the present materials; therefore, use of diverse germplasm
would be required to improve these traits.
On the basis of high mean performance, high heterosis
over mid- and better parent for seed yield/plot, seed yield/
plant, days to maturity, pod bearing clusters/plant, pods/
pl ant, 100 -seed weight and harvest index, the cro ss
‘Chinamung’ × ‘VC-1’ was most promising followed by
‘Chinamung’ × ‘TARM-18’ (Table 4). The male parents of these
crosses viz., ‘TARM-18’ and ‘VC-1’ showed moderate
resistant reaction to powdery mildew, hence by advancing
these two hybrids, desirable segregants having high yield
potential and powdery mildew resistance could be obtained.
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Table 3. Mean performance of parents and their hybrids for 12 traits in green gram
Crosses

Chinamung × Vaibhav
Chinamung × TARM-1
Chinamung × TARM-2
Chinamung × TARM-18
Chinamung × DMG-1030
Chinamung × Meha
Chinamung × KGS-83
Chinamung × BPMR-1
Chinamung × VC-1
Chinamung × BPMR- 145
Pusa baisaki × Vaibhav
Pusa baisaki × TARM-1
Pusa baisaki × TARM-2
Pusa baisaki × TARM-18
Pusa baisaki × DMG-1030
Pusa baisaki × Meha
Pusa baisaki × KGS-83
Pusa baisaki × BPMR-1
Pusa baisaki × VC-1
Pusa baisaki × BPMR-145
Female
Chinamung
Pusa baisaki

Plant height
(cm)
P2
F1
38.22
34.80
33.03
31.70
31.70
32.93
36.33
33.13
39.43
31.13
29.27
28.80
37.20
29.10
29.00
34.10
33.90
29.40
27.47
35.13
38.22
39.67
33.03
37.83
31.70
42.20
36.33
42.03
39.43
35.40
29.27
39.37
37.20
37.20
29.00
39.83
33.90
40.73
27.47
32.90

Days to 50%
flowering (no.)
P2
F1
51.00
44.00
50.33
47.33
51.33
49.33
49.67
47.00
48.00
49.00
50.00
52.00
51.00
51.00
49.67
49.00
50.00
47.67
46.00
46.67
51.00
46.67
50.33
46.00
51.33
50.00
49.67
50.00
48.00
51.00
50.00
46.67
51.00
46.00
49.67
48.00
50.00
48.00
46.00
44.67

26.80
31.63

49
48

Days to
Maturity (no.)
P2
F1
71.33
74.00
80.00
80.00
79.67
76.33
69.00
76.67
80.00
79.00
81.33
76.67
83.00
81.00
72.67
73.33
84.33
79.00
63.33
70.33
71.33
72.00
80.00
73.33
79.67
80.00
69.00
81.33
80.00
81.67
81.33
86.00
83.00
79.67
72.67
82.33
84.33
79.00
63.33
73.67

Clusters/plant
(no.)
P2
F1
7.40
5.87
8.03
11.83
4.87
5.30
6.47
11.10
8.70
6.20
8.50
5.53
5.83
4.33
4.97
5.63
7.50
8.40
4.97
5.47
7.40
6.47
8.03
4.13
4.87
6.60
6.47
5.80
8.70
5.17
8.50
6.33
5.83
5.60
4.97
5.70
7.50
9.13
4.97
5.60

Pods/cluster
(no.)
P2
F1
3.27
2.94
3.05
2.90
4.00
2.58
3.43
3.01
3.27
3.36
2.82
2.21
2.97
2.45
2.78
3.28
2.82
2.99
2.19
3.16
3.27
3.24
3.05
5.74
4.00
3.28
3.43
3.83
3.27
5.11
2.82
3.96
2.97
1.84
2.78
3.43
2.82
3.38
2.19
2.95

Pods/plant
(no.)
P2
F1
24.00 26.80
24.50 34.40
30.00 21.63
22.20 33.05
28.40 20.73
23.27 18.70
17.33 10.60
15.53 21.40
10.87 16.60
10.87 17.27
24.00 20.94
24.50 23.73
30.00 21.60
22.20 21.80
28.40 26.00
23.27 25.00
17.33 10.33
15.53 19.53
10.87 16.00
10.87 15.83

84.00
78.00

3.47
3.80

2.47
3.10

8.53
11.77

Table 3 continued…..
Crosses

Pod length
(cm)

100-seed weight Total dry matter at
(g)
harvest (g)

Harvest index
(%)

Seed yield/ plant
(g)

Seed yield/plot
(g)

P2

F1

P2

F1

P2

F1

P2

F1

P2

F1

P2

F1

Chinamung × Vaibhav
Chinamung × TARM-1
Chinamung × TARM-2
Chinamung × TARM-18

7.89
6.68
6.90
7.79

7.67
7.35
8.36
7.04

3.00
3.17
3.17
3.17

3.50
3.83
3.33
3.67

28.33
19.77
22.83
17.57

24.80
30.35
22.90
32.40

17.64
23.72
24.49
22.01

19.83
17.79
21.23
19.47

4.93
4.67
5.57
3.87

4.87
5.37
4.87
6.27

134.33
131.67
159.33
110.33

126.67
142.67
133.33
184.00

Chinamung × DMG-1030
Chinamung × Meha
Chinamung × KGS-83
Chinamung × BPMR-1
Chinamung × VC-1

7.45
6.05
8.50
7.57
8.66

7.56
7.95
7.77
8.00
7.30

3.33
3.17
3.17
4.00
3.33

3.67
4.50
3.67
4.33
4.67

24.33
21.63
20.73
20.33
21.43

15.00
15.53
16.90
18.00
21.49

16.63
17.43
18.85
17.53
21.59

25.20
27.14
19.63
33.23
36.46

4.00
3.77
3.90
3.57
4.63

3.63
4.20
3.23
5.97
9.87

108.67
97.67
98.00
93.00
121.67

95.33
98.67
84.33
165.00
287.67

Chinamung × BPMR- 145
Pusa baisaki × Vaibhav
Pusa baisaki × TARM-1
Pusa baisaki × TARM-2

7.05
7.89
6.68
6.90

7.90
7.81
8.35
9.52

3.00
3.00
3.17
3.17

3.50
3.50
3.00
3.00

9.77
28.33
19.77
22.83

17.20
19.63
16.80
18.47

26.37
17.64
23.72
24.49

24.77
22.95
35.20
24.21

2.57
4.93
4.67
5.57

4.20
4.51
5.90
4.33

72.00
134.33
131.67
159.33

118.33
128.33
162.33
125.33

Pusa baisaki × TARM-18
Pusa baisaki × DMG-1030
Pusa baisaki × Meha
Pusa baisaki × KGS-83
Pusa baisaki × BPMR-1

7.79
7.45
6.05
8.50
7.57

9.52
9.53
9.09
9.53
9.10

3.17
3.33
3.17
3.17
4.00

3.00
3.00
3.50
3.50
3.17

17.57
24.33
21.63
20.73
20.33

15.70
14.03
23.63
12.40
22.40

22.01
16.63
17.43
18.85
17.53

29.32
25.76
21.20
26.65
24.11

3.87
4.00
3.77
3.90
3.57

4.60
3.53
5.00
3.30
5.40

110.33
108.67
97.67
98.00
93.00

131.00
116.67
107.67
87.00
153.33

Pusa baisaki × VC-1
Pusa baisaki × BPMR-145
Female
Chinamung

8.66
7.05

9.14
8.73

3.33
3.00

3.50
3.17

21.43
9.77

16.10
13.50

21.59
26.37

28.00
33.53

4.63
2.57

6.50
4.47

121.67
72.00

180.00
129.00

6.74

3.00

8.13

32.03

2.60

72.33

Pusa baisaki

8.89

3.33

11.27

26.25

2.97

80.67
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Performance of top five hybrids identified on the basis of seed yield/plot along with their better parent heterosis for seed
yield and its attributing traits in mungbean

Crosses

Seed yield/plot (g)
Mean

Better parent heterosis

MP
BP
Plant Days to Days to Clusters/ Pods/
50%
maturity plant
cluster
heterosis heterosis height
(cm) flowering (no.)
(no.)
(no.)
(no.)
5.90

Pods/
plant
(no.)

Pod 100-seed Total Harvest
length weight
dry
index
(cm)
(g)
matter
(%)
at
harvest

41.08** -15.74* 40.00**

Chinamung ×
VC-1

287.67 196.60** 136.43** -13.27

-2.53

-5.93*

12.00**

Chinamung ×
TARM 18

184.00 101.46** 66.77**

-8.81

-4.08

11.11**

71.65**

Chinamung ×
BPMR1

165.33

99.60**

77.42**

17.59

0.00

0.90

13.42** 37.41** 37.77**

5.77

8.33

-11.41

3.74

67.29**

Pusa baisaki ×
VC-1

180.00

76.58**

47.95**

20.16

0.00

1.28

21.73**

9.03

35.93**

2.81

5.00

-24.88**

6.66

40.29**

Pusa baisaki ×
BPMR-1

153.33

77.92**

64.87**

25.92

0.00

13.29**

14.68**

10.64

25.75**

2.36 -20.88** 10.16

-8.15

51.40**

-12.23 48.49** -9.59

0.12

Seed
yield/
plant
(g)

13.83** 113.17**

-15.79 84.44** -39.23* 62.07**

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

Significant positive heterosis for seed yield was
associated with heterosis for pod bearing clusters/plant and
pods/plant in majority of the crosses. This clearly indicated
that the heterosis for seed yield was through heteosis for
individual yield components, which might be due to
multiplicative effects of partial dominance of component
characters. Similar observations on high heterosis for seed
yield were earlier reported by Patil et al. (2003), Vyas et al.
(2007) and Dethe and Patil (2008). The magnitude of heteroisis
for various characters in hybrids over the parents in the present
study indicated the role of dominance or positively acting
genes and diversity of parental genotypes in the expression
of heterosis. The cross combinations that involved the exotic
line ‘VC-1’ and indigenous line ‘BPMR-145’ were, in general,
highly heterotic for majority traits and advancement of these
crosses for getting superior segregants would be an ideal
strategy.

Khare N, Lankpale N and Agarwal KC. 1998. Epidemiology of powdery
mildew of mungbean in Chattisgarh region of Madhya Pradesh.
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ABSTRACT

MATERIALS AND METHODS

Thirty three genotypes of urdbean were used for studying
efficacy of physical and chemical mutagenic treatments. Results
indicated significant variation for days to flowering, days to
maturity, primary branches/plant, pods/plant, seeds/pod, 100seed weight and yield/plant. Maximum variability was observed
for primary branches/plant, followed by yield/plant and pods/
plant. Maleic Hydrazide (MH) 0.01% was found to be the best
mutagenic treatment for inducing favourable changes in days
to flowering, days to maturity, primary branches/plant, seeds/
pod and yield/plant followed by Nitroso-guanine (NG) 0.005%
and Gamma-ray 40kr + NG 0.010%. ‘PDU-1-9’, a mutant
developed through NG (0.015%) mutagenic treatment gave
highest yield/plant (8.03g) followed by ‘PDU-1-7’ and ‘PU-30-8’
developed through 0.005% and 0.010% NG treatments,
respectively with each having yield of 7.76g/plant. In the present
study, the rela tive effectivene ss o f mutage ns w as
NG followed by MH, ethyl methane sulphonate (EMS) and
Gamma-ray.

The materials for the present study comprised 33
genotypes of urdbean including 26 selected induced mutants
of M7 generation derived from source parents ‘PDU-1’, ‘PU30’ and ‘B-12-4’ treated with 15 different mutagenic treatments
(Table 1). These mutants along with their parental varieties
and four check varieties were evaluated in a randomized
complete block design (RCBD) with three replications at EB-II
section of Orissa University of Agriculture and Technology,
Bhubaneswar. The experimental material was sown on 12th
July, 2007 in 3 rows of 3 m length with a spacing of 30 × 10 cm.
Fertilizers were applied at the rate of 20:40:20 kg of N:P:K
along with 300 cubic feet of FYM/ha. Observations on days
to flowering and days to maturity were recorded on per plot
basis; whereas for yield and other yield attributing characters,
data were recorded on ten randomly selected competitive
plants from each treatment in each replication. The mean value
of each genotype for all the eight characters was analyzed to
find out the effect and efficacy of different mutagenic
treatments.

Key words:

Chemical mutagens, Gamma-rays, Induced mutations,
Micro-mutation, Urdbean

Urdbean [Vigna mungo (L.) Hepper.] is an important
food legume crop of India. However, its productivity is very
low due to low yield potential and narrow genetic base of
existing cultivars (Chakravarty 2008). Thus in most breeding
programme, major emphasis is placed on the improvement of
seed yield and its related component traits, which are mostly
complex and controlled by many genes (Chopra and Sharma
1985, Waghmare and Mehra 2000, Deepalakshmi and Kumar
2004, Sharma et al. 2008). In these situations, induced mutation
may be resorted to develop superior genotypes by creating
heritable variation in polygenic traits due to their direct and
cumulative effect on genetic background. Gregory (1956)
suggested that micro-mutations affecting polygenic characters
and each having small effects on the parental genotype might
be more useful than macro-mutants because of their high
buffering ability. The efficacy of mutagenic treatment can be
assessed by its potential to produce more of useful mutation
(Gregory 1961). Thus for successful development of desirable
micro-mutants, information on the efficiency of mutagen and
mutagenic treatments for inducing micro-mutations, direction
and magnitude of induced variation is required. Therefore,
the present investigation was undertaken to assess the effects
of physical and chemical mutagens and their synergistic effects
on yield attributes of urdbean.

RESULTS AND DISCUSSION
Analysis of variance for yield and the component traits
such as days to flowering, days to maturity, plant height,
primary branches/plant, pods/plant, seeds/pod and 100-seed
weight demonstrated significant differences among the
genotypes, indicating presence of substantial variability for
each character under study (Table 2). The superiority of
performance of each mutant culture was judged by analysis
of variance of means for each character. The mutant cultures,
statistically at par with highest mean for each character and
their mutagenic treatment are presented in (Table 3).
Out of 26 mutant genotypes, 16 mutant genotypes (11,
2 and 3 mutants of ‘PDU-1’, ‘PU-30’and ‘B-12-4’ (‘SARALA’),
respectively) exhibited superiority for one or more of the
quantitative characters (Table 3). Of these, five mutants (‘PDU1-9’, ‘PDU-1-7’, ‘PDU-1-10’, ‘PU-30-8’ and ‘PU-30-14’) were at
par with the highest mean yield/plant of 8.03g recorded by
‘PDU-1-9’. Maximum superior mutant cultures (five) for yield
were obtained from mutagenic treatments of NG and/or its
combination because NG is an alkylating agent containing
methyl group, which reacts with purine base and produces
more of methylated guanine than methylated adenine. Among
the different concentration and combination of NG, 0.015%
produced highest productive mutant ‘PDU-1-9’. The second
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Table 1.

List of cultures/varieties with their pedigree and
source of origin

Cultures

Pedigree

Source

PDU-1-1

T1-GR 20 kr

OUAT

PDU-1-2
PDU-1-3
PDU-1-4
PDU-1-5
PDU-1-7

T2-GR 40 kr
T3-GR 60 kr
T4-EMS 0.2% PS-10hrs. D-6hrs.
T5-EMS 0.4% PS- 10hrs. D-6hrs.
T7-NG 0.005% PS- 10hrs. D-6hrs.

OUAT
OUAT
OUAT
OUAT
OUAT

PDU-1-8
PDU-1-9
PDU-1-10
PDU-1-12
PDU-1-13

T8-NG 0.10% PS- 10hrs. D-6hrs.
T9- NG 0.105% PS-10hrs. D-6hrs.
T10 -MH 0.01% PS-10hrs. D-6hrs.
T12 -MH 0.03% PS. -10hrs. D-6hrs.
T13 -GR 40 Kr + EMS 0.4% P.S.10hrs. D-6hrs.
T14 - GR 40 Kr + EMS 0.4% PS10hrs. D-6hrs.
T15 - GR 40 Kr, MH 0.02%, PS10hrs. D-6hrs.

OUAT
OUAT
OUAT
OUAT
OUAT

PU-30-2
PU-30-4
PU-30-5
PU-30-8
PU-30-10

T2- GR 40 Kr
T4- EMS 0.02%, PS- 10hrs. D-6hrs.
T5- EMS 0.4%, PS- 10hrs. D-6hrs.
T8- NG 0.010%, PS- 10hrs. D-6hrs.
T10 - MH 0.01%, PS- 10hrs. D-6hrs.

OUAT
OUAT
OUAT
OUAT
OUAT

PU-30-13

T13 - GR 40 Kr + EMS 0.4%, PS10hrs. D-6hrs.
T14 - GR 40 Kr+ NG 0.010%, PS10hrs. D-6hrs.
T3- GR 40 Kr

OUAT

T6- EMS 0.6%, PS- 10hrs. D-6hrs.
T7- NG 0.005%, PS- 10hrs. D-6hrs.
T8-NG 0.010%, PS- 10hrs. D-6hrs.
T11 -MH 0.002%, PS- 10hrs. D-6hrs.
T15 - GR 40 Kr + MH 0.02% PS10hrs. D-6hrs.

OUAT
OUAT
OUAT
OUAT
OUAT

PDU-1-14
PDU-1-15

PU-30-14
SARALA-3
SARALA-6
SARALA-7
SARALA-8
SARALA-11
SARALA-15

Source Parent
PDU-1Selected from IC-8219
(BASANT BAHAR)
PU-30 (PANTU-30) UPU-1 x UPU-2
B-12-4 (SARALA)
Standard varieties
B3-8-8 (PRASAD)
OBG-17

OUAT

Table 2.

Analysis of variance for eight characters in advanced
mutant cultures of urdbean

Characters
Days to flowering (no.)

Days to maturity (no.)

Plant height (cm)

Primary branches/plant
(no.)

Pods/plant (no.)

OUAT

OUAT
OUAT

KANPUR
GBPUAT

Mutant of T-9

OUAT

Mutant of T-9
Mutant of B3-8-8

OUAT
OUAT

T-9
Selection from Bareilley local
KANPUR
PU-19
UPU-1 x UPU-2
GBPUAT
GR=Gamma-rays, EMS=Ethyl methane sulphonate, NG=N-methyl-N’-nitronitrosoguanidine, MH=Maleic hydrazide, PS=Pre- soaking, D= Duration of
treatment

effective mutagen was MH at 0.01% concentration; it produced
effective and useful mutants for day to flowering, days to
maturity, primary branches/plant, seeds/pod and yield/plant.
It was observed from mean values that ‘PDU-1-9’ (a
mutant from ‘PDU-1’) had the highest value (8.03g) for yield/
plant among all the genotypes including the check varieties.
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Seeds/pod (no.)

Source

d.f

Mean squares

Blocks
Genotypes
Error
Blocks
Genotypes
Error
Blocks
Genotypes
Error
Blocks
Genotypes
Error

2
32
64
2
32
64
2
32
64
2
32
64

22.346**
18.635**
1.239
56.863**
36.800**
1.150
356.214**
65.070**
4.927
1.197**
0.769**
0.086

Blocks
Genotypes
Error
Blocks
Genotypes
Error

2
32
64
2
32
64

132.044**
113.904**
2.786
7.461**
0.734*
0.432

Blocks
2
Genotypes
32
Error
64
Blocks
2
Yield/plant (g)
Genotypes
32
Error
64
*, **: Significant at P = 0.05 and 0.01, respectively
100-seed weight (g)

1.015**
0.708**
0.032
2.408
5.403**
0.897

Four other mutants (‘PDU-1-7’ and ‘PDU-1-10’ from ‘PDU-1’,
‘PU-30-8’ and ‘PU-30-14’ from ‘PU-30’) were at par with the
best mutants and were significantly superior to the check
varieties (Table 4). The best mutant showed 11.5% higher
yield/plant over the best parent ‘SARALA’ and 22.5% higher
yield over its parent variety ‘PDU-1’. ‘PDU-1-9’ was also the
best mutant for 100-seed weight. ‘PU-30-14’ was the best
mutant for pods/plant, producing similar to that of ‘SARALA’
(40.8/plant). On the other hand, a parental variety ‘PU-30’
produced highest number of seeds/pod (6.86); however, 14
mutant cultures (10 from ‘PDU-1’, 3 from ‘SARALA’ and one
from ‘PU-30’) were at par with it (‘PU-30’) for this trait.
‘PDU-1-10’ was the lowest for days to flowering (35
days) and highest for primary branches (3.16). Seven other
mutants including six from ‘PDU-1’ and one each from ‘PU-30’
and ‘SARALA’ were at par for days to flowering, while none
of the mutant was similar to ‘PDU-1’ for primary branches/
plant.
The mutagenic treatments resulted in positive changes
for yield and its component traits are presented in (Table 5).
The data showed that T10 (MH 0.01%) was able to bring about
positive change in five characters, while T7 (NG 0.005 %), T9
(NG 0.015%) and T14 (GR 40 kr + NG 0.010 %) in four characters,
T8 (NG 0.010 % ) in three characters, T5 (EMS 0.4%) and T13
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Table 3. Mutant cultures with superior character performances and their origin in urdbean
Characters

Yield/plant (g)

Number of
Superior mutant culture at per with highest mean
superior
mutants
5
PDU-1-7, PDU-1-9, PDU-1-10, PU-30-8, PU-30-14

100-seed weight (g)
Seeds/pod (no.)

1
14

Pods/plant (no.)
Primary branches (no.)
Plant height (cm)
Days to maturity (no.)
Days to flowering (no.)

1
1
2
3
8

Table 4.

PDU-1-9
PDU-1-2, PDU-1-4, PDU-1-5, PDU-1-7, PDU-1-8, PDU-1-9, PDU-1-10,
PDU-1-12, PDU-1-13, PDU-1-15, PU-30-14, Sarala-3, Sarala-7, Sarala-15
PU-30-14
PDU-1-10
PU-30-14, PU-30-8
PDU-1-7. PDU-1-10, Sarala-7
PDU-1-5, PDU-1-7, PDU-1-9, PDU-1-10, PDU-13, PDU-1-14, PU-30-8,
Sarala-3

Origin from mutagenic
treatment
in order
T7, T9, T10, T8, T14
T9
T2, T4, T5, T7 , T8, T9, T10, T12, T13,
T15 , T14 , T3, T7, T15,
T14
T10
T14 , T8
T7, T10, T7
T5, T7, T9,T10 , T13, T14, T8 , T3

Mean performance of mutant cultures for different traits in urdbean

Cultures/
Varieties

Days to
Days to
Plant height
Primary
Pods/ plant
Seeds/pod
100-seed
flowering
maturity
branches/plant
weight
(cm)
(no.)
(no.)
(no.)
(no.)
(no.)
(g)
PDU-1-1
45.00
84.66
32.83
1.93
19.80
5.33
3.33
PDU-1-2
42.00
82.66
30.50
2.06
31.06
6.06
3.73
PDU-1-3
41.00
79.66
32.13
2.13
28.33
5.50
4.23
PDU-1-4
40.66
80.33
31.53
1.53
21.20
6.46
3.80
PDU-1-5
35.66
74.00
34.53
2.33
29.86
6.13
3.00
PDU-1-7
36.00
71.33
34.43
2.66
35.80
6.43
4.56
PDU-1-8
39.66
82.33
32.90
2.13
31.00
6.03
3.63
PDU-1-9
35.66
74.66
33.16
2.46
32.00
6.00
5.03
PDU-1-10
35.00
71.66
36.26
3.16
31.40
6.03
4.10
PDU-1-12
40.66
78.66
31.50
2.33
27.13
6.26
3.56
PDU-1-13
35.66
73.33
33.16
1.73
27.46
5.93
4.13
PDU-1-14
35.66
73.66
36.03
2.66
32.86
5.40
4.03
PDU-1-15
38.33
76.66
26.56
1.86
27.33
5.93
4.30
PU-30-2
40.33
80.00
28.06
1.33
24.33
5.66
3.80
PU-30-4
42.00
78.66
21.63
1.13
18.46
4.86
3.26
PU-30-5
40.00
78.33
28.10
1.56
28.66
5.60
4.36
PU-30-8
36.00
73.66
39.23
2.60
37.73
5.53
4.10
PU-30-10
40.66
79.66
25.33
1.06
16.66
5.73
3.70
PU-30-13
38.00
76.00
25.83
1.26
21.40
5.66
3.63
PU-30-14
40.66
79.66
40.86
2.60
40.80
5.80
3.70
SARALA-3
30.03
1.93
29.46
5.93
3.06
35.33
76.00
SARALA-6
37.33
79.66
29.93
1.86
31.20
5.60
3.33
SARALA-7
37.66
71.66
30.53
2.06
26.60
6.13
3.10
SARALA-8
37.66
76.66
21.96
1.33
19.86
5.40
3.20
SARALA-11
1.46
19.53
4.80
3.13
37.66
76.66
21.73
SARALA-15
37.00
76.66
24.66
2.06
25.00
5.93
3.03
PDU-1
41.00
79.66
33.50
1.53
24.00
6.10
3.43
PU-30
40.66
79.00
28.50
1.23
22.20
6.86
3.50
SARALA
40.33
79.66
40.86
2.60
40.80
5.80
3.70
B-3-8-8
38.00
72.00
30.80
2.06
28.93
6.33
3.30
OBG-17
38.66
76.00
28.53
2.06
31.80
6.26
3.43
T-9
35.33
70.66
35.00
1.53
35.20
5.80
3.36
PU-19
40.33
78.66
19.54
2.06
39.26
6.13
3.23
Figures underlined indicate lowest and highest values for component traits; bold figures indicate superior mutant cultures over the best parent

(GR 40 kr + EMS 0.4%) in two characters and the rest T1 (GR 20
kr) and T6 (EMS 0.6%) in only one character. The extreme
results by T10 (MH 0.01%) and T7 (NG 0.005%) were not
unexpected because the potentialities of NG and MH in
inducing point mutations have been proved by many workers
(Ghose and Chatterjee 1989, Misra 1990, Senapati 2007). This

Yield/plant
(g)
3.40
4.43
5.60
5.13
6.23
7.76
6.23
8.03
6.70
5.26
5.63
5.06
6.23
4.86
3.86
5.46
7.76
2.73
4.00
7.20
4.60
5.40
4.13
3.40
3.76
4.60
4.40
5.36
7.20
5.10
5.43
5.73
6.76

may be due to the facts that MH is a derivative hydrazine with
similar mode of action. MH is an effective chromosome breaker
and acts preferentially on heterochromatin region. Since
heterochromatin is the site of majority of the polygenes, it can
be effectively utilized for induction of micro-mutation in
quantitative traits (Sinha et al. 1987). None of the mutagenic
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treatment was able to produce favourable changes in all three
parental varieties. However, T7, T8 and T14 brought about
effective changes in four out of 8 characters in two out of
three parental varieties. It may be due to the fact that NG is an
alkylating agent containing methyl group reacts with purine
bases and produces more of methylated guanine than
methylated adenine (Misra 1992, Senapati 2007). Thus, T10,
T7, T8, T9 and T14 mutagenic treatments were more effective
than other treatments. In the other extreme, the positive change
in only one out of eight characters was induced by T2, T3, T11
and T12, which are at their highest concentrations. This was
also not unexpected because Gamma rays and MH at higher
concentrations may induce less point mutation and more
chromosomal mutation (Senapati 2007). Hence, very few useful
mutants were expected and the positive change was observed
in only one character, seeds/pod for T2, T3, T12. It held true
also for T2 vis-à-vis plant height. It was also observed that
different genotypes responded differently towards different
mutagens (Table 5).
The frequency of superior mutants in ‘PDU-1’ was the
highest for treatment T10 followed by T7. In case of ‘PU-30’, it
was highest in T14 (GR 40 kr + NG 0.010%) followed by T8 (NG
0.01%) and in ‘SARALA’, the frequency was highest for
Table 5.

Potentiality of mutagenic treatments in inducing
positive change in character(s)

Mutagenic
treatment
GR 20 kr
GR 40 kr
GR 60 kr
EMS 0.2%
EMS 0.4%

Parent

EMS 0.6%
NG 0.005%

PDU-1

T6
T7

NG 0.005%
NG 0.010%
NG 0.010%

SARALA
PDU-1
PU-30

T7
T8
T8

NG 0.015%

PDU-1

T9

MH 0.01%

PDU-1

T10

MH 0.02%

MH 0.03%
GR 40kr+EMS
0.4%
GR 40kr+NG
0.010%
GR 40kr+NG
0.010%
GR 40kr +MH
0.02%

PDU-1
SARALA
PDU-1
PDU-1

-

Treatment
No.
T1
T2
T3
T4
T5

T11

PDU-1
PDU-1

T12
T13

PDU-1

T14

PU-30

T14

SARALA

T15

Character(s) changed in
positive direction
Seeds/pod
Seeds/pod
Seeds/pod
Days to flowering &
seeds/pod.
Days to flowering, days to
maturity, seeds/pod &
yield/plant.
Days maturity & seeds/pod
Seeds/pod
Days to flowering, plant
height & yield/plant
Days to flowering,
seeds/pod,
100-seed weight &
yield/plant
Days to flowering, days to
maturity, primary
branches/plant, seeds/pod
& yield/plant
Seeds/pod
Days to flowering &
seeds/pod
Days to flowering
Pods/plant, plant height,
seeds/pod & yield/plant
Seeds/pod
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treatment T7 (NG 0.005%) followed by T3 and T15 . Similar
differential efficacy of mutagenic treatments was observed in
blackgram by Mishra (1992). Considering mutagen-wise
distribution of superior mutants, it was observed that in
‘PDU-1’, highest frequency of productive mutants was
obtained from NG (0.015%) treatment; while in ‘PU-30’, MH
(0.01%) treatment provided similar frequency of productive
mutants. But in SARALA, none of the mutagenic treatments
could produce significantly productive mutants.
Different mutagenic agents showed variable degree of
effectiveness. Among the three parents exposed to 15
mutagenic treatments and evaluated in advanced generation
(M7), ‘PDU-1’ responded maximum to mutagenic treatments.
Among different physical and chemical mutagens, NG proved
to be more effective as it produced more number of productive
mutants, while MH induced positive change in more number
of characters under study. Other mutagens produced mutants
having superiority in one or few characters, which could be
used in different breeding programmes.
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ABSTRACT
A field experiment was conducted during two consecutive winter
seasons of 2006-07 and 2007-08 on Inceptisol at Indian Institute
of Pulses Research, Kanpur to study the effect of foliar
application of urea on chickpea under rainfed condition. Foliar
application of urea apart from the basal application of
recommended dose of fertilizers increased branching in
chickpea by 8-23% over no spray or water spray. The highest
grain yield and yield attributes were recorded with 2% urea
spray at 75 days after sowing (DAS). The results also suggested
that 2% foliar application of urea at 75 DAS significantly
increased the seed size, leaf and seed nitrogen contents and
also protein content of seeds. The increase in leaf nitrogen and
protein content of seeds was significantly correlated with SPAD
chlorophyll metre reading. The significant increase in the
number of branches as a result of urea application also
contributed towards overall biomass production under rainfed
condition.
Key words:

Chickpea, Foliar nutrition, Nitrogen, Protein content,
Urea

Chickpea (Cicer arietinum L.) is the premier pulse crop
in India grown on varied agro-ecological conditions, majority
of which is accounted for by Inceptisols and Vertisols
predominantly under rainfed conditions. The crop constitutes
about 35% of the total pulse acreage and 50% of the total
production in the country and hence has to contribute
significantly in augmenting the pulse production of the nation.
The Food and Agriculture Organization (FAO) projected a
growth of 2.2% per annum in chickpea demand for human
consumption (Siddique et al. 2000). This necessitates further
increase in the productivity and production of the crop. To
achieve this level of consi stent production, adequate
management techniques need to be evolved and put into
practice at the farmers’ field. Amongst the major constraint in
achieving higher productivity of chickpea, terminal drought/
moisture stress is important one. Under such a situation, the
photosynthetic activity of leaves is hampered for the want of
nitrogen and the seed filling is affected (Davies et al. 2000).
To stimulate the photosynthetic activity of the leaves in
terminal drought like situation, which is rampant in inceptisols
and vertisols of rainfed conditions, the foliar nutrition with
nitrogeneous fertilizer is essential as roots fail to absorb
nitrogen from dry soil profile. Further, for want of adequate
moisture, the translocation of assimilated nitrogen towards

leaves is also affected. Keeping in view of the above facts,
field experiments involving foliar spray of 2% solution of urea
was undertaken to determine its effect on growth, nitrogen
(N) content in leaves and seed and straw yield of chickpea on
sandy loam soils of Indo-Gangetic alluvium of central Uttar
Pradesh conditions.
MATERIALS AND METHODS
The field experiments were conducted during two
consecutive winter seasons of 2006-07 and 2007-08 at Main
Research Farm of Indian Institute of Pulses Research (IIPR),
Kanpur. The N, P, K contents in the soil of experimental field
was 163.5, 15.43 and 213.9 kg/ha, respectively with the pH of
8.1. Nine treatments viz., control (without spray), water spray,
2% urea spray at 60 days after sowing (DAS), 2% urea spray
at 75 DAS, 2% urea spray at 90 DAS, 2% urea spray at 60 and
75 DAS, 2% urea spray at 60 and 90 DAS, 2% urea spray at 75
and 90 DAS and 2% urea spray at 60, 75 and 90 DAS were
evaluated in a randomized complete block design (RCBD) with
four replications. Recommended dose of fertilizes (20: 40:
20::N: P2O5: K2O kg/ha) was applied at the time of sowing.
Seeds of a chickpea variety ‘KWR 108’ inoculated with
Rhizobium were sown on November 3, 2006 and October 31,
2007 in 30 cm rows apart keeping plant to plant distance at 10
cm. The total rainfall during the crop period in 2006-07 and
2007-08 was 99.0 and 23.6 mm, respectively. The soil moisture
content in 0-15, 15-30 and 30-45 cm soil depth were recorded
at sowing, 60 and 90 DAS. Leaf samples were collected after 7
days of each spray and analyzed for nitrogen content. SPAD
chlorophyll metre reading (SCMR) was recorded nondestructively using chlorophyll metre (SPAD 502, Minolta).
Grain N was analyzed by modified Kjeldahl method and protein
content was calculated by multiplying the N content with a
factor of 6.25.
RESULTS AND DISCUSSION
Soil moisture content: The initial moisture content in the
different depths ranged from 14.3% in 0-15 cm to 15.5% in 3045 cm depth, which depleted severely with advancement of
crop stage (Fig. 1). The moisture content in 0-15 cm depth
reduced to 6.1% at 60 DAS and further to 5.7% at 90 DAS,
indicating maximum depletion in upper soil profile. The moisture
content in lower soil profile also reduced in the same fashion
but the pace of depletion was slow as compared to the top
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% moisture content

soil. Most of the operational activity is restricted to 0-15 cm
profile, which exposes the soil causing maximum evaporation
losses from the upper soil profile. This was the probable reason
for large depletion in 0-15 cm depth as compared to deep
layers.
18
16
14

0-15 cm

15-30 cm

30-45 cm

12
10
8
6
4
2
0
0

60

90

Days after sowing

Fig 1. Moisture content in the soil profile at different growth
periods

Growth and yield attributes: The plant height of chickpea
did not differ significantly due to various treatments obviously
because the treatment was superimposed after 60 DAS by the
time most of the vertical growth is ceased. The branching in
chickpea enhanced significantly due to foliar spray of 2%
urea and the highest branches/plant (5.9) was recorded with 3
sprays of 2% urea at 60, 75 and 90 DAS, which was statistically
at par with one or two sprays of urea but significantly higher
over the control and water spray. The increase in branching
due to foliar spray of urea was also reported by Palta et al.
(2005).
Fol iar appl icat ion of u rea brou ght significant
improvements in yield attributes like pods/plant, seeds/pod
and 100 seed weight. The highest pods/plant (43.7) were
recorded in 2% urea spray at 75 DAS that was 20.0 and 11.5%
higher than the control and water spray, respectively; however,
it was at par with either one or multiple urea spray at other
growth stages of the crop. Similar trend was observed for
seeds/pod. The 100 seed weight of chickpea was significantly
increased with 2% urea spray at 75 DAS (20.50g). The lowest
100 seed weight (18.15g) was recorded in control (Table 1).
Reduced seed size under terminal stress could be due to
decline in soil moisture level to about 6% from the initial 22%
field capacity of soil. Since seed size and protein content of
particular genotypes are genetically-controlled characters,
therefore such traits cannot be manipulated when the crop is
grown under relatively high input condition. However, under
limited moisture condition, reduction in seed size and protein
content from the potential value of any particular genotype
can be offset by foliar application of urea, which is very cost
effective and is unique N-source that enters the plant system
very quickly and effectively.
Application of urea after 60 DAS increased the leaf N
content , which favo ured bet ter phot osynthesis and

Table 1.
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Effect of foliar application of urea on growth and
yield attributes of chickpea

Treatment

Control
Water spray
Urea spray at 60
DAS*
Urea spray at 75
DAS
Urea spray at 90
DAS
Urea spray at
60+75 DAS
Urea spray at
60+90 DAS
Urea spray at
75+90 DAS
Urea spray at
60+75+90 DAS

Plant Branches/
height
plant
(cm)
(no.)

Pods/ 100 seed
plant weight
(no.)
(g)

Seeds/
pod
(no.)

42.2
43.6
44.0

4.8
4.9
5.2

36.4
39.2
41.6

18.15
18.20
18.60

1.6
1.6
1.7

46.4

5.7

43.7

20.50

1.9

43.0

5.7

42.5

19.70

1.7

43.5

5.6

42.3

19.60

1.9

43.9

5.5

41.2

19.50

1.8

44.1

5.7

42.7

20.30

1.9

43.7

5.9

43.5

20.30

1.9

CD (P=0.05)
NS
*DAS= Days after sowing

0.74

2.97

1.17

0.17

photosynthate-partitioning to yield attributes and resulted in
higher sink size (pods, seed etc.). Behairy et al. (1988) and
Bahr (2007) observed that low N-content in leaves at podfilling stage restricted the photosynthesis and consequently
led to low sink size.
Seed yield: The seed yield of chickpea was enhanced
significantly with the foliar nutrition of urea. The highest seed
yield of 2828.5 kg/ha was recorded in 2% urea spray at 75
DAS, which was significantly higher by 17.8, 17.4 and 11.5%
over the control, water spray and urea spray at 60 DAS,
respectively. Application of two or more sprays of urea beyond
75 DAS could not bring about any improvement in seed yield
of chickpea as the differences between one spray of urea at 75
DAS and two or multiple sprays at other stages were nonsignificant (Table 2). The nodule degeneration started after
60 DAS of crop growth stage, thereby lowering the nitrogen
availability in leaves. This could be one of the reasons for
enhanced productivity in chickpea due to foliar application of
urea at 75 DAS. However, beyond 75 DAS the application of
urea might have triggered vegetative growth at the cost of
reproductive development as evidenced by lower pods/plant
and 100 seed weight and caused yield penalty. Zeidan (2003),
El Krammy (1999) and Palta et al. (2005) also recorded
enhanced productivity and total biomass in pulses due to
foliar application of urea.
Nitrogen and protein content: Total nitrogen content in leaves
after sprayof urea increased from 3.16% in control to 3.46% in
urea spray plots. Highest nitrogen content in leaves was
recorded with three sprays of urea at 60+75+90 DAS, which
was at par with other treatments of foliar spray of urea but
significantly higher than the control and water spray. Under
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Table 2.

Effect of foliar application of urea on grain yield,
nitrogen and protein content of chickpea

Treatment

Grain
yield
(kg/ha)

Leaf N SCMR* Grain N
content
(%)
(%)

Grain
protein
(%)

Control
Water spray
Urea spray at 60
DAS
Urea spray at 75
DAS
Urea spray at 90
DAS

2401.2
2409.9
2535.9

3.16
3.10
3.39

61.8
61.6
62.7

2.87
2.86
3.00

17.94
17.88
18.75

2828.5

3.35

66.7

3.02

18.90

2712.5

3.35

65.7

3.02

18.89

Urea spray at
60+75 DAS
Urea spray at
60+90 DAS

2723.7

3.43

67.3

3.02

18.89

2639.6

3.40

66.1

3.01

18.85

Urea spray at
75+90 DAS
Urea spray at
60+75+90 DAS
CD (0.05)

2755.7

3.35

67.1

3.09

19.32

2809.4

3.46

67.4

3.07

19.17

183.6

0.11

2.63

0.07

0.08

al. (2005) also concluded increase in seed protein content
due to increased nitrogen availability for seed-filling in
chickpea.
SPAD (Soil Plant Analysis Development): SPAD is an
indicator of chlorophyll content of leaves. SCMR is a nondestructive method of quantifying the relative N status of
leaves. It was significantly influenced by spray of urea at
different stages. Highest SCMR (67.4) was recorded with urea
spray at 60+75+90 DAS, which was at par with other treatments
and was significantly higher than the water spray and control.
Increase in SCMR was due to more photosynthetic activity
on sprayapplication of urea. The increase in leaf N and protein
content of seeds was significantly correlated with SCMR (Fig.
2-3). The range of SCMR was comparable with those reported
by Kashiwagi et al. (2010).
It could be concluded from the present study that 2%
urea spray at 75 DAS is beneficial for increasing seed
yield and quality of chickpea in Inceptisols under rainfed
conditions.
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ABSTRACT
The results of some botanicals and micro-nutrients tested
against Macrophomina leaf blight and its causal agent under
in vitro conditions indicated that the extracts of Adenocalymma
alliaceum and Allium spp. (20%) completely inhibited the growth
of fungus in agar-well diffusion method. The growth of
M. phaseolina was inhibited by 77.2 and 74.7 per cents with
extracts of A. alliaceum and Allium spp., respectively and by
80.3% in zinc sulphate amended medium (1000 ppm) as against
the control, which recorded 89.0 mm mycelial growth. The spray
combination of the effective treatments under pot culture
studies viz., Mancozeb (0.2%) + Allium spp. (10%), Mancozeb
(0.2%) + Zinc sulphate (0.5%), Allium spp. (10%) + Zinc sulphate
(0.5%) were significantly superior and respectively recorded
94.1, 90.6 and 88.2 per cents disease reduction over the control
in green house.
Key words:

Botanicals, Micro-nutrient, Mungbean leaf blight,
Macrophomina phaseolina

Pulses are rich in protein content (18-32%), which plays
an important role in human and animal nutrition. Among pulses,
mungbean [Vigna radiata (L.) Wilczek] is an important pulse
crop grown extensively in Madhya Pradesh, Maharashtra,
Uttar Pradesh, Punjab, Andhra Pradesh, Karnataka and Tamil
Nadu. India is a major pulse growing country of the world
with an area and production of 22.47 Mha and 13.11 million
tons, respectively, thus accounting for about one-third and
one-fourth of the total area and production under pulses,
respectively (Department of Economics and Statistics 200809). During the same production year (2008-09), mungbean
was grown on an area of 158.7 thousand ha with the
production and productivity of 46.2 thousand tons and 291
kg/ha, respectively in Tamil Nadu.
Vidhyasekaran and Arjunan (1978) reported a new blight
disease in mungbean caused by Macrophomina phaseolina
(Tassi.) Goid in Tamil Nadu. M. phaseolina is an important
seed-borne fungal pathogen causing different types of
symptoms viz., seedling blight, root rot, charcoal rot, wilt,
stalk rot, stem blight, fruit rot, seedling decay and leaf blight
in crop plants. The presence of antifungal compounds in
higher plants has long been recognized as an important factor
imparting resistance to diseases (Mahadevan 1982, Lyon et
al. 1995). The effect of mineral nutrients and trace elements
viz., zinc, silicon, boron, etc. on plant disease control has not

received considerable attention over the years. These
elements influence host-pathogen interaction, thus attributing
to improved nutrition that boosts host-defense or directly
inhibits fungal growth and its activity (Huber 1989).
Considerable loss of mungbean yield in Tamil Nadu due to
Macrophomina leaf blight has been observed in recent years.
Considering the importance of the disease, experiments were
conducted to find out the suitable botanicals and micronutrients having antifungal activity for managing the
Macrophomina blight of mungbean.
MATERIALS AND METHODS
Preparation of plant extracts: Plant extracts were prepared
as described by Shekhawat and Prasada (1971). Fresh leaves
of thirty different plant species were collected in and around
Tamil Nadu Agricultural University campus and used for
extraction. The leaves were first washed with distilled water
and finally with sterile water, ground in a pestle and mortar by
adding sterile water at the ratio of 1:1 (w/v). The macerate was
squeezed using cotton wool to get the extract. The extracts
were filtered through two layers of muslin cloth, through
Whatman No.1 fi lter paper and final ly t hrou gh t he
bacteriological filter. This formed the standard plant extract
solution (100%). This was further diluted with the sterile
distilled water (v/v) to have the required 20% concentration.
Agar-well diffusion method: The agar-well diffusion method
was used to determine the antimicrobial activity of the extracts
(Russell and Fur 1977, Irobi et al. 1996). The Potato Dextrose
Agar medium (PDA) was poured into sterilized plates and
allowed to cool. The wells were formed in the Petri plates on
four sides using cork borer. Then the 20% plant extract (100
µl) was delivered into wells (8mm diameter) of the already
seeded PDA medium. The plates were inoculated with M.
phaseolina. The diameter of the mycelial colony was measured
10 days after inoculation. The medium without plant extracts
served as control and the mean percentage of inhibition was
worked out.
Effect of micro-nutrients: The efficacy of the following micronutrients viz., calcium chloride, calcium sulphate, ammonium
sulphate, sodium chloride, sodium silicate, potassium
chloride, zinc sulphate and manganese sulphate at 4 levels
viz., 250, 500, 750 and 1000 ppm (w/v) were tested on mycelial
growth of M. phaseolina under in vitro conditions.
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Following poisoned food technique (Schmitz 1930), the
desired amounts of the above nutrients were incorporated in
the molten PDA. To prepare nutrient incorporated PDA, 100
ml of PDA was taken in a sterile conical flask and mixed with
0.025, 0.05, 0.075 and 0.1 g of different nutrients to obtain a
250, 500, 750 and 1000 ppm concentration of the above
nutrients and the pH was adjusted to 7 by adding HCl or
NaOH as per requirement. The PDA medium containing 250,
500, 750 and 1000 ppm of individual nutrient was poured in
sterile Petri dish @ 20 ml/plate and allowed to solidify. A
mycelial agar disc (8 mm diameter) of M. phaseolina was kept
in the centre and was incubated at room temperature (28±20
C). The medium without nutrients, inoculated in a similar
manner, served as control. Three replications were maintained.
The colony growth was recorded 72 hr after inoculation.
A pot culture study was conducted with mungbean
variety ‘CO-6’ for management of Macrophomina leaf blight
with the effective plant extracts and nutrients. The plant extracts
and nutrients, which proved effective under laboratory
condition in inhibiting the mycelial growth, were selected for
the scheduled spray. The effective treatments were also
combined and sprayed.
Seeds of mungbean variety ‘CO-6’ (5 seeds/pot) were
sown in pots containing garden soil and sand in 3:1 ratio
replicated thrice. The plants were inoculated with suspension
of M. phaseolina (5%) on healthy leaves 20 days after sowing.
The spray was given 7 days after pathogen inoculation. The
per cent disease index of leaf blight was calculated and the
yield/plant was recorded. These experiments were conducted
during the year 2009 in the Department of Plant Pathology,
Tamil Nadu Agricultural University (TNAU), Coimbatore. The
data were analysed through the software IRRISTAT (version
92-1 programme developed by Biometrics Unit, IRRI,
Philippines).
RESULT AND DISCUSSION
Cold water extracts of 30 plant species were screened
against the leaf blight pathogen, M. phaseolina. Only two
plant extracts zimmu (Allium cepa L. and Allium sativum L.)
and garlic creeper (Adenocalymma alliaceum) were found
toxic (Table 1) and were significantly superior (P= 0.05) to
other plants extracts in reducing the colony growth of M.
phaseolina. This clearly indicated that the botanicals (Garlic
creeper and Zimmu) have antifungal property. There are
reports that the zimmu leaf extract has antimicrobial activity
against some fungal (Aspergillus flavus, Curvularia lunata,
Alternaria solani) and bacterial (Xanthomonas oryzae
pv.oryzae, Xanthomonas campestris pv. malvacearum and
Xanthomonas axonopodis pv. citri) pathogens (Satya et al.
2005, Sandosskumar et al. 2007, Karthikeyan et al. 2007, Latha
et al. 2009). The suppression of fungal growth by filtered
extracts of Allium spp might have occurred due to the presence
of antifungal substances viz., methyl and n-propyl compounds

Table 1.

Antimicrobial activity of plant extracts against M.
phaseolina

Plants used to prepare extract (leaf)*

Mycelial
growth
(mm)

Per cent
inhibition
over
control

87.74 c (9.36)

2.48

Vettukaya poodu (Tridax procumbens L.)

c

87.55 (9.35)

2.48

Vasambu (Acorus calamus L.)

87.85 c (9.37)

3.81

Pepper mint (Mentha piperata L.)

c

86.55 (9.30)

3.81

Spear mint (Mentha spicataa)

87.42 c(9.34)

2.84

Kalmegh (Andrographis paniculata Wall.
Ex Nees)

c

84.23 (9.17)

6.39

Nerium (Nerium oleander L.)

87.42c (9.34)

2.84

Eucalyptus (Eucalyptus indica)

Karisilakanni (Eclipta alba)

c

87.52 (9.35)

2.73

Garlic creeper [Adenocalymma alliceum
(Lam.) Miers]

20.51 a (4.52)

77.20

Euphorbia (Euphorbia cyathopora)

86.55 c (9.30)

3.81

Zimmu (Allium spp.)

a

22.75 (4.76)

74.71

Long pepper (Piperum longum L.)

73.51b (8.57)

18.30

Keelanelli (Phyllanthus emblica)

c

86.12 (9.28)

4.28

Melanelli (Phyllanthus niruri L.)

86.51 c (9.30)

3.80

b

Neem (Azadirachta indica A.Juss)

77.14 (8.78)

14.26

Indian mulberry (Morinda citrifolia L.)

89.53 c (9.46)

0.50

Polyalthia (Polyalthia longifolia Sonn.)

c

88.12 (9.38)

2.06

Lantana (Lantana camera L.)

87.56 c (9.35)

2.68

Butterfly pea (Clittoria ternatea L.)

c

89.42 (9.45)

0.62

Thorn apple (Datura stramonium)

87.12 c (9.33)

3.17

Lemon grass (Cympopogon flexuosus
Spreng.)

c

87.42 (9.34)

2.84

Solanum (Solanum torvum L.)

85.52 c (9.24)

4.95

Thudhuvalai (Solanum trilobatum L.)

86.12 c (9.28)

4.28

Tulsi (Ocimum sanctum)

85.25 c (9.23)

5.25

Periwinkle [Catharanthus roseus (L) G.
Don]

c

86.12 (9.24)

4.28

Seemai karuvel (Prosopis juliflora)

77.12b (8.78)

14.29

Notchi (Vitex negundo L.)

85.12 a (9.22)

5.40

Sweet basil (Ocimum basilicum L.)

a

89.93 (9.48)

0.00

Bougainvillea (Bougainvillea spectabilis)

87.75 c (9.36)

2.47

Coleus [Coleus aromaticus (Lour.) Spreng.]

c

86.23 (9.28)

4.16

Control

89.98 c (9.48)

-

Figures in parentheses are square root transformed values
Means followed by a common letter are not significantly different at P=0.05 by
DMRT
* 1g of leaf in 1 ml of distilled water

(Virtane and Matikkala 1959).
The least colony diameter of M. phaseolina was in 1000
ppm zinc sulphate amended medium (Table 2) proving its
effectiveness over the other nutrients screened. All other

Murugapriya et al. : Antifungal activity of botanicals and micro-nutrients against Macrophomina leaf blight in mungbean

115

Table 2. In vitro effect of nutrients on mycelia growth of M. phaseolina
S.N.

Nutrients

Colony diameter 72 hours after inoculation

% decrease over control

Concentration (ppm)

Concentration (ppm)

250
1

2

3

4

5

6

7

8

9

10

Calcium chloride

Calcium sulphate

Ammonium sulphate

Sodium chloride

Potassium nitrate

Sodium silicate

Potassium chloride

Zinc sulphate

Manganese sulphate

Control

500
bc

750
c

1000
cd

cd

88.98

88.55

86.25

85.63

(9.43)

(9.41)

(9.35)

(9.28)

88.52bc

87.12 bc

86.25cd

85.63cd

(9.40)

(9.33)

(9.28)

(9.25)

85.12bc

84.13 bc

83.25bc

82.31bc

(9.22)

(9.17)

(9.12)

(9.07)

87.52bc

86.23 bc

85.13cd

84.31cd

(9.35)

(9.28)

(9.27)

(9.18)

86.52bc

86.15 bc

85.95cd

85.12cd

(9.30)

(9.28)

(9.27)

(9.22)

88.25bc

87.25 bc

87.15cd

86.50cd

(9.39)

(9.34)

(9.33)

(9.30)

83.71 b

81.72b

78.45b

77.54 b

(9.14)

(9.03)

(8.85)

(8.80)

42.51 a

35.15b

21.12 a

17.52 a

(6.51)

(5.92)

(4.59)

(4.18)

88.95bc

85.15 bc

84.13cd

82.55bc

(9.43)

(9.22)

(9.17)

(9.08)

89.99 c

89.96

89.92d

88.99 d

(9.48)

(9.48)

(9.48)

(9.43)

250

500

750

1000

1.12

1.60

4.08

3.77

1.63

3.15

4.08

3.77

5.43

6.48

7.41

7.50

2.73

4.14

5.32

5.25

3.85

4.23

4.41

4.34

1.93

3.01

3.08

2.79

6.97

9.15

12.75

12.86

52.76

60.92

76.51

80.31

1.15

5.34

6.43

7.23

-

-

-

-

Mean of three replicates
Figure in parentheses are square root transformed values
Means followed by a common letter are not significantly different at P=0.05 by DMRT

Table 3.

Green house evaluation of fungicides, plant extracts and nutrient against mungbean leaf blight (M. phaseolina)

S.N.

Treatments

1.

Mancozeb (0.2%)*

Per cent Disease Index

% disease reduction
over control

Yield/ plant (g)

18.50 c (25.48)

79.52

15.00b (3.87)

d

2.

Carbendazim (0.1%)*

25.50 (30.33)

71.78

14.00 c (3.80)

3.

Adenocalymma alliceum (20%)**

56.66 e (48.82)

37.28

8.00 e (3.00)

f

4.

Allium spp. (20%)**

48.00 (43.85)

46.86

8.50d (3.08)

5.

Zinc sulphate (0.5%)*

66.66f (54.74)

26.20

7.50f (2.91)

6.

Mancozeb (0.2%) + Allium spp. (20%) *

5.33 (13.34)

94.09

14.00 c (3.80)

7.

Mancozeb (0.2%) + Zinc sulphate (0.5%)*

8.50 b (16.95)

90.60

16.00 a (4.00)

10.66 (19.05)

88.19

13.50 c (3.74)

0.00 a (1.28)

100.00

14.95b (3.85)

-

5.00g (2.44)

8.

Allium spp. (20%) + Zinc sulphate (0.5%)*

9.

Control (healthy)

10.

Control (inoculated)

Mean of three replicates
Figures in parentheses are arc sine transformed values
Means followed by a common letter are not significantly different at P=0.05 by DMRT
*Single spray: 7 days after inoculation
** Two spray: 7th and 15th day after inoculation

b

c

g

90.33 (72.13)
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nutrients were ineffective even at 1000 ppm in curtailing the
mycelia growth and they were on par with control. Zinc
sulphate at 500 ppm concentration retarded the mycelial
growth and dry weight of R. solani (Lakpale et al. 1997).
The effective treatments were carried over to pot culture
experiment. Among the eight treatments, the combination of
the effective treatments viz., Mancozeb (0.2%) + Allium spp.
(20%) was significantly superior and very effective against
the leaf blight pathogen recording 94.09% disease reduction
over the control (Table 3). The above treatment recorded a
yield of 14 g/plant. This was followed by Mancozeb (0.2%) +
Zinc sulphate (0.5%) and Allium spp. (20%) + Zinc sulphate
(0.5%), which were at par and respectively recorded 90.6 and
88.1% reduction over the control. The highest yield of 16.0g
per plant was recorded by the spray viz., Mancozeb (0.2%) +
Zinc sulphate (0.5%). The fungicidal spray suppressed the
symptoms of the disease and the micro-nutrient spray might
have induced the systemic resistance and increased the yield.
The antifungal activity of zinc sulphate against root rot of
black gram was reported by Sundravadana and Alice (2006).
The resistance was attributed to the significant increase in
the defense related protein viz., peroxidase, polyphenol
oxidase and phenol content. The effectiveness of zinc sulphate
has also been reported by Latha et al. (1997). Zinc sulphate @
50 kg/ha caused reduction in Macrophomina root rot in
chickpea (Gupta 1999). It is concluded from the results of
present study that the zimmu extract and zinc sulphate could
be an effective and novel alternative for eco-friendly
management of Macrophomina leaf blight of mungbean.

R. 2007. Effect of formulated zimmu (Allium cepa L. × Allium
sativum L.) extract in the management of grain mold of sorghum.
Journal of the Science of Food and Agriculture 87: 2495-2501.
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studies on growth and sclerotia formation of Rhizoctonia solani
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Plant Pathology 44: 407-427.
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ABSTRACT
In order to identify sources of genetic resistance to dry root rot
caused by Macrophomina phaseolina (Tassi) Goid, twenty-five
germplasm accessions of mungbean were screened under field
condition during 2006 and 2007. No genotypes appeared free
from disease incidence. However, three genotypes namely,
‘MSJ-118’, ‘KM 4-44’ and ‘KM 4-59’ were found to be resistant
to dry root rot. These resistant genotypes had significantly
greater root and shoot length, root and shoot weight, nodules/
plant and pods/plant than those of the susceptible check, ‘RMG62’. These lines of mungbean will be used in breeding
programmes to develop root rot resistant varieties.
Key words:

Dry root rot, Macrophomina phaseolina, Mungbean
genotypes, Resistance, Screening.

Food and Agricultural Organization (FAO) recognises
11 primary pulses and has placed mungbean (Vigna radiata
(L.) Wilczek) under dry beans (Vigna spp.). It is widely
cultivated in Asian Continent. In Asia, India is the largest
producer and consumer of mungbean. It is cultivated in 3.77
mha with the production of 1.52 m tons. However, its
productivity is only 406 kg/ha (AICRP on MULLaRP 2009).
Low and erratic rainfall, improper nutrient management and
occurrence of many diseases are principal factors accounting
for the low productivity of this crop in arid and semi-arid
regions of India. The crop suffers from various fungal, bacterial
and viral diseases. Among various fungal diseases, dry root
rot caused by Macrophomina phaseolina (Tassi.) Goid.
causes considerable yield loss by reducing plant population
in the field. It may become most devastating if affects the crop
during the establishment phase of the crop (Songa and Hillock
1996, Muthukrishnan 1998). Roots of the affected plants get
rotten and become blackish, leading eventually to the death
of the plants and to complete yield loss. However, if it occurs
after initiation of flowering, some mature pods with seeds
may be obtained. Eradication of this soil-borne pathogen is
difficult because of its polyphagus nature and its survival in
the soil through its resting structures. As fungicides are costly
and unfriendly to our ecosystem, it is imperative to identify
the source(s) of its resistance and exploit it to develop
resistant varieties of mungbean through breeding approaches.
Several methods including paper-towel technique and
field screening are used to screen mungbean genotypes for

dry root rot resistance. The paper towel technique, although
proved to be quick for identification of the resistance in
mungbean for charcoal rot disease (Khan 2008), has its own
limitation of exposing the seedlings to the pathogen for only
a limited period. Empirical evidences also suggest that the
results obtained are not corroborated to the field, thus calling
for field screening of mungbean genotypes to identify the
source of resistance to this disease. No work on field screening
for resistance to Macrophomina phaseolina in mungbean
has been reported. This paper reports the results of selection
for resistance to dry root rot in mungbean.
MATERIALS AND METHODS
Preparation of M. phaseolina inoculum: The pathogenic
strain of M. phaseolina isolated from diseased roots of
mungbean was multiplied on sorghum grains. The grains were
at first soaked in water overnight, washed and half-boiled in
water and filled in 250 ml Erlenmeyer conical flasks to 1/4th of
their capacity and sterilized at 15 lbs pressure for 15 minutes.
Thereafter, M. phaseolina was inoculated in the flasks and
incubated at 28º C for 15 days. The flasks were shaken every
day. After multiplication, sorghum grain inoculums were placed
in each row at 200 gm/m row length before 15 days of sowing
(Pareek 1992).
Description of the materials: 25 genotypes of mungbean were
used for screening purpose. Out of these, 22 genotypes,
namely‘KM-4-21’, ‘KM-4-22’, ‘KM-4-24’, ‘KM-4-25’, ‘KM-427’, ‘KM-4-29’, ‘KM-4-32’, ‘KM-4-34’, ‘KM-4-35’, ‘KM-4-36’,
‘KM-4-38’, ‘KM-4-39’, ‘KM-4-41’, ‘KM-4-42’, ‘KM-4-44’,
‘KM-4-47’, ‘KM-4-51’, ‘KM-4-55’, ‘KM-4-59’, ‘KM-4-60’,
‘KM-4-61’and ‘KM-4-63’ were obtained from the Central Arid
Zone Research Institute (CAZRI), Jodhpur (India). These are
local collections and maintained as genetic stocks. The
remaining 3 genotypes, viz., ‘RMG-492’ (a mutant of ‘RMG62’), ‘RMG-62’ (‘R 288-8’ × ‘China mung’) and ‘MSJ-118’ (a
mutant of ‘K 851’) were procured from Krishi Vigyan Kendra
(KVK), Banasthali University, Banasthali (Rajasthan, India).
These are released cultivars and cultivated widely in the area
of their adaptation.
Screening of genotypes: 15 days before sowing, inoculum
multiplied on sorghum grain media was placed in each row at
5-10 cm depth @ 200 g/m row length to increase the disease
pressure. 25 genotypes were sown in the field during rainy
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season of the year 2006 following randomized complete block
design (RCBD) with three replications. Each genotype in each
replication consisted of a single row of 4m length. Plant-toplant distance within the row was kept at 10 cm. Observations
were recorded for percentage disease incidence for each
genotype in each replication. The experiment was repeated in
the next year (2007) during the rainy season to revalidate the
previous observations. During both years (2006 – 2007), the
field screening was performed in the Department of Bioscience
and Biotechnology, Banasthali University, Banasthali
(Rajasthan).Percent disease incidence for each genotype in
each replication was determined at harvesting time using the
following formula:
% disease incidence = [(No. of rotted plants)/ (total no. of plants)] × 100

Statistical analysis and disease reaction: The data soobtained on percent disease incidence were put to test of
significance using SPSS software. The disease reaction of the
genotypes was quantified on the basis of their mean percent
disease incidence as per scale used in All India Coordinated
Research Project on MULLaRP (AICRP on MULLaRP 2009).
RESULTS AND DISCUSSION
Mungbean genotypes differed significantly (P<0.01) for
the percentage disease incidence. None of the genotypes was
observed free from the dry root rot. Complete resistance to
Macrophomina phaseolina has not been reported so far in
most of the crops including black gram (Vigna mungo) and
some other grain legumes (Sajeena et al. 2004, Rao 2008).
Incidence of dry root rot ranged from 6.67 to 86.67% and from
6.67 to 80.0% in the year 2006 and2007, respectively. Maximum
and minimum incidence of disease was recorded in the
genotype ‘RMG 62’ (susceptible check) and ‘MSJ 118’,
respectively during both the years of study. In the year 2006,
all the genotypes were significantly superior to the control
(‘RMG 62’) for per cent disease incidence (Table 1). Similar
observations were noticed during the year 2007 except for 3
genotypes, which were statistically at par with the susceptible
check, ‘RMG 62’. Three genotypes ‘MSJ 118’, ‘KM 4-44’ and
‘KM 4-59’ showed less disease incidence (< 10%) consistently
in both the years and hence were classified as resistant
genotypes. 10 genotypes including ‘RMG 62’ with >30%
disease i ncidence were classified as suscept ible. The
remaining 12 genotypes showed intermediate disease reaction
with little scope of their use for further study.
Resistant genotypes (‘MSJ 118’, ‘KM 4-44’ and ‘KM 459’) and susceptible check (‘RMG 62’) of mungbean were
also assessed for root length (cm), root wt.(g), shoot length
(cm), shoot wt. (g), number of nodules/plant and pods/plant
during both years (2006 – 2007) and mean data are given in
Table 2. It is obvious that the mean performance of resistant
genotypes for these traits was significantly superior to that
of susceptible check ‘RMG 62’. Sajeena et al. (2004), while

Table 1.
S. N.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Dry root rot reaction of mungbean genotypes during
2006 and 2007
Germplasm

Disease incidence (%)*
2006
2007
6.67 (8.86)
6.67 (8.86)
26.67 (30.79)
33.33 (35.01)
20.00 (26.57)
13.33 (13.08)
13.33 (17.71)
20.00 (21.93)
53.33 (46.92)
60.00 (51.14)
13.33 (13.08)
13.33 (17.71)
53.33 (49.92)
60.00 (50.77)
13.33 (17.71)
13.33 (13.08)
40.00 (38.86)
26.67(30.79)
40.00 (38.86)
46.67(43.08)
20.00 (16.92)
13.33 (13.08)
53.33 (46.92)
66.67 (60.00)
46.67 (43.08)
40.00 (39.23)
46.67 (43.08)
26.67 (26.15)
46.67 (43.08)
26.67(30.79)
13.33 (17.71)
20.00(26.57)
6.67 (8.86)
6.67(8.86)
20.00 (21.93)
13.33 (17.71)
26.67 (21.14)
26.67 (30.79)
26.67 (26.15)
33.33 (30.00)
6.67 (8.86)
6.67 (8.86)
33.33 (34.64)
26.67 (30.79)
26.67 (30.79)
33.33 (34.64)
13.33 (17.71)
20.00 (21.93)
86.67 (72.29)
80.00 (68.07)

MSJ 118
RMG 492
KM 4-21
KM 4-22
KM 4-24
KM 4-25
KM 4-27
KM 4-29
KM 4-32
KM 4-34
KM 4-35
KM 4-36
KM 4-38
KM 4-39
KM 4-41
KM 4-42
KM 4-44
KM 4-47
KM 4-51
KM 4-55
KM 4-59
KM 4-60
KM 4-61
KM 4-63
RMG 62
(susceptible check)
CD (P=0.05)
23.53
Figures in parenthesis are Arc-sin transformed values
*Averaged over three replications

22.33

screening for root rot in black gram, also observed that
resistant genotypes ‘BG ADT 5’ and ‘BG KI’ recorded maximum
root length, shoot length, root weight, shoot weight and
number of root nodules with minimum root rot incidence. The
susceptible genotypes ‘IC 14520’ and ‘IC 14691’ of black gram
registered minimum values of all these parameters and showed
maximum disease incidence.
Highest suppression of dry root rot in the genotype
‘MSJ-1 18’ of mungbean is an indication that go od
development of root in turn draws sufficient amount of
moisture from soil, making water potentials of the plants in
the ranges where chances of M. phaseolina infection are
minimum. This fact was equally evident in other two resistant
genotypes also. Superior root length and weight implies that
plant can draw moisture even from lower soil depth. Under
rainfed conditions, upper soil layer becomes dry due to high
evapo-transpiration. However, lower soil depth still contains
adequate moisture that can be utilized by only those
genotypes that have better root length. Susceptible genotypes
on account of small root length may be unable to draw moisture
from lower soil depth and thus experience a rapid decrease in
the plant-water potential as reported in clusterbean (Rao and
Venkateswashu 1987). Low plant water potential, in turn, makes

Choudhary et al. : Screening of mungbean (Vigna radiata) genotypes to identify source of resistance to dry root rot
Table 2.
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Mean performance of resistant and susceptible genotypes of mungbean

Genotypes

Root length
(cm)

Root wt.
(g)

Shoot length
(cm)

Shoot wt.
(g)

Nodules/plant
(no.)

Pods/plant
(no.)

MSJ 118
KM 4-44
KM 4-59

13.91
13.70
15.46

0.94
0.93
1.17

26.00
23.38
22.97

17.69
17.99
20.00

7.03
4.83
5.40

7.67
6.84
5.34

RMG 62
CD (P=0.05)

8.76
1.26

0.48
0.27

14.68
3.22

7.29
4.55

2.53
2.36

2.67
2.31

them vulnerable to Macrophomina infection (Lodha and
Burman 2004). In sorghum also, drought tolerance and
resistance have been observed to restrict charcoal rot
development (Nageshwar Rao 2008) caused by M. phaseolina.
The moisture drawn by well developed roots may also be
utilized for improving nodulation in these plants, thus more
amount of nitrogen will be fixed in such plants. Kaur et al.
(1985) on tropical and temperate legumes have shown that
water stress affects nodule initiation, structure, development
and also nitrogenase activity.
In conclusion, the present study showed the absence
of complete resistance (0 per cent disease incidence) to
Macrophomina phaseolina in the present set of materials of
mungbean. However, cultivation of resistant varieties like
‘MSJ 118’ and ‘KM 4-59’ could be recommended to have
stability in production of mungbean.
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ABSTRACT
Experiments were conducted to assess the efficiency of different
fungicides, plant extracts and culture filtrate of bioagent against
powdery mildew of green gram caused by Erysiphe polygoni
under in vitro and in vivo conditions. Among all the tested
fungicides, 0.05% tridemorph recorded highest (85.11%)
inhibition of spore germination in vitro followed by plant extract
5% Term inali belerica (66.45%) and culture filtrate of
Pseudomonas fluorescens (63.93%). Maximum disease reduction
(69.11%) was obtained in tridemorph and diphenconazole
applied @ 0.05% and 0.1%, respectively. Highest number of
pods/plant (17.27), pods weight/plant and grain weight/plant
were observed with penconazole application. Among plant
extracts, maximum (57.22%) disease reduction was observed
in behada and the bioagent P. fluorescens filtrate showed 51.22%
reduction of powdery mildew in green gram under field
condition.
Key words:

Green gram, Pseudomonas fluorescens, Terminali
belerica, Tridemorph, Yield contributing parameters

Green gram [Vigna radiata (L.) Wilczek] is an important
kharif pulse crop of Maharashtra occupying 7.55 lakh hectares
area, accounting for 22% of the total acreage in India. The
crop suffers heavily due to fungal and viral diseases. Among
them, powdery mildew caused by Erysiphe polygoni is one
of the economically important diseases. Grain yield losses
have been reported up to 21% (Quebral and Cowel 1978).
Losses are much high when the pathogen infects the crop
before flowering; however, it results in complete loss of the
crop if disease occurs at seedling stage. Singh et al. (1999)
correlated loss in grain yield with the intensity of powdery
mildew. Since sources of complete resistance are not available,
powdery mildew of mungbean is generally managed by
chemicals. In the present study, different fungicides, plant
extracts and culture filtrate of P. fluorescens were evaluated
against powdery mildew of mungbean with the object to find
out the best treatment for managing the disease. Effect of
these treatments on conidial germination was also studied.
MATERIALS AND METHODS
Chemicals (tridemorph, dinocap, propiconazole,
penconazole, diphenconazole, hexaconazole, wettable sulphur
and benlate), botanicals [tapioca (Manihot utilissimum),
behada (Terminali belerica), eucalyptus (Eucalyptus globus),

sadafu li (Vin ca rosea) and part henium (Parthen ium
hysterophorus)] and bioagent Pseudomonas fluroscens
culture filtrate were evaluated under in vitro condition to
assess the effect on spore germination of Erysiphe polygoni
through a hanging drop method. Fresh green gram leaves
infected with powdery mildew were collected from unsprayed
plants. Superficial fungal growth was scrapped with brush
and incorporated in sterile distilled water (spore suspension).
The double strength solutions of eight chemicals, five
botanicals and a bioagent Pseudomonas fluorescens culture
filtrate were made in sterile distilled water.
Petri plates of 10 cm diameter were used for preparation
of moist chamber. Two moist blotter papers were kept at the
bottom and one at the top of petri plate. One drop of spore
suspension was mixed with one drop of double strength
solution of chemical, botanicals or bioagent and a loopful of
this suspension was taken on clean cover slip that was inverted
on cavity slides. These slides were placed on the glass rods
kept in the petri plate and incubated for 24 hr at room
temperature. After incubation period, slides were removed from
petri plates and observed under light microscope. Total
number of conidia per microscopic field and number of conidia
germinated were recorded and per cent inhibition was
calculated.
Preparation of plant extracts: The standard aqueous extracts
of plant materials were obtained by grinding 100g washed
leaves of tapioca, behada, eucalyptus, sadafuli and parthenium
in mortar and pestle in equal amount of sterile distilled water
(w/v). The leaves extracts so prepared were filtered using two
folds of muslin cloth (Chowdhary and Saha 1985). These
leaves extracts thus obtained were considered as 100% and
tested against powdery mildew fungus.
Two sprays of fungicides, leaves extracts and culture
filtrate of bioagent were applied at an interval of 7 days starting
from the first appearance of the disease. The observations
were recorded on six leaves i.e., two each from top, middle
and lower portion of plant. After each spray, the per cent
disease intensity was calculated. Similarly, observations on
the number of pods, pods weight and grain weight per five
plants and per plot grain yield from each treatment were
recorded and analyzed statistically. Entire experiments were
conducted during the year 2008-09. The field experiment was
performed in randomized complete block design (RCBD).

Rakhonde et al. : Management of powdery mildew of green gram

RESULTS AND DISCUSSION
Results indicated that all the fungicides were effective
in inhibiting the spore germination (Table 1). Among all the
fungicides, tridemorph gave maximum (85.11%) inhibition of
spore germination followed by wettable sulphur (78.91%),
dinocap (76.07%) and diphenconazole (75.78%). Among the
leaves extracts, behada exhibited higher reduction (66.45%)
of conidial germination, followed by tapioca (64.33%) and
sadafuli (59.84%). Conidial inhibition is due to phytochemical
constituents present in the plant which restricted the
germination. Though behada extract was inferior to tridemorph
Table 1.

Effect of fungicides, plant extracts and culture
filtrate of bioagent on conidial germination of E.
polygoni (in vitro conditions)

Treatments

Tridemorph
Dinocap
Propiconazole
Penconazole
Diphenconazole
Hexaconazole
Wettable sulphur
Benomyl
Tapioca extract
Behada extract
Eucalyptus extract
Sadafuli extract
Parthenium extract
Pseudomonas
fluorescens
Control
SEm (±)
CD (P = 0.01)

Table 2.

Concentration
(%)
0.05
0.1
0.05
0.05
0.1
0.1
0.3
0.2
5
5
5
5
5
5
-

%
germination
of conidia
5.14
8.26
10.68
11.65
8.36
11.03
7.28
9.60
12.31
11.58
16.30
13.86
22.40
12.45

% inhibition
over control

34.52
1.38
5.36

-

85.11
76.07
69.06
66.25
75.78
68.04
78.91
72.19
64.33
66.45
52.78
59.84
35.11
63.93

121

in inhibiting the spore germination, but it was statistically at
par with rest of the chemical fungicides and was equally
effective in reducing the spore germination. Similarly, the
cultural filtrate of Pseudomonas fluorescens inhibited 63.93%
conidial germination and also found statistically at par with
the fungicides used in the study in reducing the spore
germination. The effects of tridemorph, dinocap, thiophanate
methyl and plant extracts on inhibition of spore germination
of Erysiphe polygoni in vitro have been reported earlier
(Tripathi et al. 2001).
Data presented in Table 2 indicate that two sprays of
fungicides, plant extracts and culture filtrate significantly
reduced powdery mildew disease and increased yield.
Minimum disease intensity (8.44%) was recorded in 0.5%
tridemorph and 0.1% diphenconazole after second spray
followed by 0.1% dinocap (8.66%). Among the plant extracts,
spraying of 5% behada extract resulted in 11.55 PDI which
was at par with 0.05% propiconazole. Spray of bioagent
Pseudomonas fluorescens culture filtrate reduced disease to
the extent of 51.33% with 13.33% intensitycompared to 27.33%
in control. After first spray, maximum disease reduction
(56.92%) was observed in 0.05% penconazole and 0.1%
diphenconazole followed by 0.3% wettable sulphur. Among
plant extracts, maximum disease reduction was observed in
behada (50.87%) followed by eucalyptus (50.01%). Extracts
of sadafuli, tapioca and parthenium showed 41.40%, 41.36%
and 40.51% disease reduction, respectively. After second
spray, maximum disease (69.11%) reduction was observed in
both diphenconazole and tridemorph followed by dinocap
(68.30%), wettable sulphur (67.50%), penconazole (66.70%),
hexaconazole (65.89%) and benomyl (64.25%). Among plant
extracts, maximum disease reduction (57.73%) was observed
in behada extract.

Effect of different fungicides, plant extracts and culture filtrate of bioagent on powdery mildew and yield of green gram

Treatments

Concentration
(%)
0.05
0.1
0.05
0.05
0.1
0.1
0.3
0.2
5
5
5
5
5
5

Tridemorph
Dinocap
Propiconazole
Penconazole
Diphenconazole
Hexaconazole
Wettable sulphur
Benomyl
Tapioca extract
Behada extract
Eucalyptus extract
Sadafuli extract
Parthenium extract
Pseudomonas fluorescens
Control
SEm (±)
CD (P=0.05)
Figures in parenthesis are square root value

After 1 st spray
PDI
PDC
12.88 (3.59)
50.01
15.99 (4.00)
37.95
13.77 (3.71)
46.56
11.10 (3.33)
56.91
11.10 (3.33)
56.92
12.66 (3.56)
50.87
12.22 (3.50)
52.58
12.66 (3.56)
50.87
15.11 (3.89)
41.36
12.66 (3.56)
50.87
12.88 (3.59)
50.01
15.10 (3.88)
41.40
15.33 (3.91)
40.51
12.88 (3.89)
50.01
25.77 (5.08)
0.19
0.55

After 2nd spray
PDI
PDC
8.44 (2.90)
69.11
8.66 (2.94)
68.30
11.55 (3.40)
57.73
9.10 (3.02)
66.70
8.44 (2.90)
69.11
9.32 (3.05)
65.89
8.88 (2.98)
67.50
9.77 (3.13)
64.25
11.99 (3.46)
56.12
11.55 (3.40)
57.73
13.10 (3.62)
52.06
11.77 (3.43)
56.93
11.77 (3.43)
56.93
13.33 (3.65)
51.22
27.33 (5.23)
0
0.15
0.42

Grain yield
(kg/ha)
532
353
456
556
544
440
495
356
484
449
407
465
546
428
326
70.08

% increase in
yield
63.11
8.22
39.71
70.21
66.66
34.74
51.77
8.93
48.22
37.58
24.82
42.55
67.37
31.20
-
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Grain yield differences due to two foliar sprays of
fungicides, plant extracts and bioagent were found to be
statistically non-significant; however, maximum grain yield
(556 kg/ha) was obtained with 0.05% penconazole followed
by 5% parthenium extract (546 kg/ha), diphenconazole (544
kg/ha) and tridemorph (532 kg/ha). Minimum grain yield was
recorded in the control (326 kg/ha) followed sprays of 0.2%
benomyl (356 kg/ha) and eucalyptus extract (407 kg/ha).
Though the yield contributing parameters exhibited
statistical significance among the treatments, but general effect
could not be reflected on the significant variation among the
treatments, connected with the profound effect of environment
secured during the grain development till the maturity stage
of the crop. Due to short durati on of the cro p, seed
development occurs within very limited span of duration.
However, there were tremendous yield differences among
replications due to defoliation in some of the treatments.
Fungicidal sprays proved better than the plant extracts
and bioagent in reducing disease and increasing yield. Results
reported in the present study collaborate the earlier finding of
Sindhan et al. (1999) and Singh et al. (1999). Extracts of tapioca,
behada, eucalyptus, sadafuli and parthenium reduced the
disease and increased the yield; however, these were inferior
to fungicidal sprays. Behada extract proved better and
minimized the disease by 57.12% and enhanced the yield by
37.58%. Reduction in disease intensity due to phyto-chemicals
present in the plant extract might have restricted the spread of
the pathogen by inhibiting the germination and penetration
of germ tube through leaf lamina due to presence of protective
layer. This indicated that fungicidal sprays are better than the

Table 3.

Effect of fungicides, plant extracts and bioagent
culture filtrate of bioagent on different yield
attributing characters of green gram

Treatments

Tridemorph
Dinocap
Propiconazole
Penconazole
Diphenconazole
Hexaconazole
Wettable sulphur
Benomyl
Tapioca extract
Behada extract
Eucalyptus extract
Sadafuli extract
Parthenium extract
Pseudomonas
fluorescens
Control
SEm (±)
CD (P=0.05)

Concentration
(%)
0.05
0.1
0.05
0.05
0.1
0.1
0.3
0.2
5
5
5
5
5
5

plant extracts and bioagent in reducing disease and increasing
yield.
Highest number of pods/plant (17.27) was recorded with
0.05% penconazole followed by 0.05% tridemorph (16.93).
Among plant extracts, the highest pods/plant (15.67) was
recorded with 5% parthenium extract followed by 5% culture
filtrate of Pseudomonas fluorescens (11.73 pods/plant)
(Table 3). Maximum weight of pods/plant (45.11g) was recorded
with 0.05% propiconazole followed by 5% behada extract
(44.26g). 5% culture filtrate of Pseudomonas fluorescens
recorded 35.27g weight of pods/plant. The least weight was
recorded in the control (23.77g).
Agrawal and Philips (1983) reported three sprays of
wettable sulphur for increasing the number of pods/plant.
Ayub et al. (1996) reported that yield contributing parameters
like number of pods/plant, number of grains/pod, 100 grain
weight and grain yield were significantly higher in fungicide
sprayed treatments than those in unsprayed treatments.
Saxena and Saxena (2002) also found that fungicidal spray
influenced the yield component characters besides controlling
the disease.
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(no.)
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17.27
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Pod
weight
(g)
42.88
32.76
45.11
41.2
43.41
37.61
29.37
30.35
32.39
44.26
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32.67
42.75
35.27

Grain
weight
(g)
30.79
22.76
32.77
31.44
32.43
24.90
21.41
21.37
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31.57
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32.15
24.95
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Effects of root exuded allelochemicals of linseed on egg hatch and mortality of
juveniles of root-knot nematode (Meloidogyne javanica)
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ABSTRACT
The effects of different polarity of allelocompounds of linseed
(Linum usitatissinum L.) root exudates were evaluated on egg
hatch and mortality of second stage juveniles of Meloidogyne
javanica. Root exudates of linseed plants collected via root
exudates trapping system on TLC revealed the presence of five
allelocompounds viz., A, B, C, D and E of different polarity.
Three emulsifiable concentrates (EC) and two emulsive water
(EW) formulations developed from 95% pure compounds clearly
revealed the role of polarity of isolated compounds in imparting
their toxicity. EC formulation of A and B was found 100% toxic
to the juveniles at 300 and 700 ppm, respectively at 24 and 48
hrs of incubation. EC and EW formulations of C and D showed
100% activity at 900 and 1400 ppm, respectively at an incubation
period of 72 h, while EW formulation of E was found relatively
ineffective as it could not produce significant mortality in all
the test concentrations (600-1600 ppm). EC of A and B,
respectively at 300 and 600 ppm concentrations also retarded
egg hatching of test nema tode up to 95 %. At hig her
concentration, EC developed from compound A also caused
permanent damage to eggs as there was no further egg hatching,
when egg masses were transferred in ordinary water.
Key words:

Allelochemicals, Linseed, Meloidogyne javanica,
Root exudates, Root-knot nematode

The root-knot nematodes (Meloidogyne spp.) are
sedentary endoparasites, attacking a wide range of crops.
The infection starts with root penetration of second stage
juveniles (J2), hatched in soil from egg encapsulated in egg
masses laid by the females on the infected roots. Nematode
infestation is considered as a prime constraint in realizing
opti mum yi eld po tential of cu ltivat ed cro ps cau sing
approximately 15-20% yield losses (Sasser and Freckman 1987).
Cultivation of resistant varieties, cultural practices such as
crop rotation, cover cropping, green manuring, organic
amendments, chemical nematicides, etc. have been advocated
for management of nematodes; however, the application of
nematicides is only a short term measure as chemicals are
reported to induce resistance in target species and also cause
severe environmental hazards (Taylor 2000). This calls for the
development of alternative control measures. One of the
promising alternatives is the use of allelopathic approach for
the control of nematodes as the root exudates or the secondary
metabolic products of various parts of different plant species
have been found to contain nematicidal or nematostatic
compounds (Devine and Jones 2003, Rodger et al. 2003, Ruhm

et al. 2003). No information is available about the allelopathic
potentials of linseed; but empirical evidences do suggest its
positive impact on some pulse crops when it is grown either
as an intercrop or as a preceding crop. The effect may either
be attributed to the stimulatory action of root exudates of
linseed towards the recipient pulse crops or to the control of
fungi and nematodes infesting pulses by the action of exuded
chemicals of linseed. Considering the above facts, the present
study was undertaken to isolate root exudates from intact live
plants of linseed and to assess the effect of isolated
compounds against second stage juveniles and egg hatch of
Meloidogyne javanica in laboratory experiments.
MATERIALS AND METHODS
Root exudates trapping system was employed to collect
root exudates of intact live plants of linseed (Kumar 2004,
Kumar and Varshney 2008). Approximately 100 litres of root
zone water, collected periodically from 50-60 plants of linseed
grown in 20 sets of root exudates’ trapping systems till maturity
(12 0-15 0 days), was pro cessed for recovery of
allelocompounds. Initially, entire collected root zone water
was slowly reduced to 15-20% of the original volume by
pouring in petri plates and allowing it to evaporate under
continuously moving fan. The concentrated root zone water
so obtained was transferred to a separating funnel and
partitioned with equal amount of ethyl acetate. In this process,
allelocompounds got fractionated into two major groups viz.,
polar (water layer) and non-polar (ethyl acetate layer). Different
allelocompounds present in both the layers were recovered
by fractionally crystallizing the layers in suitable polarity of
solvents as per the fractionation scheme represented in Fig 1.
For bioassay, 10% emulsifiable concentrate (EC) and
emulsion water (EW) formulations were prepared separately
by taking the required quantity of isolated compounds and
using uniformly tween-8 0 (10% ) as emulsifier and
cyclohexanone and water as a solvent for EC and EW
formulations, respectively. Non-polar compounds viz., A, B
and C were converted into EC formulations, whereas polar
compounds i.e., D and E converted into EW formulations.
Both the formulations were emulsified thoroughly by agitating
the mixtures at 45 ± 2° C for an hour.
Egg masses of the root-knot nematode (M. javanica)
were collected from the infected chickpea roots. The pathogen
was cultured on tomato plants to obtain adequate inoculum
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95% purity

Fig 1. Extraction procedure adopted to extract the allelopathic compounds of linseed root exudates

for experimentation. Experiment was conducted on freshly
hatched second stage juveniles (J2) in 50 mm diameter petri
plates of approximately 15 ml capacity. Initially, 9 ml distilled
water was poured into each test petri plate; then required
quantity of test EC/EW formulation was added in accurate
amount to get the desired concentration in final volume of 10
ml and mixed well. 1 ml of freshly hatched second stage
juveniles of M. javanica suspension containing approximately
300-400 in number was added to each petri plate and kept at
25±1° C for 24, 48 and 72 h. All the treatments were replicated
thrice along with a set of control containing formulation
auxiliaries viz., cyclohexanone and tween-80 similarly prepared.
After specified period of incubation, the treated suspension
in petri plates was stirred properly and 1 ml suspension was
transferred to the test tubes. It was diluted 10 times with

distilled water to reduce the concentration of chemical much
below its toxic level to observe the revival possibility if any.
Observations on live and dead nematodes were recorded after
24 h of dilution by using stereoscope microscope. Dead
nematodes appeared straight, while live nematodes retained
the characteristic sigmoid shape and exhibited movement
(Sethi and Prasad 1982). Per cent mortality was worked out
from the average of three replications in each case and
converted to natural mortality using Abbott’s formula (Abbott
1925). Data were analysed using factorial design. Effect of
most active formulations was also observed on egg hatch of
M. javanica. Replicated bioassay tests for egg hatch were
conducted by using different concentrations viz., 100, 150,
200, 250, 300 and 350 ppm of test EC formulation of compound
A and 200, 300, 400, 500 and 600 ppm of compound B. Five egg
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masses of similar size were kept in each petri plate. A separate
set of three petri plates containing five egg masses in each
with formulation auxiliaries were kept as control. Observations
on egg hatch were recorded after incubation period of 1, 3, 5,
7, 9, 11, 13, 15 and 18 days. The entire set of experiments was
conducted at Indian Institute of Pulses Research (IIPR),
Kanpur during 2007-09. The experiments were repeated to
show the consistency of results in time and space.
RESULTS AND DISCUSSION
Effect on 2 nd stage juveniles of root-knot nematode:
Nematicidal activity of all five formulations viz., A, B, C, D
and E of linseed root exudates varied according to the nature
of compound, doses and the incubation period (Table 1).
Results clearly indicated that A and B formulations exhibited
severe impact on the mortality and paralysed second stage
juveniles of M. javanica compared to formulations developed
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from polar compounds i.e., C, D and E. Maximum juvenile
mortality was achieved with the formulation developed from
highly non-polar compound A followed by the formulations
from compound B, C and D. The EW formulation developed
from the compound E (highly polar nature) was found to be
practically ineffective, as it could not produce significant
mortality even at highest concentration of 1600 ppm and at
maximum time of exposure period of 72 hr. Thus the polarity of
allelocompounds of linseed root exudates determined the
toxicity against second stage juveniles of M. javanica.
Formulation of compound A was most detrimental to the
juveniles even at extremely low concentrations ranging from
100-350 ppm. The mortality of the juveniles in this formulation
was found highly correlative with time of exposure and the
concentration of the formulation. At the lowest concentration
(100 ppm), 7, 16 and 27% mortality in juveniles was observed
after 24, 48 and 72 h of exposure, respectively. Quick and

Table 1. Efficacy of formulations developed from allelocompounds of linseed on the 2nd stage juveniles of Meloidogyne javanica
% mortality of 2nd stage juveniles(J2) at different concentrations of developed formulations and time exposures
Concentrations (ppm)
100 150 200 250 300 350 400
500
600
700
800
900
1000 1200 1400
1600
Effect of EC formulation of compound A
24
7
32
53
66
95
100
48
16
41
63
76
97
100
72
27
52
71
82
100 100
Mean
17
42
62
74
97
100
CD (P = 0.05) Time = 2.8;
Concentration = 3.9;
Time × concentration = 6.8
CV
Time = 1.5%; Concentration = 2.1% ; Time × concentration = 3.6%
Effect of EC formulation of compound B
24
11
24
39
56
74
99
48
18
35
52
66
86
100
72
24
46
65
77
96
100
Mean
18
35
52
66
85
100
CD (P = 0.05)
Time = 2.7;
Concentration =3.8;
Time × Concentration = 6.6
CV
Time = 1.6 % ; Concentration = 2.2% ; Time × Concentration = 3.9%
Effect of EC formulation of compound C
24
6
15
30
49
78
89
48
10
20
36
59
87
98
72
16
25
44
73
89
100
Mean
11
20
37
60
85
96
CD (P = 0.05)
Time = 2.0; Concentration = 28; Time × Concentration = 4.8
CV
Time = 1.3% Concentration = 9%; Time × Concentration = 3.3%
Effect of EW formulation of compound D
24
5
10
23
32
46
68
48
8
14
26
42
54
73
72
10
18
30
49
69
94
Mean
8
14
26
41
56
78
CD (P = 0.05)
Time = 3.2; Concentration = 4.6;
Time × Concentration = 8.0
CV
Time = 3.0%; Concentration = 4.3% ; Time × Concentration = 7.4%
Effect of EW formulation of compound E
24
2
6
13
16
20
30
48
3
8
18
19
24
33
72
5
14
20
21
28
38
Mean
3
9
17
19
24
33
CD (P = 0.05)
Time = 1.6; Concentration = 2.3; Time × Concentration = 4.0
CV
Time = 2.3%; Concentration = 4.6%; Time × Concentration = 7.9%
Exposure
time (h)

Mean

59
66
72

50
60
68

44
52
58

31
36
45

15
17
21
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absolute mortality was observed at 350 ppm. 100% mortality
was observed at this concentration even after 24 h of exposure.
At 300 ppm concentration, juvenile mortality was observed
95% after 24 h, which increased to 100% after 72 h.
Formulation of compound B also exhibited significant impact
on the mortality of M. javanica juveniles. The formulation
was observed toxic with higher concentration. More than 50%
mortality after 24 h was observed at 500 ppm, which increased
to 99% at 700 ppm. At comparatively low concentration of 400
ppm, 52 and 65% juvenile mortality after 48 and 72 h of exposure
was observed. Formulations developed from the compounds
C and D were found moderately toxic to the second stage
juveniles of M. javanica since both of the compounds retained
>80% of the polar character. Nevertheless, compound C is
comparatively non-polar in nature; therefore, its formulation
was found a little bit more efficacious as compared to
compound D. Formulation of C caused 98 and 100% mortality
at 900 ppm concentration after exposure periods of 48 and
72 h, respectively. But for formulation from compound D, more
than 1400 ppm concentration of the formulation was required
to have 68, 73 and 94% juvenile mortality after an exposure
period of 24, 48 and 72 h, respectively. However, for both C
and D, effectiveness was dependent on formu lati on
concentration and time of exposure. Non-significant results
were obtained with the formulation developed from compound
E, which constituted entirely the polar compounds. The
formulation was found completely ineffective in all the test
concentrations viz., 600 to 1600 ppm and at all the times of
exposure.
Effect on hatching: Out of five formulations, only two
(exclusively developed from the highly non polar fraction A
and B), were observed to be effective in retarding the egg
hatch properties of the test nematode species. The results
revealed a grave impact of the test formulations on egg hatch
in all their test concentrations (Fig. 2). Egg hatch started
immediately in control after first day of testing, which increased
progressively with time and reached to the maximum within 15
days; egg hatch was retarded in both the compounds at all
the concentrations of test formulations even after 18 days of
exposure compared to the control. A positive linear correlation
between reductions in egg hatch with the concentrations of
both of the formulations was observed. In case of formulation
developed from compound A, approximately 55 and 75%
reduction in egg hatch as compared to hatching in control
was noticed at 100 and 150 ppm concentrations, respectively.
Higher concentrations of 200 to 300 ppm retarded egg hatch
up to 97%. The test formulation at 100 and 150 ppm showed
the retardation of egg hatching only as long as the egg masses
were continuously remained under exposure of chemical. When
the treated egg masses were transferred to distilled water, the
magnitude of egg hatching increased. Contrary to this, same
formulation at 250 and 300 ppm caused permanent damage to
the exposed eggs as no further egg hatching was noticed
after transferring the egg masses in distilled water even for a

A

100 ppm
150 ppm
200 ppm
250 ppm
300 ppm
Control

B

Fig 2. Effect of non-polar compounds A and B of linseed on
egg hatch of Meloidogyne javanica

longer period. Formulation developed from B also exhibited
considerable impact on egg hatch properties of the test
nematode at relatively higher concentrations i.e., 200-600 ppm.
In this case, effect of the formulation was also found to be
concentration dependent. More than 80% reduction in egg
hatch was noticed at 600 ppm. This EC formulation was
effective in retarding egg hatch; but it did not destroy the
viability of treated eggs permanently even at the highest
concentration of 600 ppm. Campos et al. (2006) also reported
the effect of root exudates of Surinam grass (Bracharia
decumbens) and Sudan Grass (Sorghum bicolor) on egg hatch,
larval mobility, penetration and development of M. javanica.
The exudate of B. decumbens reduced hatching of the second
stage juveniles (J2) of M. javanica for 96 hours of egg
incubation. The mobility of J2 was reduced in the first 48
hours of exposure to the exudates. The penetration of J2 and
formation of females in susceptible soyabean were reduced
by the exposure of the inoculum to the exudate of B.
decumbens. However, when that exudate was irrigated in the
substratum of the seedlings, the reduction of penetration and
formation of females was drastic, reaching 97-98%.
It was evident that the allelochemicals released via the
root of linseed as exudates have immense ability to suppress
nematode population. Released chemicals, especially the nonpolar group of compounds were not only active killer of second
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stage juveniles but were also quite effective in retarding egg
hatch. Therefore, if linseed is grown either as an intercrop or
as a preceding crop, it will certainly lead to curtail nematode
population in fields. Hence, allelochemicals of linseed could
be used as a new control strategy with minimal environmental
hazard for effective control and management of Meloidogyne
spp. and possibly other species of nematodes as well.
Therefore, linseed crop in crop rotations should be grown for
management of nematodes.
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ABSTRACT
Pilot production demonstrations conducted in Uttarakhand
state of India indicated that pigeonpea [Cajanus cajan (L.)
Millsp.] variety ‘VL Arhar-1’ (ICPL 88039) can be grown
successfully up to the elevations of 2,000 metres. This extrashort duration pigeonpea variety is well-adapted to the agroecological conditions of Uttarakhand, and suitable for grain
production (up to 1,800 kg/ha) and for soil conservation. The
cultivation of pigeonpea, therefore, can be extended into areas
predominantly characterized by low soil fertility and inhabited
by resource poor farmers. The introduction of pigeonpea in the
hills of the Himalayas will help in promoting sustainable and
eco-friendly agricultural practices that are cost effective and
easy to adopt by the poor farming community. Pigeonpea, being
a good source of home-grown high protein food, would directly
benefit the nutrition, health and livelihoods of small holder
farmers of Uttarakhand. Hence, it is recommended that sincere
efforts should be made to promote the cultivation of pigeonpea
on a large scale in the slopes and waste lands of this state, and
possibly on the hilly areas in India.
Key words: Adoption, Hills, Pigeonpea, Productivity

Over 54% of the total agricultural land in Uttarakhand
state is represented by hilly areas. The local topography and
limited resources of the state restrict irrigation to only 50,000
ha leaving the remaining 405,000 ha of land entirely depending
on rain water. Hence, most crops are grown during the kharif
season. The productivity of commonly grown kharif pulses
such as green gram, black gram, horse gram, etc. is adversely
affected by various biotic (diseases and insects) and abiotic
(low temperature, frost damage, drought) stresses, leading to
poverty and malnutrition in the region. At present, the total
production of pulses in Uttarakhand is only around 50,000
tonnes, but the annual requirement of pulses in the state is
292,000 tonnes, leaving a vast deficit at the domestic level
(Singh et al. 2009). This production scenario and escalating
prices of pulses often result in protein mal-nutrition,
especially among those living below the poverty line.
Therefore, to alleviate poverty and ensure food and nutritional
security, it is essential to increase production of protein-rich
pulses in the state. In order to achieve this, it was necessary
to identify, promote and market a pulse crop that could grow

well with minimum inputs in the fragile rainfed environments
of the hills of Uttarakhand province.
Traditionally, pigeonpea [Cajanus cajan (L.) Millsp.] is
a minor crop (13,000 ha) in Uttarakhand and the local landraces
are low yielding and susceptible to diseases and insects
(Singh et al. 2009). These landraces mature in 150-750 days,
often suffering from low temperature and frost damage and
do not permit crop rotation with rabi season crops. Hence the
pigeonpea area in the province has been limited and remained
stagnant over decades. This paper, besides describing the
salient features of this variety, discusses on-station and onfarm performance of ‘VLArhar-1’ along with its potential impact
on the livelihoods of farmers in Uttarakhand.
MATERIALS AND METHODS
Pigeonpea breeders at ICRISAT developed a pure line
cultivar ‘ICPL 88039’(‘VL Arhar-1’) which can grow
successfully in eroded hilly environments (Fig. 1) without
disturbing the traditional agriculture systems. ‘ICPL 88039’ is
an extra-short duration (120-130 days to 75% maturity)
genotype. It was selected from a cross ‘ICP 6’ × ‘Pant A2’
made in 1974 at ICRISAT, Patancheru (India); further breeding
was done at ICRISAT’s sub-centre at Hissar (Haryana) using
the pedigree method. This short duration (76 days) selection
was designated as ‘ICPL 161’ in 1983 with pedigree reading as

Fig 1. ‘VL Arhar-1’ in demonstration in a valley in Almora
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ICPX 740076-46-B1-1-H1NDT4-B-B*-B*. Subsequently, further
selection within the line was done for earliness at Hissar and,
in 1988, a promising extra short duration (68 d) line was
identified as ‘ICPL 88039’ with pedigree reading as ICPL 161H2-HB-H1-H1-HB-HB. In 2003, ‘ICPL 88039’ was introduced by
VPKAS and subsequently released as variety ‘VL Arhar-1’ in
2007 for general cultivation in the low and mid hills of
Uttarakhand.
‘VL Arhar-1’ was evaluated in a station trial in 2003.
This trial had three replications with plot size of 8.1 m2. During
the next three years (2004–2006), ‘VLArhar-1’ was evaluated,
along with cultivars ‘Manak’ and ‘UPAS 120’ as controls in
non-replicated strip plots, each measuring 150 m2. The sowing
in each season was done at the onset of rainy season. A basal
doze of 50,000 kg/ha of farm yard manure was mixed with the
first ploughing. Row-to-row and plant-to-plant spacing of 40
cm and 10 cm respectively, were adopted. No irrigation or
chemical fertilizer was applied to the crop. Among insects,
only blister beetles (Mylabris pustulata Thunberg) were
prominent and were controlled by hand picking. From 2007 to
2010, ‘VLArhar-1’was tested in 1429 on-farm trials in various
districts of both Garahwal and Kumaon regions. Since it is a
new crop in the region and no other recommended variety
was available, no control could be included in the study. To
raise a good crop, the farmers were trained in various cultural
practices. Data were collected each year only for seed yield.
Besides, visual observations (not reported) were also recorded
on plant population and growth.

in its adaptation to the locations characterized by high (up to
2,000m above sea level) altitudes and wide (up to 400 N and S)
latitudes (Saxena 2008). ‘ICPL 88039’ is the first variety of its
kind among the global pigeonpea cultivars. It is a semispreading variety with non-determinate growth habit and plant
height of about 150 cm. Its seeds are brown with 100-seed
mass of 10.2g (Table 1). To grow a good crop of ‘ICPL 88039’
on one hectare, about 15-20 kg seed will be required. Its sowing
should be done between 20 May and 10 June with inter and
intra row spacing of 100 cm and 20 cm, respectively. Since it
achieves maturity by mid-October; this provides sufficient
time for the sowing of a second crop in the same field. The
experiments conducted by VPKAS have showed that ‘VL
Arhar-1’ can also be grown as an inter-crop with soybean,
and in the rocky lands (Fig. 2). This variety generally escapes
terminal drought and can produce good yields (Table 1).
Table 1.

Mean yield and other agronomic traits of ‘VL
Arhar-1’ in on-station trials conducted at Hawalbag
during 2003 to 2006

Year

Area

Based on the successful introduction of pigeonpea in
the hilly region of southern China (Saxena 2008), a program to
explore the possibility of cultivating pigeonpea in Uttarakhand
was undertaken. The dependence on cereal diets and limited
availability of pulses in the region generally results in protein
malnutrition. To overcome this bottleneck some nutritional
intervention programmes are needed. Pigeonpea can play an
important role in providing valuable protein that is rich in
essent ial amino acids such as lysine and threonine.
Pigeonpea, which is a source of high protein food besides
having several other associated virtues, may be ideal for
domestic use (Yude et al. 1993). These factors play an
important role in subsistence agriculture and therefore, can
fulfil various social, nutritional, economical, and environmental
needs of the Himalayan farmers. It is expected that integration
of pigeonpea cultivation in different farming systems can pave
the way for overall prosperity of Uttarakhand. Since the
extended periods of cold and frost can severely damage the
foliage and flowers of pigeonpea, its cultivation should be
restricted to only low and mid hills.
Besides its extra-short maturity, the variety ‘VL Arhar1’ is less photoperiod sensitive as compared to mediumduration varieties of pigeonpea. These aspects together help

Yield (kg/ha)

% Superiority over

VL
Manak UPAS Manak
Arhar -1 (C)
120 (C)
(C)
Station trial
150
150

1,730
2,120
1,930

930
1,140
1,140

850
910
820

2006

150

2,250

1,030

840

119

168

2008

1,060

855

89.4

134.9

Total/ mean

104
133
135

76

65

-

-

127
150
5.5

151
190
5.5

148
120
5.3

-

-

Pods/plant
118
100-seed weight (g)
10.2
Protein (%)
21.5
* 2003 data; C: check variety

140
9.9
21.9

105
6.8
21.2

-

-

Days to mature
Plant height (cm)
Pod length (cm)

62*

86
86
69

UPAS
120 (C)

2003
2004
2005

Days to flower

RESULTS AND DISCUSSION
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Fig 2. ‘VL Arhar-1’ on rocky waste lands in Nainital
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Table 3.

Performance of ‘VL Arhar-1’ in On-farm Trials
Cropping season 2007: A total of 3,020 kg seed of ‘VL Arhar-1’
was distributed in 13 districts of Garahwal and Kumaon regions
during the year 2007 (rainy season) to conduct 1,212 on-farm variety
assessment trials (VATs). Seed yield in these trials ranged from 582
to 933 kg/ha with an average of 704 kg/ha. In Garahwal region, 759
such VATs were organized on 94.1 ha. The mean yield of these trials
was 715 kg/ha. The highest yield of 933 kg/ha was recorded in
Uttarkashi (Table 2). In the Kumaon region, 63.3 ha of pigeonpea
demonstrations were conducted by 453 farmers; and on the average,
‘VL Arhar-1’ produced 691 kg/ha yield. The highest yield (800 kg/
ha) was recorded in Udhamsingh Nagar. The overall mean yield of
704 kg/ha, recorded in the first year of trials, was encouraging and it
was comparable to the national productivity (700 kg/ha) of the crop.
Table 2.

Summary performance of ‘VL Arhar-1’ in on-farm
VATs conducted in various districts of Uttarakhand
(2007)

Districts

Villages
(no.)

Farmers
(no.)

Seed
distributed
(kg)

Sown Yield
area (kg/ha)
(ha)

Dehradun
Haridwar
Tehri
Uttrakasi

30
39
79
30

45
63
355
171

320
500
325
225

19
25.2
15.5
13.7

602
724
741
933

Garhwal
Rudraprayag
Chanchi

18
13
6

43
23
59

200
150
100

10
5.7
5

582
794
630

Total/ mean

215

759

1,820

94.1

715

Nainital
Almora
Champawat
Pithoragrah

47
67
14
53

83
174
74
77

350
215
150
400

20.5
11.2
7.2
20

604
625
639
688

Bageshwar
US Nagar

7
7

32
13

60
25

2.1
2.3

788
800

Total / mean

195

453

1,200

63.3

691

Total/Grand
mean

410

1,212

3,020

157.4

704

Cropping season 2008: Seven hundred VATs were conducted on
150 ha land in nine districts of Uttarakhand; but due to some
unavoidable circumstances, the results of these trials could not be
obtained. However, excellent crop growth and pod set was observed
while monitoring visits were made. Nine results obtained are given in
Table 3. The highest yield of 1,878 kg/ha was recorded in Chamoli at
1,270 m altitude. In Nainital, 800 kg/ha yield was obtained at 1,630
m altitude.
Cropping season 2009: In 2009, 89 VATs were conducted in 14
villages of Bageshwar district of Uttarakhand. On the average, the
yield of ‘VL Arhar-1’ was 1,023 kg/ha (Table 4). The yields in different
villages ranged from 775 to 1,538 kg/ha. In Daulaghat village where
five such trials were conducted, ‘VL Arhar-1’ performed extremely
well with a mean yield of 1,354 kg/ha and range of 900 – 1,538 kg/ha.

Yield of ‘VL Arhar-1’ recorded in VATs at different
altitudes (2008)

Location

Altitude (m)

Yield (kg/ha)

Dehradun
Pithoragarh
Tehri Garhwal

660
930
1,200

1,679
1,025
1,266

Chamoli
Rudraprayag
Uttarkashi

1,270
1,280
1,310

1,878
1,250
1,266

Almora
Champawat
Nainital

1,480
1,580
1,630

1,275
1,400
800

Table 4.

Yield of ‘VLArhar-1’ in VATs conducted in Bageshwar
district of Uttarakhand (2009)

Village

Demonstrations
(no.)

Yield (kg/ha)
Range

Mean

Gangori
Dopakhi

5
1

775 – 1,125
1,288

954
1,288

Jakhola
Daulaghat
Kunwali

1
5
3

775
900 – 1,538
913 – 1,338

775
1,354
1,141

Khumati
Darim
Pukhral

5
14
3

875 – 1,025
775 – 1,475
875 – 1,088

935
1,008
958

Ghuna
Tunakotsera
Dapolasera

4
23
5

775 – 1,050
775 – 1,400
800 – 1,075

896
1,030
918

Bhadora
Manan
Doragiri

7
6
7

838 – 1,200
875 – 1,250
875 – 1,000

966
1,133
932

Total/mean

89

775 – 1,538

1,023

Cropping season 2010: In 2010, 119 on-farm trials were conducted
in 20 villages of Bageshwar, Nainital, and Almora districts. The
yields recorded in these villages ranged from 562 to 1,843 kg/ha with
a mean of 1,280 kg/ha. In Karala village, where 29 trials were
conducted, ‘VL Arhar-1’ performed very well with a mean of 1,500
kg/ha and range of 850–1,843 kg/ha (Table 5).

Overall performance of ‘VL Arhar-1’: The results of 1,429
on-farm VATs conducted in various districts of Uttarakhand
(Table 6) over the past four years (2007- 2010) have given a
strong indication of high adaptation of the pigeonpea variety
‘VL Arhar-1’ in the hills of Uttarakhand. In the first year, the
yield levels were low due to poor knowledge of crop
husbandry; but in the subsequent years its performance levels
were higher because of timely sowing and better control of
insects. At some locations, ‘VL Arhar-1’ produced as high as
1,800 kg/ha of grains. In these trials, ‘VL Arhar-1’ showed
good potential in low and medium hills. This variety was also
evaluated under organic culture at Almora (VPKAS),
Chiniyalisour (KVK) and Majhera Farm of G.B. Pant University
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Table 5.
Village

Yie ld of ‘VL Arhar-1’ in VATs conducted in
Uttarakhand (2010)
Demonstration (no.)

Nag
Garampani
Kakrighat
Petsal
Tipolsera
Chaana
Kotli
Govendpur
Dwarahat
Dania
Gagas
Dosa
Bheta
Hawalbagh
Sainar
Ranikhet
Sall
Kasson
Karala
Total/mean

Table 6.
Year
2007
2008
2009
2010
Total/mean

46
1
2
6
17
10
2
1
1
3
17
3
5
1
1
2
1
1
29
119

Yield (kg/ha)
Range
Mean
620-1450
1050
1232
1232
1300-1325
1313
700-1350
875
865-1325
1066
663-1300
898
980-1085
1033
1200
1200
810
810
685-1205
930
562-1525
1023
650-950
833
980-1255
1082
1180
1180
1090
1090
925-1105
1015
1075
1075
1400
1400
850-1843
1500
562-1843
1280

Overall performance of ‘VL Arhar-1’ in the VATs
conducted in Uttarakhand (2007-2010)
Demonstration
(no.)
1212
9
89
119
1429

Yield (kg/ha)
Range
Mean
582-933
691
800-1878
1315
775-1538
1023
562-1843
1280
562-1878
1077

of Agriculture & Technology. In the on-station trials
(Table 1), on the average, ‘VL Arhar-1’ yielded 2008 kg/ha
over four years (2003-2006) and it recorded 89.4% yield
advantage over the best check ‘Manak’. It (‘VL Arhar-1’)
matured in 125 to 130 days, 24 days earlier than the check
variety ‘Manak’.

Table 7.

Profitability of pigeonpea in relation to rainfed rice (Oriza
sativa L.) and mandua (Elusine coracana): The profitability
of any crop production system is determined by estimating
the cost incurred in producing the crop and the gross returns
accrued from it. The total production costs of pigeonpea, rice
and mandua under rainfed conditions were comparable
(Table 7). The costs to cultivate pigeonpea included farm yard
manure (32.7%), land preparation (12.3%), harvesting and
threshing (10.6%), seed (10.6%), plant protection (9%),
intercultural operations (8.2%), miscellaneous (10%), interest
of working capital (4.3%), and sowing and thinning (2.3%).
The total costs amounted to Rs. 14,527 per hectare for
pigeonpea, Rs. 15,358 per hectare for rainfed rice and Rs. 12,541
per hectare for mandua cultivation. The total value of the
gross produce involving seed, sticks and straw was estimated
at Rs. 53,700 per hectare for pigeonpea, Rs. 23,950 per hectare
for rice and Rs. 19,270 per hectare for mandua. The net returns
were Rs. 39,173 per hectare from pigeonpea, Rs. 8,692 per
hectare from rainfed rice and Rs. 6,729 per hectare from
mandua. Accordingly, the benefit cost ratio for pigeonpea
(3.69) was significantly higher than rainfed rice (1.56) and
mandua (1.54).
CONCLUSIONS
The performance data indicated that variety ‘VL
Arhar-1’ can play a potential role in the economic growth of
the farming community of the state. Since the cultivation of
pigeonpea does not require high inputs and the grains have
good market value, the probability of its adoption by
Uttarakhand farmers is always high. The adaptation of variety
‘VLArhar-1’, particularly at low and medium elevations (up to
2,000 m above sea level), showed its potential in diverse
environments of rainfed Himalayan agriculture. In general,
the soils of such habitats are shallow and often infertile with
low water holding capacity and it is rather difficult to grow
any other food crop profitably. Hence, efforts should be

Comparative profitability (Rs/ ha) of cultivating rainfed pigeonpea, rice, and mandua in Uttarakhand

Item
Gross income (Rs/ ha)
Seed ( yield x rate Rs/qtl)
Straw
Sticks
Total
Production Cost (Rs/ ha)
Variable cost
Fixed cost
Total
Net returns (Rs/ ha)
Benefit : Cost ratio
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Pigeonpea

Rainfed rice

Mandua

16 x 3000 = 48,000
10 x 70 =700
50 x 100 = 5,000
53, 700

23 x 950 = 21,850
30 x 70 = 2,100
nil
23, 950

18x915= 16,470
40x70 = 2,800
nil
19, 270

12, 227 (84%)
2,300 (16%)
14,527
39, 173
3.69

12, 859 (85%)
2, 300 (15%)
15, 358
8,692
1.56

10, 241 (82%)
2,300 (18%)
12, 541
6, 729
1.54
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continued to promote a crop like pigeonpea which has
potential for high profits. Since Uttarakhand is a notified
organic state, the cultivation of pigeonpea can also be
promoted with recommended organic farming practices. To
achieve this, the farmers can be trained in integrated crop
management technol ogies. Since pigeonpea is a new
commercial crop for Uttarakhand, it is essential to develop
efficient marketing systems involving local farmers and
traders; this will prevent distress sale of the produce and
optimize the profits.
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ABSTRACT

MATERIALS AND METHODS

In the present investigation, an attempt was made to study the
decomposition and acreage response of soybean in western
Vidarbha. The study was based on time series secondary data
on the rainfall, farm harvest price and other data, which were
obtained from various Government publications. Nerlovian
lagged adjustment model (1958) was used in supply response
analysis based on time series data. The study revealed that
during overall period, the area effect (46.98%) was most
responsible factor for increasing soybean production in
Amravati division with positive yield and interaction effect i.e.,
1.91% and 51.41%, respectively. While Coefficient of variation
and instability for area, production and productivity were high,
which indicated that soybean appeared to be one of the important
emerging crop in the western Vidarbha zone and it become
additional crop in the cropping pattern of the region. Hence,
policy makers and researchers are required to concentrate on
this crop.

The study was undertaken to examine the extent of
deviation from planned acreage while making ultimate acreage
allocation.

Key words: Acreage response, Cotton, Decomposition, Growth

Analytical techniques employed for analyzing the data: The
present study was based on time series secondary data of
major crops in Western Vidarbha.

Soybean known as the ‘miracle bean’ occupies almost
57% of the total world production of oilseeds and is
considered the most important provider of protein and oil.
Soybean crop at the national level is only thirty years old.
The expansion of area under soybean took place at quite a
fast rate in absolute as well as relative terms specifically after
mid 1980’s. The major oilseed crop of Maharashtra was
groundnut till the mid 1980’s. Thereafter, farmers started
cultivating non-conventional oilseed crop, specifically
soybean. The area under this crop picked up at a faster rate
primarily in the North-East region of the state, where the
climatic conditions were suitable for soybean cultivation.
Soybean cultivation in Maharashtra is concentrated in two
regions: Vidarbha and Western Maharashtra. Around 90% of
the soybean production of the state is contributed by these
two regions.
The supply response of crop or acreage response of
agricultural crop is one of the important tools used for
predicting the crop production. Agriculture is the most
important sector in the economy of nation. In India, the
increase in population during the last two decades has been
more pronounced than agricultural production, thereby
creating a lag in the availability and requirement of food crop.
It is a matter of paramount importance to study the behaviour
of farmer’s attitude towards area allocation to different crops.

Collection of data: The study was based on secondary data
collected from western Vidarbha. The data pertain to the
period 1984-85 to 2006-07 and the period was divided into
breakup of 12 years with overall as: (a) Period I – 1984-85 to
1994-95, (b) Period II – 1995-96 to 2006-07, and (c) Overall III –
1984-85 to 2006-07. Time series secondary data on area,
production and productivity of soybean, data on rainfall, farm
harvest price and other relevant data were obtained from many
published sources viz., Agricultural Statistical Information of
Maharashtra Part II (published form the Office of the
Agriculture Commissioner, Pune), Season and crop report
(from Government of Maharashtra) , Epitome of Agriculture
and Agricultural Situation in India.

Growth rate analysis: The compound growth rate of area,
production and yield for major crops were estimated for two
sub-periods. The first period was 1984-85 to 1995-96 and
second 1995-96 to 2005-06. The district-wise compound growth
rates were estimated to study the growth. It was estimated
with the following exponential model:
Y
= abt
Log Y
= log a + t log b
CGR
= (Antilog b-1) x 100
Whereas,
CGR
= compound growth rate
t
= time period in year
y
= area/ production/productivity
a&b
= regression parameters
Instability analysis: To measure the instability in area,
production and productivity, an index of instability was used
as a measure of variability. The coefficient of variation (CV)
was calculated by the formula:
CV

standard deviation
mean

100

The simple coefficient of variation (CV) often contains
the trend component and thus overestimates the level of
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instability in time series data characterized by long-term trends.
To overcome this problems, this study will be used the
instability index (II) given by Coppocks instability index of
variation. Coppocks instability index is a close approximation
of the average year to year per cent variation adjusted for
trend. The algebraic form of equation is:
CII = [ (Antilog
[log
V log  

V log – 1 x 100)]

Xt  1
 m]2
Xt
N 1

Whereas, Xt = area/ production/ productivity in the year‚
t, N = number of year, m = arithmetic mean of difference, and
V log = logarithmic variation of the series
Decomposition analysis: To measure the relative contribution
of area and yield to the total output change for the major
crops, the decomposition analysis model given by Minhas
(1964) was used. Sharma (1977) redeveloped the model and
several research workers (Kalamkar et al., 2002) used this model
to study the growth performance of crops in state. The method
states that the A0, P 0 and Y 0 are area, production and
productivity, respectively in base year and An, Pn and Yn are
values of the respective variable in nth year item:
Po = Ao × Yo, and
Pn = An × Yn

………………………..(1)

Whereas, Ao and An represent the area and Yo and Yn
represent the yield in the base year and nth year, respectively.
Pn – Po =  P,
An – Ao =  P
Yn –Yo =  Y……………………………. (2)
Upon simplification of equation (1) and (2), it could be
written:
Po + P = (Ao + A) (Yo + Y)
Hence,
P=

AoY
Yo A
YA
p × 100 + P × 100 + P × 100

Production = yield effect + area effect + interaction effect
Thus, the total change in pro duct ion can be
decomposed into three components viz., yield effect, area
effect and the interaction effect due to change in yield and
area.
Acreage response analysis: The model, which is generally
used in supply response analysis based on time series data,
has been adaptive expectations (or distributed lag) model. In
the present study, Nerlovian lagged adjustment model (1958)
was used. The model used in the present study was as follows:

At = a + b1 At-1 + b2 FHPt-1 + b3Ps + b4Yt-1 + b5 Wt + b6YR + b7 PR
Whereas,
a

=

area

At

=

area under crop at time ‘t’ (‘00’ ha)

At -1

=

one year lagged area under the crop (‘00’ ha)

FHPt-1

=

lagged year farm harvest price of the crop (kg/
ha)

Ps

=

lagged year price of substitute crop (Rs. /kg)
(cotton as a substitute crop for soybean)

Yt-1

=

one year lagged yield

Wt

=

weather variable as three month average pre
sowing rainfall (mm)

YR

=

yield risk (coefficient of variation of last three
years)

PR

=

price risk (coefficient of variation of last three
years)

b1…. b7

=

parameters of multiple linear regression

Short run and long run elasticities: The elasticities of
variables show that the influence of unit change in variable
on acreage decisions of crops. In the present study, variable
elasticities were estimated for short run as well as for long run
period. Moreover, the short run (SRE) and long run elasticity
(LRE) were estimated as:
mean of price
SRE = Regression coefficient of price × ———————
mean of area
SRE
LRE = ——————————————————
coefficient of area adjustment (r)
Whereas,

r = 1 – (coefficient of lagged area)

RESULTS AND DISCUSSION
Growth performance for soybean: The growth performance
of soybean pertaining to two periods and overall is presented
in Table 1. It revealed that due to introduction of soybean in
the region during the period I, the growth rates for area and
production were recorded very high. The highest increasing
trend in area and production was registered in Buldhana
district. However, growth rates in the productivity were
recorded highest in Yavatmal (17.75% per annum) followed
by Akola (14.06% per annum) and Amravati (12.79% per
annum) during period I. During the period II, the picture
changed drastically; the co mpou nd growt h rates of
productivity registered negative growth rates in all the districts
of Amravati division except Akola, but were statistically nonsignificant. However, the growth rates were positively
significant for both area and production during the second
period of the study.
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Table 1. District-wise compound growth rate for soybean
Particular

Buldhana

Yavatmal

Akola

Area
Prod.

157.18**
115.97**

58.3**
85.82**

104.1**
74.6**

30.01**
44.04**

41.109**
56.21**

Yield
Area
Prod.
Yield
Area

4.65
22.84**
20.30*
-0.92
45.1**

17.75**
18.59**
12.49
-5.11
34.6**

14.06*
24.8**
22.15**
3.77
49.5**

12.79*
5.57**
4.43
-1.07
16.07**

19.08**
15.68**
12.93**
-0.37
25.41**

Prod.
41.78
Yield
1.03**
*, **: Significant at P=0.05 and 0.01, respectively

40.18**
4.14*

44.98**
6.33**

19.83**
3.99*

29.61**
5.65**

Period I

Period-II

Overall

The growth rates were also worked out for pooled period
of 20 years for soybean. The rates were found to be positive
and significant in all the districts of Amravati division as well
as division as a whole in area, production and productivity of
soybean. During this period compound growth rates for area,
production and yield were found highest in Akola district
(49.50, 44.98 and 6.33% per annum, respectively) and were
statistically highly significant. Amravati division as a whole
also recorded significant compound growth rates for area,
production and productivity (25.41, 29.61 and 5.65% per
annum, respectively).
Instability for soybean: The coefficient of variation and
Coppock’s instability index techniques was employed to
examine the extent of instability in area, production and yield
of soybean in districts of Amravati division and the whole
division for the two periods. Soybean crop was introduced
during the start of first period. For the period I, a very high
instability was observed.
Coefficient of variation (CV) for area and production
was found to be similar for all districts, except Amravati district
during first period (Table 2). The coefficient of instability for

Amravati

Amravati Division

area and production for all the districts was found to be within
the limited range viz., 23.46 to 141.85%. However, for Amravati
division as a whole, coefficient of variation for area, production
and yield was 23.46, 24.92 and 33.57%, respectively. During
the second period, relatively speaking about one degree of
instability, it was lower as compared to first period for area
and production in almost all the district of Western Vidarbha
zone. The lowest instability was observed in Amravati district
for area and production i.e., 45.49 and 33.67%, respectively.
During the overall period, the Amravati district recorded lowest
Coppock’s instability index (CII) in area (47.37%) and
production (51.64%). The division as a whole also registered
highest coefficient of instability as compared to other two
periods for all variables viz., area, production and productivity.
Decomposition analysis for soybean: The decomposition of
soybean production in area, yield and interaction effect
demonstrated the per cent contribution of area, yield and their
interaction for increasing production of soybean in Western
Vidarbha and Amravati Division (Table 3). During period I, the
area effect (38.37%) was most responsible for increasing
production of soybean in Amravati division with yield effect

Table 2. District wise instability indices in soybean
Name of District

Particular

Period I
CV
CII
Buldhana
Area
130.94
73.59
Prod.
119.94
65.75
Yield
23.57
12.38
Yavatmal
Area
118.72
29.47
Prod.
141.85
42.41
Yield
44.07
15.87
Akola
Area
139.01
57.59
Prod.
124.61
39.68
Yield
39.23
15.81
Amravati
Area
61.16
19.09
Prod.
73.09
26.51
Yield
37.82
15.65
Amravati
Area
23.46
22.26
Division
Prod.
24.92
30.36
Yield
33.57
17.76
CV, CII : Coefficient of variation and Coppocks instability index, respectively

Period II
CV
CII
65.32
18.46
62.15
18.46
30.92
14.05
66.84
16.4
56.98
15.12
31.39
14.03
68.57
12.09
58.86
19.52
38.85
12.21
21.14
12.35
45.49
14.89
33.67
12.35
48.34
16.04
47.63
14.63
23.37
13.23

Overall
CV
CII
102.75
83.87
100.66
76.99
29.08
13.49
115.8
56.85
40.31
52.06
47.39
206.93
16.18
114.81
114.11
90.82
47.48
49.39
63.83
47.37
83.47
51.64
39.32
44.06
93.83
37.05
96.11
47.49
36.56
16.32
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7.53%. Interaction effect was positive for all districts of
Amravati Division; however, area effect was greater than the
yield effect. It indicated that area was a driving force in the
differential production of soybean in Amravati Division during
the first period. On the contrary in period II, it was noticed
that the area effect (115.61%) was responsible for increasing
production of soybean, whereas yield and interaction effect
was 4.79 and -10.81%, respectively. The area effect of Yavatmal
district (244.82%) was highest among all the districts in
Amravati Division, whereas the yield effect and interaction
were highest in Akola district (5.26% and 25.69%, respectively).

0.97 for Yavatmal and Amravati and 0.98 for Akola and
Buldhana, indicating that the variable included in the model
explained most of the variations in area under soybean. It was
observed that the regression coefficients for lagged area were
positively and statistically significant in almost all the districts,
indicating lesser rigidity in the adjustment of area under
soybean. The coefficients of farm harvest prices were negative
and significant for all districts except Buldhana in the study.
However, it was implied that prices did not show any impact
on one year lag prices for increasing the area of soybean.
It is observed from the Table 4 that the coefficient of
pre-sowing rainfall as a proxy of weather parameter was found

Table 3. Per cent contribution of area, yield and their interaction for increasing production of soybean
Period

Particular

Buldhana

Yavatmal

Akola

Amravati

Amravati Division

Period I
(1987-88 to 1995-96)

Area Effect
Yield Effect

71.99
0.42

38.97
3.1

47.26
1.13

50.86
10.24

38.37
7.53

Interaction effect
Area Effect
Yield Effect
Interaction effect
Area Effect

27.57
177.35
-3.29
-14.06
91.33

57.16
244.82
-36.28
-108.53
55.86

51.6
69.03
5.26
25.69
39.14

38.88
135.13
-22.96
12.17
54.18

54.08
115.61
-4.79
-10.81
46.98

Period II (1996-97
to 2006-07)
Overall
(1987-88 to 2006-07)

Yield Effect

0.19

0.5

0.25

5.9

1.91

Interaction effect

8.46

43.63

60.59

39.9

51.11

During overall period, the area effect (46.98%) was most
responsible factor for increasing soybean production in
Amravati division with positive yield and interaction effect of
1.91 and 51.11%, respectively. The area effect was found
highest in Buldhana district (91.33%). The yield effect was
found highest for Amravati district (5.90%) and the interaction
effect was found highest in Akola district (60.59%).
Acreage response for soybean: The estimation of acreage
response function for soybean using price and non-price
factors as exploratory variables is presented in Table 4. The
values of R2, the coefficient of multiple determinations, were

negative and significant in Buldhana district. On the contrary,
it was positive and significant in Yavatmal (2.47). The positive
relationship of the rainfall in the pre-sowing period with the
soybean area presented strong evidence in favour of the
hypothesis that the pre-sowing rainfall favorably influenced
the area allocation decision of the farmers. The coefficient of
yield risk had negative response for the entire districts and
statistically significant for Yavatmal (-3.62) and Akola (-48.35).
On the other hand, the coefficient of price risk had positive
response for all most of all districts of Western Vidarbha
regions except Akola district (-37.74).

Table 4. Estimated coefficient for acreage response function of soybean
Particular

Variables

Coefficients
Buldhana

Yavatmal

Akola

Amravati

Intercept

-409.95

314.03

3682.87

-156.73

At-1

1.03*

1.2*

1.24*

0.78*

One year lagged farm harvest price

FHPt-1

0.06

-1.74*

-3.15***

-0.34*

Price of cotton as a substitute crop

Ps

0.11

0.27

0.64**

0.36

One year lagged yield

Yt-1

0.45*

-0.08

0.05

0.15

Pre-sowing rainfall

wt

-3.25***

2.47***

-2.85

0.59

Yield risk

Yr

-0.85

-3.62***

-48.35*

-0.28

Price risk

Pr

14.85***

13.07***

-37.74*

5.27

0.98

0.97

0.98

0.97

One year lagged area

Coefficient of determination
*, **, ***: Significant at P=0.10, 0.05 and 0.01, respectively
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Short run and long run elasticity for soybean: The price
elasticities were calculated for both short and long run for all
districts of Amravati Division. They were ranging from 0.34 to
1.86. Long run elasticities were greater than those of short run
elasticity in Buldhana district, indicating that area adjustment
would take place in the long run. However, the short run
elasticity coefficients with respect to the prices were high in
almost all cases indicating farmers’ consciousness of the price
factors in applying additional land input to increase output
for soybean. The data (Table 5) also showed that there was
not much difference in case of short and long run price
elasticity, because the coefficients of area adjustment were
high in all the cases.
Table 5.

District wise price elasticity of soybean crop in
western Vidarbha

S.N.

Districts

SRE

LRE

1
2
3

Buldhana
Yavatmal
Akola

1.63
1.58
1.19

1.86
1.14
0.34

4

Amravati

0.64

0.52

SRE, LRE : Short run elasticity and long run elasticity, respectively

The SRE for soybean crop was found positive for all
the district and highest short run elasticity was found in
Buldhana (1.63) followed by Yavatmal, Akola and Amravati.
LRE was found positive for the entire district with highest in
Buldhana (1.86) followed by Yavatmal, Amravati and Akola.
Therefore, Buldhana recorded highest SRE and LRE.
In conclusion, the growth rates of area and production
for soybean was very high during period I, that could be
ascribed to the introduction of soybean during the period I.
Growth rate of area and production of soybean increased in
western Vidarbha. The highest increasing trend in area and
production for soybean was registered in Buldhana district.
However, the per cent contribution of area and yield effect
was more responsible for increase in soybean production.
The regression coefficients for lagged area were positive and
significant in almost all the districts, indicating lesser rigidity
in the adjustment of area under soybean.
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ABSTRACT
Mungbean is affected by several diseases incited by viruses,
fungi, bacteria and nematodes. In this study, coat-protein
sequence was analyzed and modelled to explore properties and
structure of Mungbean yellow mosaic India virus (MYMIV).
Since no structural information is available for majority of
pro tein sequenc es a vailable in Protein Data Bank,
computational methods for protein structure prediction have
been of much interest in recent years. Physico-chemical
properties of the protein under study were computed. The grand
average of hydropathy (GRAVY) value and instability index
were found to be -0.646 and 45.75, respectively, supporting the
protein to have better interaction with water. Comparative
homology modelling was performed with ModWeb, ESyPred
and Swiss Model. It was observed that the model generated by
ModWeb was most acceptable with 90.2% of the residues in
most favoured region. The model was validated using Structural
Analysis and Verification Server (SAVS). Coat-protein
struc ture of MYMIV obtained throug h computational
modelling was found congruent with their protein structure
obtained by X-ray crystallography or NMR.
Keywords:

ESyPred, Homology modelling, ModWeb, Mungbean
yellow mosaic India virus, Ramachandran plot, Swiss
Model

Mungbean or green gram, scientifically known as Vigna
radiata L Wilczek, is one of the important short duration pulse
crops of Indian origin. It is cultivated across the country
throughout the year with an area and production of 3.77 mha
and 1.52 mt, respectively (AICRP on MULLaRP 2009). Its seeds
contain approximately 25-28% protein, 1-1.5% oil, 3.5-4.5%
ash and 62-65% carbohydrates on dry weight basis. Lysine
content is high in mungbean, making its protein an excellent
complement to rice in terms of balanced human nutrition.
Mungbean is known to be affected by several diseases
incited by viruses, fungi, bacteria and nematodes. Of the
various viral diseases, yellow mosaic disease is widely
distributed and most destructive. The disease has been
reported from various countries. Yellow mosaic disease of
many legumes in India and other South Asian countries is
caused by whitefly (Bemisia tabaci Genn.). The vector
transmits gemi nivi ruses belonging to the fami ly
Geminiviridae and genus Begomovirus. Mainly two viruses,

viz., Mungbean yellow mosaic virus (MYMV) and Mungbean
yellow mosaic India virus (MYMIV), have been reported to
be the causal agents of yellow mosaic disease in mungbean in
India (Pant et al. 2001, Malathi and John 2008).
Experimental determination of protein structure through
X-ray crystallography or nuclear magnetic resonance (NMR)
spectroscopy is time consuming and very costly. Protein Data
Bank is a repository for three-dimensional structural data of
large biological molecules submitted by biologists and
biochemists from around the world. Still, majority of protein
sequences have no structural information as the number of
unique structural folds that proteins adopt is limited and
number of experimentally determined new structures is
increasing exponentially. Therefore, it is necessary to bridge
this ‘structure knowledge gap’. Computational methods for
protein structure prediction have received attention in recent
years. Various approaches have been followed in this context.
The three-dimensional structures of proteins in a family are
obvious to be conserved more than their sequences. Hence,
if one detects the similarity between two proteins at the
sequence level, structural similarity can usually be assumed
further. Moreover, it may happen that proteins that have no
detectable sequence similarity may have similar structures. In
case of animal and human beings, many proteins structurefunction relationships can be deduced from a reasonable
model, which may further be used for successful drug design.
Thus the present study was conducted to predict the structure
of coat protein of MYMIV, which may help in understanding
the protein function, antigenic determinants for antibody
production and in taxonomic studies.
MATERIALS AND METHODS
Fasta format for sequence of coat-protein of MYMIV
with GenBank accession number ACV04859 was traced from
National Centre for Biotechnology Information (NCBI,
www.ncbi.nlm.nih.gov). Fasta format of template sequences
with at least 30% sequence identity were downloaded from
Research Collaborative for Structural Bioinformatics-Protein
Data Bank (RCSB-PDB) after performing Basic Local
Alignment Search Tool Protein (BLASTP). Template
sequences in .pdb extension were retrieved from RCSB. DeepView (Swiss-PdbViewer), the bioinformatics tool for modelling
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of coat-protein of MYMIV was used in the present study.
ESyPred3D, a new automated homology modelling programme
as well as ModWeb was also employed to compare the results
of the analysis.
The general scheme adopted for homology modelling
is shown in Fig 1.
START
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The extinction coefficient indicates how much light a
protein absorbs at a certain wavelength. The instability index
provides an estimate of the stability of protein in a test tube.
The coat protein under study was found to be quite unstable.
The aliphatic index of a protein is defined as the relative volume
occupied by aliphatic side chains. GRAVY value, which is
calculated as the sum of hydropathy values of all the amino
acids divided by the number of residues in the sequence, for
the protein under study was -0.646, indicating the possibility
of better interaction with water.
Disulphide bonds play an important role in determining
the functional linkages. CYS_REC program for predicting SSbonding states of cysteines and disulphide bridges in protein
sequences has been used in our study. CYS_REC identified
the position of cysteins at 69, 73, 92, 111, 141, 194 and 234.
The most probable pattern of pairs found was 69-73 and 111194.

Identify related structures (Templates)

Select templates

Align target sequence with template structures

Hydropathy plot of protein sequence was drawn by
Winpep (Hennig 1999) and results are shown in Fig 2.

Build a model for target
(using information from template structures)

Hydro pat hy thres hol d for he lic es = 1. 6
2.0
1.0
0.0
-1.0
-2.0
-3.0

Evaluate the model

22

44

66

88

110

132

154

176

198

220

242

Res i due Num ber

Fig 2. Hydropathy plot of coat-protein
Yes

No

END

Model OK?

Fig 1. Diagrammatic representation of homology modelling

Secondary structure prediction: SOPMA (Geourjon and
Deleage 1995) was employed for calculating the secondary
structural features of protein sequences in the present study.
The results are presented in Table 2.

RESULTS AND DISCUSSION

Table 2. SOPMA results of the coat-protein

Physico-chemical characterization: To compute the physicochemical characterization of sequence with 257 bp length
under study, Expasy’s ProtParam server (Gasteigers 2005) was
used, which allows the computation of various physical and
chemical parameters for a given protein. Molecular weight
(MW), theoretical isoelectric point (pI), total number of
positively (+R) and negatively charged residues (-R), extinction
coefficient (EC) (Gill and Von Hippel 1989), optical density
(OD) instability index (II) (Guruprasad et al. 1990), aliphatic
index (AI) (Ikai 1980) and grand average hydropathy (GRAVY)
(Kyte and Doolittle 1982) are represented in Table1.
Table 1. Physicochemical characterization of coat-protein
Molecular
weight
(Da)
29993.4

pI

-R +R

9.94 20

42

EC

OD

II

AI

37360 1.25 45.75 61.44

GRAVY

-0.646

Parameters
Alpha helix
310 helix
Pi helix
Beta bridge
Extended strand

% content
18.29%
0.00%
0.00%
0.00%
24.90%

Parameters
Beta turn
Bend region
Random coil
Ambiguous states
Other states

% content
6.23%
0.00%
50.58%
0.00%
0.00%

Modelling of the sequence: ESyPred3D (Lambert et al. 2002),
Swissmodel (Arnold et al. 2006) and ModWeb (Sali and
Blundell 1993) were employed to perform modelling of the
coat-protein under study. ESyPred3D is an automated
homology modelling programme with the increased alignment
performances of a new alignment strategy using neural
networks. Swiss-Model can be accessed via ExPASy web
server, or from the DeepView (Swiss Pdb-Viewer) programme.
ModWeb is a web server for automated comparative protein
structure modelling which accepts one or more sequences to
calculate models for them based on the best available template
structures from the Protein Data Bank (PDB). The comparative
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results from these three servers are presented in Table 3. Swiss
model and ESyPred3D showed 90.3 and 89.9% residues,
respectively in the most favoured region. The result from
ModWeb was found to be the best for the residues in which
generously allowed and disallowed regions were 0.0%.
Table 3.

Comparative analysis of the models obtained from
ESyPred3D, ModWeb and Swiss-model program.

Server

Details of Residues

ESyPred3D

Residues in the most favored Region

8.5%

Residues in generously allowed region

0.5%

Residues in the most favored Region

1.0%
90.2%

Residues in additionally allowed region

9.8%

Residues in generously allowed region

0.0%

Residues in disallowed region
Swiss model

89.9%

Residues in additionally allowed region

Residues in disallowed region
ModWeb

% content

Residues in the most favored Region

0.0%
90.3%

Residues in additionally allowed region

9.0%

Residues in generously allowed region

0.7%

Residues in disallowed region

0.0%

Fig 3. Ramachandran plot in PROCHECK

server was 1.716, indicating good model quality. The predicted
structure conformed well to the stereochemistry, indicating
reasonably good quality.

Validation of the model: Evaluation of model quality is a
crucial step in homology modelling. Once the homology
modelling procedure is over, the final model needs to be
inspected using validation tools in order to confirm whether
the model’s stereochemistry is reasonably consistent with
typical values found in crystal structures. Persistent problems
may suggest a problem with the alignment used to build the
model; manual adjustments to the alignment may be necessary,
particularly in the loop areas, followed by a rebuilding of the
model. Structural Analysis and Verification Server (SAVS) were
used for evaluation of model quality.
The Ramachandran plot (Fig. 3) shows the phi-psi
torsion angles for all residues in the structure (except those at
the chain termination). Glycine residues are separately
identified by triangles as these are not restricted to the regions
of the plot appropriate to the other side chain types. The
darkest areas correspond to the “core” regions representing
the most favorable combinations of phi-psi values. Ideally,
one would hope to have over 90% of the residues in these
“core” regions. The percentage of residues in the “core”
regions is one of the best guides to stereo-chemical quality.
Ramachandran plot in PROCHECK validation package was
used to assess the quality of the modelled structure. 90.3% of
the residues were in the core region. The model found was the
best one having maximum core region and less disallowed
region with minimum energy.
The average Z score, Z score RMS and distribution of
atomic Z scores is represented in Fig 4. The RMS Z-score of
the protein under consideration as found in PROVE of SAVS

Fig 4. Distribution of atomic Z scores, average Z score and Z
score RMS

A comparison of the results obtained showed that the
model generated by ModWeb was more acceptable in
comparison to ESyPred3D and Swiss Model. The final modelled
structure for the coat protein under study visualized by
Chimera software is illustrated (Fig. 5).
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Fig 5. Ribbon modelled structure of coat protein of MYMIV

In this study, physico-chemical characterization was
performed by computing theoretical isoelectric point (pI),
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that the model generated by ModWeb was the most accurate,
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Short Communication

Response of early flowering lentil genotypes to low temperature under field conditions
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In India, lentil crop mainly encounters terminal drought
in central parts resulting in heavy loss of yield. Therefore, it is
suggested to develop early flowering variety for avoiding the
terminal drought. However, such varieties of lentil may
encounter cold or low temperature in India with the changing
environmental conditions happening due to global warming.
This has been noticed in the recent past years. In the year
2011, minimum air temperature during the first fortnight of
January varied from 3.55 to 12.59º C (average minimum
temperature 6.10º C) when flowering and development of pods
were initiated in some genotypes. In the coming years, the
minimum temperature may dip further beyond 6º C. Prolonged
low temperature causes slower growth and injuries to flowers,
leading to degeneration and dropping of flowers. In India,
low temperature during flowering and pod-filling stage can
reduce the yield potential in early flowering genotypes as
observed in other highland areas of the world (Muehlbauer et
al. 2006). Therefore, it is more desirable to breed genotype
having ability to withstand prolong low temperature mainly
during flowering and pod-filling stages. Earlier studies showed
the presence of a high degree of tolerance to cold temperatures
in some genotypes of lentil (Erskine et al. 1981, Spaeth and
Muehlbauer 1991). Only a few Indian accessions screened
earlier under different ago-climatic conditions were found to
have some degree of cold tolerance (Erskine et al. 1981).
Therefore, it is imperative to screen genetic stocks adapted to
Indian conditions for response to low temperature (<10º C) for
their further utilization in lentil breeding programmes. The
present study reports the results of screening early flowering
lentil genotypes having tolerance to low temperature under
field conditions.

Twenty early flowering (55-60 days) accessions of lentil
were selected to study their sensitivity to low temperature
(<10º C) under field conditions. During first fortnight of
January, temperature varied from 3.55º C (January 12, 2011) to
25.17º C (January 14, 2011). The data on the growth and
development of flowers, buds and pods were recorded during
January 5-12, 2011 when minimum temperature ranged from
3.55 to 5.82º C and maximum temperature ranged from 7.43 to
20.93º C. Following stages of flowers and buds were selected
for recording o bservations on to lerant and sensit ive
accessions: (i) Bud opening was recorded on fresh young
buds - bud opening I (BO-I) and partially opened buds - bud
opening II (BO-II). These buds were observed visually for
normal growth and development towards the flower blooming.
(ii) Degeneration of flower (DF) was recorded on completely
opened flowers. It was counted under low temperature for
those dried flowers, which did not initiate pod emergence. (iii)
Emergence of new pods from the flowers dried after fertilization
was recorded as pod initiation (PI) stage. (iv) Growth of preformed pod occurred before the onset of low temperature and
freshly formed pods occurred during the period of low
temperature (GP) was measured on the basis of increasing
length (mm) of pods.

Temperatureo C

Lentil (Lens culinaris Medik) is one of the important
pulse crops in India, which is cultivated in ~1.47 Mha with a
total production of 0.90 million tons (AICRP on MULLaRP
2010). Both large and small seeded red lentils are used as rich
source of protein in vegetarian diet. Lentil is grown as a rainfed
crop in central parts of India representing Madhya Pradesh,
Jharkhand, Rajasthan and Bundelkhand regions of Uttar
Pradesh. The major abiotic stresses affecting lentil are cold,
drought, heat, salinity, nutrient deficiency and nutrient toxicity
(Muehlbauer et al. 2006). Among these, drought and heat are
considered as the most important worldwide (Turner et al.
2001).

Minimum
Maximum

Fig 1. Minimum and maximum temperature during the first
fortnight of January 2011 at IIPR, Kanpur

Table 1 presents the results obtained on growth and
development of flowers and pods during low temperature
under field conditions in lentil. Based on the effect of low
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temperature during the period of present study, accessions
were categorized as tolerant or susceptible. The susceptible
genotypes had sensitivity to low temperature at different
stages of growth and development of buds, flowers and pods.
The highly sensitive accessions showed effect of low
temperature on all stages of flower development. Three
accessions ‘IC-560111’, ‘IC-560332’ and ‘IPLS-09-23’ were
found to be highly sensitive to low temperature (<10º C) as
they did not show growth with respect to flower development
and finally degenerated. However, these accessions showed
normal growth and development of flowers when temperature
varied from 10 to 12º C (Table 1).
Nine accessions namely, ‘IPLS-09-05’, ‘IPLS-09-11,
‘IPLS-09-01’, IPLS-09-24’, ‘IPLS-09-14’, ‘IC-560113’, ‘IC560341’, ‘IPLS-09-27’ and ‘IPLS-09-06’ showed sensitivity to
low temperature at different stages started from bud to pod
formation. Among these, first three accessions had young
buds, but did not show any growth towards the partial opening
of flower during the period of study when temperature ranged
from <10 to >12º C. However, in accession ‘IPLS-09-24’, bud
opening ceased at temperature below 10º C but flowering
retrieved when temperature rose above 10º C. Other accession,
‘IPLS-09-14’ had both young and partially opened buds, but
adverse effect of low temperature was observed only on
partially opened buds. Accession ‘IC-560113’ showed growth
and development in young and partially opened bud for initial
three days when temperature was less than 10º C, but no
growth was observed after 3 days when temperature was in

Table 1.
Accession
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between the 10 and 12º C. Only two genotypes, ‘ILL-7663’
and ‘IPL-09-38’ had opened flowers and showed normal
growth of buds before the onset of low temperature period.
However, pod initiation in these accessions was observed at
higher temperature suggesting that probably fertilization
ceased at < 10º C. The remaining accessions showed more
sensitivity to low temperature as matured flowers showed
complete degeneracy of flowers.
Only four accessions viz., ‘L-4603’, ‘IPLS-09-17’,
‘IPLS-09-10’ and ‘IPLS-09-35’ were observed as tolerant to
low temperature as they showed normal growth of young
buds, flower development, pods initiation and pod formation.
These accessions showed development in the pods formed
before onset of low temperature by increasing their length
from 1.5 to 2.5 mm. Also, no degeneration of flowers was seen
in these accessions.
In the present investigation, variability was observed
for low temperature tolerance and our results suggested that
different genes are responsible to impart tolerance to low
temperature at different stages including bud opening, flower
growth, fertilization, pod initiation and pod development in
lentil. The presence of considerable genetic variation among
the accessions studied suggested that there is need to screen
more number of genotypes for low temperature tolerance. The
tolerant accessions identified in present investigation can
further be utilized in breeding programs and in the development
of mapping populations to tag important genes/QTL’s
responsible for low temperature tolerance in lentil.

Growth and development of flowers and pods in lentil under low temperature in field condition

Temp <10º C
Temp 10º C- 12º C
Temp > 12º C
BO I BO II DOB
PI
GP
BO I BO II DOB
PI
GP
BO I BO II DOB
PI
GP
L-4603
×
×
×



*



*



*
IPLS-09-17
×
×
×



*



*



*
IPLS-09-10
×
×
×



*



*



*
IPLS-09-35
×
×
×



*



*



*
99/209
×
×
***
×
×
***
×
×
***






IC-560126
***
***
***
***
***
***
***
***
***






ILL-7663
×
×
×
×
×


*


*



*
IPLS-09-38
×
×
***
×
***
×
***








IPLS-09-05
***
***
***
***
***
***
***
***
***
***
***
***



IPLS-09-11
***
***
***
***
***
***
***
***
***
***
***
***



IPLS-09-01
***
***
***
***
***
***
***
***
***
***
***
***



IPLS-09-24
×
***
***
***
***
***
***
***
***
***
***
***
***


IPLS-09-14
×
***
***
***
***
***
***
***
***
***





IC-560113
***
***
***
×
×
***
***
***
***
***
***




IC-560341
×
***
×
***
×
×
***








IPLS-09-27
×
×
×
×
×



*


*


*
IPLS-09-06
×
***
×
***
×
×
***








IC-560111
×
×
×
×
***
×
×
***
×
×
***




IPLS-09-23
×
×
×
***
***
×
***








IC-560332
×
×
×
***
×
***
×
***







BO: bud opening, DOB: degeneration of bud, PI: pod initiation, GP: growth of pod, *: growth measured in the pods that had been formed before onset of low temperature,
***: unavailable flowering stage, : event occurred, ×: event not occurred
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Indian bean (Dolichous lablab L.) is one of the major
legumes in southern region of Gujarat (India). It is also known
as field bean, hyacinth bean and sem. It is popularly recognized
as ‘Wal’ in Gujarat and Maharashtra. Information about the
combining ability and nature of gene effects helps understand
the inheritance of characters, selection of suitable parents for
hybridization and identification of promising hybrids for further
exploitation in breeding pro grammes. In the present
investigation, efforts were made to generate information on
these genetic parameters for different quantitative traits in
Indian bean.
Eight genetically diverse genotypes viz., ‘NW-4’, ‘NW5’, ‘NW-13’, ‘NW-14’, ‘NW-20’, ‘NW-47’, ‘NW-49’and ‘NW52’ were crossed in all combinations (excluding reciprocals)
to obtain a total of 28 F1 hybrids. Atotal of 37 entries (8 parents,
28 F1 and 1 standard check) was planted in the randomized
complete block design (RCBD) with three replications at
Navsari Agricultural University, Navsari (Gujarat) during rabi
2009-2010. The row to row and plant to plant spacing were
kept at 60 and 20 cm, respectively. Observations were recorded
for days to 50% flowering (no.) and days to maturity (no.) on
per plot basis. For plant height (cm), branches/plant (no.),
Table 1.

pods/plant (no.), seeds/pod (no.), pod length (cm), seed yield/
plant (kg/ha) and 100-seed weight (g), data were recorded on
five competitive plants for each entry/replication and were
averaged. The protein content (%) was determined by using
macro-Kjeldhal method (Jackson 1976). Combining ability
analysis was carried out following Method-II (Model 1) of
Griffing (1956) and heterosis was worked out over the standard
parent.
The differences amongst parents and hybrids were
significant for all the characters. The mean squares due to
general combining ability (GCA) were significant for all the
characters except pod length and seeds/pod. However, mean
squares due to specific combining ability (SCA) were
significant for all the characters. This suggested that both
additive and non-additive gene action were important for
majority of characters under investigation.
Estimates of variances due to GCA and SCA suggested
predominance of non- additive gene action for the ten traits.
These results were similar to those of Dehate et al. (2008) and
Ghodkhe (2009). Estimates of GCA effects (Table 1) revealed
that parents ‘NW-14’, ‘NW-4’ and ‘NW-13’ were the best
general combiners for seed yield/plant. For days to 50%

General combining ability (GCA) effects of parents for various characters in Indian bean

Parents

Days to
50%
flowering
(no.)

Days to
maturity
(no.)

Plant
height
(cm)

Branches/plant
(no.)

Pods/
plant
(no.)

Pod
length
(cm)

Seeds/
pod
(no.)

Seed yield/
plant
(kg/ha)

100 seed
weight
(g)

Protein
content
(%)

NW-47

-4.266**
(84.68)
-2.889*
(87.21)

-6.707**
(115.66)
-4.132**
(112.32)

-6.707**
(115.66)
-4.132**
(112.32)

-0.630
(4.52)
1.661**
(6.36)

0.308
(68.67)
5.617**
(65.68)

-0.116
(4.33)
0.232
(4.24)

-0.303*
(3.12)
0.077
(3.43)

0.642
(2122)
4.643**
(2379)

3.456**
(16.52)
5.210**
(15.24)

0.008
(22.75)
0.137
(21.61)

1.713
(90.00)
-0.892
(85.46)

2.989
(125.56)
1.049
(105)

2.989
(125.56)
1.049
(105)

0.250
(5.89)
0.591
(6.48)

-3.821**
(70.13)
3.810**
(77.52)

0.054
(4.22)
-0.239
(4.18)

0.074
(4.03)
-0.113
(3.85)

-7.427**
(2079)
-4.710**
(1989)

-0.860
(14.48)
-0.786
(11.69)

0.423**
(18.87)
0.483**
(22.44)

-0.472
(92.74)
3.187**
(96.46)

-0.845
(126.35)
2.847*
(116.54)

-0.845
(126.35)
2.847*
(116.54)

0.064
(5.78)
-0.061
(4.83)

4.945**
(83.06)
-5.854**
(62.09)

-0.013
(4.38)
0.017
(4.32)

0.032
(3.84)
0.097
(3.94)

4.326*
(2323)
4.965**
(2391)

3.565**
(23.32)
-1.028
(14.37)

-0.400**
(20.94)
0.150
(20.22)

1.235
(86.13)
2.384*
(99.8)

2.131
(126.66)
2.668*
(122.63)

2.131
(126.66)
2.668*
(122.63)

-0.959**
(4.64)
-0.969**
(3.67)

-3.237
(80.66)
-1.768
(78.1)

-0.199
(4.13)
0.263*
(4.960

0.218
(4.36)
-0.080
(3.98)

-1.913
(2112)
-0.526
(1593)

-5.733**
(13.72)
-3.824**
(8)

0.296**
(21.17)
-0.51*
(23.17)

NW-4
NW-5
NW-52
NW-13
NW-14
NW-20
NW-49

*,**: Significant at P=0.05 and 0.01, respectively; values in parenthesis are the mean of parents
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flowering, ‘NW-47’ was the best general combiner which
exhibited negative significant GCA effects followed by ‘NW4’. Significant negative GCA effects for days to maturity were
recorded by ‘NW-47’, ‘NW-4’ and ‘NW-13’. Desirable GCA
effect for plant height was scored by the parents ‘NW-52’,
‘NW-5’ and ‘NW-49’. Parents ‘NW-4’ and ‘NW-13’ were the
best general combiners for pods/plant, whereas ‘NW-4’ was
the best for 100 seed weight. The best general combining
parents for protein content, pod length and branches/plant
were ‘NW-52’, ‘NW-49’ and ‘NW-4’, respectively. Similar
results were reported by Sawant et al. (2006) for seed yield/
plant. Gupta et al. (2006) and Ghodkhe (2009) reported
significant GCA for pod length, seeds/pod and 100 seed
weight, while significant GCA for days to 50 % flowering and
pods/plant was observed by Kannam et al. (2003).
The crosses with high SCA effects for different
characters are presented in (Table 2). The cross ‘NW-5 × NW52’ was the best specific combiner for seed yield/plant,
whereas crosses such as ‘NW-47 × NW-52’ and ‘NW-47 ×
NW-4’ were good specific combiners for both seed yield/plant
and pods/plant. The cross- combinations ‘NW-5 × NW-49’,
‘NW-47 × NW-4’ and ‘NW-47 × NW-52’ had good SCA effects
for days to 50% flowering. The best combination for days to
maturity was ‘NW-47 × NW-52’ followed by‘NW-47 × NW-4’
and ‘NW-13 × NW-14’. For protein content, the cross ‘NW-5
× NW-49’ was desirable. Crosses such as ‘NW-47 × NW-4’,
‘NW-47 × NW-52’ and ‘NW-20 × NW-49’ showed maximum
SCA effects for seeds/pod, 100 seed weight and pod length,
respectively. For plant height, ‘NW-20 × NW-49’ and ‘NW-4 ×
NW-14’ were desirable. The cross combinations ‘NW-47 ×
NW-4’, ‘NW-4 × NW-13’ and ‘NW-5 × NW-49’ were promising
for branches/plant. These results were in close conformity to
the findings of Sawant et al. (2006) and Ghodkhe (2009) in
Indian bean.
It was evident that crosses exhibiting desirable SCA
effects involved parents with good, average or poor GCA

effects, indicating influence of non-additive gene interactions
in these crosses. These results were similar to those of Bagade
(2001) and Dehate et al. (2008). Further, GCA and SCA effects
of the parents and crosses, respectively for seed yield/plant
were largely dependent on their respective combining abilities
for one or more yield components, especially for pods/plant.
These results conformed to those of Sawant et al. (2006) and
Ghodkhe (2009). Parents identified as good general combiners
for different traits could be suitably used in breeding
programmes.
Four top ranking desirable cross combinations selected
on the basis of economic heterosis and sca effects are
mentioned in Table 3. The first hybrid ‘NW-5 × NW-52’
showing highest heterosis over the check ‘Guj-wal-2’ for seed
yield/plant also showed significant and desirable standard
heterosis for other traits like days to 50% flowering, days to
maturity, branches/plant, pods/plant, pod length, seeds/pod
and protein content. Similarly, the second cross ‘NW-47 ×
NW-52’ had higher heterosis over check for days to 50%
flowering, days to maturity, plant height, branches/plant, pods/
plant, pod length, 100 seed weight and protein content. The
remaining two hybrids ‘NW-4 × NW-13’ and ‘NW-5 × NW-52’
also possessed higher standard heterosis for seed yield/plant
and other component characters. These top four crosses had
higher per se performance, standard heterosis and sca effects
for seed yield/plant. These results were also corroborated by
the findings of Sarode et al. (2000) and Ghodkhe (2009).
In autogamous crops, breeders are interested in
transgressive segregates that can be obtained in latter
generations. The crosses with high SCA involving parents
with good GCA can be exploited easily by simple conventional
breeding programme. However, those crosses which involved
either average or poor combiners as one of the parents would
provide desirable segregates only if additive genetic effects
were present in the other parent with epistasis effects acting
in the same direction. Int ermating amongst desirable

Table 2. Specific combining ability (SCA) effects of promising crosses for different characters in Indian bean
Crosses

NW-47 × NW-4

Days to 50%
flowering
(no.)

Days to
maturity
(no.)

Plant
height
(cm)

Branches
/plant
(no.)

Pods/
plant
(no.)

Pod
length
(cm)

Seeds/
pod
(no.)

Seed yield/
plant
(kg/ha)

100 seed
weight
(g)

Protein
content
(%)

-19.333**

-19.627**

-6.029

6.328**

62.825**

1.941**

1.673**

49.468**

23.520**

0.407*

NW-5 × NW-52

0.711

4.79

-27.949**

4.293**

46.911**

1.583**

1.616**

55.619**

21.302**

2.592

NW-47 × NW-52

-18.450**

-21.92**

-22.549**

0.648

64.182**

2.103**

-0.177

55.001**

28.416**

0.361*

NW-4 × NW-13

-17.337**

-15.07**

9.713

5.414**

56.418**

1.219**

1.268**

41.113**

25.201**

-1.125

NW-5 × NW-49

-20.805**

-13.91**

-33.831**

5.413**

50.339**

2.480**

1.153**

30.254**

24.200**

2.926**

NW-13 × NW-14

-16.213**

-19.47**

7.878

2.686*

45.559**

2.015**

1.598**

31.040*

1.899**

1.422**

NW-20 × NW-49

-18.227**

-18.38**

-38.406**

1.367

46.025**

2.353**

0.889*

40.791**

23.413**

0.427*

NW-4 × NW-14

1.094

6.62

-38.326**

5.089**

47.277**

1.549**

1.303**

35.394**

20.214**

2.305**

NW-52 × NW-20

3.329

7.35

3.48

2.72

10.42**

-0.684

0.512

-32.704

-1.095

0.593*

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

Gawali et al. : Heterosis and combining ability in Indian bean
Table 3. Four to p ranking hybrids with their per se
performance, SCA effect and standard heterosis.
Crosses

Per se
performance

Standard
heterosis

SCA
effect

Desirable standard
heterosis for other
traits

NW-47 ×
NW-4

49.23

53 . 84

4 9. 4 6

D FF, D T M ,
B PP , PP P, PL ,
SPP , P C .

NW-47 ×
NW-52

46.78

46 . 19

5 5. 0 0

D FF, D T M ,
PH , B PP , PP P,
PL , SP P, H SW ,
PC .

NW-4 ×
NW-13

41.53

NW-5 ×
NW-52

38.93

29 . 78

21 . 66

4 1. 1 1

D FF, D T M ,
B PP , PP P, PL ,
SPP , H S W, PC .

55 . 6 19 D T M , PH ,
B PP , PP P, PL ,
SPP , H S W, PC .

DFF=Days to 50% flowering, DTM= Days to maturity, PH= Plant height (cm),
BPP= Branches/plant, PPP= Pods/plant, PL= Pod Length (cm), SPP= Seeds/
pods, SYPP=Seed yield/plant (kg/ha), HSW= 100 seed weight (g), PC=Protein
content (%)

segregates in biparental fashion in early segregat ing
generations may be expected to break undesirable linkages
and may result in rare desirable recombinations as visualized
by Vasline et al. (2007) and Ghodkhe (2009).
In conclusion, ‘NW-4’, ‘NW-13’, ‘NW-52’ and ‘NW-47’
were found to be promising parents as these showed
significant GCA effects in desirable direction for most of the
characters. Among the crosses, ‘NW-5 × NW-52’, ‘NW-47 ×
NW-52’, ‘NW-47 × NW-4’ and ‘NW-20 × NW-49’ were the
most promising hybrids as they exhibited high SCA effects
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and standard heterosis for seed yield/plant as well as for other
yield contributing characters.
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The selection of suitable parents in any breeding
programme is important to effect improvements in quantitative
characters like yield and its components. The estimation of
combining ability and their effects provides guidelines to select
such best combiners for hybridization programme. Also, the
nature and magnitude of gene action involved in controlling
such traits can be identified and quantified. Therefore, the
present investigation aimed to analyze combining ability for
grain yield and its component characters in pigeonpea.
The experimental material comprised 3 cytoplasmic male
sterile (CMS) lines having A4 cytoplasm (C. cajanifolius)

procured from ICRISAT, Patencheru, 20 restorers (collected
from different places like ICRISAT, Patencheru; ARS,
Badanpur; PDKV, Akola and MPKV, Rahuri), 60 cross
combinations (hybrids) and 2 checks. All the parents and
crosses were grown in a randomized complete block design
(RCBD) with two replications having an inter- and intra-row
spacing of 75 cm and 30 cm, respectively. Recommended
agronomic practices were followed for raising the crop.
Observations were recorded on five randomly selected
competitive plants for ten characters viz., days to flowering
(no.), days to maturity (no.), plant height (cm), primary

Table 1. General combining ability effects for lines and testers for different traits
Parents

Lines
ICPA 2043
ICPA 2047
ICPA 2092
SEm (Lines)
CD (P = 0.05)
CD (P = 0.01)
Testers
BSMR198
BSMR846
BSMR164
BSMR20096
ICPR3525
BSMR175
BSMR2
ICPL12749
BSMR203
BWR154
BSMR571
ICPR 13991
ICPR 10934
ICPR 3475
BSMR 736
TV 1
AKT 8811
PHULE-T-00-1-25-1
PHULE-T-04-31
AKT 9913
SEm (Testers)
CD (P = 0.05)
CD (P = 0.01)

Days to 50% Days to
flowering
maturity
(no.)
(no.)

Plant
height
(cm)

Primary
branches/
plant (no.)

Secondary
branches/
plant (no.)

Pods/
plant
(no.)

Seed/
pod
(no.)

100-seed
weight
(g)

%
fertility

Grain
yield/plant
(g)

-3.233**
4.842**
-1.608**
0.2132
1.5488
2.0550

-2.750**
1.700**
1.050**
0.2431
1.7658
2.3429

6.978**
-2.330*
-4.647**
1.0968
7.9672
10.571

1.190**
-0.274*
-0.916**
0.0876
0.6360
0.8438

0.813**
0.488*
-1.302**
0.1700
1.2351
1.6388

-17.629**
-11.739**
29.368**
1.3566
9.8547
13.075

-0.004
-0.034
0.038
0.0440
0.1239
0.1643

0.117*
0.136**
-0.252**
0.0350
0.2539
0.3369

1.316
-0.934
-0.382
0.5780
4.1986
5.5708

-5.780**
-4.374**
10.154**
0.4811
3.4945
4.6366

2.883**
2.550**
5.883**
-0.450
0.717
0.217
3.050**
1.550*
1.550*
4.050**
-0.283
-4.617**
-0.117
-3.283**
-6.617**
-0.283
-1.950*
-3.783**
-2.783***
1.717*
0.5505
0.5998
0.7959

-1.967*
-1.300
0.700
0.367
1.533
0.867
2.033*
-0.467
-0.133
-0.300
0.867
-0.300
-0.300
1.533
0.867
-0.633
-1.800*
-2.133*
-0.800
1.367
0.6276
0.6839
0.9074

2.606
-0.449
-4.117
-8.560*
7.381
-4.674
-11.44**
2.551
1.993
-1.340
-5.172
-16.17**
-4.674
-1.395
-2.504
2.161
6.216
11.71**
6.663
19.21**
2.8319
3.0857
4.0942

0.227
-0.733*
-0.906**
-0.330
1.954**
0.114
-0.963**
1.820**
-0.273
0.889**
-0.940**
-0.453
-0.163
0.704*
-0.716*
0.225
0.817*
-0.940**
-1.351**
1.059**
0.2261
0.2463
0.3268

-0.385
-2.435**
-4.118**
-4.218**
-2.785**
-2.835**
-6.552**
0.568
1.265*
3.332**
-0.902
1.432*
0.232
2.715**
0.632
4.498**
6.615**
0.998
2.048**
1.032
0.4390
0.4784
0.6347

34.04**
-48.99**
-18.07**
94.24**
-24.68**
-21.17**
-7.703
2.418
-19.51**
-7.253
-17.09**
-47.63**
148.15**
21.325**
20.302**
-11.19*
-34.65**
-33.99**
-44.40**
15.887**
3.5028
3.8167
5.0641

0.014
-0.019
-0.003
0.248**
-0.203**
0.198**
0.131*
0.214**
0.047
-0.136*
-0.169**
-0.019
0.014
0.181**
-0.002
-0.036
-0.202**
-0.169**
-0.019
-0.069
0.0170
0.0480
0.0636

-0.110
0.223
0.623**
0.073
-0.944**
0.861**
0.185
0.806**
-0.077
-0.377**
-0.260*
0.123
-0.210
-0.105
-0.344**
0.451**
-0.877**
-0.439**
-0.194
0.590**
0.093
0.0983
0.1305

-7.243**
2.390
0.723
0.257
3.023
-2.893
-1.410
-1.527
0.807
-1.877
-1.310
-5.893**
3.590
5.907**
2.023
2.573
0.457
3.307
-1.127
-1.777
1.4924
1.6261
2.1576

11.497**
-17.623**
-4.138*
42.940**
-15.788**
-1.717
-0.222
6.955**
-7.857**
-7.802**
-9.662**
-18.903**
53.228**
10.481**
5.501
-2.209
-18.302**
-17.338**
-18.094**
9.053**
1.2421
1.3534
1.7957

*,**: Significant at P = 0.05 and 0.01, respectively
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Table 2. Five best specific combiners for grain yield/plant and their performance for other traits
Crosses with maximum sca
effects

Mean grain
yield/ plant (g)

ICPA 2092 × BSMR 164

107.1

ICPA 2047 × ICPR 3475
ICPA 2047 × ICPR 13991

64.6
62.3

ICPA 2043 × BSMR 2
ICPA 2043 × AKT 8811

74.1
55.4

sca effects gca effects of parents Significant response in related characters for sca effects
P1
P2
40.42
10.15
-4.13
Days to 50% flowering, days to maturity, plant height, pods/
plant, 100-seed weight, % fertility
31.31
-4.37
10.48
Days to 50% flowering, primary branches/plant, pods/plant
25.22
-4.37
-18.90 Days to 50% flowering, days to maturity, plant height,
secondary branches/plant, pods/plant, 100-seed weight.
19.73
-5.78
-0.22
Days to 50% flowering
19.13
-5.78
-18.30 Days to 50% flowering, plant height, primary branches/plant,
pods/ plant

branches/plant (no.), secondary branches/plant (no.), pods/
plant (no.), seeds/pod (no.), 100-seed weight (g), % fertility
and grain/plant (g). The analysis of combining ability was
done according to Griffing (1956).
Analysis of variance revealed that the sca variance
(2sca) was higher than gca ( 2gca) for all characters. The
ratio of gca to sca variances was less than unity for all the
characters indicating preponderance of non-additive gene
action (dominance and epistasis). The per cent contribution
of lines in hybrid was higher than that of testers for two
characters namely, days to 50% flowering and days to maturity.
Percentage contribution of testers to total variance was
higher for grain yield/plant, number of pods/plant, number of
secondary branches/plant and 100-seed weight. Similarly, the
contribution of lines × testers to the total variance was higher
for characters like restoration followed by number of seed/
pod, plant height and 100-seed weight. Similar results were
also reported earlier (Dalvi et al. 2009). Among parents, ‘BSMR
736’ and ‘ICPA 2043’ exhibited significant negative gca for
days to 50% flowering and days to maturity, while ‘AKT 9913’
and ‘ICPR 3525’ were the best general combiners for plant
height and number of primary branches/plant, respectively.
‘AKT 8811’ was the best combiner for number of secondary
branches/plant, while ‘BSMR 20096’ was the best general
combiner for number of seeds/pod. High gca estimates of
‘ICPR 3475’ and ‘ICPR 10934’ indicated that these parents
were good combiners for % fertility, pods/plant and grain yield/
plant. In general, good general combiners for grain yield had
good or average combining ability for one or more characters.
These results were in agreement with the results of Ghodke et
al. (1993) and Jayamala and Rathnaswamy (2000).

The est imat es o f sca revealed that 19 crosscombinations showed significant positive effects on grain
yield/plant. The results of sca effects in best five cross
combinations along with their per se performance as well as
gca effects of parents and their significant response to other
characters have been presented in Table 2. Out of five crosses
showing high mean and significant positive sca effects for
grain yield, two crosses ‘ICPA 2092’ × ‘BSMR 164’ and ‘ICPA
2047’ × ‘ICPR 3475’ belonged to high × low and low × high,
respectively and the remaining three ‘ICPA 2047’ × ‘ICPR
13991’, ‘ICPA2043’× ‘BSMR 2’and ‘ICPA 2043’ × ‘AKT 8811’
belonged to low × low gca classes. These results were also in
conformity with those of Baskaram and Muthian (2007). The
present study indicated that the crosses showing high per se
performance and sca effects for grain yield and other related
traits could be commercially exploited for development of high
yielding hybrids.
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Before some potential genotypes are released for
commercial cultivation, it is imperative to evaluate them over
different environments to ascertain their consistency and
stability of performance. The relative performance of different
genotypes varies from environment to environment, thereby
more often altering the magnitude of quantitative differences
between genotypes and thus affecting the relative ranking of
the genotypes. This makes the breeders indecisive. As such
the knowledge regarding the nature and relative magnitude of
different types of G × E interactions are vital for making choices
among breeding methods, selection programme and testing
procedure in any crop improvement programme (Baker 1969).
Therefore, the present study was undertaken to understand
the differential G × E interactions of eight potential genotypes
and to assess the stability in performance of these genotypes
for grain yield.
The experimental material comprised eight diverse
genotypes viz., ‘HFP 4’, ‘SKNP 04-01’, ‘SKNP 04-03’, ‘SKNP
04-05’, ‘SKNP 04-06’, ‘SKNP 04-08’, ‘SKNP 04-09’ and ‘DDR
49’. These genotypes were evaluated for their stability
performance in the randomized complete block design (RCBD)
with three replications over 10 environments created at four
different locations viz., Sardarkrushinagar (4 years), Jagudan
(3 years), Deesa (2 years) and Ladol (1 year) during rabi 200506 to 2008-09. Each genotype was sown in 8 rows plot of 4
metre length with inter and intra row spacing of 30 cm and 10
cm, respectively. All recommended agronomical practices and
plant protection measures were adopted for raising the good
crop. The observations were recorded on grain yield (kg/ha).
The statistical analysis for G × E interactions and stability
parameters were carried out as suggested by Eberhart and
Russell (1966).
The pooled analysis of variance for genotypes was
found to be significant for grain yield. This revealed significant
variation among genotypes and environments. Highly
significant variance due to genotypes and genotypes ×
environments interaction for grain yield revealed presence of
genetic variability and its inconsistency in performance over
different environments. Similar results for grain yield were
reported by Chetia and Yadav (2002). Highly significant G × E
(linear) interaction further substantiated differences among
genotypes and their inconsistent response to different

environments (Table 1), indicating the need for selection of
stable or situation specific genotypes for grain yield. The
prediction of performance based on regression analysis might
be reliable as observed from the significance of pooled
deviations.
Table 1.

Analysis of variance (mean square) for phenotypic
stability for grain yield (kg/ha) in fieldpea

Sources of Variation

d.f.

Grain yield
(kg/ha)

Environemnt (E)

9

13277913**

Genotype (G)
G×E
E (linear)

7
63
1

214615**
60014
119501250**

G × E (Linear)
Pooled Deviations

7
64

182789**
39083**

Pooled Error

140

44708

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

The ultimate aim of any breeding programme hovers
around increasing the producti vity wit h st abil ity of
performance, though the modus operandi to achieve it differs
widely from situation to situation. In the present investigation,
it was observed that the genotypes ‘DDR 49’ (1521 kg/ha),
‘SKNP 04-05’ (1516 kg/ha), ‘SKNP 04-08’ (1509 kg/ha) and
‘SKNP 04-06’ (1490 kg/ha) exhibited high mean values for grain
yield wit h non-significant regression coefficient (bi)
approaching unity and non-significant deviation from
regression depicting stability of phenotypic performance over
enviro nments (Tabl e 2). These geno types co uld be
recommended for general cultivation over the environments
under study. The results were in accordance with the findings
of Chetia and Yadav (2002). From agronomic point of view, it
would be desirable to select the appropriate variety for
favourable environments so that higher yield could be
achieved in those specific environments. The regression
coefficient is indicative of response of genotypes to changing
environments. ‘SKNP 04-09’ gave the highest yield (1737 kg/
ha) and exhibited regression coefficient significantlymore than
unity with non-significant deviation from regression indicating
its suitability for favourable /good management environments.
Pan and Krishna Prasad (2000) reported similar results in
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Table 2.

Stability parameters of different genotypes for grain
yield (kg/ha) in fieldpea

Genotype
HFP 4
SKNP 04-01
SKNP 04-03
SKNP 04-05
SKNP 04-06
SKNP 04-08
SKNP 04-09
DDR 49
Mean
SE (±)

Grain yield
(kg/ha)
1266.5
1311.6
1394.6
1516.0
1490.3
1509.6
1737.2
1521.0
1468.4
65.9

bi

S2di

0.95
0.84*
0.94
1.04
1.05
0.98
1.22**
0.99
1.00
0.05

33705.4
23353.6
-3801.8
5347.44
6649.94
1506.04
68557.68
58127.68

fieldpea for ‘HUVP-1’ and ‘Pant Uphar’, as they were found
high-yielding, highly stable and suitable for favourable
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environments. Therefore, ‘DDR 49’, ‘SKNP 04-05’, ‘SKNP 0408’ and ‘SKNP 04-06’ could be considered stable varieties for
cultivation over the environments while ‘SKNP 04-09’ was
suitable for favourable environments.
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Soybean (Glycine max L.) is a highly remunerative and
economic oilseed crop of India. It is the only crop, which has
maximum protein content in the seeds. Besides, it also contains
macronutrients, minerals, secondary metabolites such as
isoflavones (Sakai and Kogiso 2008), saponins, phytic acid,
oligosaccharides, goitrogens and phytoestrogens (Ososki and
Kennelly 2003). The consumption of soybean-based products
is increasing worldwide because of the reported beneficial
effects including lowering of cholesterol, prevention of cancer,
diabetes and obesity, and protection against bowel and kidney
diseases. Hence, soybean is said to be nutritionally rich crop.
Considering above importance and constraints of soybean
production, the present study was undertaken to study
morpho-physiological traits responsible to impart drought
tolerance in soybean.
The experiment was conducted during winter season of
2009 –2010 at Tamil Nadu Agricultural University, Coimbatore.
50 elite soybean genotypes were grown in a randomized
complete block design (RCBD) with two sets of the same
treatments (one designated as normal and the other as stress
treatments). Each treatment was replicated thrice and was sown
in a ridge of four metre row length spaced 45 cm apart with
intra row spacing of 10 cm. Two seeds were hand dibbled on
the sides of the ridges and they were thinned to one seedling
per hill after 10 day of sowing. All recommended agronomic
measures were followed. Water stress was induced during
the critical period of crop growth phase viz., flower initiation
to pod development stage. At pod development stage, morphophysiological traits viz., root length, root–shoot ratio, root
dry weight, shoot dry weight, total dry matter production and
seed yield were recorded from five randomly selected
competitive plants of each genotype per replication.
Significant differences among the genotypes were
observed at pod development stage for the two sets of
treatments (normal and stress treatments). Root length for
normal and stress treatments ranged from 14.2 cm (‘IC93752’)
to 30.3 cm (‘PK 257’) and from 10.0 cm [‘JS (SH) 91-93’] to 21.4
cm (PLSO 90), respectively. The respective mean was 21.92
cm and 16.61 cm (Table 1). The reduction in root length in the
stress compared to normal treatments varied from 0.94 (‘RKS
18’) to 49.50% (‘IC16040’). The mean reduction was 24.22%.

The root-shoot ratio ranged from 0.06 (‘IC93751’ and
‘PK257’) to 0.96 [‘JS (SH) 91-93’] and from 0.15 (‘IC39873’,
‘IC15969’ and ‘PK257’) to 0.28 (‘IC18736)’, respectively for
normal and stress treatments. The respective mean was 0.11
and 0.19. The mean root dry weight ranged from 0.56 g/plant
(‘TNAU 20049’) to 2.25 g/plant (‘PK 258’) in the normal and
from 0.26 g/plant (‘JS 92-22’) to 1.09 g/plant (‘PK 258’) in the
stress genotypes. The respective mean was 1.10 g/plant and
0.69 g/plant (Table 1). The mean root dry weight was found to
be reduced in the stress compared to the normal ones. The
reduction in root dry weight due to stress ranged from 0.35
(‘IC93656’) to 76.54% (‘JS 92-22’). The mean shoot dry weight
ranged from 3.98 g/plant (‘JS 99-02’) to 23.29 g/plant
(‘IC110399’) in the normal and from 0.62 g/plant [‘JS (SH) 9193’] to 15.31 g/plant (‘IC110399’) in the stress. The reduction
in shoot dryweight due to stress ranged from 2.68 (‘IC93656’)
to 82.63% [‘JS (SH) 91-93’]. Similarly, dry matter production
for normal and stress treatments ranged from 13.33 g/plant
(‘IC216380’) to 34.59 g/plant (‘PK 258’) and from 3.87 g/plant
[‘JS (SH) 91-93’] to 23.26 g/plant (‘IC15969’), respectively
(Table 1). The reduction in dry matter production in the stress
treatments ranged from 5.12 (‘IC93656’) to 79.30% (‘IC93752’).
The mean dry matter reduction was 48.22%.
Soybean root growth showed a significant response to
drought stress. Under drought stress, roots grow slowly in
the surface layer and more rapidly in the deeper wetted soil
layers (Garay and Wilhelm 1983). Soybean plants often
undergo substantial water deficits, even though water is
readily available only slightly deeper in the soil. Plants can
adapt to drought by developing a longer taproot which helps
reach the lower soil layers where water is available. It is one of
the major factors influencing soybean rooting depth. In the
present study, difference in root development was observed
in all the genotypes under normal and stress condition. Under
stress condition, reductions in root length, number of nodules,
lateral roots and root biomass were observed in all the
genotypes. Differences in seed yield were observed in normal
and stress treatments. The mean seed yield ranged from 4.36
g/plant (‘IC93656’) to 13.75 g/plant (‘JS 90-29’) with a mean of
8.34 g/plant under normal condition. The range was minimized
in stress condition; it varied from 1.37 g/plant [‘JS (SH) 9337’] to 6.29 g/plant (‘IC16040’). The percentage reduction in
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Table 1.
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Effect of water stress on morpho-physiological traits in soybean genotypes at pod development stage

Genotypes

IC2574
PK 731
NRC 21
IC 9311
IC 18596
IC 110399
TNAU 20049
SL 525
JS 92-22
JS 335
RKS -18
AMSS 34-A
IC14467-A
JS 148
UGM-73
PLSO 90
JS99-02
PK257
IC2572-A
IC25167
IC100790
TNAU 20037
JS (SH) 99-02
JS 89-24
IC 1024
NRC 51
IC25166
HIMS0 1565
JS 92-22-A
IC7361
PK 258
IC 2048
JS(SH)93-37
VLS 53
JS (SH) 91-93
IC 216380
JS 90-29
MACS 715
JS 95-98
IC18277
IC 62376-A
JS (SH) 89-49
IC 39873
IC16040
IC34057
IC15969
IC18736
IC93751
IC93752
IC93656
Grand mean
CD (P=0.05)

Root length
(cm)
Normal
20.3
22.3
23.6
22.4
21.3
23.5
17.8
29.1
19.4
22.2
21.3
27.3
21.0
21.5
21.9
23.1
18.6
30.3
20.3
22.4
22.3
22.1
17.5
23.1
28.6
19.4
21.5
24.3
25.5
21.2
20.3
21.5
20.1
18.9
15.3
18.4
25.1
18.6
23.2
23.1
20.9
22.1
23.4
20.0
24.5
30.2
20.2
21.5
14.2
19.4
21.92
0.026

Stress
16.3
16.8
17.5
16.2
18.9
21.2
13.2
19.7
13.2
16.5
21.1
19.6
19.8
16.3
19.4
21.4
15.6
16.7
13.1
20.1
20.3
19.5
14.6
20.1
17.1
18.6
19.2
17.3
16.8
15.1
15.4
18.5
11.3
10.1
10.0
13.3
18.4
17.3
19.2
18.1
15.2
17.3
13.3
10.1
18.4
17.0
15.6
12.8
13.2
15.1
16.61
0.026

Root to shoot
ratio
Normal
0.08
0.09
0.09
0.07
0.11
0.08
0.08
0.09
0.07
0.09
0.15
0.09
0.10
0.08
0.08
0.10
0.16
0.06
0.10
0.08
0.10
0.08
0.12
0.08
0.12
0.14
0.13
0.11
0.10
0.10
0.15
0.12
0.10
0.11
0.96
0.12
0.07
0.07
0.12
0.09
0.10
0.10
0.09
0.11
0.08
0.07
0.12
0.06
0.12
0.10
0.11
0.007

Stress
0.19
0.17
0.18
0.18
0.26
0.17
0.21
0.20
0.21
0.17
0.16
0.20
0.19
0.20
0.23
0.17
0.21
0.15
0.17
0.20
0.16
0.16
0.23
0.17
0.19
0.19
0.21
0.19
0.26
0.19
0.20
0.19
0.21
0.22
0.26
0.20
0.19
0.18
0.18
0.23
0.20
0.16
0.15
0.24
0.21
0.15
0.28
0.20
0.16
0.18
0.19
0.005

Root dry weight
(g/plant)
Normal
1.14
0.87
1.49
0.82
0.93
1.82
0.57
1.09
1.14
1.08
0.73
1.65
0.91
1.20
0.73
1.16
0.83
1.24
1.22
1.02
0.76
0.90
0.94
1.75
1.86
1.02
0.87
1.45
1.30
0.89
2.26
0.88
1.05
0.66
0.60
0.68
1.59
1.42
1.99
0.73
0.86
0.81
0.71
1.59
0.95
1.07
1.57
0.61
0.85
0.86
1.10
0.092

Stress
0.87
0.78
0.60
0.82
0.86
1.05
0.36
0.83
0.27
0.63
0.66
1.09
0.79
0.65
0.62
0.60
0.60
0.56
0.48
0.88
0.54
0.84
0.62
0.59
0.60
0.72
0.73
0.92
1.01
0.75
1.09
0.57
0.32
0.49
0.59
0.60
0.93
0.62
0.92
0.66
0.65
0.60
0.61
0.66
0.91
0.98
0.64
0.46
0.36
0.86
0.69
0.006

Shoot dry weight
(g/plant))
Normal
12.25
11.08
16.06
16.97
8.57
23.30
4.62
13.55
9.30
12.93
21.72
19.41
8.94
10.90
9.89
14.62
3.98
19.49
13.30
15.40
10.07
13.14
6.55
21.01
19.18
10.07
7.30
14.89
15.25
9.49
19.87
8.68
9.05
4.98
3.62
6.41
15.91
16.67
22.18
9.10
15.00
11.60
8.64
15.70
13.48
18.69
8.49
8.61
7.54
9.71
12.54
0.148

Stress
11.35
10.21
7.29
8.97
5.61
15.31
4.80
7.77
4.14
6.94
4.81
9.79
8.63
8.64
4.50
6.58
3.87
12.53
5.42
7.96
6.11
12.76
5.39
8.92
5.63
5.48
6.19
9.01
6.00
7.47
7.55
5.34
3.63
4.65
0.63
5.43
15.01
9.57
4.62
4.73
7.12
6.68
5.49
4.47
8.22
15.11
5.80
8.34
3.13
9.45
7.26
0.152

Total dry matter
accumulation
(g/plant)
Normal
Stress
18.66
15.58
18.27
13.12
26.41
9.92
24.69
15.99
16.43
10.95
19.21
16.67
19.89
7.80
22.70
12.61
15.47
7.16
20.12
11.27
22.84
9.58
24.62
6.62
20.48
14.12
20.15
13.18
15.19
8.23
23.59
9.53
29.62
7.45
29.74
18.61
21.10
9.53
21.55
12.92
18.10
8.84
19.73
17.45
15.96
10.18
23.94
13.56
21.43
8.62
16.41
9.85
29.94
11.83
25.10
13.67
24.45
11.57
15.12
14.14
34.59
12.73
33.89
8.89
15.44
6.08
26.10
7.53
16.34
3.87
13.33
9.83
24.97
20.86
28.48
13.21
24.12
7.68
15.56
8.89
23.29
11.12
18.36
10.61
28.72
9.50
24.67
7.80
20.09
14.47
29.41
23.27
18.14
9.13
20.22
12.05
26.14
5.41
14.85
14.85
21.95
11.36
0.040
0.089

Seed yield
(g/plant)
Normal
9.7
7.27
10.42
10.23
10.76
11.04
5.67
11.27
6.63
5.79
8.11
3.67
8.69
8.96
8.74
8.53
8.51
10.21
8.58
6.05
10.48
8.96
5.36
6.94
7.61
9.51
13.29
7.02
12.2
6.27
8.22
7.51
6.44
9.54
4.49
5.61
13.75
9.05
10.71
9.76
8.21
8.9
8.00
10.27
5.85
8.17
8.29
7.31
6.11
4.36
8.34
0.282

Stress
2.7
2.77
3.46
2.65
3.52
3.67
3.38
4.69
2.86
2.09
5.66
2.97
3.15
2.91
3.17
2.89
4.54
3.72
4.04
5.13
2.91
1.81
1.85
3.01
1.64
4.2
3.98
4.42
4.38
4.17
2.29
3.2
1.37
1.82
4.07
4.62
3.54
2.86
4.02
6.06
2.07
2.09
2.88
6.29
5.68
3.85
3.32
2.55
5.66
3.08
3.47
0.225
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mean seed yield ranged from 2.91 (‘IC34057’) to 80.92% (‘VLS
53’). The mean seed yield reduction was 58.39%.
The damage on plant by the excessive water stress
(EWS) is usually attributed to an insufficient oxygen supply
to maintain the root respiration. Excessive water stress inhibits
nitrogen and mineral uptake, and inhibits root growth and
nodulation in soybean. The genotype ‘IC93656’ exhibited the
highest reduction (49.50%); ‘RKS-18’ showed the lowest
reduction (0.94%) under stress during pod development stage.
The genotype ‘PLSO 90’ (21.4 cm) showed better performance
under stress condition, indicating that the genotype ‘PLSO
90’ can be used in the breeding programme for developing
genotypes with better root-related traits in soybean. Earlier
studies showed that the root-to-shoot ratio increases under
water-stress conditions to facilitate water absorption and that
it is related to the ABA content of roots and shoots (Rane and
Maheswari 2001). Similar results were obtained in the present
study under stress condition, which could be due to increase
in ABA content of roots and shoots (Manivannan et al. 2007).
The genotype ‘IC18736’ recorded the maximum root-shoot
ratio (0.28) under stress condition at pod development stage.
Significant correlations exist in soybean between
drought resistance and various root traits such as dry weight,
total length, volume and number of lateral roots (Liu et al.
2005). In the present study, reduction in root dry weight was
observed in all the genotypes under stress condition. The
extent of reduction was observed upto 36.84%. Under stress
condition, ‘PK 258’ (1.09 g/plant) recorded maximum root dry
weight; the genotype ‘JS 92-22’ recorded the lowest (0.26 g/
plant). Choi et al. (1995) reported that the reduction of soybean
yield at the vegetative growth stage was mainly due to the
decrease of stem dry weight under excessive soil water stress.
In the present study, severe reduction in shoot dry weight
was observed in all the genotypes under stress condition
when compared to normal condition. The extent of reduction
was 42.11% at pod development stage.
The genotype ‘IC110399’ recorded the maximum shoot
dry weight (15.31 g/plant). Per cent reduction was observed
more in shoot dry weight (42.11%) as compared to root dry
weight (36.48%). The reduction in shoot dry weight was
observed in all the genotypes under stress when compared to
normal condition. Genotype ‘IC93656’ showed least reduction
(2.68%), while the genotype ‘JS(SH) 91-93’ showed highest
reduction. Similar results were obtained by Zhang et al. (2004)
in sugarbeet genotypes. Total dry matter production is one of

the most important determinants of yield. The dry weight of
leaves, shoot and total dry matter accumulation showed an
increased trend upto pod development stage and thereafter it
declined in all the genotypes. This may be due to translocation
of assimilates from the vegetative parts to the reproductive
parts and also because of the senescence of leaves. The dry
matter was reduced in all the genotypes at pod development
in stress condition when compared with the normal one. The
maximum dry matter reduction (79.30%) was recorded in
‘IC93752’ and minimum reduction (5.12%) in ‘IC93656’ at pod
development stage. Reduction in dry matter accumulation was
observed in all the genotypes under stress condition. This
might be due to reduction in leaf area, leaf area index and
reduced plant growth and development due to soil moisture
stress.
It is concluded from the present study that seed yield
showed the maximum mean reduction (55.22%) followed by
dry matter production (48.22%), shoot dry weight (42.11%),
root dry weight (36.84%) and root length (24.22%) under water
stress condition at pod development stage.
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In India, chickpea occupies an area of about 7.89 million
hectare with an annual production of 7.06 million tones and
productivity of 895 kg/ha. Madhya Pradesh (M.P.) is the largest
producer of chickpea in the country, which covers 2.84 million
hectare area with a total annual production of 2.79 million
tones and productivity of 981 kg/ha. Though the chickpea
pro duct ivit y of this state is higher than the average
productivity of India, there is still scope of productivity
enhancement. Productivity can be enhanced by growing
improved varieties and by following proper agronomic
management practices. Nutrients recommendation for rainfed
chickpea in Madhya Pradesh is 20 kg N, 40 kg P2O5, 20 kg K2O
and 20 kg S together with Rhizobium and phosphorussolubilizing bacteria (PSB) inoculation (Gupta 2004).
Application of 20 kg N/ha serve as a starter dose to meet out
the nitrogen requirement of chickpea crop at the initial stage
till the formation of active nodules and start of biological
nitrogen fixation (BNF). Nodulation in legumes normally remain
effective from 20 days to 60 days in the medium black soil and
thereafter senescence of nodules takes place at the postflowering stage (De and Singh 2010). Due to nodule
degeneration, nitrogen requirement of crop at the later stages
may be affected, which results in the loss of productivity.
Foliar feeding of nutrients has been found an efficient method
of applying nutrients in rainfed conditions. (Shrivastava and
Shrivastava 1994). Bio-fertilizers are microbial cultures, which
makes available certain plant nutrients to crops by various
actions. Positive effect of Rhizobium and PSB in chickpea
has been observed in medium black soils (Gupta 2004). Plant
growth promoting rhizobacteria (PGPR) also known to have
positive effect on crop growth due to action of growth
promoting substances produced by these organisms.
Keeping these facts in view, it is imperative to find out
the integrated effect of basal nitrogen (N), microbial cultures
and of urea spray. The present investigation was carried out
to evaluate effects of bio-fertilizers, inorganic fertilizer N as
basal dose and of foliar spray of urea in rain fed chickpea.
The field experiments were conducted in medium black
soil to study the effect of bio-fertilizers and foliar spray of
*Ph D. Scholar, Division of Agronomy, IARI, New Delhi – 110 012,
India;

urea on symbiotic traits, nitrogen uptake and productivity of
rainfed chickpea during the rabi seasons of 2006-07 and 200708 under the All India Co-ordinated Research Project on
Chickpea at the research farm of R.A.K. College of Agriculture,
Sehore. The soil of the experimental field had pH, EC, organic
carbon, available N, P and K of 7.7, 0.15 dS/m, 0.35%, 220 kg/
ha, 17.2 kg/ha and 438 kg/ha, respectively. The experiment
was conducted with seven treatments consisting of absolute
control (without fertilizer and bio-fertilizers), 20 kg N/ha (basal
dose), 20 kg N/ha + 2% urea spray at flowering and 10 days
thereafter, Rhizobium + PSB + PGPR seed inoculation, 20 kg
N/ha + Rhizobium + PSB + PGPR seed inoculation, Rhizobium
+ PSB + PGPR seed inoculation + 2% urea spray at flowering
and 10 days thereafter, 20 kg N/ha + Rhizobium + PSB + PGPR
seed inoculation + 2% urea spray at flowering and 10 days
thereafter in four replications under randomized complete block
design (RCBD). A basal application of 40 kg P2O5, 20 kg K2O
and 20 kg S per hectare was applied at the time of sowing
except in absolute control. Symbiotic traits viz., nodule number
and nodule dry weight were recorded in five randomly
uprooted plants at 45 days after sowing (DAS). Chlorophyll
content in leaves of chickpea was determined at different stages
using standard procedure (Yoshida et al. 1972). Nitrogen in
grain and straw was determined by Kjeldhal method (Jackson
1973).
The data on nodulation recorded at 45 DAS indicated
significant increase in nodule number and nodule dry weight
over the control under all the treatments, wherever Rhizobium
inoculation was used (Table 1). Maximum nodule number and
nodule dry weight (31 nodules/plant and 81 mg nodule dry
weight/plant) was recorded with the treatment 20 kg N/ha +
Rhizobium + PSB + PGPR + 2% urea spray at flowering and 10
days thereafter. This was superior to the control, 20 kg N/ha
(basal), 20 kg N/ha + 2% urea spray at flowering and 10 days
thereafter and Rhizobium + PSB + PGPR seed inoculation.
Significant increase in nodule number and dry weight of
nodules/plant might be due to increased activity of Rhizobium
bacteria in the rhizosphere due to support of basal N at early
stage of crop growth resulting in better root growth and
consequently increased nodulation in plant. The total plant
dry weight increased significantly in all the treatments over
the control with the maximum value (3.12g/plant) under 20 kg
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Symbiotic traits, chlorophyll content, seed yield, N uptake and N balance in chickpea as influenced by bio fertilizers and
foliar spray of urea (pooled mean)

Treatments

Nodules/plant
at 45 DAS
(no.)

Nodule dry Total dry
weight
weight
at 45 DAS
at 45
(mg/plant)
DAS
(g/plant)

Chlorophyll content in
leaves
( mg/g fresh weight)
Before
spray

After
1 st
spray

After
2nd
spray

Seed
Nitrogen
yield uptake
(kg/ha) (kg/ha)

Available
N in soil
after
harvest
(kg/ha)

Net return
over
control
(Rs/ha)

Control (No fertilizer, no bio
fertilizers)

17

30

2.3

2.13

2.16

2.18

902

36.8

200.7

-

20 kg N/ha

20

36

2.8

2.24

2.29

2.32

1055

44.3

209.0

2164

20 kg N/ha + 2% urea spray
at flowering and 10 days
thereafter

20

38

2.8

2.27

3.53

3.70

1119

48.3

213.9

3323

Rhizobium+ PSB + PGPR
seed inoculation

27

69

2.8

2.32

2.36

2.47

1082

45.1

217.6

2911

20 kg N/ha + Rhizobium +
PSB + PGPR seed
inoculation

30

77

3.0

2.34

2.38

2.68

1167

51.4

222.8

4624

Rhizobium+ PSB+PGPR+ 2%
urea spray at flowering and 10
days thereafter

30

73

2.9

2.32

3.56

3.72

1147

49.5

219.5

4084

20 kg N/ ha + Rhizobium +
PSB+PGPR + 2% urea spray
at flowering and 10 days
thereafter

31

81

3.1

2.37

3.74

4.28

1224

55.0

230.0

5608

CD (P= 0.05)

3.2

7.0

0.278

0.281

0.288

0.51

136.0

8.3

8.1

-

N/ha + Rhizobium + PSB + PGPR seed inoculation + 2% urea
spray at flowering and 10 days thereafter, which was also
significantly superior to 20 kg N/ ha alone (basal), 20 kg N/
ha+ 2% urea spray at flowering and 10 days thereafter and to
Rhizobium + PSB + PGPR seed inoculation. This might be due
to enhanced biological nitrogen fixation by Rhizobium, P
solubilization by PSB and growth promotion by PGPR during
growth period and regular supply of N through basal dose
during initial stage and through urea spray at the later stages
of crop growth. The findings indicated that continuous supply
of N from seedlings stage to later stage of crop growth along
with other components is essential for better root and shoot
growth. The results were in agreement with the finding of
Solaiman (1999) and Jain and Singh (2003).
Pooled mean yield data of 2006-07 and 2007-08 (Table 1)
indicated significant increase in grain yield in all the treatments
over absolute control. Maximum grain yield (1,224 kg/ha) was
recorded under treatment 20 kg N/ha + Rhizobium + PSB +
PGPR seed inoculation + 2% urea spray at flowering and 10
days thereafter, which was found significantly superior to 20
kg N/ha as basal (1,055 kg/ha) and Rhizobium + PSB + PGPR
seed inoculation (1,082 kg/ha). Highest seed yield under
treatment 20 kg N/ha + Rhizobium + PSB + PGPR seed
inoculation + 2% urea spray at flowering and 10 days thereafter
might be due to more availability of nitrogen throughout crop
season due to basal N application, N-fixation and urea spray.
This might be also attributed to more availability of P through

the action of PSB and enhanced growth due to the action of
PGPR, which ultimately resulted in better growth and yield of
chickpea. The highest yield recorded under treatment 20 kg
N/ha + Rhizobium + PSB + PGPR seed inoculation + 2% urea
spray at flowering and 10 days thereafter also produced
maximum net return of Rs. 5,608/ha and proved better than
the other treatments. Similar results were also reported by
Shrivastava and Shrivastava (1994) and Jain and Singh (2003).
Chlorophyll content in leaves before the spray of urea
was found numerically higher under all the treatments (2.24 2.37 mg/g fresh leaf weight) than the control (2.13 mg/g fresh
leaf weight). However, after the first and second spray of urea,
the chlorophyll content was significantly higher (3.53 - 3.74
and 3.70 - 4.28 mg/g of fresh leaf weight, respectively) over
the control (2.16 and 2.18 mg/g of fresh leaf weight,
respectively) in the leaves of all those treatments wherever
spraying of urea was done at flowering and 10 days thereafter.
The highest chlorophyll content (4.28 mg/g fresh leaf weight),
recorded for the treatment 20 kg N/ha + Rhizobium + PSB +
PGPR + 2% urea spray at flowering and 10 days thereafter,
might be due to continuous supply and more availability of
nitrogen during whole growth period as compared to other
treatments. Increase in chlorophyll content due to nitrogen
application might have increased the photosynthetic
efficiency per unit leaf area and thus resulting in better crop
growth. The findings are in agreement with those observed in
chickpea by Bahavar et al (2009).
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The data on nitrogen uptake (Table 1) indicated maximum
uptake (55.0 kg N/ha) for the treatment 20 kg N/ha + Rhizobium
+ PSB + PGPR + 2% urea spray at flowering and 10 days
thereafter followed by with 20 kg N/ha + Rhizobium + PSB +
PGPR (51.4 kg N/ha). The highest nitrogen uptake as observed
with 20 kg N/ha + Rhizobium + PSB + PGPR seed inoculation
+ 2% urea spray at flowering and 10 days thereafter was also
found significantly superior to 20 kg N/ha (basal) and also to
the Rhizobium + PSB + PGPR seed inoculation. Maximum
nitrogen uptake under 20 kg N/ha + Rhizobium + PSB + PGPR
seed inoculation + 2% urea spray at flowering and 10 days
thereafter might be due to continuous N supply throughout
crop growth period due to basal N, Rhizobium inoculation
and urea spray. Increase in N uptake due to microbial
inoculation has also been reported by Gupta (2006). The data
revealed that the N was efficiently utilized by chickpea crop
under rainfed conditions if applied as basal dose at the time of
sowing and as urea spray at flowering and 10 days thereafter
along with microbial inoculation.
The nitrogen remains in soil after crop harvest indicated
significant increase under all the treatments over absolute
control with maximum value under treatment 20 kg N/ha +
Rhizobium + PSB + PGPR + 2% urea spray at flowering and 10
days thereafter (230.0 kg N/ha) followed by under 20 kg N/ha
+ Rhizobium + PSB + PGPR seed inoculation (222.8 kg N/ha).
Treatment 20 kg N/ha + Rhizobium + PSB + PGPR seed
inoculation + 2% urea spray at flowering and 10 days thereafter
was significantly superior vis-à-vis available nitrogen in soil
to most of the other treatments. The better soil nitrogen balance
in the treatments, wherever basal N, bio-fertilizers and urea
spray were done, might be due to meeting N requirement of
crop through better nitrogen fixation and N supply through
basal dose and urea spray and relatively less removal from
soil as compared to other treatments. This indicated that
available soil N status can also be maintained at good level if
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the crop is being supplied with basal N and urea spray along
with microbial inoculation.
In conclusion, higher chickpea yield and net return
could be obtained by the application of 20 kg N/ha as basal
+ Rhizobium + PSB + PGPR seed inoculation + 2% urea spray
at flowering and 10 days thereafter under rainfed conditions
in black soils.
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Studies on synergism between Rhizobium and plant growth promoting rhizobacteria
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Lentil is a major legume crop cultivated in many parts of
the world. In Asian sub-continent, it is generally grown on
poor and marginal lands with little or no fertilizer inputs. It
forms symbiotic association with Rhizobium leguminosarum
and fixes atmospheric nitrogen through biological nitrogen
fixation. Inoculation with efficient strains of R. legominosarum
improves nodulation and nitrogen fixation. In addition, a
number of other soil microorganisms also helps improve
nodulation by the inoculated Rhizobium and nutrient uptake
by lentil. These bacteria are collectively termed as plant growth
promoting bacteria (PGPR) and belong to different genera
including Pseudomonas, Bacillus, Azotobacter, Azospirillum
etc. In the present study, benefits of co-inoculation of lentil
with Pseudomonas spp and R. leguminosarum were assessed
under field conditions.
Field experiments were conducted in the rabi seasons
of the years 2005-06 and 2006-07 on a lentil variety ‘LL-699’ at
the Punjab Agricultural University, Ludhiana, on loamy sand
soil under irrigated condition. The soil was low in organic
carbon (0.09%) and available nitrogen (105 kg/ha), medium in
available phosphorus (16.8 kg/ha) and potassium (210 kg/ha).
The pH of the experimental soil was 7.8. In the two years, the
seven t reat ment s co nsisted o f uninoculat ed control,
recommended Rhizobium inoculant (alone) and Rhizobium
along with five PGPR strains viz., Pseudomonas fluorescence
and Pseudomonas spp (CRB-1 and CRB-2, procured from
TNAU, Coimbatore), Pseudomonas fluorescence (RB-1 and
RB-2, obtained from Varanasi) and Pseudomonas spp (KB133 from Pantnagar). The treatments were laid out in a
completely randomized block design (RCBD) in three
replications. The seeds were treated with the specific
inoculants (20 g inoculants/kg seed) before sowing. Crop was
raised following the recommended agronomic practices. Five
plants from each replication were uprooted carefully at 60
days after sowing (DAS); nodules were washed with water
and count ed. Dry weight o f nodules and pl ants were
determined after drying to constant weight. Nitrogen (N) and
phosphorus (P) contents in grain and straw were determined
after grinding the sample to 40 mesh. N content was determined
by micro-Kjeldahl method and P after wet digestion in tri-acid
mixture (HNO 3 : H 2SO 4: HCl O 4 :: 9: 4: 1 rati o) by
vanadomolybdophosphoric yellow colour method (Tandon
1998). Grain yield was recorded at final harvest.

Seed inoculation with Rhizobium and dual inoculation
of Rhizobium + PGPR strains increased number and dry weight
of nodules over uninoculated control (Table 1). The combined
inoculation of Rhizobium + CRB-1 and Rhizobium + RB-2
produced more number of nodules (23.0 and 22.6/plant,
respectively) and higher nodule dry weight (79.1 and 77.9 mg/
plant, respectively) as compared to Rhizobium alone (20.3/
plant and 69.8 mg/plant). The differences were, however, not
significant (Table 1). Increase in symbiotic efficiency on
inoculation with effective Rhizobium is well-documented
(Khanna et al. 2006). Beneficial effects of combined inoculation
with rhizobacteria have been attributed to synergistic
interactions of these microbes with rhizobia, which may be
attributed to the ability of these microorganisms to produce
phytohormones. All phytohormones are implicated in nodule
formation in one way or another (Hirsch et al. 1997). Such a
synergistic response with the PGPR strains co-inoculated with
Rhizobium has also been reported in other crops (Chandra
and Pareek 2002, Tomar et al. 2001)
Compared to the uninoculated control, Rhizobium
inoculation alone recorded increase in plant dry weights over
both the years. Co-inoculation with the PGPR further enhanced
the plant growth and maximum plant dry weight was recorded
in treatments of dual inoculation with Rhizobium + CRB-1
(1.415 g/plant) and Rhizobium + RB-2 (1.665 g/plant) at 90
DAS. Co-inoculation practices have been found to increase
plant growth and yield of pulses (Tomar et al. 2001). Promotion
of plant growth synergistically is also an important trait of
PGPR. Inoculations of mungbean seeds with PGPR has been
reported to increase nodulation, growth and yield of crop
plants. The synergistic interaction between the co-inoculants
was also observed to increase grain yield (Table 1). Rhizobium
inoculation alone significantly enhanced grain yield by 12.5%
over uninoculated control. A further increase of 5-6% was
observed due to dual inoculation of Rhizobium + CRB-1 (5.5%)
and Rhizobium + RB-2 (6.4%). The enhancing effect of seed
inoculation with rhizobacteria has been reported by many
researchers (Prasad and Chandra 2003, Yadegen et al. 2008).
Such an improvement might be attributed to improved N-fixing
potential, phosphate solublizing capacity of bacteria as well
as the abil ity of t hese microorgani sms to produ ce
phytohormones (Johri et al. 2003).
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Table 1. Effect of different PGPR strains on symbiotic efficiency of Rhizobium in lentil
Treatment

Number of nodules/plant

Nodule dry wt ((mg/plant)

05-06

06-07

Mean

05-06

06-07

Mean

05-06

06-07

Mean

05-06

06-07

Mean

Uninoculated control
Rhizobium (R)
R + CRB-1
R + CRB-2
R + RB-1

12.8
20.2
23.2
17.8
19.8

13.7
20.4
22.8
16.8
19.6

13.2
20.3
23.0
17.3
19.7

50.0
80.0
91.2
73.2
80.6

45.0
59.6
67.0
63.3
61.5

47.5
69.8
79.1
68.2
71.0

0.82
0.99
1.14
1.07
0.85

1.2
1.31
1.69
1.37
1.38

1.01
1.15
1.415
1.22
1.115

1425
1640
1753
1625
1525

1134
1239
1288
1256
1284

1279
1440
1520
1440
1404

R + RB-2
R + KB-133
CD (P = 0.05)

21.6
21.0
4.5

23.7
21.1
3.6

22.6
21.0

84.6
83.3
11.4

71.3
69.5
7.5

77.9
76.4

1.58
1.11
NS

1.75
1.66
NS

1.665
1.385

1736
1700
89

1330
1325
93

1533
1512

The direct plant promotion by PGPR entails either
providing the plant with plant growth promoting substances
or facilitating the uptake of certain plant nutrients from the
environment. The data in Table 2 indicate clearly the effect of
PGPR on N-content. All the strains of PGPR enhanced Ncontent in grain and straw as compared to Rhizobium alone
and uninoculated control. In the grains, the Rhizobium
inoculation alone exhibited 4.2% of N, whereas the % N ranged
from 4.02 to 4.97% in PGPR inoculated treatments. Similarly, in
straw, the % N ranged from 2.04 to 2.4% in PGPR treated plots
followed by 1.83% on Rhizobium alone as compared to 1.36 in
uninoculated control. Thus, all the plant growth promoting
rhizobacteria enhanced N uptake. This is in agreement with
previous reports demonstrating the beneficial effects of PGPR
belonging to Pseudomonas spp and Azospirillum spp on
symbiotic efficiency of rhizobia nodulating different legume
crops (Figueiredo et al. 2008). However, non-significant
differences were observed with respect to P-uptake.
The present study demonstrated that in addition to
exploiting the individual plant growth promoting ability of the
Table 2.

Effect of combined inoculation of Rhizobium and
PGPR strains on nitrogen and P contents in grain
and straw of lentil

Treatment

% N-content

P-content (ppm)

Straw

Grains

Straw

Grains

Uninoculated control
Rhizobium (R)

1.36
1.83

3.53
4.20

38
36

125
128

R + CRB-1
R + CRB-2
R + RB-1
R + RB-2
R + KB-133
CD (P = 0.05)

1.88
2.40
2.19
2.04
2.31
0.37

4.97
3.71
4.20
4.34
4.02
0.75

33
38
37
47
30
NS

99
125
125
126
117
NS

Shoot dry wt (g/plant)

Yield (kg/ha)

rhizobacteria, the potential of the selected diazotrophs could
further be improved. In conclusion, the combined inoculation
of Rhizobium and Pseudomonas is expected to have beneficial
effects on the growth and yield of lentil.
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Grain legumes are important sources of protein, energy,
vitamins and minerals in human and animal nutrition. The seeds
usually contain large amounts of stored materials that are
used as precursors for synthetic processes during germination
and seedling growth. These include starch, storage proteins
and other proteinaceous compounds. Protease inhibitors like
trypsin inhibitor present in legume seeds impair protein
digestion in humans. When trypsin is inhibited by trypsin
inhibitor, proteins are not digested adequately and only fewer
amino acids are available for growth (Belitz et al. 1982). Phytic
acid is found within the hull of, seeds and grains. Food
preparation techniques followed in most homes reduce the
amount of phytic acid (Hotz and Gibson 2001). Phytic acid is
a strong chelator of important minerals and can contribute to
mineral deficiencies. Therefore, the present study aimed to
screen the pea genotypes possessing relatively low trypsin
inhibi tor and phyt ic acid and high protei n co ntent.
Identification of such genotypes can be utilized as parents in
a breeding programme for the development of improved
genotypes having low anti-nutritional factors.
The seed materials of pea (Pisum sativum L.) were
obtained from Indian Institute of Pulses Research (IIPR),
Kanpur. For inorganic phosphate estimation, seed meal was
extracted with 10% trichloroacetic acid (TCA) at room
temperature over night. The slurry was centrifuged and 10 ìl
of the supernatant was taken for inorganic phosphate analysis
following the procedure described by Chen et al. (1956). For
trypsin inhibitor activity, seed meal was mixed with 2.5 mM
HCl in the ratio of 1mg meal/20 µl (1:20 w/v).The slurry was
kept for 2 h at room temperature on a shaker and then
centrifuged at 10,000 rpm for 10 min. The clear supernatant
was collected and used for the estimation of trypsin inhibitor.
For measuring the trypsin inhibitor activity (TIA), 5 µl of
trypsin (1µg/µl) was mixed with 20 µl seed extract. One ml of 1
mM BAPNA was added and incubated at room temperature
for 10 min (Erlanger et al. 1961). The reaction was stopped
after 10 min by adding 200 µl of 30% acetic acid. The liberated
p-nitro anil ide was measured at 410 nm u sing a
spectrophotometer. The amount of active trypsin was
det ermined by p-ni trophenyl p-gu anidi nobenzoate in
dimethylformamide as described by Chase and Shaw (1970).
Percentage nitrogen was estimated in a CHNS analyzer and
the value was converted into percentage protein using a
conversion factor of 5.44 (Mosse 1990). For protein

polypeptide study, the buffer soluble proteins were extracted
in 20 mM borate buffer, pH 8.0 for 2 h at room temperature.
The seed meal to buffer ratio was maintained at 1:5 (w/v). The
slurry was centrifuged at 10,000 rpm for 15 min. The clear
supernatant was used for further analyses. The protein was
estimated using the biuret method (Layne 1957). The samples
were electrophoresed in a vertical slab gel using 12%
polyacrylamide gel following the method of Laemmli (1970).
Electrophoresis was carried out at a constant voltage (100 V).
After electrophoresis, the gel was stained with 0.2% coomassie
brilliant blue R 250 prepared in destaining solution (acetic
acid:methanol:water::1:3:6, v/v) and the gel was destained in
the same solution without the dye.
All the 46 pea genotypes showed significant differences
for amount of trypsin inhibitor. The lowest activity of trypsin
inhibitor was 0.565 TIU/mg (‘AZAD P-4’) and the highest
was 2.155 TIU/mg (‘VL-42’) (Table 1). The differences in
reported values of trypsin inhibitors in legume seed are large
(Elkowicz and Sosulski 1982). Griffiths (1984) also found
variability of trypsin inhibitor activity in pea (0.2–4.6 TIU/mg)
and faba bean (1.4–1.6 TIU/mg). According to Genovese and
Lajolo (1998), trypsin inhibitor is not always found in single
form but exists in many isomorphic forms. The reason for the
slow progress in reducing trypsin inhibitors level is that trypsin
inhibitor elimination would reduce the overall level of sulphurcontaining amino acids because the inhibitor contains a
relatively high level of sulphur-containing amino acids. The
study of appearance of trypsin inhibitors during seed
development in selected high and low-inhibitor lines showed
differences in the accumulation pattern of active inhibitors
(Domoney and Welham 1992). From the nutritional point of
view, the development of low trypsin inhibitor mutants is very
good approach. Such mutants would also reveal the role of
trypsin inhibitor in seed and plant viability.
In the current study, phytic acid was estimated based
on the inverse relation with the inorganic phosphate (Pi) in
seed samples. The lowest and highest Pi were recorded for
‘JM-6’ (0.184±.0002) and‘AZAD P-1’ (0.350±.003), respectively
(Table 1). Total seed phosphorus in different genotypes
remained fairly constant throughout the development of seed.
As phytic acid concentration increases, inorganic phosphorus
decreases; thus total P remains relatively constant (Raboy et
al. 2000, 2001). Phytic acid on consumption binds to the
minerals present in the intestinal tract to form mixed salts that
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Table 1.

S.N.

Trypsin inhibitor activity, inorganic phosphate
content and protein percentage in different pea
genotypes

Genotype

TIU/mg
(mean ± SE)

µg Pi/mg seed
meal
(mean ± SE)

Protein
(%)

1
2
3
4

DDR-23
DDR27
ARKEL
AZAD P-1

1.335 ± 0.029
1.695 ± 0.019
0.745 ± 0.030
0.775 ± 0.057

0.249 ± 0.012
0.211 ± 0.006
0.328 ± 0.010
0.350 ± 0.009

23.39
21.75
23.38
25.01

5
6
7
8

AZAD P-2
AZAD P-3
AZAD P-4
AZAD P-5

1.245 ± 0.018
0.885 ± 0.013
0.515 ± 0.009
0.885 ± 0.016

0.282 ± 0.013
0.291 ± 0.013
0.310 ± 0.006
0.316 ± 0.007

26.12
21.75
25.01
23.92

9
10
11
12
13

AZAD P31
AGETA6
VRP-3
VRP-5
VRP-6

0.895 ± 0.010
0.765 ± 0.006
0.985 ± 0.002
0.845 ± 0.006
1.195 ± 0.044

0.294 ± 0.011
0.299 ± 0.012
0.267 ± 0.007
0.241 ± 0.005
0.321± 0.002

23.38
22.83
23.38
23.92
23.92

14
15
16

VRP-7
VRP MR9
VRP-22

1.135 ± 0.010
1.445 ± 0.037
1.375 ± 0.017

0.290 ± 0.005
0.250 ± 0.010
0.286 ± 0.003

22.83
24.47
21.75

17
18
19
20
21

HUDP-15
HFP-4
HFP040
IPFD99-13
IPFD 1-10

0.745 ± 0.023
0.745 ± 0.008
0.565 ± 0.016
0.755 ± 0.007
1.265 ± 0.003

0.269 ± 0.010
0.336 ± 0.007
0.256 ± 0.005
0.240 ± 0.005
0.223 ± 0.011

23.93
22.84
23.93
25.01
19.58

22
23
24
25

KPMR-522
KPMR 144-1
KPMR-400
JAYANTI

0.875 ± 0.021
1.035 ± 0.020
0.815 ± 0.034
1.195 ± 0.047

0.290 ± 0.009
0.304 ± 0.007
0.249 ± 0.005
0.278 ± 0.007

23.38
19.58
20.66
22.29

26
27
28
29

SWATI
VL-3
PS-3
LFP-48

1.195 ± 0.006
1.385 ± 0.014
1.755 ± 0.011
1.495 ± 0.024

0.305 ± 0.020
0.232 ± 0.005
0.200 ± 0.009
0.324 ± 0.015

22.29
13.05
25.01
24.47

30
31
32
33

DDR-44
RACHNA
KFP-103
HUP-2

1.105 ± 0.008
1.745 ± 0.037
1.895 ± 0.005
2.105 ± 0.030

0.271 ± 0.008
0.247 ± 0.004
0.274 ± 0.004
0.243 ± 0.006

19.58
22.29
17.40
18.48

34
35
36
37
38

IM-1901
IM-1902
JM-6
JP-885
DMR-7

2.095 ± 0.037
1.465 ± 0.011
1.325 ± 0.015
1.405 ± 0.020
1.475 ± 0.012

0.228 ± 0.014
0.236 ± 0.009
0.184 ± 0.001
0.221 ± 0.007
0.224 ± 0.005

20.11
20.66
20.66
22.29
20.12

39
40
41
42

B-22
PANT P-5
PANT P42
VL-1

2.035 ± 0.030
1.815 ± 0.006
1.935 ± 0.009
1.525 ± 0.020

0.240 ± 0.090
0.270 ± 0.007
0.248 ± 0.010
0.247 ± 0.008

24.47
20.66
19.03
23.38

43
44
45
46

VL-42
VL-45
IPF 99-25
IPF u -26

2.155 ± 0.021
1.575 ± 0.018
1.625 ± 0.010
0.975 ± 0.017

0.234 ± 0.006
0.237 ± 0.006
0.230 ± 0.008
0.215 ± 0.003

20.11
20.12
21.76
21.76

161

M.W. (Kd)
97.4
66.0
43.0

29.0

18.4

Fig 1. Pro file of pea seed pro teins on 12% SDS PAG E.
The lanes from left to right are mo lecular weight
markers for ‘ARKEL’, ‘AZAD P-1’, ‘KPMR 144-1’,
‘VRP22’ and ‘JM-6’

are largely excreted out (Brown and Solomon 1991). For many
years, researchers have been trying to develop low phytic
acid mutants in many crops. Mutations that significantly
reduce the levels of seed phytic acid have been identified in
soybean (Hitz et al. 2002, Yuan et al. 2007). These mutations
fall substantially into the following classes: those characterized
by decreased phytic acid and increased Pi level (‘LR33 mutant’)
and the other class matched by increases in both Pi and
hypophosphorylated inositols. (Hitz et al. 2002). Besides the
genetic factors, environmental parameters during growing
season also affect the phyt ic acid cont ent in pea
(Nikolopoulou et al. 2007). Common bean mutants with 90%
reduction in phytic acid as compared to wild type have been
reported (Campion et al. 2009). Mutation breeding would be
a good approach to reduce seed phytic acid content, since
the screening procedure for increased Pi content is very easy
and a large number of samples can be screened in a day.
Percentage of protein in all the 46 pea samples showed
variation. The maximum percentage of protein was 26.12
(‘AZAD P-2’) and the least was 13.05 (‘VL-3’) (Table 1). Seed
storage proteins are very good markers and can be used to
show species relationship and genotype identification by the
use of electrophoresis (Dhaliwal 1977, Hyomowitz and
Kaizuma 1979). The analysis of protein profiles of 46 genotypes
on SDS-PAGE showed variability in five genotypes (Fig. 1).
The molecular weight of the polypeptides ranged from 94 kd
to 14 kd. The 29 kd polypeptide was maximum in the genotype
‘KPMR 144-1’ but absent in the genotype ‘VRP 22’. The
genotype ‘ARKEL’ showed the highest amount of 33 kd
polypeptide out of five genotypes.
The wide variation in protein, trypsin inhibitor and
phytic acid content indicates that it is possible to breed for
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low antinutritional factors and high protein content in pea
genotypes. Out of the 46 genotypes studied, there are six
genotypes (‘ARKEL’, ‘AZAD P-4’, ‘AZAD P-5’, ‘HPF-34’ and
‘KPMR-522’) with good nutritional potential since they are
low in trypsin inhibitor activity, low in phytic acid and high in
protein content. These genotypes could be used as parents
in the breeding programme for developing pea genotypes with
increased nutritional factors.
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Grain legumes are good and relatively cheap sources of
protein for developing countries including India. In addition,
these legumes have also been reported to be good sources of
minerals. However, biological utilization of inherent nutrients
of legumes is limited owing to the presence of various antinutritional substances including phytate, which is a main
inhibitor of iron and zinc absorption (Ann-Sofic Sandberg
2002). The poor bioavailability of iron not only retards normal
brain development in infants but also affects the success of a
pregnancy. Zinc deficiency prevents normal growth of child
and greatly weakens the immune system, resulting in more
infections (Ann-Sofic Sandberg 2002).
In seeds of monocot and dicot plants, about 75% of the
total phosphorous is present in the form of phytate (myoinositol 1, 2, 3, 4, 5, 6-hexakis dihydrogen phosphate). In most
of the legumes and oilseeds, phytic acid occurs to the extent
of 1-5% of dry weight (Liener 1994). Though the mungbean
[Vigna radiata (L.) Wilczek] is considered the most important
legume due to its quality-proteins, but the biological utilization
of its dietary minerals is largely dependent upon the presence
of phytate. Therefore, the mineral contents of mungbean
cultivars should be determined together with its phytate
content in order to have a better evaluation of its potential as
a mineral source. Available literature indicates that information
on phytate and mineral contents of mungbean cultivars
differing in seed color is scanty. Therefore, the present study
was undertaken to generate information on phytate and
mineral composition of seeds of several mungbean cultivars
with distinct seed coat colour.
The two classes of mungbean cultivars, which were
taken for the present study, differed with respect to seed coat
colour. The varieties with green seed coat were ‘PS-16’, ‘Pusa
Baisakhi’, ‘TAP-7’, ‘Vaibhav’, ‘Hum-1’ and ‘China Mung’.
These were procured from the Agriculture research station,
Aland road, Gulbarga, India. The other three cultivars (land
races) having yellow seed coat were obtained from farmers
and desi gnated as ‘ALM-1 ’, ‘ALM-2’, and ‘ALM-3’,
respectively. The samples were cleaned and stored in the
laboratory at 4 ° C. Phytic acid content was determined
according to the method described by Wheeler and Ferrel
(1971) using Fe(NO3)3.9H2 O as the standard. The phytate
phosphorus was calculated from the ferric ion concentration
assuming 4:6 (iron: phosphorus) molar ratio. The phytic acid

content was calculated on the assumption that it contains
28.20% phosphorus by weight (Deshpande et al. 1982). For
evaluation of minerals, the whole dry seeds samples were
ignited to ash in furnace for 5 hours at 450°C. The 1 g of fine
ash obtained was dissolved in 25 ml of HCl (16%) and the
resultant slurry was diluted to 1L with double distilled water.
The suitably diluted sample was analyzed for copper, iron,
manganese, zinc, lead and nickel by using an Atomic
absorption spectrophotometer (Thermal Jarrel Ash, model:
Smith-Hieftje 1000). The mineral content was expressed as
mg/100 g sample.
The phytate content of yellow and green mungbean
cultivars varied significantly (Table 1). The phytate–P and
phytic acid contents of mungbean cultivars were found to be
in the range of 1.74-2.79 mg/g and 6.17-9.90 mg/g, respectively.
Among the analyzed cultivars, ‘TAP-7’ showed highest phytic
acid content (9.90 mg/g), while the ‘ALM-3’ contained lowest
phytate (6.17 mg/g). The average phytate content of yellow
mungbean cultivars was low (7.38 mg/g) compared to green
cultivars (9.02 mg/g). Phytate content in mungbean has been
reported by various authors. Grewal and Jood (2006) reported
6.70-6.92 mg/g of phytic acid in mungbean cultivars. In many
cases, phytic acid content varies depending upon the
cultivars, climatic conditions, locations, irrigation conditions,
type of soil and year during which they are grown (Bassiri
and Nahapetian 1977). The level of phytic acid in the tested
mungbean cultivars was lower than 1%, thus suggesting that
nutritive value of mung bean seeds would be impaired to a
lesser extent, which is relevant for selection of low phytate
cultivars to improve mineral bioavailability and also for
preparation of weaning foods.
The mineral contents in the whole dry seeds of
mungbean cultivars are presented in Table 1. The mineral
composition among the cultivars varied significantly. The level
(mg/100 g seeds) and range of copper (1.34-2.60 mg/100 g),
iron (2.86-10.85 mg/100 g), zinc (3.75-9.28 mg/100 g), manganese
(1.45-5.49 mg/100 g), lead (4.02-8.74 mg/100 g) and nickel (19.1690.97 mg/100 g) in different cultivars were found. Present
investigation revealed that the yellow cultivars ‘ALM-1’,
‘ALM-2’ and ‘ALM-3’ contained significantly more iron (4.6210.85 mg/100 g), zinc (4.73-9.28 mg/100 g) and nickel (22.8790.97 mg/100 g) compared to green cultivars. It is evident that
mungbean cultivars are rich in zinc and iron. But phytate-
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Table 1. Phytate-P, phytic acid and mineral contents of mungbean cultivars
Cultivar

Phytate-P and phytic acid content
Phytate-P Phytic acid % Phytic
(mg/g)
(mg/g)
acid

Mineral content (mg/100g)
Cu

Fe

Mn

Zn

Molar Ratio
Pb

Ni

Phytate : Phytate:
Fe
Zn

ALM-1

2.31±0.09

8.20±0.11

0.82±0.00

1.93± 0.30

10.85±0.25

1.89±0.13

4.73±0.09 5.85±0.52 22.87±0.13

ALM-2

2.19±0.17

7.77±0.08

0.77±0.07

2.58±0.03

10.62±0.11

2.31±0.05

9.28±0.43 7.31±0.18 90.97±0.31

6.19

8.28

ALM-3

1.74±0.05

6.17±0.19

0.61±0.07

2.01±0.16

4.62±0.20

2.16±0.45

5.99±0.13 5.15±0.03 32.97±0.09

11.39

10.20

PS-16

2.23± 0.34 7.93±0.32

0.79±0.03

1.62±0.29

2.98±0.10

1.45±0.08

4.29±0.29 8.69±0.15 38.61±0.12

22.64

18.18

Pusa Baisaki

2.67± 0.12 9.47±0.13

0.94±0.07

1.94±0.34

9.99±0.03

2.98±0.43

6.46±0.20 6.82±0.11 44.90±0.03

8.06

14.48

TAP-7

2.79± 0.19 9.90±0.05

0.99±0.00

1.34±0.15

2.86± 0.32

2.28±0.09

3.75±0.03 6.19±0.31 19.16±0.13

29.20

26.16

Hum-1

2.36± 0.06 8.37±0.23

0.83±0.07

1.99±0.20

4.42±0.02

5.41±0.13

4.59±0.34 4.02±0.22 35.37±0.35

16.04

18.10

Vaibhav

2.48± 0.36 8.80±0.36

0.88±0.00

2.05±0.07

5.38±0.57

2.49±0.23

5.58±0.11 8.74±0.19 60.00±0.21

13.88

15.62

China mung

2.73±0.15

0.96±0.09

2.60± 0.33

6.72±0.26

2.47±0.02

5.25±0.13 5.62±0.35 78.69±0.11

12.25

18.33

9.69±0.22

mineral molar ratios rather than absolute phytate levels are
limiting in terms of mineral bioavailability. Phytate: Zn molar
ratios higher than 10 are considered potentially inadequate in
terms of Zinc bioavailability (Ellis et al. 1987). Very low molar
ratios of Phytate: Fe (6.19-11.39) and Phytate: Zn (8.28-17.16)
were observed in yellow cultivars compared to green cultivars
(8.06-29.2 and 14.48-26.16, respectively). Cultivars having low
phytate and molar ratios may be of interest if Fe and Zn
bioavailability needs to be optimized.
The phytic acid content among mung bean cultivars
varied significantly and tested cultivars were found to contain
good levels of zinc and iron, which are important nutrients
but are usually deficient in the diets of low income people
particularly infants, pre-school children and pregnant and
lactating women. For these people, mungbean sprouts,
noodles or weaning foods could be an inexpensive source of
iron and zinc. Mere presence of minerals in mungbean as
determined by analysis is no indication of its bioavailability
since, phytate contents play major roles in the process. The
low phytate levels and phytate: mineral molar ratios obtained
in yellow cultivars are relevant for selection of higher mineral
nutritive value of mungbean seeds.
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Proceedings of General Body Meeting of the ISPRD held at PAU, Ludhiana
(Punjab) on May 11, 2011
General body meeting of the Indian Society of Pulses Research and Development was held at 17.0 hr on May
11, 2010. Dr N Nadrajan, Director (IIPR, Kanpur) & Co-Patron (ISPRD) presided over the meeting. Many
distinguished members including Dr B B Singh, ADG (O&P) were present in the meeting.


At the outset, three pulse scientists namely, Dr R S Waldia (CCSHAU, Hissar), Dr O N Singh and Dr Bansi
Dhar (Institute of Agril Sciences, BHU, Varanasi) were felicitated by the Society for their contributions in the
field of pulses research and development.



Dr K K Singh (Treasurer, ISPRD) presented details of audited financial reports (income-expenditure status) of
the Society for the year 2010.



Secretary (ISPRD) presented details of the status of manuscripts for the official Journal (Journal of Food
Legumes) of the Society. The house expressed satisfaction over the rapid processing of manuscripts, timeliness
of publication of its official Journal and increased NAAS rating (4.3/10). The House was informed about online
display of Journal of Food Legumes, the latest issue of which could be viewed at www.indianjournal.com.
Archiving for almost all issues of JFL since 2009 has been completed at the website.



Secretary (ISPRD) put before the House the recommendations of the ISPRD for holding National/international
conference during 2011/2012, which was unanimously accepted by the House. The Executive committee was
authorized to decide the topic, date and venue for the conference.



Secretary (ISPRD) informed that the President, ISPRD (Dr N D Majumder, Project Coordinator, Pigeonpea)
had resigned from the post, which was accepted by the House. The General Body asked Dr J S Sandhu (VicePresident, ISPRD and ADG, Seeds, ICAR) to act as the President of the Society for the remaining tenure of the
present Executive.



Dr J S Sandhu, President (ISPRD) announced the list of seven scientists, who were designated ISPRD
Fellow by the Society during the year 2010. In his Presidential address, he discussed overall progress of the
Society.

In his address, Dr N Nadrajan (Co-Patron of ISPRD & Director, IIPR) appealed the House to extend
whole-hearted support to the Executive for meaningful solutions to their genuine problems. In the last,
Dr (Mrs) Livinder Kaur (Councillor, ISPRD and Treasurer, NWPZ Local Chapter of ISPRD) proposed vote of
thanks to the Chair and all the respected members of the Indian Society of Pulses Research and Development.

Sd/
(A K Choudhary)
Secretary, ISPRD

Instructions to Authors
Journal of Food Legumes (formerly Indian Journal of Pulses
Research) publishes original papers, short communications
and review articles by renowned scientists, covering all areas
of food legumes research. The paper should not have been
published or communicated elsewhere. Authors will be solely
responsible for the factual accuracy of their contribution.
Language of publication is English (British).
Please send your manuscript to following address:
Secre tary
ISPRD
Indian Institute of Pulses Research
Kalyanpur, Kanpur 208 024, India
Email: secretary.isprd@gmail.com
Manuscript must be submitted through e-mail. You should
also submit a hard copy of your manuscript for our official
record. Besides author(s) is required to submit a certificate
that the paper is exclusive for Journal of Food Legumes.
Manuscripts must conform to the Journal style (see the latest
issue). Correct language is the responsibility of the author.
After having received your contribution (date of submission),
there will be a review process before the editorial board takes
decision regarding acceptance for publication. One copy of
the revision together with the original manuscript must be
returned to the subject editor or Secretary. The submitted
paper must be one complete word document file comprising a
title page, abstract, text, references, tables, figure legends and
figures. When preparing your text file, please use only Times
New Roman for text (12 point, double spacing) and Symbol
font for Gr eek letters to a void ina dver tent cha racter
substitutions.
Format
Every original paper should be divided into the following five
sec tions: ABSTRACT, Key words, INTRODUCTION,
MATERIALS AND METHODS, RESULTS AND
DISCUSSION, and REFERENCES. The manuscript should be
typed on one side of the paper only, double spaced, and with
4-cm margins with page and line numbers. The main title must
be capital bold. Subheading must be bold italic and Sub-sub
heading normal italic.
At the head of the manuscript, the following information
should be given: the title of the paper, the name(s) of the
author(s), the institute where the research was carried out,
the present addresses of the authors (foot note) and of the
corresponding author (if different from above Institute).
Authors are required to provide running title of the paper.
You must supply an E-mail address for the corresponding
author.
The abstract should contain at least one sentence on each of
the following: objective of investigation (hypothesis, purpose,
aim), experimental material, method of investigation, data
collection, result and conclusions. Maximum length of abstract
is 175 words. Up to 10 key words should be added at the end
of the abstract and separated by comma. Key words must be
arranged alphabatically (e.g., EMS, Gamma ray, Mungbean,
Mutations, Path coefficient, ......).
Each figure, table, and bibliographic entry must have a
reference in the text. Any correction requested by the reviewer
should also be integrated into the file.
Manuscript file including tables must be in MS Word and
Windows-compatible and must not contain any files other
than those for the current manuscript. Please do not import
the figures into the text file. The text should be prepared using
standard software (Microsoft Word); do not use automated
or manual hyphenation.

Length
Manuscripts should not exceed a final length of 15 printed
pages, i.e., 5,000 words, including spaces required for figures,
ta bles and lis t of references. Manuscr ipts for short
communications should not exceed 3000 words (3 printed
pages, with not more than a total of 2 figures or tables).
Units, abbreviations and nomenclature
For physical units, unit names and symbols, the SI-system
should be employed. Biological names should be given
according to the latest international nomenclature. Botanical
and zoological names, gene designations and gene symbols
are italicised. Yield data should be reported in kg/ha. The name
of varieties or genotypes must start and end with single
inverted comma (e.g., ‘Priya’, ‘IPA 204’, ......).
Tables and Figures
Tables and figures should be limited to the necessary minimum.
Please submit reproducible artwork. For printing of coloured
photogr aph, aut hors wil l be charged Rs. 4000/- per
photograph. It is essential that figures are submitted as highresolution scans.
References
The list of references should only include publications cited
in the text. They should be cited in alphabetical order under
the first author ’s name, listing all author s, the ye ar of
publication and the complete title, according to the following
examples:
Becker HC, Lin SC and Leon J. 1988. Stability analysis in plant
breeding. Plant Breeding 101: 1-23.
Sokal RR and Rholf FJ. 1981. Biometry, 2nd Ed. Freeman, San
Francisco.
Tandon HLS. 1993. Methods of Analysis of Soils, Plants, Water
and Fertilizers (ed). Fertilizer Development and Consultation
Organization, New Delhi, India. 143 pp.
Singh DP. 1989. Mutation breeding in blackgram. In: SA Farook
and IA Khan (Eds ), Breedi ng Food Legumes. Premier
Publishing House, Hyderabad, India. Pp 103-109.
Takkar PN and Randhawa NS. 1980. Zinc deficiency in Indian
soils and plants. In: Proceedings of Seminar on Zinc Wastes
and their Utilization, 15-16 October 1980, Indian Lead-Zinc
Information Centre, Fertilizer Association of India, New Delhi,
India. Pp 13-15.
Satyanarayan Y. 1953. Photosociological studies on calcarious
plants of Bombay. Ph.D. Thesis, Bombay University, Mumbai,
India.
In the text, the bibliographical reference is made by giving the
name of the author(s) with the year of publication. If there are
two references, then it should be separated by placing ‘comma’
(e.g., Becker et al. 1988, Tandon 1993). If references are of the
same year, arrange them in alphabatic order, otherwise arrange
them in ascending order of the years.
While preparing manuscripts, authors are requested to go
through the latest issue of the journal.
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The Indian Society of Pulses Research and Development (ISPRD) in
collaboration with Indian Institute of Pulses Research (IIPR), Kanpur will
organise an International Conference on Food Legumes during the first fortnight
of December 2012. The details of the conference will appear in the next issue of the
Journal of Food Legumes. Any Society, Government organisation, NGO, Business
Enterprise, International organisation, etc. willing to sponsor the conference are
welcome and may contact Secretary, ISPRD, IIPR, Kanpur - 208 024 (U.P.), India.
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