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Dry root rot of chickpea: An overview
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ABSTRACT
Chickpea (Cicer arietinum L.) is affected by several
seed, soil and air borne diseases which are responsible
for lowering its yield. Looking at present the area
expanding in south zone; cropping system and the changing
climate scenario, dry root rot of chickpea (Rhizoctonia
balaticola (Taub.) Butler is becoming more severe in
central and southern part of India where the crop is mostly
grown under rainfed condition as soybean-chickpea or
rice-chickpea/wheat. On the basis of current knowledge,
an attempt has been made to present an overview of dry
root rot of chickpea pertaining to basic, strategic and
applied aspects of the disease viz., knowledge gaps,
historical, occurrence and losses, effect of climate change
on disease development, disease diagnostics, taxonomy,
pathogen, histopathology, variability in pathogen and
advances made so far to fill up the gaps in our knowledge
to manage the disease by the means of host resistance ,
cultural control, biological control and chemical control.
Key words : Chickpea, dry root rot, coller rot, vascular
wilt, Sclerotium rolfsi
Chickpea (Cicer arietinum L.) is an internationally
important pulse crop, ranking third after dry beans. In India
during 2013-14, chickpea was cultivated in an area of about
8.32 million hectare with a production of about 9.8 million
tones and 925 kg/ha productivity. In Madhya Pradesh
during 2013-14 chickpea was cultivated in an area about 3.4
million hectare with production of 2.5 million tones and
1220 kg/ha productivity (FAOSTAT 2013-14). Chickpea is
the most important one being rich source of protein (21%),
carbohydrate (61.51%), fat (4.5%) and Vitamin-C. It is rich
of dietary proteins for human consumption and further its
ability to form nitrogen fixing nodules via interaction with
Rhizobia adds to its uniqueness (Ferguson et al. 2010).
Soil borne pathogens like Sclerotium rolfsii (collar rot),
 Fusarium oxysporum f. sp. ciceris (Vascular wilt) and
Rhizoctonia bataticola (dry root rot) are responsible for
causing diseases from seedling to flowering and pod
formation stage. Looking at present expanding area in South
Zone, cropping system and the changing climate scenario,
dry root rot of chickpea (Rhizoctonia balaticola (Taub.)
Butler is becoming more severe in central and southern
part of India where the crop is mostly grown under rainfed

condition as soybean-chickpea or rice-chickpea/wheat.
Recent survey reports indicated that dry root rot had
appeared intermittently at higher levels in major chickpea
growing areas in India causing substantial yield losses in
farmer’s field (Ghosh et al., 2013).The DRR has been
categorized as an acute-emerging disease that occurs
irregularly, both temporally and spatially and may cause
massive disruptions in system performances and whose
range is expanding to new areas by Savary et al. (2011).
Information on worldwide losses caused by this disease is
not available, but undoubtly it is gaining importance and
has the potential to cause devastation in susceptible
cultivars, particularly in the context of rising temperature
and resulting soil moisture stress. R. bataticola is a soil
inhabiting organism capable of infecting chickpea at any
crop stage, however, most commonly infects chickpea at
pod filling stage when the temperature exceeds > 30 0C
(Sharma and Pande, 2013).
On the basis of current knowledge, an attempt has
been made to present an overview of dry root rot of chickpea
pertaining to basic, strategic and applied aspects of the
disease and advances made so far to fill up the gaps in our
knowledge to manage the disease.
Knowledge gaps
l

Biological distinct groups unknown. Needs collection
and characterization of isolates into distinct groups.

l

Rapid, convenient and highly reproducible screening
tests? Needs refinement and identification of rapid,
convenient and highly reproducible screening
techniques.

l

Lack of resistant sources? , Commercial cultivars with
genetic resistance to dry root rot have not been
developed. Hence, screening of chickpea germplasm
lines and heat tolerant lines against dry root rot and
their utilization in resistance breeding programme will
be the best approach. Infact dry root rot is favoured
by high temperature and there is possibility to
overcome from this disease in the heat tolerant line.

l

Multi-locational evaluation and confirmation of
resistance under field-sick plot, green house-sick plot/
micro plot and laboratory.
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Historical
The first mention of a plant disease, which may be
referred with certainly to Rhizoctonia as a causal agent is
an important paper by Du Hamel (1728) read before the
Paris Academy. In this paper he gave a careful description
of a fungus disease of saffron (Crocus sativus) occurring
in France. He named the fungus Tuberorides. De Candolle
(1815) discovered a similar disease on alfalfa. In his
taxonomic description he was first person who gave the
name for the fungus. Later, after careful study of the
characteristics and parasitism of the species, he established
(1815) the genus Rhizoctonia. In 1924, Small described a
Rhizoctonia, which develop black sclerotia of variable size
and shape in the diseased roots of many woody plants
from Uganda and he named it Rhizoctonia lamrllifera. Butler
(1925), however considered that the fungus should be
regarded as Rhizoctonia bataticola. Currently M.
phaseolina is officially recognized as the correct taxonomic
name (CMI description of pathogenic fungi and bacteria
no.275) with the scelerotial phase known as Rhizoctonia
bataticola (Holiday and Punithalingam, 1970).
Occurrence and losses
The first report of the occurrence of root rot in
chickpea along with wilt was made by Padwick (1948). Nema
and Khare (1973) reported that chickpea cultivation in
Madhya Pradesh was greatly threatened by soil borne
diseases generally appearing at two phases of growth, early
seedling stage and flowering stage. Early stage mortality
due to wilt caused by Fusarium oxysporum f. sp. ciceris,
and flowering to podding stage due to dry root rot caused
by Rhizoctonia bataticola. Higher temperature and soil
moisture depletion during crop growth period particularly
at post-harvesting stage is predisposing chickpea to DRR
(Sharma and Pande, 2013).
The incidence of root rot ranging from 3.58 to 20.63%
in 30 villages of northern Madhya Pradesh was reported
by Gupta et al. (1983).Tripathi and Sharma (1983) studied
the incidence of chickpea dry root rot in Southern Haryana
and reported that the incidence was high from late October
to mid November which decreased in December and January
and then again increased in the months of February and
March. They also noted that seed sown at a depth of 15 cm
developed a less root rot than that sown at 7.5 cm. This
disease limits chickpea production in south east Asian
countries (ICRISAT Annual Report 1986). The Rhizoctonia
bataticola responsible for serious diseases like stem blight,
foliage blight, root rot, seedling blight, charcoal rot, wilt,
collar rot, dry rot, pod and seed rot in several crops such as
soybean, gram. mung, urid, fruit trees and many vegetables
(Mukharji and Bhasin, 1986). This sclerotial fungus is of
wide geographical distribution ranging from Formosa,
Philippines, India, Sri Lanka, Palestine and Egypt to the
West Indies and the Eastern USA (Ashby, 1927). Significant

reduction (25-70%) in chickpea production in terms of yield
loss is caused by this disease in India (Ahmed et al. 1986
and Pandey and Singh, 1990). Reddy et al .(1991) reported
dry root rot as a major disease found in February in
Mandalay, Sagaing and Bango, Central Myanmar. Dermiro
et al. (1994) observed that dry root rot disease of gram at
Turkey is also becoming serious affecting productivity of
this crop. They isolated Rhizoctonia bataticola from plants
and seeds of chickpea cultivars Azizive 94 and tested
pathogenicity. An annual loss of 10-20 percent has been
reported by Vishwadhar and Chaudhary, (2001).
Manjunatha, et al. (2011) recorded the prevalence of dry
root rot of chickpea ranging from 1-19% in north eastern
Karnataka. Recent surveys conducted during 2010 to 2013
indicated widespread and increased incidence of DRR in
the central and southern states of India (Ghosh et al., 2013).
Effect of climate change on disease development
The importance of environment on the development
of plant diseases has been known for more than two
thousand years. The analysis of potential impacts of climate
change on plant diseases is essential for the adaptation of
measures as well as for the development of resistant
cultivars, new control methods or adapted techniques.
Pande et al. (2010) have given an overview that dry root rot
is becoming more severe in rainfed environments as the
host plant is pre disposed by moisture stress and higher
temperatures during the flowering to pod filling stage. Vijay
et al., (2005) studied the effect of weather conditions on
dry root rot disease in chickpea cv. Pant G 114. .The lowest
disease incidence (18.1 %) and the maximum yield (14.9 q/
ha) were recorded on 24 November sowing date. Disease
incidence was significantly and positively correlated with
the maximum, minimum and means temperature and the
minimum and means relative humidity. Under hot and dry
environmental conditions many economically important
crops predisposed to the infection and colonization of R.
bataticola and caused drastic yield losses on chickpea
(Thripathi & Sharma, 1983), Soybean (Pearson et al., 1984)
and sunflower (NawazKhan,2007).The maximum relative
humidity was not significantly and negatively correlated
with the disease incidence. However, rainfall was not
significantly and positively correlated with disease
incidence. Multiple correlation coefficients between disease
incidence and weather variables exhibited strong
relationship among the different components of epidemic
during 2001-2003.Late sowing significantly reduced the
incidence of dry root rot in all three chickpea cultivars.
(Vijay et al.2005).
Disease diagnostics
Disease generally appears around flowering and
podding stage as scattered dried plants. The first symptom
is yellowing and sudden drying of the plants. Drooping of
petioles and leaflets is confined to top of the plant.
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Sometimes when the rest of the plant is dry, the top most
leaves are chlorotic. The tap roots become dark brown quite
brittle in dry soil and shows extensive rotting resulting in
the loss of lateral roots. The lower portion of the tap root is
often left in the soil when plant is uprooted. The disease
appears suddenly when ambient temperatures are between
25-30°C .Several workers have reported various types of
symptoms produced on plants with varying intensity of
the disease in different crops and different regions.
According to Mehrotra and Aneja (1990) the first
symptom of the disease is yellowing of the leaves within a
day or two such leaves drop and in the course of the next
two or three days whole plant dies off. The leaves and stem
of the affected plants are usually straw coloured. The
taproot is dark and quite brittle in dry soil. Singh et al.
(1990) observed disintegration of cortical tissues while
mycelium and sclerotial bodies plugging the xylem were
seen in longitudinal sections of the roots inoculated with
R. bataticola.. The sudden collapse of infected plants at
the pod-filling stage may be due to this plugging of the
xylem vessels.
Taxonomy
The most important taxonomic work on the genus
Rhizoctonia in the 19th century is that of Tulasne brothers
(1862). They published the first extensive morphological
study on the genus Rhizoctonia. They reduced
Rhizoctonia crocorum DC and Rhizoctonia medicaginis
DC to a single species to which they applied a new name
Rhizoctonia vivolaceae Tul. This reduction to a single form
was made after a most careful morphological study of the
fungus at all stages.
Among the taxonomic and pathological studies on
Rhizoctonia in India, the most important is that of Shaw.
Before 1912, he had studied two species of Rhizoctonia,
one of which was characterized by its formulation of small
black sclerotia. The systematic names as position of
Rhizoctonia bataticola as follows.
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distribution and with variable characteristics. The species
description of R. bataticola has been given by
Subramanian, 1971. The basic characteristics of the species
are the formation of sclerotia in the host tissue as well as in
culture. On the infected plants, sclerotia seen in the pith
region and outer surface of roots just below the bark region.
They are brown or jet black, minute, smooth externally, hard,
variable in shape: globose, oval, oblong, elliptical, curved
or even forked and varying in size, but of uniform texture,
more or less loosely packed.”
The cell of hyphae is thick walled barrel shaped,
branching more or less at right angles and light to dark
brown in colour. The genus Rhizoctonia is distinguished
by the light brown-to-brown hyphae with somewhat loose/
spongy sclerotia in the form of bulbils. According to
Mehrotra and Aneja (1990) both the species R. bataticola
and R. solani have the variable capacity to produce
enzymes. On the culture medium, the mycelium is black,
gray to brown or black, sometimes dull white, sclerotia
produced on mycelia strands are small (100800 µm diam.),
black, shiny, irregular shaped . Rarely pycnidial stage is
produced in culture having aseptate, hyaline, ellipsoid to
ovoid and measures 1430X 510 µm with breadth and length
ratio invariably as 1:3.
Histopathology
Some histopathological observations of chickpea
roots infected by Rhizoctonia bataticola showed
disintegration of cortical tissues while mycelium and
sclerotial bodies plugging the xylem were seen in
longitudinal sections. The sudden collapse of infected
plants at the pod filling stage may be due to plugging of
the xylem vessels (Singh et al., 1990).
The mechanical plugging of the xylem vessels by
microsclerotia, toxin production, enzymatic action, and
mechanical pressure during penetration lead to disease
development (Sharma et al., 2004). Bhatt and Vadhera (1997)
also studied the histopathological studies on cohabitation
of Pratylenchus thornei and Rhizoctonia bataticola on
chickpea both singly and jointly in vitro. Both organisms
caused destruction of epidermal cells P. thornei penetrated
the roots directly and R. bataticola was thought to secrete
macerating enzymes and cortical tissues apart from plugging
of the xylem vessels by mycelium or sclerotia.

Kingdom

-

Fungi

Division

-

Basidiomycota

Sub-division

-

Agaricomycotina

Class

-

Agaricomycetes

Order

-

Cantharellales

Family

-

Ceratobasidiaceae

Variability in pathogen

Genus

-

Rhizoctonia

Species

-

Bataticola

Byadgi and Hegde (1985) studied the variation in
isolates of R. batitocola obtained from six different plant
species. Isolates differed in their cultural characters, growth
rate, morphology of the sclerotia, pycnidia and
pycnidospores and virulence. Cultural characters of the
isolates after 3 days of incubation indicated that bean isolate
grows significantly faster followed by Bengal gram and
cowpea isolates, which produced fluffy dark brown

Pathogen
Rhizoctonia bataticola (Taubenh.) Butler as a plant
pathogen was recognized by Halsted in (1890) and has a
host range of over 500 plant species with worldwide
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mycelium. The sorghum and soybean isolates did not differ
significantly and exhibited moderate growth with the
partially fluffy mycelium. The gliricidia isolate produced
poor growth and appressed light brown mycelium.
Sobti and Bansal (1988) studied variation in cultural
characteristics of groundnut root, leaf and seed isolates of
Rhizoctonia bataticola (in-vitro tests) on different media.
The seed and root isolates had the smallest and large
sclerotia respectively. Than et al. (1991.) studied the 37
isolates of Rhizoctonia bataticola from diseased chickpea
plants collected from different locations and 2 isolates from
other hosts resulted the possible occurrence of more than
one type of isolate in a field and the existence of closely
related isolates at different places.
An attempt has been made for pathotyping of R.
bataticola isolates (23 from chickpea and 4 from other host
crops) and their molecular characterization. The virulence
analysis of the isolates of R. bataticola on a set of chickpea
cultivars namely ICC 12441, ICC 11332, ICC 11224, ICC
12450, Pusa 362, BGD 112, Pusa 1103, Pusa 212, Pusa 1088
and BCP 17 under blotter paper as well as sick soil grouped
them into 6 pathotypes. The pathotype groups were related
to agro-ecological regions of the country using random
amplified polymorphic DNA (RAPD), internal transcribed
spacer restriction fragment length polymorphism (ITSRFLP) and ITS sequencing (Dubey et. al, 2011).
The studies conducted by Subramanian et al., (2011)
explored pathogenic and genetic variability among the 11
isolates of R. bataticola from different pulse crops. Based
on morphological characters, 11 isolates were categorized
into three groups viz., linear, fluffy, and linear at the end
with fluffy growth at the center. Isolates also
showed variability in sclerotial characters (intensity and
shape) and intensity of pigment synthesis. All isolates were
more aggressive on the original host from which it was
isolated.
Sharma et al (2012) studied the diversity in population
of R. bataticola ( 94 isolates ) in India and reported that the
isolates were diverse in respect to their different cultural
and morphological parameters like colony colour , growth
pattern , growth rate , mycelial characters , sclerotial
initiation time , sclerotial intensity and morphology of the
sclerotia . Five AFLP primer combinations provided a total
121 fragments and were found polymorphic with an average
polymorphic information content value of 0.213. AFLP
analysis showed that the maximum number of R. bataticola
isolates were diverse and did not depended on geographical

origin. Both morphological and molecular data correlated
with each other and supported that the R. bataticola
present in India were diverse and independent to their origin.
Virulence study of the 40 isolates tested on a chickpea
susceptible variety BG 212 under blotter paper technique,
grouped them into two pathotypes which were related to
central region of the country. The highly virulent isolates
from Madhya Pradesh, Chhattisgarh, and Maharashtra were
fast growing isolates and exhibited largest sclerotia (Gupta
et al., 2012).
Screening techniques
To assist the breeders in developing resistant
material, technique have been developed and standardized
to screen germplasm and breeding material efficiently and
effectively through sick plot and Blotter paper technique
(Nene et al., 1981).
The Blotter paper technique (Nene et al., 1981) is
routinely used at ICRISAT and AICRP chickpea to confirm
resistance in test lines identified promising in the field. In
this technique, roots of 5 to 7 days old seedlings raised in
the sterilized sand are inoculated with inoculums and
incubated at 30 to 350C for 8 days. At the end of the
incubation, seedlings are examined for the extent of root
damage and scored on 1 to 9 rating scale (Table1).
To confirm the resistance in the field, growing of
resistant entries/genotypes in a wilt sick plot have been
reported well for DRR. The only difference is to plant a
cultivar that is susceptible to R. bataticola, but resistant
to F. oxysporum f. sp. ciceri. e.g. BG 212 and ICC 229 (Nene
et al., 1981).
Test lines showing ratings 1-3 are considered
acceptable for the breeding programme, ratings 4-5 are
acceptable only if lines with ratings 1-3 are not available,
and ratings 6-9 are not acceptable.
Management
Host resistance
Host plant resistance offers the most economical,
environmentally acceptable and long term means of
controlling biotic stresses. Several genotypes with
moderate resistance to dry root rot have been identified at
international crop research institute for semi arid trophics
and University. The conventional method of resistance
breeding depends on sources of resistance available in the

Table 1.
Rating
1
2-3
4-5
6-7
8-9

Category
Resistant
Moderately resistant
Tolerant
Moderately susceptible
Susceptible

Symptoms of dry root rot
No infection on roots
Very few small lesions on roots
Lesions on roots clear but small, new roots free from infection
Lesions on roots many, new roots generally free from lesions
Roots infected and completely discolored

Dry root rot incidence (%)
0.0-10
10.1-20
20.1-30
30.1-40
40.1 and above
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primary gene pool and the ability to identify the resistant
genotypes in germplasm and the segregating populations.
However, there is need to improve effectiveness of this
approach by further refining screening methods for
resistance to stresses, identifying new sources of
resistance, understanding the mechanisms and genetics of
resistance, and understanding the variability in the
pathogen and its nature.
The screening for resistance against other soil borne
diseases is a regular feature under All India Coordinated
Programme of chickpea along with other diseases, but more
concentrated efforts are required to identify stable resistant
sources to new emerging threats for combining resistance.
Besides resistant varieties, other management options
based on cultural practices, chemicals and bio-agents have
been developed and limited efforts to integrate them with
crop husbandry have been made (Vishwa Dhar and Gurha,
1998; Vishwa Dhar et al., 2001 & 2004, Chaudhary,2004;
Dubey et al.,2011;). Although, these options have helped
in reducing the yield losses but more concerted efforts are
needed to further refine these technologies and make them
more economical and acceptable, Nene et al. (1989)
identified broad based and stable resistance to wilt and
root rots in chickpea Genotypes ICC2862, ICC 9023, ICC
9032, ICC 10803, ICC 115550 and ICC 11551 were resistant
to wilt and root rots at 11 to 12 of the 18 locations where
they were tested. Reddy et al. (1991) evaluated wild Cicer
accessions for resistance to wilt and root rots probably it is
the first report on the identification of combined resistance
to wilt and root rots. Salem et al. (1991) screened chickpea
accessions for their reaction to the root rot /wilt disease
complex in Egypt. Giza 88, L-606 and L-1164 were found
resistant to disease. Baker and Ahmed (1991) reported
additional sources of resistance to wilt and root rot of
chickpea in Bangladesh, 12 were finally selected as
resistant. Of these, ICC12263 was most resistant, with a
changing 2.3%, only other entries exhibiting percent
mortality rates of up to 5%. Bhatt (1993) observed that
BGM 416, BG 416, ICC 1376 and IC 11314 were resistant to
root rot. Resistant cultivars had greater number of total
roots during early growth phases. Gupta (1995) identified
chickpea genotypes with dual resistance against wilt and
root rots. A set of 300 diverse chickpea lines were compared
for resistance to Fusarium oxysporum f. sp. ciceris and
Rhizoctonia bataticola during 1990-92 in multiple disease
sick plot. Mortality in the susceptible control JG 62 was 80100% Lines ICCV 89402, ICCV 90201, ICCV 90254, BG 209,
H 88-2, GF 88426 and RSG 80 suffered less than 10%
incidence of both diseases and were considered resistant.
Tadesse, (1995 ) reported ICC 6045 a kabuli chickpea
resistant to wilt and root rots in Ethiopia.
Khalid and Ilyas (2000) evaluated 108 chickpea
germplasm lines for sources of resistance against
Macrophomina phaseolina infection and disease
assessment. On the basis of external expression of dry root
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rot symptoms none of the tested lines was highly resistant,
only one line (971120) was resistant and another line (97104)
was moderately resistant.
Gangwar et al. (2002) screened 35 chickpea cultivars
for resistance to dry root rot caused by Rhizoctonia
bataticola in a field experiment. Ten cultivars (ICC 2644,
10384, 10630, 112244, 11332, ICCL 81002, 810810, ICC 12263,
12441 and ICCV 90254) were resistant whereas 5 genotypes
(GCP 9504, Phule G 96020, 96105, 96313 and GL 91059) were
moderately resistant to dry root rot in a field experiment.
Prajapati et al., (2003) Evaluated forty-five chickpea
cultivars for resistance to dry root rot H 355, JG 315, Pusa
212, G 543, ICCC 32, BG 244, Phule G 5, ICC numbers 2644,
10384, 11224, 10630 and 11332, ICCV 10, ICC numbers 12441,
12263, 81010 and 81002, Avrodhi, ILC 702 and ILC 200 as
resistant. Pandey et al. (2004) evaluated twenty-nine
chickpea germpalsm accessions, 10 cultivars and 8
advanced breeding lines for resistance to dry root rot, under
in vitro conditions. They observed that one germplasm
accession (ICC 14395), a cultivar (ICCV 2) and advanced
breeding line were resistant to dry root rot. Prasad et al.
(2006) evaluated 12 cultivars for resistance against dry root
rot disease under natural and artificial conditions. Under
natural conditions, the mean disease incidence was lowest
(8.0%) in G-543, followed by BG-360 and GNG-1365. Gupta
and Babbar (2006) identified desi and Kabuli chickpea
genotypes having multiple resistances against soil borne
pathogens (S.rolfsii, F. oxysporum, R. bataticola) diseases.
Genotypes H 99-264, PG 9425-5 and PG 9425-9 (desi) and
HK 00297 and PG 97-313 (kabuli) exhibited resistance against
all the 3 pathogens. WCG 97-29, WCG 97-37, IPC 97-72 and
H 00-256 (desi) showed less than 10% mortality for collar
and dry root rots. GF 88240, MPJG 98-9032 and MPJG 9811551 (desi) and HK 94-134 (kabuli) showed resistance to
wilt and dry root rot diseases. These genotypes are valuable
sources of resistance and may be exploited for utilization in
breeding programmes for developing high-yielding
cultivars with multiple disease resistance. Jagre (2014)
screened 159 entries comprising of 98 desi and 61 kabuli
types against dry root rot resistance. Four entries viz., GJG
0809, CSJ 303, GJG 0910, IPCK 06-56 of desi type and 13
kabuli type (IPCK 06-78, CSK 4, IPCK 06-56, HK 08-23-1,
BG 3025, JGK 18, CSJ K 72, CSJ K 7) were found resistant at
JNKVV Jabalpur. Dua et al. (2008) reported 15 accessions
ICs 27060, 327062, 327063, 327073, 327074, 327100, 327112,
327190, 327220, 327259, 327336, 327679, 327777, 327779 and
327779 having dual resistance wilt and dry rot on the basis
of multi location evaluation test.
Gupta et al. (2012) evaluated 175 chickpea genotypes
for identifying better sources of resistance against dry root
rot through blotter paper technique and in multiple disease
sick fields at JNKVV, Jabalpur during 2007 to 2010. Six lines
viz, JG 2007, JSC 37, MPJG 89-11551, MPJG 89-9023, CSJ
592 and Rajas as exhibited resistant exhibiting less than 10
per cent mortality.
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Although large number of entries have been screened
for dry root rot, resistance from all over the country however
we do not have highly resistant lines available so far to be
used in the chickpea breeding program. Concentrated
looking to the climate change concerted efforts are needed
to identify host plant resistance against dry root rot.
Cultural Control
While the studies conducted by Prajapati et al., (2006)
on interaction of date of sowing with varieties and bio agents
on dry root rot of chickpea showed that late sowing i.e. 15th
Nov. significantly reduced the incidence of dry root rot in
all three chickpea cultivars this may to attributed to different
agro ecological region. Other important practices include
deep ploughing in summer and avoidance of drought by
changing date of planting.
Singh et al. (1990) studied the effect of soil
amendment on Rhizoctonia bataticola causing dry root
rot of chickpea in naturally infested soil amended with
residues of mature wheat, oats, chickpea, peas and lentils
and inoculated with 10 days old culture of R. bataticola. A
gradual decrease in the populations of Rhizoctonia
bataticola and significantly lower infection percentages
were observed in wheat and oat amended soils. Chickpea
and lentil residues did not significantly reduce propagule
or infection levels and pea residues increased the pathogen
population. Studies on effect of micronutrient on in vitro
growth of some root pathogens of chickpea indicated that
Zn inhibited the mycelial growth of pathogens (Sclerotium
rolfsii, Rhizoctonia bataticola and Fusarium oxysporum
f.sp. ciceris).
The variation in date of sowing was tested as an
effective and economic strategy against dry root rot and
wilt diseases of chickpea, along with optimum yield, in
Kanpur, Uttar Pradesh, India, during the rabi season of
2000-2003. Three cultivars of chickpea, viz., T3, Avrodhi and
K-850, were sown in four different dates at 15 days interval,
starting from 15th October. The early sown cultivars were
significantly less affected by dry root, followed by the third
date of sowing in all the years. K-850 showed significant
reduction in disease incidence (14.69, 15.89, 15.18 and
16.98%, respectively, during the 1st, 2nd, 3rd and 4th
sowing) compared to the other two cultivar (Biswas, 2010).

Patel and Anahosur (2001) conducted greenhouse
experiment on surface sterilized chickpea cultivars ICC 4951
(susceptible) and Bheema (resistant) seeds sown during 1
and 15 October, and 1 November in 15-cm diameter surface
sterilized earthen pots filled-up with artificially infected soil
(with Fusarium oxysporum f. sp. ciceris and/or
Macrophomina phaseolina) at four soil moisture levels
(25, 50, 75 and 100%). Results showed that F.
oxysporum f.sp. ciceris infection was pronounced at 50 and
75% soil moisture, while M. phaseolina infection was
maximum at 25% and minimum at 100% soil moisture. ICC
4951 developed higher disease than Bheema, where it
succumbed maximum at 25% soil moisture. Both cultivars
showed maximum disease incidence at the lowest soil
moisture. Sharma et al. (2012) also reported that soil
moisture content of 60% coupled with high temperature
(>30°C) predispose chickpea to dry root rot.
Biological control
Integrated use of T. harzianum with fungicidal seed
treatments significantly reduced the incidence of chickpea
wilt complex and increased crop yield. Kaur and
Mukhopadhyay (1992) Seed treatment with Vitavax 200
(Carboxin + Thiram) and Ziram resulted in 29.9% disease
control, this control increased to 63.3% when T. harzianum
was also applied. Nautiyal (1997) demonstrated a superior
biocontrol potential of Pseudomonas sp. 6 P3 to control F.
oxysporum f. sp. ciceris, R. bataticola and Pythium sp.
compared to Rhizobium sp. NBRI 951 R7.
Biological control of R. bataticola of urdbean was
most effective by the integration of antagonist
(Trichoderma virens) and organic amendments (FYM) and
significantly improved the plant growth, grain yield, dry
matter production and reduced disease incidence than
application of T. virensalone (Christopher et al., 2007). A
combination of biocontrol agents of T. viride, Pseudomonas
fluorescens and Bacillus subtilis improved the management
of R. bataticola in greengram (Thilagavathi et. al., 2007).

Deep ploughing and removal of infected host debris
from the soil may reduce the further multiplication of sclerotia
in its saprophytic phase and also reduce the inoculum levels,
resulting in reduced disease severity. Research in the Pacific
Northwest of USA showed that tillage and residue
management can markedly influence the severity of root
rot in pea (Kraft et al., 1988).

Application of antagonists (Trichoderma viride and
T. harzianum used as seed treatments) soil inoculums +seed
treatments proved effective in reducing the incidence of
dry root rot (Rhizoctonia bataticola) and increasing the
phenolic and carbohydrate contents of chickpea (Singh et
al., 1998). Ahamad Shaid, (2000) conducted a field trial
under pot condition on biological control of dry root rot of
chickpea with plant product and antagonistic
microorganisms which showed that palmarosa oil (0.3%)
gave the best control ( approx. 22-32% disease incidence
compared with > 66% in control), and soil inoculation +seed
treatment was the most effective application method.

The no tillage had fewer sclerotial populations than
the conventional tillage. The no tillage may provide a less
conducive environment to support the M. phaseolina (R.
bataticola) population (Mengistu. et. al., 2009).

Sindhan et al. (2002) made an in vitro studies on the
efficacy of Trichoderma viride, T. harzianum, Aspergillus
flavus, A. niger, A. ochraceus,Penicillium citrinum,
Bacillus subtilis, and Pseudomonas fluorescens against
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Rhizoctonia bataticola alongwith 0.2% carbendazim under
greenhouse conditions. All antagonists inhibited mycelial
growth and sclerotia production, P. fluorescens being the
most effective (65.0 and 90.5% inhibition, respectively).
However, carbendazim was more effective than the bacterial
antagonists, inhibiting mycelial growth by 94.2% and
sclerotia production by 100.0%. All treatments significantly
controlled R. bataticola and improved the growth of
chickpea cv. C-235 seedlings on soil inoculated with
R. bataticola at 5% per pot (weight basis). Carbendazim
and P. fluorescens resulted in the highest level of disease
control (79.2 and 71.8%) and increase in the dry weight and
length of roots and shoots. Gupta et al. (2003) studied the
effectiveness of 4 isolates of Bacillus subitllis in controlling
Rhizoctonia bataticola under laboratory and under field
condition . Isolate Bacillus 4 (B 4) was highly antagonistic
to the pathogen and pathogen inoculated seedlings (Cv.
JG 315) had healthy roots under the treatment with B 4.
B. subtilis (B 4) containing 9 X 10> 8cfu/ml mixed with FYM
@ 1: 20 ratio was effective in reducing the percent mortality
as compared to control. Mondal and Bhattacharya (2003).
Studied the possibilities of controlling root rot disease with
bacterial antagonistic and found that cultures of two
bacterial isolates (S12 and S17) of Bacillus sp. when applied
as both seed and soil drench reduced root rot or
Macrophomina rot of gram . Siddiqui and Akhtar (2007)
studied the effect of the phosphate solublizing
microorganisms. Aspergillus awamori, Pseudomonas
aeruginosa (isolate Pa-28) and Glomus intraradices in
terms of growth and content of chlorophyll, nitrogen,
phosphorus and potassium and on the root rot disease
complex of chickpea caused by Meloidogyne incognita
and Macrophomina phaseolina. Combined inoculation of
these microorganisms caused the greatest increase in plant
growth and reduced the root rot index more than individual
inoculations.
Nagamani et al., (2011) found that the seed treatment
with Carbendazim at 2 g/kg of seed + seed treatment with T.
viride at 4 g/kg of seed + soil application of FYM fortified
with T. viride (T7) was the best treatment to decrease the
mortality of root rot caused by R. bataticola. It also recorded
highest growth parameters like shoot length and root length
and also the highest yield. Dubey et al (2011) studied the
efficacy of newly developed seed dressing and soil
application formulation of T. viride, P. virens and T.
harzianum for integrated management of dry root of
chickpea under pot and field conditions. A combination of
soil application T. harzianum based PBP 10g and seed
treatment with Pusa 5 SD +Carboxin was found to be the
best by providing the highest seed germination shoot and
root length, grain yield, and the lowest root rot in
individually and in combination. The interaction on date
of sowing varieties on bioagents on dry root rot of chickpea
showed that the seed treatment with T. harzianum (2x109cfu/
g and 10g/kg) and late sowing significantly reduced the
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disease incidence in all three chickpea cultivars viz., Radhey
, JG 9 and Vijay ( Prajapati et. al., 2006).
Chemical Control
Goyal and Mehrotra (1981) tested 9 fungicides
against R. bataticola in vitro and on (chickpea) Benlate,
Bavistin. Thiophanate methyl and Dyrene were promising.
In vitro, Benomyl and Bavistin inhibited fungal growth most.
Gurha et. al. (2007) reported the ecofriendly management of
dry root rot (Rhizoctonia bataticola ) and wilt (Fusarium
oxysporum) infecting chickpea. The topic discussed
includes disease resistance in plant; cultural control;
intercropping and rotation; biological control; chemical
control. Screening of chickpea germplasm lines against dry
root rot disease in pot. Peshney et al. (1992) reported that
Thiram, Captan, PCNB, Mancozeb, Iprodine, Carboxin,
Sarwar and Raju (1985) tested 8 fungicides in vitro ,an
antibiotic Topsin M-70 was highly effective at 1000, p. pm.
against R. bataticola. Seed treatment with a mixture of
Carbendazim 1.5 g and Thiram 1.5 g / kg of seed or with
Trichoderma viride formulation + 3 g Thiram / kg seed can
reduce the disease incidence. Raut and Somani (1987)
reported Captan and Chlorothalonil are most effective seed
treating fungicide in reducing the root rot and increasing
the yield under field condition. Singh et al. (1992) reported
that integrated pesticide spray schedule provided better
control of dry root rot (R. bataticola) in chickpea than any
of the simple treatments. Higher yields were observed seed
treatment with Carbendazim + Thiram was followed by 2
sprays of Monocrotophas or Endosulfan. Taya et al. (1990)
in green house tests, in different ways and found that the
best control of R. bataticola was given by Carbendazim
alone or in combination with Thiram as seed treatment,
presowing, soil- drench and seed treatment + drenching
after sowing treated seed of chickpea. Vijay Mohan et al.
(2006) reported in fungicidal trails on management of dry
root rot of chickpea caused by R. bataticola. Carbendazim
(0.2%) and Etaconazole (0.1%) used as seed treatment, soil
drenching and seed treatment plus soil drenching recorded
lowest disease incidence of 15.6 and 18.2 per cent highest
grain yield of 192 and 18.9 q/ha respectively, during rabi
2001-2002 and 2002-2003 crop seasons. The above treatment
recorded 57.2 and 52.4% higher yield over control with per
rupee return of 12.78 and 11.80 respectively.
Looking ahead
The screening for resistance against other soil borne
diseases is a regular feature under All India Coordinated
Programme of chickpea along with other diseases, but more
concentrated efforts are required to identify stable resistant
sources to new emerging threats for combining resistance.
Besides resistant varieties, other management options
based on cultural practices, chemicals and bio-agents have
been developed and limited efforts to integrate them with
crop husbandry have been made (Vishwa Dhar and Gurha,
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1998; Vishwa Dhar et al., 2001 & 2004,Chaudhary,2004;
Dubey et al., 2011;). Although, these options have helped
in reducing the yield losses but more concerted efforts are
needed to further refine these technologies and make them
more economical and acceptable.

Bhatt J. (1993). Reaction of chickpea cultivars of Rhizoctonia
bataticola (Taub.)Butler (Macrophomina phaseolina) (Tassi)
Goid. Indian J. Pulses Research. 6(1): 118-119.

Need to study the interaction of root rots and wilt
and their sequential occurrence in sick plots. There is an
urgent need to develop rapid, convenient and highly
reproducible diagnostic test including characterization.

Butler E J (1925). “Fungi in India”, ICAR, New Delhi

Availability of host plant resistance to dry root rot is
meager and of limited use. Need to identify Genetic
resistance to dry root rot for strategic research investments.
Redesigning or development of short duration
cultivars to escape drought is the demand of the day so as
to minimize the losses. Exploitation of wild relatives and
identification of the genes from the wild species may be
useful.
Need to understand the consequences of the
intensive soybean - chickpea cropping system on the
changing scenario of diseases. The studies indicated that
under the emerging climate change, high temperature and
the resultant rapid soil moisture deficit at reproductive
growth stages predisposes chickpea to outbreaks of dry
root rot. Hence, further study on behaviors of the pathogen
at different levels of temperature and moisture is required.
The molecular markers offer great opportunity for
facilitating and improving precision of selection for
resistance in segregating generations. The marker-assisted
selection (MAS) can substantially reduce the time and
efforts needed to recover high level of resistance from the
donor parent and at the same time recovery of the genomes
of the adapted cultivar.
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ABSTRACT
Fusarium wilt (FW) is one of the major constraints in
chickpea (Cicer arietinum L.) production. Therefore, a
backcross program was undertaken to introgress resistance
to FW targeting foc 4 loci predominantly found in NorthernKarnataka region in Annigeri-1, an elite but otherwise
susceptible cultivar of chickpea. WR 315 a desi landrace
resistant to multiple races of Fusarium oxysporum served as
a donor. By two backcrosses and three rounds of selfing, 119
BC 2F 3 families were generated for A-1 × WR 315 cross.
Systematic phenotypic elimination process could eliminate
the susceptible lines, while retaining the resistant genotypes
at every backcross and selfing generations. A total of eight
groups were formed from 119 families based on their
pedigree. Evaluation of these families under wilt sick plot
could identify and 71 BC2F4 resistant families. Of these 71
resistant families, a total of nine families recorded more
than 400 gm seed yield/family, six families (>300 gm), 17
families (>200 gm), 21 families (>100 gm) and 18 families
(<100gm).
Keywords : Fusarium wilt, Cicer arietinum L., Chickpea, races

Chickpea commonly known as Bengal gram or
Garbanzo (Cicer arietinum L.) is an important pulse legume
cultivated and consumed across the globe including semiarid tropics in India. Productivity of chickpea is low and
highly unstable due to several biotic and abiotic stresses
in India. Fusarium wilt, caused by Fusarium oxysporum
Schlechtend: Fr. f. sp. ciceris (Padwick) Matuto & K. Sato,
a soil-borne fungus is major constrain in chickpea
cultivation. The disease is bound to occur in all the chickpea
growing areas (Nene et al., 1989; Halila and Strange, 1996;
Sharma and Muehlbauer, 2007). An estimate of 10-15%
annual yield losses is associated due to wilt in chickpea
(Jalali and Chand, 1992), under favourable condition
fusarium wilt epidemics can be devastating to individual
crops and cause 100% loss (Halila and Strange 1996; NavasCorte´s et al., 2000). The pathogen is persistent in soil and
can survive even in the absence of host plants for many
years and build up the permanent disease inoculum (Haware
et al., 1996) thus renders its control difficult. Control of
fusarium wilt using fungicides not only adds to the cost of
cultivation but also leads to the environmental pollution.
In this direction deployment of host plant resistance by
use of resistant cultivars is the preferred strategy for
managing the wilt disease, as it is the most economic,

effective and eco-friendly means of controlling chickpea
wilt. Even effectiveness of such a cultivar is further limited
by existence of different races of pathogens. To date, eight
pathogenic races of F. oxysporum f. sp. ciceris (Foc) (races
0, 1A, 1B/C, 2, 3, 4, 5 and 6) are identified. Identification of
cultivars resistant to such races of the pathogen needs
evaluation of a large number of germplasm accessions,
varieties and breeding lines. Cultivation of varieties
possessing resistance to specific races of the pathogen
prevalent in a region or locality is the most economical
disease management strategy (Jalali and Chand 1992).
Several efforts are made in chickpea breeding to develop
high yielding chickpea cultivars. Developing Annigeri-1
was an important achievement in chickpea breeding, the
cultivar is drought tolerant and known for its superior
agronomic and yield attributing traits, it has been the ruling
cultivar for past four decades in the North-Karnataka and
recently accorded the status of national check for drought
tolerance in AICRP and frontier chickpea screening
experiments, but in recent past the cultivar has turn out to
be susceptible to wilt disease caused by Fusarium
oxysporum and the pathogen race confined to NorthernKarnataka is Fusarium oxysporum f. sp. ciceris (Foc 4),
which has lead to severe losses in chickpea production of
the region. The present study is focused on developing
fusarium wilt resistant chickpea variety in the background
of widely adopted but susceptible cultivar (Annigeri 1) by
backcrossing Annigeri 1with WR 315. The wild race WR
315 (genetic stock from Kanpur) is the solitary and most
promising source of resistance towards all the races of
fusarium wilt. Phenotypic elimination process was followed
in backcrosses to subsequently eliminating the susceptible
progenies, while retaining only resistant progenies
phenotypically mimicking the elite recurrent parent with
respect to all the agronomic and productivity traits.
MATERIALS AND METHODS
The salient features of the parents, Annigeri 1
(recurrent and female parent) and WR 315 (donor and male
parent) used to develop backcross lines are given below.
Annigeri 1(A-1): is a Desi landrace, selection made
from local germplasm during 1960’s. It is dwarf, spreading
habitat, seeds are yellowish brown and medium bold (1720gm/100 seeds). Tolerant to drought and early maturing
type (90-100days) with a yield potential of 10-15 qtls/ha
under rainfed conditions released from UAS, Dharwad.
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WR 315: A desi landrace (a genetic stock from
Kanpur) from central India resistant to race Foc 4 of FW,
used as a source of donor for wilt resistance (Mayer et al.,
1997; Sharma et al., 2005)
Crossing and selection scheme: Seeds of the parents
were grown in wilt free crossing block at Agriculture
Research Station, Kalaburagi (UAS, Raichur). A-1 (female
parent) was crossed with WR 315(male parents) during the
post rainy season of 2010 to produce F1 seeds (A-1× WR
315). Crossing was performed by hand emasculating the
unopened buds on previous day of pollination. Anthers
were removed from flowers of the female plant (A-1) by
holding bud between thumb and fore finger, front sepal is
stripped off with the help of forceps and keel is pushed
downwards. Exposed anthers are then gently removed
ensuring minimum damage to stigma of the flower. After
that coloured cotton thread or tag is tied around pedicel of
the flower. Pollination was done by applying pollens on
receptive stigma of female plant in early morning (before
8.30 AM) on the following day. Pods set on A-1 were
harvested, seeds were sown in the wilt free plot and hybrid
(F1) plants were identified. A-1 (recurrent and female parent)
plants were crossed with F1s (male parents) to develop the
first backcross hybrid (BC1F1). Likewise, backcrossing was
repeated to get BC2F1s. After two rounds of backcrossing,
progenies of BC 2F 1 were advanced up to BC 2F 4 for
identifying wilt resistant lines. Advanced backcross
progenies of BC 2F 1, BC 2F 2, BC 2F 3 and BC 2F 4 were
stringently evaluated under intense wilt sick plot to identify
resistant lines. During the process of developing the
backcross population, elimination of susceptible progenies
was followed.
Wilt Screening: Backcross lines were screened
against F. oxysporium f.sp. ciceri in sick plot developed at
Agriculture Research Station, Kalaburagi. A field screening
technique for wilt screening developed at ICRISAT (Nene
et al., 1981) was adopted. For which wilt susceptible check
(JG-62) was sown intermittently after every five backcross
lines so as to monitor disease pressure. A total of 119 BC2F3
families were tested against wilt. The backcross lines were
sown in rows. A row length of 3m with 30 ×10 cm row to row
and plant to plant spacing was maintained. Seedling
emergence was recorded 18-20 days after sowing (DAS).
Observations on number of wilted plants was recorded at
seedling stage (30 DAS), pod initiation stage (60 DAS) and
physiological maturity stage (90 DAS). Per cent wilt
incidence was calculated using the formula given below
and wilt scoring scales developed by Nene et al., 1981 was
used to phenotype backcross lines for resistance and
susceptibility against fusarium wilt (Table 1).
Per cent wilt incidence =

Number of wilted plants
× 100
Total number of plants

Table 1:

Wilt scoring scales used to phenotype backcross
lines for resistance and susceptibility against
Fusarium wilt

Reaction
Resistant (R)
Moderately Resistant (MR)
Moderately Susceptible (MS)
Susceptible (S)
Highly Susceptible (HS)

Per cent wilting (mortality)
0.0 - 10.0
10.1 - 20.0
20.1 - 30.0
30.1 - 50.0
Above 50.0

RESULTS AND DISCUSSION
In the present investigation, breeding objective was
designed specifically to address the local problem of
chickpea wilt caused by Fusarium oxysporum f. sp. ciceris
(foc 4), in the genetic background of highly adapted variety
Annigeri-1(A-1), which is highly praised for its wide
adaptation, drought tolerance and superior agronomic
traits. But, in recent past A-1 has turned out to be
susceptible to wilt disease caused by Fusarium oxysporum
and the pathogen race confined to Northern-Karnataka is
Fusarium oxysporum f. sp. ciceris (Foc 4). WR 315 is an
ideal source showing resistance to multiple races of FW
(Jimenez-Diaz et al., 1993; Sharma et al., 2005; Sharma and
Muehlbauer, 2007; Haware and Nene, 1982) served as a
source of resistance. Tremendous progress has been made
in understanding the genetic control of fusarium wilt
resistance and mapping genes resistant to fusarium wilt
(Millan et al., 2006). Therefore, few studies reported use of
WR 315 as a donor to introgress wilt resistance in elite
cultivar of chickpea (C 214) (Varshney et al., 2014). Chickpea
ideotypes would be different for each geographical region
and growing conditions, as the plant traits required for
specific adaptation to these environments would be
different. Crop ideotypes are idealized plant types with a
specific combination of characteristics that help to maximize
community performance of the plant for higher yields
(Donald, 1968). Hence, majority of breeding programs are
aimed at developing cultivars for specific target region so
as to exploit positive genotype × location (GL) interactions
to increase the crop yields (Annicchiarico et al., 2005).
Further GL interactions can be exploited for specific
adaptation or by growing specifically adapted genotypes
(Annicchiarico et al., 2002). Similarly in resistance breeding
developing and cultivation of varieties possessing
resistance to specific races of the pathogen prevalent in a
region or locality is the most economical disease
management strategy (Jalali and Chand 1992). Thus the
study was targeted to develop backcross lines possessing
race specific resistance against fusarium wilt in A-1.
Therefore, to introgress race (foc 4) controlling
Fusarium wilt, backcrossing was initiated by hybridization
of A-1 with WR 315 donor during the post rainy season of
2009-10. A total of 55 F1 plants were produced. BC1F1s were
produced during the post-rainy season of 2010-11 by
pollinating A-1 with pollens collected from best F1 plants
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of A-1 × WR 315 (which phenotypically resembled A-1 for
most of the agronomic traits). Subsequently 241 BC2F3 seeds
were harvested in the month of February 2011. Second
backcross plants (BC2F1) were generated during the post
rainy season of 2011-12 by crossing A-1 with BC1F1 plants
(that again closely resembled phenotypically to A-1 for
majority of the desired agronomic traits). A total of 800
BC2F1 seeds were sown in the field during post rainy season
of 2011-2012. Of the 800 BC2F1, a total of 20 best plants that
resembled the A-1 were selected and seeds were harvested
from them. Selection of backcross progenies in simulation
study, using the two rounds of backcrossing would
maximizes the recurrent parent genome faster than with
additional third and/or four rounds of backcrossing
provided negative linkage drag is not a problem (Frisch et
al., 1999). The population size can be increased in order to
recover the genetic background of the recurrent parent by
only two backcrosses in the BC2F2 generation. If a small
portion of the donor genome still persists, another
backcrossing is usually needed to recover the recurrent
parent genome by BC3F2. Otherwise, an additional selfing
generation can also be used. Also, a large population size
may not be required when the donor is an adapted, highyielding variety, and introgression of deleterious alleles
would not be so likely (Iftekharuddaula et al., 2011). Thus,
in the present study, after two rounds of backcrossing BC2F1
plants were advanced to produce 1195 BC2F2 seeds coming
from 13 BC2F1 plants which were mimicking A-1 with majority
of desired traits.
Table 2:

Wilt sick plot prepared with heavy inoculum load of
Fusarium oxysporum f. sp. ciceris (Foc 4) was used to
screen the selfed progenies of second backcross (BC2F2).
All the 1181 BC2F2 seeds were sown in plant to progeny
rows, a total of 33 rows ranging from one to five rows were
constituted during post rainy season of 2013-14 (Table 2).
The phenotypic observation on the incidence of wilt at
different days after sowing (30, 60 and 90 DAS) was
recorded, of the 952 total plants 833 showed the wilting
symptoms at different stage and could not serve till harvest.
Hence these plants were eliminated under heavy inoculum
load. Only 119 plants survived at seedling stage (30 DAS),
pod initiation stage (60 DAS) and physiological maturity
stage (90 DAS) of plant growth showing resistance towards
fusarium wilt. A total of 9157 B2F3 seeds were collected
from 119 BC2F2 plants.
All the 119 BC2F3 families were sown again in the wilt
sick plot during the post rainy season of 2014-15. These
119 families were divided into eight groups based on their
pedigree. Overall, there was high wilt incidence (87.55)
facilitating proper selection of the backcross lines.
Phenotypic elimination of susceptible plants/families due
to wilting, screened at 30, 60 and 90 DAS could generate 71
resistant (R), 16 moderately resistant (MR), 6 tolerant (T)
and 26 susceptible families. Of the eight groups, Group I
possessed maximum number of resistant (34) plants followed
by group V, II and VI with 10, 9 and 8 resistant plants,
respectively. While maximum number of susceptible plants
were found in group IV (10 plants) and group III (8 plants).

Evaluation of BC2F2 families against Fusarium wilt under wilt sick garden during 2013-14

Sl. No.
1
2
3
4
5
6
7
8
9
10
11
12
13

BC2F2 Families
Seeds sown
TP
TWP
TRP
Per cent Wilt Incidence BC2F3 Seeds collected
I
11
11
11
0
100.00
0
II
60
39
36
3
92.30
168
III
50
35
35
0
100.00
0
IV
75
61
52
9
85.24
823
V
14
11
11
0
100.00
0
VI
12
11
9
2
81.81
132
VII
11
10
9
1
90.00
54
VIII
30
29
17
12
58.62
745
IX
195
161
161
0
100.00
0
X
90
64
23
41
35.93
3873
XI
185
129
116
13
89.92
1008
XII
180
146
126
20
86.30
1423
XIII
282
245
227
18
92.65
931
Total
1195
952
833
119
87.50
9157
TP: Total number of plants; TWP: Total number of wilted plants; TRP: Total number of resistant plants; WI: Wilt Incidence (per cent)

Table 3:

Reaction of different families against Fusarium wilt under sick garden for resistance to wilt and seed yield during
2014-15
Family
groups

Sl. No.
1
2
3
4
5
6
7
8

I
II
III
IV
V
VI
VII
VIII
Total

R
34
9
5
1
10
8
3
1
71

Wilt reaction
MR
T
4
1
5
1
2
3
1
1
3
0
0
0
0
0
1
0
16
6

S
2
5
8
10
0
1
0
0
26

Total
Families
41
20
18
13
13
9
3
2
119

< 100
5
2
5
1
2
2
1
0
18

Seed yield per family of Resistant lines (gm)
>100
>200
>300
>400
12
9
4
4
1
1
1
4
0
0
0
0
0
0
0
0
4
4
0
0
2
2
1
1
1
1
0
0
1
0
0
0
21
17
6
9

Total
34
9
5
1
10
8
3
1
71
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Data was also collected on seed yield/ family among the 71
resistant families from these eight groups. The families were
categorised to know seed yield/family producing less than
100 gm, more than 100 gm, more than 200 gm, 300 gm and
400gms. Accordingly 34 resistant plants in group I were
divided into five classes. Four families produced yield of
more than 300 gm and 400 gm each, 12 families showed
more than 100 gm, followed by 9 families with more than
200 gm and five families produced seed yield/family less
than 100gm. Over all, of the 71 resistant families constituted
from eight classes could show nine families with more than
400 gm seed yield/ family, six families (>300 gm), 17 families
(>200 gm), 21 families (>100 gm) and 18 (<100gm) (Table 3).
Stringent screening strategy could enable us to
phenotypically eliminate susceptible plants/families from
the genetic stocks generated in the present study. The
mortality of segregating plants with a variable genotypic
constitution, expressing its race virulence in variable
environment in different years cannot be disregarded.
Environment influence the race to a greater extent,
fortunately the dry spell prevailing for two consecutive
years (2013-14 and 2014-15) in the Northern-Karnataka
region was highly favourable for fusarium wilt. Therefore,
proper expression of the pathogen and the host resistance
was witnessed, this has led to identification of better genetic
stocks showing high resistance to fusarium wilt. The
advanced families which are resistant, moderately resistant
or tolerant constituted the BC2F4. Stabilised families are
being evaluated for their genetic potentiality for yield and
yield attributing traits in comparison to the susceptible,
resistant parents and local/National checks.
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to introgress the SUB1 QTL into BR11, the rainfed lowland rice
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ABSTRACT
In vitro regeneration of healthy shoots after Agrobacterium
mediated genetic transformation of explants is an important
step in development of transgenic plants. Here, we report
the response of cytokinins and exogenous amino acids
(L-cysteine, L-arginine & L-glutamine) in axillary meristem
explants (AMEs) of chickpea cv. DCP 92-3, after cocultivaton
with Agrobacterium tumefaciens. We employed previously
standardized regeneration system of chickpea that utilizes
a cytokinin, benzyl amino purine (BAP) for induction of
multiple shoots (10.4 ± 1.66) from AMEs. Co-cultivated
explants were subjected to different amino acids
concentration to calculate regeneration response. Modified
MS medium with L-cysteine, L-arginine and L-glutamine
synergistically helped to recover high regeneration response
percent by decreasing browning of explants. After 72 h,
maximum responded explants (79%) were recorded on MS
medium containing MS salts, B5 vit., 1.0 mgl-1 BAP, 200 mgl-1
L-cysteine, 0.60 mgl-1 L-glutamine and 0.70 mgl-1 L-arginine,
3% sucrose, 0.8% agar, pH5.8. This modified medium can be
effectively utilized for higher transformation frequency in
chickpea.
Key words:ACCM, Amino acids, Chickpea, Co-cultivation.

Chickpea is one of the most important source of
dietary protein to a large section of world population in
arid and semiarid areas and are primarily consumed as
pulses/grains. It is grown in the Mediterranean, western
Asia, south Asia, Australia, Canada, the USA and Africa.
Globally, chickpeas are grown in area of 12 m ha, producing
11 mT. India is the largest chickpea growing country; India
and Pakistan together cover more than 75% of the total
chickpea production area (Acharjee et al. 2013). Worldwide
chickpea production has increased slowly at annual rate of
1.3% in the past 20 years (Rao et al. 2010). Despite its
significant nutritional value, the grain productivity is
adversely affected by several biotic and abiotic stresses.
Gram pod borer, Helicoverpa armigera (L. Hubner)alone is
documented to cause 40% grain yield loss (Gupta et al.
2006). The available chickpea germplasm lacks effective
resistance that can be used in developing insect pest
resistant genotypes.

Modern biotechnology including tissue culture,
genetic engineering and genetic transformation techniques
has provided new opportunities to enhance the crop
productivity and quality. However, a reliable in vitro
regeneration protocol is prerequisite for efficient application
of genetic transformation strategies (Jayanand et al. 2003).
In vitro plant regeneration in chickpea has been reported
through organogenesis from shoot meristems (Sharma
et al. 1979, Kartha et al. 1981), immature cotyledons (Shri
and Davis, 1992) and through embryogenesis from immature
cotyledons (Sagareet al. 1993) and leaflet callus (Barna and
Wakhlu, 1994-1995, Kumar et al. 1995). Successful
transformation of chickpea with various traits were also
reported (Kar et al. 1996, Sharma et al. 2000, Sanyal et al.
2005, Acharjee et al. 2010, Mehrotra et al. 2011, Tripathi
and Chawla. 2011, Das and Parida, 2014). However, effective
transformation frequency of chickpea in these reports seems
to be very low. Effective transformation frequency depends
upon several factors viz. type of explants, osmotic treatment
of explants, Agrobacterium cell density, co-cultivation time,
antibiotics, temperature, medium composition etc.
(Opabode. 2006).
Amino acids are important for growth regulation and
as modulators of growth and cell differentiation, which may
be affecting general metabolism and consequently
morphogenesis (Basu et al. 1989). Amino acid conjugates
are known to influence organogenesis in tomato (Hangarter
et al. 1980 and Magnus et al. 1992). A little change in amino
acid content could bring about different morphogenetic
responses, however higher concentrations of amino acids
have been shown to be general growth inhibitors in
chickpea (John and Mukherjee, 1997). The concentration
of nitrogen and the relative amounts of ammonium and
nitrate are also critical for growth and morphogenesis of
plant cells (Armstrong and Green 1985, Wilkinson and
Thompson 1987). Supplementing the media with mixture of
amino acids or commercial preparations of hydrolysed
proteins frequently enhances the growth of plant tissues,
although some amino acids reduce the growth. The
objective of the study was to examine the effects of
cytokinins and exogenous supply of amino acids on plant
regeneration from axillary meristem explants after
Agrobacterium mediated genetic transformation in
chickpea.
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MATERIALS AND METHODS
Seeds of desi chickpea cv. DCP 92-3 were surface
sterilized with detergent Tween 20 (Hi Media, Mumbai, India)
for 10 min, followed by 1% Sodium hypochlorite (SDFCL,
Mumbai, India), washed thrice with sterile distilled water,
then soaked overnight under aseptic condition. On the
following day, the soaked seeds were rinsed with sterile
distilled water and seed coats were removed. Decoated
seeds were inoculated in Shoot induction medium (SIM)
(MS salts + B5 vitamins + 2.0 mgl-1 2iP + 0.43 mgl-1 kinetin +
0.88 mgl-1 TDZ + 3% sucrose + 0.8% agar, pH 5.8) for
germination and induction of axillary meristematic region.
The culture was maintained at 24 ± 2 ºC with a photoperiod
of 16:8 h (light: dark) under 1000 luxcool white lamp.

and transferred to shoot elongation medium1 (SEM1) (MS
salts + B5 vitamins + 0.43 mgl-1 kinetin + 1.0 mgl-1 2iP + 250
mgl-1 cefotaxime + 100 mgl-1 kanamycin + 3% sucrose + 0.8
% agar, pH 5.8) medium for 10-14 d. At every subculturing
individual shoots were separated from clumps and
transferred on to SEMII (MS salts + B5 vitamins + 1.0 mgl-1
GA3 + 100 mgl-1 kanamycin + 4% sucrose + 0.8% agar, pH5.8)
medium for elongation and selection. Shoots were
subcultured in the same medium for 3-4 cycles to obtain
green healthy shoots, after removal of chlorotic shoots.
The elongated and healthy shoots were grafted by using
micro-grafting technique (Yadav and Singh. 2012)and
acclimatized in green house. Mature fertile plants were
obtained from which seeds were harvested (Fig. 1).

After 7 d, axillary meristem explants (AMEs) were
prepared from healthy germinated seedlings with
modification of protocol described earlier by Sharma et al.
2000. Axillary buds were removed up to the base and two
cuts made through the axillary meristem in order to remove
the plumule and radicle tips up to the hypocotyl and
epicotyl regions.
For multiple shoot induction, the axillary meristem
explants were cultured in medium containing MS salts, B5
vitamins with different concentration of cytokinin benzyl
amino purine (BAP) (0.0, 0.5, 1.0, 1.5, 2.0 mgl-1) 3% sucrose
and solidified with 0.8% agar, pH 5.8. A total of 100 explants
were used per treatment and data of shoot bud initiation,
multiple shoot induction and length of shoots were recorded
at different intervals.
To study the effect of exogenous amino acids
on regeneration response of explants, modified MS medium
with different concentration of amino acids L-cysteine,
L-arginine & L-glutamine were used. A total of 100
co-cultivated explants were used in each combination and
data of regeneration response percent and percentage of
enzymatic browning were recorded after 72 h of
co-cultivation.
Agrobacteriumtume faciens (LBA 4404) was grown
overnight at 28ºC in Yeast Extract Mannitol (YEM) broth
containing 50 mgl-1 kanamycin, 10 mgl-1 rifampicin and 200
mgl-1 streptomycin. The bacterial cells (1×108 cells/ml) were
collected by centrifugation and resuspended in half
strength of MS medium containing 100µM acetosyringone.
Axillary meristem explants were cocultivated in
Agrobacterium suspension for 10 min and then subcultured
in modified MS medium containing different concentration
of amino acids as described in previous section. After 72 h,
the responding explants were transferred onto cefotaxime
containing media for removal of excess Agrobacterium cells.
The explants containing multiple shoots were subcultured
and transferred in to same media, supplemented with 250
mgl-1 cefotaxime and 50 mgl-1 kanamycin for removing traces
of Agrobacterium cells and selection of target cells.After
7-10 d, the cotyledon were removed from multiple shoots

Fig.1 Different stages of chickpea transformation: A.
Inoculated seeds in SIM, B. Germinated seedlings (After 7
days), C. Axilllary meristem explants D. Explants in
Agrobacterium suspension E. Explants containing multiple
shoots, F & G Shoots in kanamycin 100 mgl -1 ,
H. Micrografting of kanamycin resistant shoots
I. Established mature fertile plants.
RESULTS AND DISCUSSION
Effect of BAP on plant regeneration
For multiple shoot induction, modified MS medium
supplemented with different concentration of BAP were
used. Data of shoot bud initiation multiple shoot induction
and length of shoots were recorded at different intervals
and it was observed that, medium containing 1.0 mgl-1 BAP
(MC2) responded earlier (after 2 d of inoculation) than
control (without BAP) and other combinations, medium
containing 2.0 mgl-1 BAP (MC4) responded very late (after
6 d of inoculation), control (without BAP) responded after
9 d of inoculation. After 10-14 d, data of average number of
multiple shoot induction and mean length of shoots were
also recorded. Maximum number of shoots (10.4±1.66) per
explants were observed in medium containing 1.0 mgl-1 BAP
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(MC2) and mean length of shoots were also longer
(1.23±0.09 cm) in MC2 medium than control (without BAP)
and other combinations. Minimum numbers of multiple
shoots per explants (3.4±1.5) were also recorded in medium
containing 0.5 mgl-1 BAP (MC1) and control (without BAP)
initiated single shoot after 9 d of inoculation, minimum
length of shoots (0.31±0.1) were recorded in medium
containing 1.5 mgl-1 BAP (MC3), in control (without BAP)
only single shoot initiate in few explants which were also
shorter in length. Data was analysed using statistical
analysis (F test and CV) (Compton M.E, 1994). Statistical
analysis showed that there were significant differences
among different BAP concentration treatments subgroups,
out of which MC2 was successfully able to produce good
multiple shooting in comparison to other treatments used
(Table 1a). The results suggest that MS media
supplemented with 1.0 mgl -1 BAP (MC2) is the best
concentration for having shoot bud initiation, multiple shoot
induction and length of shoots.
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Fig.2 A. Explants without amino acid after72 hr ofcocultivation B. Explants in amino acid containing medium 4
after 72 hr of co-cultivation.
excess enzymatic browning in cotyledons and axillary
portion of explants (Fig 2), the surviving explants were not
able to induce shoots upon subculturing, due to subsequent
necrosis. However, addition of amino acids improves
regeneration efficiency 0-79% to produce healthy multiple
shoots. Reduction of L-cysteine and L-arginine

Table 1a: Effect of benzylaminopurine on multiple shoot induction.
Media composition

BAP (mgl-1)

No.of explants

Control
MC1
MC2
MC3
MC4

0
0.5
1.0
1.5
2.0

100
100
100
100
100

Average number of
shoots (±SD)
1.0c
3.4±1.5b
10.4±1.66a
4.3±1.75d
5.2±1.88e

Days taken for
shoot bud initiation
9
4
2
5
6

Mean length of shoots
(cm) (±SD)
0.2 d
0.48±0.04 a
1.23±0.09 a
0.31±0.1 b
0.8±0.2 c

MC (Media composition): MS salts, B 5 Vit, 3% Sucrose, 0.8% Agar (pH 5.8).
Means with same superscripts are not significantly different. Results are significant at 0.05 level.

Effect of exogenous amino acids in co-cultivated
explants:

concentration by half reduces the regeneration response
by 4 50%.

To assess the synergistic effect of amino acids (Lcysteine, L-arginine and L-glutamine) on axillary meristem
explants after co-cultivation with Agrobacterium
tumefaciens, different concentration of amino acids were
used in modified MS medium. A total 100 axillary meristem
explants were used for each combination with control
(without amino acid). After 72 h of co-cultivation, explants
cultured in ACCM4 (MS + B5vit + 1.0 mgl-1 BAP + 200 mgl1
L-cysteine + 0.60 mgl-1 L-glutamine + 0.70 mgl-1 L-arginine
+ 3% sucrose + 0.8% agar, pH 5.8) resulted maximum (79%)
responding explants in comparison to control (without
amino acid) and other combinations (Table 1b). 3% explants
could regenerate in control (without amino acid) due to

The enhanced rate of multiple shoot induction using
different concentration of BAP and amino acids has
broadened the practical scope for transgenic production
of chickpea from axillary meristem explants. It also suggests
that by adopting this methodology and selecting the
appropriate combinations of cytokinin and amino acids in
basal medium, it is possible to increase frequency of in
vitro plant regeneration after co-cultivation of explants.
The wounding followed by Agrobacterium tumefaciens
infection resulted into extensive enzymatic browning and
cell death (necrosis) due to overproduction of peroxidases,
polyphenol oxidases and lipoxygenases from axillary
meristem explants of chickpea as reported earlier (Sanyalet

Table1b: Effect of amino acids on co-cultivated axillary meristem explants of chickpea.
Media
Combination
Control
ACCM 1
ACCM 2
ACCM 3
ACCM 4

L- Cysteine (mgl-1)
0.0
50.0
75.0
100.0
200.0

Amino acids
L- Arginine (mgl-1)
0.0
0.35
0.35
0.35
0.70

L-Glutamine (mgl-1)
0.0
0.15
0.45
0.60
0.60

No. of
explants
100
100
100
100
100

Regeneration
Percentage of
response percent enzymatic browning
3
17
17
43
79

ACCM: MS salts, B 5 vit, 1.0 mg.l -1 BAP, different concentration of amino acids, 3% Sucrose, 0.8% Agar (pH 5.8).

97
83
83
57
21
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al. 2005). Cytokinin BAP is the most widely used hormone
for shoot regeneration in chickpea (Karet al. 1996, Bansal
and Bansal 1995, Dasgupta and Dasgupta 1996, Vani and
Reddy 1996, Polisettyet al. 1997). Appropriate concentration
of BAP has the potential to induce maximum number of
shoots. However, higher concentration of BAP can cause
swelling of explants and shoots might become watery
(Sawardekar. 2007).
Apart from phytohormones, amino acids were also
reported to be beneficial in regeneration medium by
inhibiting necrosis and increases the possibilities of plant
regeneration through Agrobacterium mediated genetic
transformation. The amino acid L-cysteine functions as a
reduced sulphur donor molecule and mediates redox
signalling of different stress processes. L-arginine is an
important and unique amino acid in plant. It serves not
only as an important nitrogen reserve and nitrogen recycling
but also a precursor for biosynthesis of polyamines, nitric
oxide. Polyamines and nitric oxide are important messengers
involved in almost all physiological and biochemical
processes, growth and development, and adaptation of
plants to stress as reported earlier (Zhu et al. 2007). The
amino acid glutamine supports the growth of cells that have
high energy demands and synthesize large amounts of
proteins and nucleic acids. It is an alternative energy source
for rapidly dividing cells and cells that use glucose
inefficiently (Patilet al. 2004). Cells require nitrogen atoms
to build molecules such as nucleotides, amino acids, aminosugars and vitamins (Abdullah et al. 1986). Ammonium is
an inorganic source of nitrogen that exists primarily as a
positively charged cation, NH4+, at physiological pH.
Ammonium nitrogen used by cells is initially incorporated
into organic nitrogen as an amine of glutamate or an amide
of glutamine. These two amino acids provide the primary
reservoirs of nitrogen for the synthesis of proteins, nucleic
acids and other nitrogenous compounds. In pineapple,
exogenous glutamine (8mM) increased organogenesis up
to 70%, and also led to increase in the levels of IAA and 2iP
concentrations (Hamasaki et al. 2005). L-glutamine has also
been shown to increase protein content in cotyledons of
chickpea when detached inflorescences were cultured in a
medium containing the amino acids. The effect of L-cysteine,
L-glutamine and L-arginine amino acids in preconditioning
media using different explants of chickpea has also been
reported (Sanyalet al. 2005). Hence, exogenous application
of amino acids (L-cysteine, L-glutamine and L-arginine),
post co-cultivation was observed to result in higher
regeneration response percentage in axillary meristem
explants by reducing enzymatic browning and necrosis.
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ABSTRACT
Lentil is an important pulse crop. Large collection of lentil
germplasm is available, but these genetic resources could
not be utilized properly in breeding program because of
non-availability of phenotypic data on these accessions.
Therefore the germplasm set of 1525 accession was studied
and a candidate set of 237 accessions was developed . The
level of genetic variability of constituted candidate set was
compared with level of diversity of large collection for eight
non-parametric and parametric traits. Our results showed
no significant differences for genetic variability between
these two groups suggesting that constituted candidate set
of lentil germplasm has captured adequate variability and
reflected the true representation of 1525 lentil germplasm
collection. Therefore this candidate set can be used
effectively in identification of donors for trait of interest
and can be further utilized in breeding program.
Keywords: Lentil, candidate collection, genetic resources,
variability, qualitative traits, quantitative traits

Lentil (Lens culinaris Medik.) is a cool season pulse
crop that is grown all over the world. It is rich source of
protein (22-25%), minerals (2%), carbohydrates (59%) and
contains very less fiber and fat (Singh et al., 1994). In the
past years, efforts have been made in this crop towards the
development of improved cultivars with resistance to
disease and insect-pests through conventional breeding.
This led to increase the production and productivity of
lentil. However, these developments also narrowed the
genetic base due to repeated use of few lines as parents in
breeding program for developing improved cultivars. As
the result, it increased the vulnerability of our present
cultivars to various stresses (Khare et al., 1979), which
ultimately affected yield (Makkouk et al., 2001).
The genetic base of released improved cultivars can
only be wider by using diverse genotypes in breeding
program. One way for enhancing the utilization of diverse
germplasm in breeding program is to make convenient
handling of the germplasm and a candidate set should be
formed for efficient utilization of the available diversity.
The candidate set of germplasm being small can be
evaluated for various traits and for response to stresses to
identify donors for utilization in breeding program. Earlier,
Brown (1989) developed a core collection (i.e. 10% of entire
collection), representing over 70% of the genetic variation

present in the entire collection with 95% certainty.
Subsequently on the basis of phenotypic characterization
such candidate core collections have been reported in
several crops including pearmillet (Bhattacharjee et al.,
2007), sorghum (Rao and Rao, 1995, Grenier et al., 2001a,
b), quinoa (Ortiz et al., 1998), finger millet (Upadhyaya
et al., 2006), fotail millet (Upadhyaya et al., 2008), Caribbean
maize (Taba et al., 1998) and USDA rice (Yan et al., 2007).
Regional core collections have also been developed
because they consist of accessions, which are small in
numbers and adapted to the region compared to global
core collections (Holbrook et al., 1993, Upadhyaya et al.,
2001). In lentil, a core of 234 accessions based on country
origin has been developed from the USA ARS for lentil
(Simon and Hannan, 1995). In India, vast collection of lentil
germplasm is available in NBPGR (national genebank of
India) and is maintaining more than 2000 accessions of
lentil collected from different parts of India. This large
holdings in genebanks needs to be characterized and
analysed properly for makeing it avaibale to breeders for
utilization in breeding programme. This representative
genetic stock of national lentil diversity can helpful to make
the effort towards in identification of new donors as in the
recent past years use of few genotypes with good
combining ability selected from limited working collection
leads to narrowing the genetic base of lentil breeding
program. The present investigation is made to draw the
extent of genetic diversity available in Indian genetic stock
of lentil for parametric and non-parametric traits. Further,
the set information is narrowed down to establish a
candidate set for its effective utilization in genetic
improvement of lentil.
MATERIALS AND METHODS
In present study, a collection of 1525 accessions of
lentil received from National Bureau of Plant Genetic
Resources, New Delhi (India) was analyzed for developing
a candidate set of lentil genotypes. These accessions were
grown during Rabi 2008-09 in an augmented block design
(ABD: Federer, 1961) at New Research Farm, Indian Institute
of Pulses Research, Kanpur (26.28 0N and 80.210E), India.
To minimize experimental error, five intermittent checks
(K-75, IPL 406, DPL-62,PL 406 and JL-1) were repeatedly
distributed among the accessions and grown after every
twentieth row. Seeds were sown in first fortnight of
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November (i. e. November 12, 2008) in single row plot of 4 m
length maintaining. The row to row and plant to plant
distance was kept 60 × 10 cm and standard inter cultural
practices were followed for good growth and development.
Observations were recorded on eight non-parametric
traits (seedling vigour, seedling stem pigmentation, leaf
pubescence, leaflet size, leaf colour, tendril length, pod
pigmentation, biomass score) and eight parametric traits
[plant height (cm), days to 50% flowering (no.), days to
maturity (no.), secondary branches (no.), pods per plant
(no.), seeds per pod (no.), 100 seed weight (g) and seed
yield per plant (g)].
A simple strategy was applied for establishing the
candidate set of lentil germplasm from the large collection
of 1525 accession (may be called as mother set). Initially,
these germplasm accessions were categorized in to different
classes for each studied trait. Subsequently, 10% of the
accessions were randomly selected from each class of the
quantitative and qualitative traits. Pooling of these
accessions resulted duplicity of several accessions due to
common ranking under various class, which was removed
by keeping only one accession of each repeated groups of
accessions. The resulting candidate set consisted of 237
accessions (15.5% of the base collection).
The level of diversity between the base collection
and constituted candidate core set was compared on the
basis of clustering and diversity index obtained by using
NTYsys ver 2.1. All the qualitative traits in the mother
collection and constituted candidate set were tested by  2
test. Statistical program of Microsoft Excel was used to
calculate the mean, range and variance in the established
candidate set and mother set of lentil germplasm.
Table 1.
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RESULTS AND DISCUSSION
In present study, a candidate set of 237 accessions
of lentil was developed from a large collection of 1525
accessions collected from India. To know whether or not
the candidate set of lentil genotypes represents the available
genetic diversity of the large mother germplasm set, level
of genetic diversity was compared between these two sets
for qualitative and quantitative traits. The accessions
belonging to candidate set and mother set of germplasm
were classified in to various classes for 8 qualitative traits
(Table 1). The frequency distribution of different classes
for studied traits was compared between candidate set and
mother set of germplasm on basis of 2 test, which were
non-significant at P <0.05 for all 8 studied traits (Table 1).
Thus, uniform distribution of classes in the mother set and
candidate set of germplasm lines indicated that the sampling
technique used in present study to constitute a set from
large collection of lentil germplasm was appropriate for
representing the diversity of large collection of lentil
germplasm.
The level of genetic diversity for eight quantitative
traits was also studied on the basis of mean, range and
variance. Table 2 showed that mean of candidate set of
genotypes for eight quantitative traits is not significantly
different from mean of mother set of lentil germplasm.
Similarly, variance between genotypes belonging to these
two groups was also found non-significant for most of the
studied traits except days to 50% flowering, 100 seed weight
and yields/plant (p-value >0.01). These results indicated
that candidate set of genotypes represents the variability
available in the mother set of lentil Indian germplasm used

Frequency distribution of accessions in different classes of qualitative characters with 2 in base collection (mother
set) and reference collection (candidate set)

Characters
Seedling vigour
Seedling stem pigmentation
Leaf pubescence

Leaflet size
Leaf colour
Tendril length
Pod pigmentation
Biomass score

Classes
Vigorous
Intermediate
Non-vigorous
No pigmentation
Pigmentation
Absent
Slight
Dense
Small
Medium
Large
Green
Light Green
Rudimentary
Prominent
Absent
Present
Heavy
Medium
Low

Accessions in base collection
192
693
640
314
1211
126
452
947
134
1301
90
1201
323
1241
284
860
665
452
938
135

None significant at P = 0.05 at respective degree of freedom given in parenthesis

Accessions in reference collection
31
116
90
64
173
23
81
133
24
198
15
178
59
176
61
143
94
71
143
23

χ2*
0.996 (2)

0.883 (1)
0.993 (2)

0.999 (2)
0.924 (1)
0.864 (1)
0.930 (1)

0.999 (2)
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Table 2.

Mean, range and variance among the accession of large collection (mother set) and candidate e set of lentil
germplasm for eight quantitative traits

Character
Plant height
Days to 50%
flowering
No. of seed/pod
No. of pods/plant
100 seed weight (g)
Days to maturity
Secondary Branch
Yield/Plant

Mean
Range
Variance
F value p-value
Large collection Constituted set Large collection Constituted set Large collection Constituted set
28
28.9
14.60-45.20
17-39.8
22.66
23.26
1.03
0.64
85.36
83.4
59.00-107.00
49-112
98.82
122.82
0.81
0.01
1.95
76.83
1.89
126.54
18.8
1.3

1.9
79.3
2.1
126.3
17.1
1.1

1.00-2.00
7.20-302.00
0.49-5.17
101.00-145.00
5.0-49
0.2-8.2

(a)

1-2
10.2-302.0
0.94-5.17
107-145
5.8-49
0.2-7.9

0.05
988.47
0.36
28.3
19.89
0.12

0.05
883.36
0.46
27.99
20.63
0.19

1.00
1.12
0.78
1.01
0.96
0.63

0.49
0.87
0.005
0.5347
0.33
<0.0001

(b)

Fig. 1. Dendogram representing (a) large collection of 1525 germplasm and (b) candidate set of 237 germplasm
in the investigation. Further the Eucliean distance of both
candidate set and mother set of 1525 Indain germplasm
was estimated for comparing each other as a whole. Our
results showed that the distance among the accessions of
mother set varied from 0.00 to 63.50, while it ranged from
0.60 to 61 in the candidate set (Figure 1) suggesting similar
level of variability in both the groups. Accessions
belonging to the candidate set and mother set clustered in
same number of major groups. Thus these estimates further
suggested that by using the simple methodology the
present established candidate set has captured adequate
diversity from the mother set of lentil germplasm, which
consisted of of 1525 accessions.
In lentil, few genotypes have been used frequently
in breeding program in order to develop improved cultivars
(Anonymous, 2009), although vast collection of lentil
germplasm is available at national genebank of India. More
than 2000 accessions of lentil collected from different parts
of India are maintained in NBPGR, New Delhi. Such large
collection of letil germplasm is difficult to evaluate over
multi-locations for morphological diversity, it makes difficult
to identify accessions that are genetically diverse and that
also possess desirable traits (Upadhyaya et al., 2009). Thus
this large holdings of lentil germplasm without phenotypic

data on traits of economic importance has restricted breeders
to use only few genotypes with good combining ability
selected from own working collection. However, Brown
(1989) suggested that a core collection (i.e. ~10 % of entire
collection) representing over 70% of generic variation can
be a gateway to enhance the utilization of diverse germplasm
lines in crop breeding programs. This representative set of
germplasm can be easily handled, if evaluated over multi
locations for various agronomically important traits. In
present study, a candidate set of 237 accessions was
developed from a mother set of 1525 accessions of Indian
lentil germplasm. This candidate set (~ 16% of entire
collection) had non-significant differences with mother set
of lentil germplasm for eight qualitative traits indicating
that the candidate set truly represents the genetic variation
present in the lentil germplasm. While present candidate
set represents over 75% of the genetic variation available
in the collected germplasm as five out of eight quantitative
traits showed non-significant differences with more than
95% certainty. Several studies have been earlier reported
for development of core collections on basis of phenotypic
characterization data in various crops including pearmillet
(Bhattacharjee et al., 2007), sorghum (Rao and Rao, 1995,
Grenier et al., 2001a,b), quinoa (Ortiz et al., 1998), finger
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millet (Upadhyaya et al., 2006), fotail millet (Upadhyaya et
al., 2008), Caribbean maize (Taba et al., 1998) and USDA
rice (Yan et al., 2007). In other crops such as chickpea,
groundnut and pigeon pea, mini cores have already proved
to be very useful in identifying agronomically valuable traits.
For example, in chickpea, lines with deep root systems that
avoid drought, high salinity tolerance and resistant/tolerant
to wilt, ascochyta blight, botrytis gray mold, and dry root
rot have been identified by evaluating a mini core consisting
of 211 accessions (Krishnamurthy et al., 2003, Kashiwagi
et al., 2005, Serraj et al., 2004, Vadez et al., 2007, Pande et
al., 2006). In lentil, core collection has been evaluated for
variation in phenological and morphological characters that
indicated sufficient variation to warrant their use in breeding
program (Tullu et al., 2001). In conclusion, the present
constituted candidate set of germplasm has representative
variability for both qualitative and quantitative traits and
hence can be useful genetic resources for utilization in lentil
improvement. Further the candidate set can also be
evaluated for its various target traits for identification of
useful donors.
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ABSTRACT
With an objective to ascertain the impact of A2 cytoplasm on
heterosis and combining ability; 3 diverse A2 cytoplasm based
CGMS ‘A’ lines (‘CMSGT 301A’, ‘CMSGT 308A’ and
‘CMSGT 311A’) along with their fertile counterparts ‘B’
lines (‘GT301B’, ‘GT 308B’ and ‘GT 311B’) as females were
crossed to 5 diverse fertility restorers ‘R’ lines (‘GTR 7’,
‘GTR 23’, ‘GTR 29’, ‘GTR 34’ and ‘GTR 44’) as testers in a
line x tester mating design during kharif 2010 at Centre of
Excellence for Research on Pulses, S. D. Agricultural
University, Sardarkrushinagar, Gujarat. The resultant 30
hybrids were evaluated along with 8 parents (5 testers and 3
B lines) and the standard check (‘GTH 1’ and ‘GT 101’) in
randomized block design with three replications during
kharif 2011. Combining ability analysis evinced
predominance of non-additive gene effects for all the
characters indicating relevance of heterosis breeding for
improving yield and other characters in pigeonpea. There
was a drastic impact of A2 cytoplasm on the combining ability
of ‘A’ lines. However, this impact was not linear and varied
with background of genotype and specific character. ‘CMSGT
301A’ among females and ‘GTR 7’ and ‘GTR 23’ among males
(R lines) were good general combiners for seed yield and
one or more other characters. ‘GT 311B’ x ‘GTR 44’, ‘GT
301B’ x ‘GTR 29’ and ‘CMSGT 308A’ x ‘GTR 7’ exhibited
highly significant positive sca effects for seed yield. ‘CMSGT
301A’ x ‘GTR 7’, ‘CMSGT 301A’ x ‘GTR 23’ and ‘CMSGT
308 A’ x ‘GTR 7’ were three best heterotic hybrids for seed
yield engaging A lines as female indicating A 2 cytoplasm
based sterility can be appropriately used for heterosis
breeding in pigeonpea. Among these, ‘CMSGT 308 A’ x GTR
7’ recorded the highest and significant standard heterosis
and high sca effects for seed yield that can be exploited
commercially in pigeonpea.
Key words: A2 cytoplasm, Cajanus scarabaeoides, combining
ability, fertile counterpart, heterosis, pigeonpea.

Pigeonpea being an often cross pollinated crop is
amenable to genetic ameliorations following breeding
methods applicable to both allogamous and autogamous
crop. The productivity of pigeonpea has been static around
less than 1 (one) ton/ha during the last few decades. The
development of genetic and cytoplasmic genetic male
sterility in pigeonpea (Reddy et. al., 1978, Wallis et. al.,
1981 and Tikka et. al., 1997) has opened new vistas for
enhancement of productivity following heterosis breeding.

Different wild species have been used in developing
cytoplasmic male sterility in pigeonpea (Saxena et al., 2010).
Among these, A2 cytoplasm of Cajanus scarabaeoides has
been widely used. The A and B lines are isogenic line except
cytoplasm, which is fertile in B line and sterile in A line..
The degree and nature of heterosis and combining ability
is the function of the genetic diversity and nicking between
the prospective parents. Therefore, it is of significance to
ascertain as to whether the cytoplasm substitution in B
line with Cajanus scarabaeoides in A line leads to altered
enhancement or depression of combing ability. The present
investigation was, therefore, designed to fathom the impact
of A2 cytoplasm on heterosis and combining ability in
pigeonpea.
MATERIALS AND METHODS
The experimental materials for the present
investigation comprised 6 lines encompassing 3 diverse
CGMS (‘A’) lines having A2 cytoplasm and their 3 fertile
counterpart ‘B’ lines as females and 5 distinct fertility
restorers ‘R’ lines as testers. Thirty hybrids were developed
among them during Kharif 2010 following Line x Tester
mating design (Kempthorne, 1957). The 40 genotypes (3
‘B’ counterpart lines, 5 ‘R’ lines, 30 hybrids and 2 checks)
were evaluated along with ‘GTH 1’ (hybrid) and ‘GT 101’
(stable variety) as checks during Kharif 2011 in Randomized
Block Design (RBD) with three replications at the Centre of
Excellence for Research on Pulses, S.D. Agricultural
University, Sardarkrushinagar, Gujarat. Each genotype was
grown in a two rows plot having 4 m length spaced at 60 cm
with intra row spacing of 20 cm thereby accommodating 40
plants per plot. The recommended packages of practices
were followed. The individual plant observations were
recorded on five randomly selected competitive plants for
days to flowering, days to maturity, plant height (cm),
number of branches per plant, number of pods per plant,
pod length (cm), number of seeds per pod, 100 seed weight
(g), seed yield (kg/ha), harvest index (%) and total protein
content (%). The data were analyzed for the combining
ability analysis as per method given by Kempthorne (1957).
To complete the set of analysis as per L x T mating design
(6 lines x 5 testers), the data /observations recorded for ‘B’
lines were used twice i.e. was put up against the observations of A lines also, as ‘A’ is the sterile line. Heterosis was
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estimated as per cent increase or decrease in the mean value
of F1 hybrid over mid parents (relative heterosis), better
parents (Heterobeltiosis) and standard check (Standard
heterosis) for each character (Fonseca and Patterson 1968).

variances components exhibited that the contribution of
lines was higher than that of testers for all the characters
except number of seeds per pod. The interaction variances
due to lines x testers were highly significant for all the
characters under study except days to flowering, days to
maturity, plant height and pod length, indicating that the
specific combining ability variances were important for the
inheritance of those traits. The magnitude of specific
combining ability variance was higher than general
combining ability variance for days to flowering, number
of branches per plant, number of pods per plant, pod length,
seed yield, harvest index and total protein content that
indicated importance of non-additive gene effects in the
inheritance of these traits. For other traits, additive type of
gene action was predominant. This was further
substantiated by less than unity ratio of 2gca/ 2sca for
these characters. These results are congruent with the earlier
findings of Rizwana Banu et al. (2006), Acharya et al. (2009)
and Gupta et al. (2011) for seed yield and other important
yield attributes. Preponderance of non-additive genetic
variance suggested the relevance of heterosis breeding in
pigeonpea.

RESULTS AND DISCUSSION
The analysis of variance for combining ability
presented in Table 1 evinced highly significant differences
due to lines for all characters, except days to flowering and
total protein content indicating conspicuous contribution
of lines towards gca variance components. The mean sum
of squares due to testers were also significant for all the
characters, except days to maturity and plant height
exhibiting overarching pertinence of testers for general
combining ability. The mean sum of squares due to line x
testers interaction were significant for number of branches
per plant, number of pods per plant, number of seeds per
pod, 100 seed weight, seed yield, harvest index and total
protein content indicating their significant contribution for
specific combining ability variance components. A
comparison of the magnitude of biased estimates of variance
due to lines and testers towards general combining ability

Table 1: Analysis of variance for combining ability for different characters in pigeonpea
Source of
variation

d.f

Replications 2
Lines
5
Testers
4
LxT
20
Error
58
Estimates
σ2l
σ2t
σ2 gca
σ2sca
σ2gca/ σ2sca

Days
Days
Plant
Number of Number
to
to maturity height (cm) branches of pods
per plant per plant
flowering
10.84
2.02
19.86*
8.25
6.54
-0.42
0.64
0.16
0.57
0.28

31.86
70.22
29.33
203.58** 1389.33** 27123.39**
2.25
142.89
5076.94**
32.74
76.15
10357.66**
36.06
152.42
543.28
11.39**
-1.69
4.25**
-1.1
-3.86

87.54**
3.71
41.81**
-25.42
-1.64

1117.71**
-293.37
348.03
3271.46**
0.10

Pod
length
(cm)

Number 100 seed
of seeds weight (g)
per pod

0.08
6.45**
3.77**
3.45**
0.36

0.0023
0.561**
0.361*
0.073
0.11

0.13
1.02**
2.90**
0.23*
0.12

0.23
12.50**
0.78**
0.61**
0.20

0.20
0.02
0.10
1.03**
0.10

0.03**
0.02**
0.023**
0.034
0.67

0.05**
0.15**
0.10**
0.04*
2.5

0.79**
0.01
0.36**
0.14**
2.57

Seed yield
(kg/ha)

Harvest Total
index (%) protein
content
(%)
4827.02 3.36
0.061
1064163.00** 53.45** 0.59
410539.10** 13.46** 6.18**
153874.10** 9.12** 0.95**
38748.22 2.97
0.46
60685.91**
14259.17*
35362.23**
38375.34**
0.92

2.90**
0.20
1.42**
2.32**
0.61

-0.02
0.29**
0.14**
0.17**
0.82

*, ** Significant at 5 per cent and 1 per cent levels of significance, respectively

Table 2: Estimates of general combining ability (gca) effects A, B and R lines for different characters in pigeonpea.
Days to
flowering

Days to
maturity

‘CMSGT 301 A’
‘CMSGT 308 A’
‘CMSGT 311 A’
‘GT 301B’
‘GT 308 B’
‘GT 311 B’
S.Ed. (gj)±

0.36
0.09
0.29
0.09
-0.64
-0.18
0.52

0.11
1.44
2.98*
4.18**
-5.22**
-3.49**
1.21

‘GTR 7’
‘GTR 23’
‘GTR 29’
‘GTR 34’
‘GTR 44’
S.Ed. (gj)±

1.37**
-0.52
-1.02*
-0.69
0.87
0.46

-0.21
-0.21
0.62
-0.04
-0.16
1.08

Parents

Plant
height
(cm)

No. of No. of pods Pod
branches per plant length
per plant
(cm)

-15.91**
1.04
-5.36*
4.71
6.17*
6.10
11.02** 28.86**
4.62
40.14**
-0.54
-80.85**
2.49
4.70
1.57
-4.82*
-0.04
2.24
1.04
2.23

11.58**
-5.44
-26.85**
14.16**
6.54
4.20

LINES
0.22
0.23
-0.08
0.70**
0.18
-1.24**
0.12
TESTERS
0.36**
-0.49**
-0.33**
0.58**
-0.13
0.11

No. of
100 seed Seed yield
seeds per weight
(kg/ha)
pod
(g)

0.15*
0.10
0.14*
0.10
-0.27**
-0.23**
0.07

-0.06
-0.34**
-0.14*
-0.06
0.22**
0.39**
0.07

0.45**
0.23*
0.68**
0.90**
-0.92**
-1.34**
0.09

442.59**
23.66
-6.36
-190.29**
72.18
-341.77**
39.69

0.23**
0.04
-0.04
-0.11
-0.12*
0.06

0.69**
-0.04
-0.11
-0.36**
-0.18**
0.06

-0.15
0.12
0.26**
0.03
-0.26**
0.08

206.40**
90.98**
-18.38
-116.22**
-162.79**
35.50

*, ** Significant at 5 per cent and 1 per cent levels of significance, respectively

Harvest
index
(%)

Total
protein
content
(%)

2.73**
0.77*
-0.68
-3.00**
0.46
-0.28
0.35

0.21
-0.34*
0.04
-0.02
-0.07
0.18
0.14

1.02**
0.50
0.27
-1.07**
-0.71*
0.31

1.01**
-0.09
-0.16
-0.52**
-0.23
0.12

292

Table 3:

Journal of Food Legumes 28(4), 2015

Three best standard heterotic crosses and specific combinations for different characters in pigeonpea.
Hybrid

Standard Heterosis (%)

Hybrid

Days to flowering
‘GT 308B’ x ‘GTR 29’

sca effects

‘GT 308 B’ x ‘GTR 29’

-2.02

‘CMSGT 311 A’ x ‘GTR 23’

-1.73

‘CMSGT 311A’ x ‘GTR 23’

-2.41*

‘GT 311 B’ x ‘GTR 29’

-0.87

‘CMSGT 308A’ x ‘GTR 34’

-1.84

Days to maturity
‘GT 308B’ x ‘GTR 23’

-2.98**

‘CMS GT311A’ x ‘GTR 29’

-2.42

‘CMS GT311A’ x ‘GTR 7’

-2.21

‘CMSGT 311A’ x ‘GTR 29’

-2.89

‘CMS GT311A’ x ‘GTR 34’

-2.21

‘CMSGT 301A’ x ‘GTR 44’

-2.78

Plant height (cm)
‘CMSGT 308A’ x ‘GTR 7’

-8.79**

‘CMSGT 301 A’ x ‘GTR 23’

-19.68**

‘CMSGT 301 A’ x ‘GTR 29’

-16.18**

‘CMSGT 301A’ x ‘GTR 23’

-6.34

‘GT 301 B’ x ‘GTR 23’

-11.26*

‘GT 311B’ x ‘GTR 44’

-5.84

Number of branches per plant
‘GT 311B’ x ‘GTR 34’

-6.48

‘CMSGT 311 A’ x ‘GTR 34’

70.16**

‘GT 308 B’ x ‘GTR 7’

65.29**

‘CMSGT 301A’ x ‘GTR 7’

109.24**
80.32**

‘CMSGT 301 A’ x ‘GTR 7’

62.49**

‘CMSGT 311A’ x ‘GTR 44’

65.27**

‘GT 308 B’ x ‘GTR 44’

36.88**

Number of pods per plant
‘GT 308B’ x ‘GTR 44’

‘GT 301 B’ x ‘GTR 34’

32.98**

‘GT 301B’ x ‘GTR 34’

1.35**

‘CMSGT 301 A’ x ‘GTR 7’

27.88**

‘CMSGT 301A’ x ‘GTR 7’

1.25**
0.20

1.86**

Pod length (cm)
‘GT 308 B’ x ‘GTR 7’

7.71

‘GT 308B’ x ‘GTR 23’

‘GT 308 B’ x ‘GTR 23’

5.06

‘CMSGT 301A’ x ‘GTR 44’

0.17

‘CMSGT 301 A’ x ‘GTR 7’

3.85

‘GT 301B’ x ‘GTR 44’

0.16

‘GT 311B’ x ‘GTR 7’

4.51

Number of seeds per pod
‘GT 311B’ x ‘GTR 23’

‘CMSGT 311A’ x ‘GTR 7’

1.69

‘GT 301B’ x ‘GTR 7’

0.30*

‘GT 308B’ x ‘GTR 7’

1.32

‘CMSGT 308A’ x ‘GTR 34’

0.27*

‘GT 308 B’ x ‘GTR 7’

4.92

100 seed weight (g)
‘CMSGT 311A’ x ‘GTR 29’

‘CMSGT 308A’ x ‘GTR 23’

3.89

‘GT 311B’ x ‘GTR 44’

0.39*

‘CMSGT 308A’ x ‘GTR 7’

3.79

‘CMSGT 308 A’ x ‘GTR 7’

0.39*

0.41**

1.00**

*, ** Significant at 5 per cent and 1 per cent levels of significance, respectively

The cytoplasm plays a pivotal role in overall
expression of the genotype of an individual. The
cytoplasmic genetic male sterile (‘A’) in pigeonpea were
derived by replacing the cytoplasm of its fertile counterpart
(‘B’) line with cytoplasm of a wild species viz., Cajanus
scarabaeoides and keeping the genetic make up as such
by backcrossing. Therefore, any difference in general
combining ability of a set of A and B lines can simply be
ascribed to cytoplasmic differences between them. Based
on the estimates of general combining ability effects, the
parents were classified as good and poor combiner for
eleven traits (Table 2). None of the parents was good general
combiners for all the characters. Among females (‘A’ lines),
‘CMSGT 301A’ was found to be an excellent general
combiner for seed yield, 100 seed weight and harvest index.
It was also good combiner for pod length but poor combiner
for plant height. Therefore, among the ‘A’ lines, ‘CMSGT
301A’ may be considered as the best source of favourable
genes for enhancing seed yield along with pod length, 100

seed weight and harvest index. Comparison of the general
combining ability effects of ‘CMSGT 301A’ with its fertile
counterpart ‘GT 301B’ indicated that the general combing
ability effect for seed yield were noticeably negative for
‘GT 301B’ unlike ‘CMSGT 301A’. In addition, ‘GT 301B’
also evinced conspicuously opposite general combing
ability effects for plant height and harvest index besides
good combining ability effects for days to maturity, number
of branches per plant and number of pods per plant.
However, general combining effects for pod length were
inferior in ‘GT 301B’ line as compared to ‘CMSGT 301A’
line. It indicated that A2 cytoplasm in ‘CMSGT 301A’ line
affected the general combining ability, though the extent of
impact varied from character to character being no affect
for 100-seed weight to highly favourable impact for
characters like seed yield and harvest index that has
economic importance. Similarly, the depression of
combining ability effects was obvious in ‘CMSGT 301A’
line for characters like plant height, number of pods per
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plant and number of branches per plant. These findings of
conspicuous but varied impact of A2 cytoplasm on general
combing ability were confirmed in other two lines too
particularly for characters like plant height, number of seeds
per pod and 100 seed weight. ‘CMSGT 308A’ exhibited
diametrically opposite combining ability for plant height,
number of seeds per pod and 100 seed weight as compared
Table 4.

to ‘GT 308B’. For ‘CMSGT 311A’ such drastic impact on
general combining ability was evident for characters like
days to maturity, pod length, seeds per pod and 100 seed
weight. Thus, it seemed that A2 cytoplasm of Cajanus
scarabaeoides impact the general combining ability of A
lines. However, this impact is random and genotype specific
and varied from trait to trait.

Number of hybrids evincing significant desirable values for relative heterosis, heterobeltiosis and standard heterosis
with range for different characters in pigeonpea
Hybrid

Standard Heterosis (%)

Hybrid

Days to flowering
‘GT 308B’ x ‘GTR 29’

‘GT 308 B’ x ‘GTR 29’

-2.02

‘CMSGT 311 A’ x ‘GTR 23’
‘GT 311 B’ x ‘GTR 29’

-1.73
-0.87

‘CMSGT 311A’ x ‘GTR 23’
‘CMSGT 308A’ x ‘GTR 34’

‘CMS GT311A’ x ‘GTR 29’
‘CMS GT311A’ x ‘GTR 7’

-2.42
-2.21

Days to maturity
‘GT 308B’ x ‘GTR 23’
‘CMSGT 311A’ x ‘GTR 29’

‘CMS GT311A’ x ‘GTR 34’

-2.21

sca effects
-2.98**
-2.41*
-1.84
-8.79**
-2.89

‘CMSGT 301A’ x ‘GTR 44’

-2.78

Plant height (cm)
‘CMSGT 308A’ x ‘GTR 7’
‘CMSGT 301A’ x ‘GTR 23’
‘GT 311B’ x ‘GTR 44’

-6.48
-6.34
-5.84

‘CMSGT 301 A’ x ‘GTR 23’
‘CMSGT 301 A’ x ‘GTR 29’
‘GT 301 B’ x ‘GTR 23’

-19.68**
-16.18**
-11.26*

‘CMSGT 311 A’ x ‘GTR 34’

70.16**

‘GT 308 B’ x ‘GTR 7’
‘CMSGT 301 A’ x ‘GTR 7’

65.29**
62.49**

‘GT 308 B’ x ‘GTR 44’
‘GT 301 B’ x ‘GTR 34’

36.88**
32.98**

‘CMSGT 301 A’ x ‘GTR 7’

27.88**

‘GT 308 B’ x ‘GTR 7’
‘GT 308 B’ x ‘GTR 23’
‘CMSGT 301 A’ x ‘GTR 7’

7.71
5.06
3.85

‘GT 311B’ x ‘GTR 7’

4.51

‘CMSGT 311A’ x ‘GTR 7’
‘GT 308B’ x ‘GTR 7’

1.69
1.32

‘GT 301B’ x ‘GTR 7’
‘CMSGT 308A’ x ‘GTR 34’

‘GT 308 B’ x ‘GTR 7’
‘CMSGT 308A’ x ‘GTR 23’

4.92
3.89

100 seed weight (g)
‘CMSGT 311A’ x ‘GTR 29’
‘GT 311B’ x ‘GTR 44’

‘CMSGT 308A’ x ‘GTR 7’

3.79

Number of branches per plant
‘GT 311B’ x ‘GTR 34’
‘CMSGT 301A’ x ‘GTR 7’
‘CMSGT 311A’ x ‘GTR 44’
Number of pods per plant
‘GT 308B’ x ‘GTR 44’
‘GT 301B’ x ‘GTR 34’

109.24**
80.32**
65.27**
1.86**
1.35**

‘CMSGT 301A’ x ‘GTR 7’

1.25**

‘GT 308B’ x ‘GTR 23’
‘CMSGT 301A’ x ‘GTR 44’
‘GT 301B’ x ‘GTR 44’

0.20
0.17
0.16

Pod length (cm)

‘CMSGT 301A’ x ‘GTR 7’

81.95**

‘CMSGT 301A’ x ‘GTR 23’
‘CMSGT 308 A’ x ‘GTR 7’

71.78**
61.45**

‘CMSGT 301A’ x ‘GTR 7’

16.88*

‘CMSGT 301A’ x ‘GTR 23’
‘GT 301 B’ x ‘GTR 7’

12.21
8.10

‘CMSGT 301 A’ x ‘GTR 7’
‘CMSGT 308 A’ x ‘GTR 7’

14.21**
13.14**

‘GT 311B’ x ‘GTR 7’

10.60**

Number of seeds per pod
‘GT 311B’ x ‘GTR 23’

‘CMSGT 308 A’ x ‘GTR 7’
Seed yield (kg/ha)
‘GT 311B’ x ‘GTR 44’
‘GT 301B’ x ‘GTR 29’
‘CMSGT 308A’ x ‘GTR 7’
Harvest inedex (%)
‘CMSGT 308A’ x ‘GTR 29’
‘GT 308B’ x ‘GTR 34’
‘GT 311B’ x ‘GTR 44’
Total protein content (%)
‘GT 301B’ x ‘GTR 34’
‘CMSGT 308A’ x ‘GTR 23’
‘GT 301B’ x ‘GTR 29’

0.41**
0.30*
0.27*
1.00**
0.39*
0.39*
391.43**
359.99**
292.31**
2.96**
2.41**
2.06**
0.71**
0.69*
0.68*
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Among the R lines, ‘GTR 7’ and ‘GTR 23’ were good
general combiners for seed yield. These fertility restoring
parents could be consummately used as a source of
favorable gene for increasing seed yield. GTR 7 was also
good general combiner for number of branches per plant,
number of pods per plant, pod length, number of seeds per
pod, harvest index and protein content. ‘GTR 23’ was good
male parent for plant height and average general combiner
male parent for days to flowering, days to maturity, number
of branches per plant, pod length, number of seeds per
pod, 100 seed weight and harvest index. So these R lines
can be appropriately exploited in heterosis breeding
programme in pigeonpea.
Among the 30 cross combinations, three best crosses
for specific combinations and standard heterosis were
selected for each character (Table 3). Out of the 33 best
specific combinations selected for 11 different characters,
only 16 engaged ‘A’ lines. However, ‘GT 311B’ x ‘GTR 44’
(391.43), ‘GT 301B’ x ‘GTR 29’ (359.99), ‘CMSGT 308 A’ x
‘GTR 7’ (292.31) were the three best crosses that exhibited
highly significant positive sca effects for seed yield
involved ‘A’ line only in one cross. This indicated no
specific role of cytoplasm in breeding specific combinations
for seed yield. From practical point of view, standard
heterosis assumes paramount significance. It was
fascinating to note that 20 of the 33 best heterotic
combinations engaged ‘A’ lines as female exhibiting the
blatant prominence of cytoplamic genetic male sterile lines
in heterosis breeding. The three best hybrids evincing
standard heterosis for seed yield viz., ‘CMSGT 301A’ x ‘GTR
7’ (81.95 %), ‘CMSGT 301A’ x ‘GTR 23’ (71.78 %) and
‘CMSGT 308A’ x ‘GTR 7’ (61.45 %) also exhibited standard
heterosis for component characters. Among these,
‘CMSGT 301A’ x ‘GTR 7’ exhibited significant standard
heterosis for harvest index (16.88 %), total protein content
(14.21 %), number of branches per plant (62.49 %) and
number of pods per plant (27.88 %), while ‘CMSGT 301A’ x
‘GTR 23’ had desirable heterosis for plant height (-19.68 %)
and number of branches per plant (26.80 %) besides positive
heterosis for harvest index (12.21 %), pod length (3.85 %)
and total protein content (8.27 %). The third best cross,
‘CMSGT 308A’ x ‘GTR 7’ manifested significant standard
heterosis for number of branches per plant (30.33 %) and
total protein content (13.14 %) and considerable amount of
heterosis for number of pods per plant (10.94 %). It was
obvious to note that all the three favourable hetrotic
combinations for seed yield and days to maturity involved
only ‘A’ lines. These two traits are important from adaptation
and economic point of view and thereby evinced the
importance of A2 cytoplasm of Cajanus scarabaeoides in
exploitation of heterosis in pigeonpea. This also indicated
the importance of component characters like, number of
branches per plant, number of pods per plant, pod length,
harvest index and 100 seed weight towards seed yield. These
results indicating importance of component characters are
in consonance to the findings of Kumar and Shrivastva

(1998), Sameer Kumar et al. (2009) and Gupta et al. (2011).
The number of crosses with significant relative heterosis,
heterobeltiosis, and standard heterosis in desired direction
are given in Table 4. Significant and positive standard
heterosis for seed yield has also been reported by Shoba
and Balan (2010), Gupta et al. (2011) and Lay et al. (2011).
From the present study it seemed that of A2 cytoplasm
of Cajanus scarabaeoides impact the general combining
ability for different traits in pigeonpea subjective to
background of genotypes and that degree and direction of
this impact varies from character to character. Further, this
impact of A2 cytoplasm of Cajanus scarabaeoides on
combining ability can be exploited in desirable direction as
predominant heterotic combinations were evident for
different traits including seed yield that engaged A lines.
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ABSTRACT

MATERIALS AND METHODS

Present study was carried out for identifying early maturing
high yielding mutants in black gram [Vigna Mungo (L.)
Hepper ]” in a mutant population generated by using EMS,
DMS and their post treatment with respective modifiers
IAA and GA on in the background of black gram variety
Barkha. The experiment was carried out in compact family
block design during Kharif, 2005 at Experimental field of
Department of Plant Breeding and Genetics, Rajasthan
College of Agriculture, Udaipur. Use of EMS 0.4 + 3 x 10-3 M
IAA induced early maturity with higher yield and also
induced variability for other yield contributing traits. On
the basis of yield parameters, eight progenies identified as
high yielder and eighteen progenies were earlier in maturity
than control. Genetic variability parameters viz., GCV, PCV,
heritability and genetic advance exhibited high values for
yield and yield contributing traits for family derived from
use of 0.4% EMS 0.4 and DMS 0.04 with modifiers.

In present study, seed of Barkha variety was used
for mutation. It was treated with chemical mutagens like
Etylmethane sulphonate (EMS), Dimethyle sulphonate
(DMS) and their combinations with different plant growth
regulators like Indol Acitic Acid (IAA) and Gibberellic acid
(GA). The following combinations of mutagens and growth
regulators were used. (i) Control (ii) EMS 0.4 per cent (iii)
EMS 0.6 per cent (iv) DMS 0.04 per cent (v) DMS 0.06 per
cent (vi) EMS 0.4 + 3 x 10-3 M IAA (vii) EMS 0.4 + 3 x 10-4 M
IAA (viii) EMS 0.6 + 3 x 10-3 M IAA (ix) EMS 0.6 + 3 x 10-4 M
IAA (x) DMS 0.04 + 3 x 10-3 M GA (xi) DMS 0.04 + 3 x 10-4 M
GA. Normal appearing competitive ten M 1 plants
(progenies) from each selected treatment (families) as below
were advanced to M2 generation.

Key words: Ethylmethane sulphonate (EMS), Dimethyl
sulphonate (DMS), Indol Acetic Acid (IAA) and Gibberellic Acid
(GA), GCV, PCV, Heritability and Genetic advance

Normal appearing M1 generation plants from each
treatment (), which exhibited relatively high fertility, were
selected to advance in M2 generation. The M2 generation
was raised in compact family block design with three
replications. Each treatment was taken as family and within
treatment the individual plant progeny was taken as
progenies. All the progenies within family were randomized;
likewise the family blocks were also randomized. Progenies
were sown in single row plot of three meter length and
distance between plant to plant and row to row () was
maintained as 30 x 10 cm.

Black gram is the fourth important pulse crop in India,
which occupies about 12% of the total pulse area and
contributing about 8%t to the total pulse production. In
spite of its high nutritional value, its productivity is very
low due to several reasons including force maturity due to
terminal stress. Barkha variety of black gram is well adapted
to the climatic conditions of southern Rajasthan. It is liked
by the farmers due to its bold, black shining grains but it is
late in maturity and faces terminal drought. This strongly
thrust the importance of inducing earliness in the
background of this well adopted variety. Genetic
improvement of a crop primarily depends upon extent of
genetic variability present in the population. Experimentally,
induced mutations provide an important source of
variability. The practical utility of induced mutations for
the improvement of quantitatively inherited characters in
urd bean is well recognized.
Therefore, present investigation is carried out to
induce genetic variability in black gram through mutation
breeding by using chemicals mutagens like Ethylmethane
sulphonate (EMS) and Dimethyl sulphonate (DMS) and
their modifiers viz., Indol Acetic Acid (IAA) and Gibberellic
Acid (GA) in order to isolate early maturing and high
yielding genotype with shining bold grains.

Experimental Methodology

Procedure of Observations
Observations were recorded on ten randomly selected
plants in each progeny of all the families except days to 50
per cent flowering and days 75 per cent maturity, which
were recorded on plot basis.
Statistical methods
The analysis of variance for each of the family was
done separately according to Panse and Sukhatme (1978).
The components of variance and their expectations are
given as following.
Analysis of variance for differences between families
and within families (between progenies)
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Source

d.f.

S.S.

M.S.

Replication

r–1

SSr

MSr

Families

n –1

SSn

MSn

Progenies

p-1

SSp

MSp

SSe

MSe

Error
Total (T)

EMS

Vph
× 100
X
Vph = Vg + MSe

PCV =
2

e

2

+ rp

e+ r
2

2
2

F

Where,

P

e

Vph

SS(T)

Where,
r, n, p = replications, families, progenies in a family
and error, respectively
(i)
CD =

Critical difference for difference between families :
2 MSe
Pr

=

Phenotypic variance

X

=

Mean of the character under study

Vg

=

Genotypic variance

MSe
= Error variance
(iii) Heritability:- Heritability in broad sense was
estimated by using following formula proposed by
Burton and Davane (1953), Jhonson et al. (1955) and
Hanson et al. (1956).

x t value at 5% level of significance of error d. f.

H=

(ii)

CD =

Critical difference for differences between
progenies within family :
2 MSe
r

(iv)

× 100

Vg = Genotypic variance
Vph= Phenotypic variance
Genetic gain:- It is the genetic advance expressed as
per cent of mean :

GA × 100
X
Where genetic advance (GA) was estimated using
the formula suggested by Robinson et al. (1949), Johnson
et al (1955).
Genetic gain =

√MSe
CV =
× 100
X

Variability parameters:
Following genetic variability parameters calculated
in all those families, which revealed significant progeny
differences.
(i)

Vph

Where,

x t value at 5% level of significance of error d. f.

(iii) Coefficient of variation

Vg

GA = k [Vg/Vph] x Vph
Where,

Genotypic Coefficient of Variation (GCV) :- The
magnitude of genetic variation existing in a character
was worked out by the formula given by Burton
(1952).

Vg = Genotypic variance
Vph= Phenotypic variance
X = Mean of the character under study

GCV =

Vg
X

Where,

Result and Discussion
Vg =

(ii)

K = Selection differential (constant) at 5 %
selection intensity (Allard, 1960) i.e. 2.06

× 100

MSp − MSe
r

Where,
Vg
= Genotypic variance
X
= Mean of the character under study
MSp = Mean square due to progenies
MSe = Error variance
r
= Number of replications.
Phenotypic Coefficient of Variation (PCV) :- The
magnitude of phenotypic variation existing in a
character was estimated by using the formula
suggested by Burton (1952).

Analysis of variance revealed that highly significant
differences existed between the families for all the traits
(Table1).
(i)

Days to 50 per cent flowering: Progenies differences
were significant in all the families except control and
EMS 0.6 per cent (Table 1). On the basis of mean
family EMS 0.4 +3 x 10 -4 M IAA (37.77) was
significantly earlier in flowering than control (38.53).
Maximum range for days to 50 per cent flowering
was recorded in family EMS 0.4 + 3 x 10-3 M IAA
(35.67-41.00) against the control (38.33-39.00) (Table
2). Maximum coefficient of variation was observed in
family EMS 0.4 + 3 x 10-3 M IAA (7.70) than control
(1.26).
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Table 1: Mean squares for different characters in Barkha variety of black gram in M2 generation
Sources

Replication
Between Family
Within Family
Control
EMS 0.4 per cent
EMS 0.6 per cent
DMS 0.04 per cent
DMS 0.06 per cent
EMS 0. 4 + 3 x 10-3 M IAA
EMS 0. 4 + 3 x 10-4 M IAA
EMS 0.6 + 3 x 10-3 M IAA
EMS 0.6 + 3 x 10-4 M IAA
DMS 0.04 + 3 x 10-3 M GA
DMS 0.04 + 3 x 10-4 M GA
Error

Days to 50 Days to 75
per cent
per cent
flowering maturity

Plant
height

0.91
4.60**

0.371
2.39**

Number of Number 100 seed Seed yield Biological Harvest Seed
of pods weight per plant
index Protein
branches
yield
content
per plant per plant
1.97 *
0.08**
0.65
0.010
0.02
0.27**
0.39 *
0.19
1.92**
17.11** 0.19**
0.98**
66.90** 65.27** 8.27**
68.14**

0.24
3.65**
0.83
1.87 *
2.74**
8.67**
6.89**
8.21**
5.70**
2.37**
2.00 *
0.86

0.60
6.85**
2.52**
6.37**
8.85**
15.20**
11.93**
9.66**
10.16**
8.13**
2.90**
0.51

0.39
12.07**
18.11**
10.64**
19.60**
12.22**
27.90**
17.01**
17.48**
15.22**
9.79**
1.15

0.05
0.46**
0.16**
0.13**
0.17**
0.09**
0.21**
0.33**
0.52**
0.48**
0.67**
0.03

0.04
9.30**
0.87
0.72
0.83
7.90**
3.99**
2.13**
1.54**
5.19**
2.52**
0.55

0.01
0.05
0.02
0.05
0.03
0.02
0.03
0.02
0.04
0.06
0.03
0.03

0.01
0.22**
0.02
0.07**
0.02
0.10**
0.20**
0.10**
0.03**
0.12**
0.12**
0.01

0.15
7.42**
17.06**
18.32**
9.16**
12.95**
11.04**
11.99**
15.20**
15.62**
13.99**
0.12

0.12
6.22**
5.37**
4.68**
3.07**
10.17**
10.11**
4.16**
7.43**
10.18**
6.01**
0.24

0.14
2.44**
1.05**
2.12**
2.18**
2.95**
0.91**
2.52**
3.04**
0.26
0.80**
0.17

*, ** Significant at 5% and 1% level of significance, respectively

(ii)

Days to 75 per cent maturity: Progeny differences
were significant in all the families except control
(Table 1). Family EMS 0.4 + 3 x 10-3 M IAA (78.83) and
family EMS 0.4 + 3 x 10-4 M IAA (78.90) were
significantly earlier in maturity than control (79.77).
Highest range for days to 75 per cent maturity was
observed in family EMS 0.6 + 3 X 10-3 M IAA (76.00 –
82.33) against control (79.00–80.33). Coefficient of
variation in control was 0.97 per cent, which increased
to 4.95 in family EMS 0.4 + 3 X 10-3 M IAA (Table 2).
Eighteen progenies exhibited early maturity than
control. The variability parameters recorded for all
the families were low in magnitude except EMS 0.4 +
3 X 10-3 M IAA (GCV = 2.69, PCV = 2.74, Heritability
= 96.59, Genetic gain = 5.45) (Table 3).

(iii) Plant height (cm): Progeny differences were
significant in all the families except control (Table 1).
Maximum plant height was observed in family EMS
0.4 +3 x 10- 3 (28.60) than control (27.40). Wide range
was observed in family DMS 0.06 per cent (20.1432.12) than control (26.93-27.86). Coefficient of
variation in control was 2.29 per cent, which increased
in all the families. Highest coefficient of variation was
observed in family EMS 0.4 + 3 x 10-4 M IAA (18.91)
(Table 2). Thirty four progenies exhibited significant
increase in plant height than control in all the
mutagenic families.
(iv)

Number of primary branches per plant: Progeny
differences were significant in all the families except
control (Table 1). Maximum number of primary
branches per plant was observed in family EMS 0.4 +
3 x 10-3 M IAA (2.80) than control (2.56). Highest
range for this trait was observed in family DMS 0.04
+ 3 x 10-3 MGA (1.87-3.14) as compared to (2.36 - 2.69)
control (Table 2). Coefficient of variation was
maximum in family DMS 0.04 +3 x 10-4 M GA (37.08).

Higher number of primary branches per plant was
observed in twenty seven progenies over all the
families.
(v)

Number of pods per plant: Statistically significant
differences between progeny were recorded in all the
families except control, EMS 0.6 per cent, DMS 0.04
per cent and DMS 0.06 per cent (Table 1). None of
the families exhibited positive shift in number of pods
per plant as compared to control (15.86). Wide range
for number of pods per plant was observed in family
DMS 0.04 + 3 x 10-3 M GA (13.60 - 18.23) against
control (15.67 - 16.03). Coefficient of variation was
1.20 percent in control. It was increased at all the
mutagenic treatments and highest in family EMS 0.4
per cent (19.40) (Table 2). Among all the families six
progenies exhibited higher number of pods per plant
than control.

(vi)

100-seed weight (g): No significant differences
between progenies were observed for 100-seed yield
than control (4.37). Coefficient of variation was 1.82
per cent in control and it was increased in all the
families. Range for seed yield per plant was observed
narrow in all the families than control (Table 2). None
of the progeny was found superior than control for
100-seed weight.

(vii) Seed yield per plant (g): Progeny differences were
found significant in all the families except control,
EMS 0.6 per cent and DMS 0.06 per cent (Table 1).
Grain yield was higher in two families viz., EMS 0.4
per cent (3.78) and family EMS 0.4 + 3 x 10-3 M IAA
(3.70) than control (3.60). Coefficient of variation was
1.96 per cent in control which increased in all the
mutagenic treatment and it ranged from 1.96 per cent
(control) to 12.64 per cent (EMS 0.4 + 3 x 10-4M IAA).
Wide range for seed yield per plant was observed in
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Table 2 : Mean, range and coefficient of variation for different characters in Barkha variety of black gram in M2 generation.
Families

Control
EMS 0.4 per
cent
EMS 0.6 per
cent
DMS 0.04 per
cent
DMS 0.06 per
cent
EMS 0. 4 + 3 x
10-3 M IAA
EMS 0. 4 + 3 x
10-4 M IAA
EMS 0.6 + 3 x
10-3 M IAA
EMS 0.6 + 3 x
10-4 M IAA
DMS 0.04 + 3 x
10-3 M GA
DMS 0.04 + 3 x
10-4 M GA
X
Se
CD 5%
CD 1%
CV

M
R
CV
M
R
CV
M
R
CV
M
R
CV
M
R
CV
M
R
CV
M
R
CV
M
R
CV
M
R
CV
M
R
CV
M
R
CV

Days to 50
pre cent
flowering

Days to 75 per
cent maturity

38.53
38.33-39.00
1.26
38.50
35.67-39.33
4.96
39.20
38.33-40.00
2.32
38.80
37.33-40.00
3.52
39.00
38.00-40.67
4.24
38.23
35.67-41.00
7.70
37.77
35.33-39.67
6.95
38.60
35.00-40.67
7.42
38.67
37.00-41.00
6.18
38.43
36.33-39.67
4.01
38.23
37.33-39.67
3.70
38.54
0.169
0.471
0.621
2.399

79.77
79.0-80.33
0.97
79.70
76.33-81.67
3.28
80.67
79.33-82.00
1.97
80.43
77.67-82.67
3.14
80.70
78.33-83.33
3.69
78.83
76.00-82.00
4.95
78.90
75.67-81.00
4.38
79.70
76.00-82.33
3.90
79.47
76.67-82.33
4.01
79.27
76.00-81.67
3.60
79.53
77.67-81.00
2.14
79.72
0.131
0.364
0.480
0.897

Plant
Number of
Number of
height primary branches pods per plant
per plant
(cm)
27.40
2.56
15.86
26.93-27.86
2.36-2.69
15.67-16.03
2.29
8.38
1.20
27.53
2.59
15.72
22.67-29.68
1.94-3.08
14.10-19.17
12.62
26.25
19.40
24.39
2.12
14.21
1.83-2.54
13.07-15.00
20.76-28.04
17.45
18.68
6.56
25.46
2.26
14.81
22.25-28.09
1.94-2.58
13.77-15.53
12.81
15.84
5.74
24.15
1.90
13.70
20.14-32.12
1.59-2.31
12.79-14.33
18.33
21.80
6.64
28.60
2.80
15.84
2.54-3.09
14.10-18.73
25.56-32.29
12.22
10.65
17.74
27.93
2.58
15.97
2.22-2.30
14.90-18.13
23.64-32.74
18.91
17.78
12.51
27.91
2.37
14.56
23.90-31.12
1.89-2.84
13.53-16.47
14.78
24.11
10.03
27.87
2.43
14.59
1.74-2.85
13.37-15.60
23.80-30.19
15.00
29.58
8.51
27.38
2.38
14.76
23.88-29.95
1.87-3.14
13.60-18.23
14.25
29.09
15.42
26.77
2.20
14.80
23.52-29.48
1.75-2.89
13.80-16.90
11.69
37.08
10.72
26.85
2.38
14.98
0.196
0.031
0.135
0.546
0.086
0.376
0.720
0.113
0.496
3.995
7.088
4.928

100 seed Seed yield
weight
per plant
(g)
(g)
4.37
3.60
4.29-4.46 3.53-3.65
1.82
1.96
4.30
3.78
4.09-4.46 3.52-4.34
5.31
12.50
4.21
3.26
4.03-4.36 3.14-3.39
3.73
4.48
4.24
3.36
4.00-4.37 3.20-3.65
5.47
8.12
4.18
3.27
4.05-4.39 3.16-3.44
4.01
4.51
4.37
3.70
4.25-4.45 3.53-4.07
2.92
8.50
4.28
3.51
4.14-4.42 3.32-3.94
3.86
12.64
4.23
3.35
4.03-4.33 3.21-3.71
3.55
9.46
4.39
3.27
4.11-4.46 3.15-3.54
4.35
5.63
4.16
3.42
3.95-4.41 3.21-3.93
5.78
10.05
4.26
3.39
4.08-4.40 3.23-3.91
3.75
10.25
4.27
3.45
0.032
0.021
0.088
0.059
0.117
0.078
4.068
3.351

Biological
yield per
plant (g)
16.39
16.08-17.17
4.53
18.38
16.30-21.20
14.82
21.40
17.97-24.20
19.30
18.87
16.83-20.97
22.69
21.53
18.83-24.83
14.06
20.54
17.80-24.23
20.35
20.03
17.67-23.23
16.59
20.71
17.90-23.50
16.72
19.75
17.47-24.23
19.75
20.67
17.90-23.67
19.13
19.67
17.07-23.83
19.02
19.81
0.062
0.174
0.229
1.723

Harvest
index
(%)
18.03
17.10-18.49
4.35
17.13
15.48-19.33
14.55
13.34
11.67-15.15
17.37
15.22
13.00-16.85
14.21
13.24
11.99-14.63
13.24
15.42
13.25-18.60
20.68
15.02
12.49-18.23
21.16
13.99
12.21-15.55
14.58
14.35
11.62-16.69
18.99
14.33
12.05-17.53
22.26
14.81
12.38-16.34
16.56
14.99
0.089
0.248
0.327
3.252

Seed Protein
content
(%)
24.45
24.07-24.88
2.72
24.67
23.14-26.07
6.34
23.88
23.07-25.10
4.29
24.30
23.15-26.03
5.99
24.24
23.35-26.28
6.08
24.19
23.11-26.22
7.10
23.62
23.00-24.22
4.03
24.94
23.14-26.11
6.36
24.78
23.24-26.51
7.04
23.34
23.11-24.00
2.20
23.57
23.00-24.11
3.80
24.18
0.076
0.212
0.279
1.718

all the families than control (3.53 - 3.65) (Table 2). In
all the families only eight progenies were statistically
superior for grains yield per plant than control.
Maximum value of variability parameters was
observed in family EMS 0.4 + 3 x 10-4 M IAA (GCV =
6.86, PCV = 7.06, Heritability = 94.46 and Genetic gain
= 13.73) followed by family DMS 0.04 + 3 x 10-3 M GA
(GCV=5.44, PCV = 5.63, Heritability = 93.39 and
Genetic gain = 10.83) (Table 3).

(ix)

Harvest index (%): For harvest index progeny
differences were significant in all the families except
control (Table 1). None of the family exhibited
significant increase in harvest index than control
(18.03), though increased in range was exhibited by
all the families. Highest coefficient of variation was
observed in DMS 0.04 + 3 x 10-3 M GA (22.26) than
control (4.35) (Table 2). One progeny among all the
families was found superior than control.

(viii) Biological yield per plant (g): For biological yield
per plant progenies differences were significant in all
the families except control (Table 1). Biological yield
was significantly higher in all the families than control
(16.39). Highest biological yield was observed in
family DMS 0.06 per cent (21.53). Increase in range
was observed in all the families than control (16.0817.17). Higher coefficient of variation was observed
in all the treatments than control (4.53). Maximum
coefficient of variation (22.69) was observed in DMS
0.04 per cent (Table 2). Among all the families thirty
five progenies were superior for biological yield per
plant over control.

(x)

Seed Protein content (%): Significant progeny
differences were observed in all the families except
control and DMS 0.04 + 3 x 10-3 M GA (Table 1). Seed
Protein content was significantly higher in family
EMS 0.4 per cent (24.67), EMS 0.6 + 3 x 10-3 M IAA
(24.94) and EMS 0.6 + 3 x 10-4 M IAA (24.78) than
control (24.45). Narrow range for protein content was
observed in all the families. Coefficient of variation
was highest in EMS 0.4 + 3 x 10-3 M IAA (7.10) than
control (2.72) (Table 2). Ten progenies among all the
families were significantly superior to control for
protein content.
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Analysis of variance of M2 generation revealed
significant inter-family differences for all the traits. This
included that different loci/genes have been affected in the
progenies in respect of all traits (Mahala et al., 1999).
Progeny differences were significant in all most all the
families for all the traits except 100-seed weight.
The mean values of different characters shifted either
to positive or negative direction from the control due to
mutagenic treatments. EMS 0.4 + 3 x 10-3 M IAA treatment
exhibited early maturity with higher number of primary
branches per plant, plant height and seed yield. EMS 0.4
per cent was also efficient treatment for seed yield and
seed protein content. High estimate of coefficient of
variation with increased range for most of the traits indicate
induction of polygenic mutants. Similar observations were
recorded by Prema Manapure et al. (1998) and Solanki and
Joshi (2000).
The coefficient of variation and range were higher in
all the families as compared to their respective control for
all the traits. These results are in broad conformity with
those of earlier researchers (Khan, 1984; Khan and Khan,
1984 and Solanki and Sharma, 2005).
The genotypic and phenotypic coefficient of
variation gave an idea about the relative magnitude of
variability. Gap between genotypic coefficient of variation
and phenotypic coefficient of variation was narrow which
reflected lesser degree of environmental influence on the
Table 3:
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genotypic variability. Similar trend were also observed by
Ahmed and Yaqoob (1993) in mungbean and Hipziba and
Subramanium (1994) in black gram.
EMS 0.4 per cent with IAA induced high genotypic
and phenotypic coefficient of variations for most of the
yield traits. The efficiency with which genotypic variability
can be exploited for improvement through selection
depends on its heritability (Burton 1952). A character
possessing higher GCV with high heritability can be easily
improved by selection. In present investigation high
heritability was recorded for seed protein content,
biological yield and harvest index in almost all the families.
These results were in accordance with the findings of
Vandna and Dubey (1992) in black gram.
In present study, high value of genetic gain was
observed in all most all the families for biological yield per
plant and harvest index. Variability coupled with high
heritability and greater expected genetic gain is an induction
of greater role of additive gene effects in genetic control of
the given character. Character with greater contribution and
additive gene effect can be easily improved through
selection (Panse, 1978). Higher genotypic variability along
with high heritability and greater genetic gain was recorded
in family EMS 0.4 + 3 x 10-3 M IAA ,EMS 0.4 +3 x 10-4 M IAA
and DMS 0.04 + 3 x 10-3 M GA for grains yield and most of
the traits. These results are in agreement with those reported
by Hipziba and Subramaniam (1994).

Estimates of variability parameters in Barkha variety of black gram in M2 generation

Characters/ families

GV (%)

PV (%)

GCV (%)

PCV (%)

H (in broad sense) (%)

GG (%)

Control
EMS 0.4 per cent

0.11
1.52

0.32
3.12

0.42
1.55

0.71
2.22

34.60
48.66

0.50
2.22

EMS 0.6 per cent

0.55

1.17

0.92

1.34

47.04

1.30

DMS 0.04 per cent

1.77

2.19

1.66

1.84

80.90

3.07

DMS 0.06 per cent

2.57

2.82

1.99

2.08

91.20

3.91

EMS 0. 4 + 3 x 10-3 M IAA

4.51

4.67

2.69

2.74

96.59

5.45

EMS 0. 4 + 3 x 10-4 M IAA
EMS 0.6 + 3 x 10-3 M IAA

3.45
2.76

3.83
3.17

2.36
2.09

2.48
2.23

90.23
87.15

4.61
4.01

EMS 0.6 + 3 x 10-4 M IAA

2.84

3.48

2.12

2.35

81.57

3.94

DMS 0.04 + 3 x 10-3 M GA

2.29

2.74

1.91

2.09

83.40

3.59

Seed yield per plant
Control

0.00

0.01

0.00

0.00

0.00

0.00

EMS 0.4 per cent

0.06

0.08

6.47

7.55

73.47

11.43

EMS 0.6 per cent

0.00

0.01

1.63

3.57

20.98

1.54

DMS 0.04 per cent

0.02

0.03

4.28

4.77

80.66

7.92

DMS 0.06 per cent
EMS 0. 4 + 3 x 10-3 M IAA

0.01
0.03

0.03
0.04

0.00
4.41

0.00
5.11

0.00
74.48

0.00
7.84

EMS 0. 4 + 3 x 10-4 M IAA

0.06

0.06

6.86

7.06

94.46

13.73

EMS 0.6 + 3 x 10-3 M IAA
EMS 0.6 + 3 x 10-4 M IAA

0.03
0.00

0.04
0.03

4.87
0.00

5.76
0.00

71.45
0.00

8.47
0.00

DMS 0.04 + 3 x 10-3 M GA
DMS 0.04 + 3 x 10-4 M GA

0.03
0.03

0.04
0.04

5.44
5.46

5.63
5.90

93.39
85.78

10.83
10.42

Days to 75 per cent maturity
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Conclusion
Based on the results summarized above it is
concluded that family EMS 0.4 + 3 x 10-3 M IAA ,EMS 0.4 +3
x 10-4 M IAA and DMS 0.04 + 3 x 10-3 M GA exhibited higher
values for variability parameters for most of the traits
studied. EMS 0.4 treatment along with modifier was found
to be the most efficient treatment, which induced early
maturity along with high mean for yield and yield
contributing traits. Range and variance was also increased
for most of traits. It also exhibited high values of variability
parameters indicating polygenic mutants. In all, there were
eight progenies identified, which were higher in yield and
yield contributing traits. Eighteen progenies were early in
maturity than control. Therefore, these treatments and
progenies should be carried further in M3 generation to
isolate early maturing, high yielding lines.
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ABSTRACT
The objective of this study was to evaluate the role of the
antioxidative defense system in imparting tolerance against
drought-induced oxidative stress in seven chickpea
comprising of two drought tolerant (desi - PDG 3 and PDG 4)
and five drought susceptible (desi - PBG 1, GPF 2, PBG 5 and
kabuli - L 550 and BG 1053) cultivars, when subjected to
field drought stress. The study was conducted in reproductive
tissues (podwall and seed) at 10, 20, 30 and 40 days after
flowering (DAF) under irrigated and rainfed conditions.
Drought susceptibility index (DSI) in the tolerant cultivars
was comparatively lower than susceptible cultivars. Effect of
water deficit conditions on plant growth led to decline in
harvest index of all chickpea culitvars. However, in tolerant
cultivars decline in harvest index was lower. During early
pod development, the activities of antioxidative enzymes
SOD, CAT, GR, POX and APX were more and as development
progressed towards maturity the activities declined. Drought
resulted in an increase in H 2O 2 accumulation and lipid
peroxidation at different reproductive developmental stages.
Drought-tolerant cultivars have higher antioxidant enzymes
activities as compared to that of susceptible cultivars resulting
in maintenance of lower H2O2 content and lipid peroxidation
and higher growth, yield and yield components under water
stress condition. In developing pods, susceptible cultivars
failed to modulate the activities of antioxidative enzymes
according to the ROS under field drought. Poor capacity of
the antioxidative defense system in reproductive tissues of
susceptible cultivars seems to be partly responsible for
reduced yield potential under drought stress. Moreover, the
higher status of antioxidative enzymes in pod wall of tolerant
cultivars might protect the developing seeds from deleterious
effects of drought.
Keywords: Antioxidative enzymes, Chickpea, Drought stress,
Yield

Chickpea is an important self-pollinated grain legume
crop, grown mainly in West, Asia, North Africa and the
Indian subcontinent. Drought stress is the second most
important constraint affecting yield in chickpea after disease
(Singh et al. 1994). However, in certain tolerant/adaptable
crop plants, morphological and metabolic changes occur
in response to drought, which contribute towards
adaptation to such unavoidable environmental constraints

(Ben Amor et al. 2007). Low soil moisture during the early
stages of the chickpea growth decreases nodule formation
(Gan et al. 2005), and low moisture during late vegetative
to early flowering period decreases efficiency of N2 fixation
(Beck et al. 1991) and yield. Nayyar et al. (2006) reported
that the flowering and pod setting stages appear to be the
most sensitive stages to water stress. In general, the damage
caused by water stress results in the production of reactive
oxygen species (ROS) and alteration of water relationships
within the plant (Ara et al. 2013). Better resistance and
acclimation to drought is experimentally correlated with
enhanced anti-oxidative protection (Khanna-Chopra and
Selote 2007). The ROS detoxifying enzymes play a central
role in the defence against ROS, besides the non-enzymic
antioxidant components (á-tocopherol, carotenoids, redoxcouples of ascorbate and glutathione). Superoxide
dismutase, acts in close cooperation with the enzymes and
metabolites of the ascorbate-glutathione cycle. Catalases
remove the bulk of H2O2 generated in photorespiration.
Peroxidases use H2O2 in substrate oxidation (Mittler 2002).
The extent to which plants can avoid or buffer these
physiological processes determines the degree of
resistance to water stress. The biochemical response to
water deficit is vital in order to select plants with high yield
and stability under this type of stress (Masoumi et al. 2011).
Chickpea is particularly sensitive to water stress at
its reproductive phase (Ulemale et al. 2013), however, very
few studies have reported about the role of antioxidant
defence system in reproductive tissues under water deficit
conditions. Therefore, this study was planned to examine
influence of drought stress on yield, yield components,
growth parameters, antioxidant enzymes and oxidative
damage in reproductive tissues of drought tolerant and
drought susceptible chickpea cultivars under irrigated and
rainfed conditions.
MATERIALS AND METHODS
Plant Material and Experimental Conditions: Seven
chickpea cultivars PDG 3 and PDG 4 (drought tolerant) and
PBG 1, PBG 5, GPF 2, L 550 and BG 1053 (drought
susceptible), were grown in field of the Punjab Agricultural
University, Ludhiana, (30æ%54_N, 75æ%48_E, elevation
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247 m above mean sea level), India. The experimental soil
was loamy sand with pH about 7.8–8.0. The seeds were
sown in 4m2 plots with a row space of 30 cm. The four
middle rows were left intact for grain yield determination
and two outside rows were used for sampling. The
experimental design was a randomized complete block with
three replications. Under the irrigated treatment, plants were
watered throughout the period from sowing to maturity
according to the recommended agronomic practices. All
irrigations were withheld from the plants subjected to the
drought treatment except the pre sowing irrigation for field
preparation. Therefore, the drought-treated plants received
water only available through rainfall. The weather data of
total rainfall for the crop season of two years (Year I and
Year II) was collected from the field meteorological
observatory. During the crop season rainfall was scanty
which helped in the development of drought stress.
Developing flowers were tagged for 12-15 days and
developing pods were collected at 10, 20, 30 and 40 days
after flowering (DAF) for biochemical analysis.
Growth and yield parameters: To determine the yield
parameters, each plot was manually harvested and seed
yield was registered from both irrigated and rainfed plots.
Grain yield was recorded at physiological maturity stage.
The physiological maturity stage was considered when 90%
of seed changed color from green to yellowish and stopped
photosynthetic activity. Ten plants of each cultivar (desi
and kabuli) were randomly chosen from each plot to
measure plant height, number of branches, number of pods,
vegetative biomass production, biological yield (seed yield
+ above ground vegetative biomass) and finally the harvest
index (HI) (seed yield/biological yield). Drought
susceptibility index (DSI) was calculated according to Fisher
and Maurer (1978): DSI=(1- Y1/ Y2)/(1-X1/X2), where Y1 and
Y2 are the yields of the drought treated and control plants
of one particular cultivar whereas, X1 and X2 are the average
yields of all compared cultivars under drought treated and
control conditions, respectively. If DSI<1 the variety has
high drought tolerance, if DSI>1 the variety has low drought
tolerance compared to the mean yield of the group of
varieties under study. To evaluate response of plant
genotypes to drought stress, some selection indices based
on a mathematical relation between stress and optimum
conditions have been proposed and were expressed by
following formulae:
Tolerance to drought stress (TDS) = Y1-Y2 (Hossain
et al. 1990)
Mean productivity (MP) = (Y1+Y2)/2 (Hossain et al.
1990)
Rate of productivity = Y 1/Y 2 (Bouslama and
Schapaugh 1984)
% Reduction in yield = [(Y2- Y1)/ Y2 ] x100 (Choukan
et al. 2006)

Drought tolerance efficiency ( DTE% ) = [Y1/ Y2] x100
Antioxidant Enzymes Assay: All extractions were
conducted in three replicates at 4oC. SOD, POX and GR
were extracted by homogenizing the pod wall and seeds in
0.1 M phosphate buffer (pH7.5) containing 1%
polyvinylpyrrolidone (PVP), 1 mM EDTA and 10 mM âmercaptoethanol. CAT and APX were extracted with 0.05
M phosphate buffer (pH 7.5) containing 1% PVP (Kaur et
al. 2009a). Both the homogenates were centrifuged at
10,000 g for 20 min and the supernatant was used for
assaying above mentioned enzymes. All enzymes were
assayed at 30oC. Components of enzyme assay system,
except the enzyme were pre incubated at 30oC for 20 min
before starting the reaction.
Activity of APX was assayed by taking 1 ml of 50
mM sodium phosphate buffer (pH 7.0), 0.8 ml of 0.5 mM
ascorbic acid, 0.2 ml of enzyme extract and 1 ml of H2O2
solution in total volume of 3 ml (Nakano and Asada 1987).
Absorbance was recorded at 290 nm at an interval of 30 sec
upto 3 min. Extinction coefficient of monodehydroascorbic
acid was 2.8 mM-1cm-1. APX activity was expressed as
µmoles of mono dehydroascorbic acid formed min-1 mg-1
protein FW.
Activity of CAT was determined by taking 1.8 ml of
50 mM sodium phosphate buffer (pH 7.5) to which 0.2 ml of
enzyme extract was added. The reaction was initiated by
adding 1 ml H2O2 and utilization of H2O2 was recorded at an
interval of 30 sec for 3 min by measuring the decrease in
absorbance at 240 nm (Chance and Machly 1955). Extinction
coefficient for H2O2 was 0.0394 mM-1cm-1. CAT activity was
expressed as µmoles of H2O2 decomposed min-1 mg-1 protein
FW.
Activity of SOD was determined using 1.4 ml of 100
mM Tris HCl buffer (pH 8.2), 0.5 ml of 6 mM EDTA, 1 ml of
6 mM pyrogallol solution and 0.1 ml of enzyme extract
(Marklund and Marklund 1974). Change in absorbance was
recorded at 420 nm after an interval of 30 sec upto 3 min. A
unit of enzyme activity was expressed as the amount of
enzyme causing 50% inhibition of auto-oxidation of
pyrogallol observed in blank.
Assay of GR contained 0.2 ml of 200 mM potassium
phosphate buffer (pH 7.5), 0.1 ml MgCl2 (1.5 mM), 0.1 ml
EDTA (0.2 mM), 0.2 ml NADPH (0.025 mM), 0.2 ml enzyme
extract, followed by 0.2 ml of oxidized glutathione (0.25 mM)
in a quartz cuvette (Esterbaur and Gill 1978). Decrease in
absorbance at 340 nm after an interval of 30 sec upto 3 min
was recorded. The molar extinction coefficient for NADPH
was 6.22 mM-1cm-1. GR activity was expressed as nmoles of
NADP+ formed min-1 mg-1 protein FW.
Assay system of POX contained 3 ml of 0.05 M
guaiacol in 100 mM phosphate buffer (pH 6.5), 0.1 ml of
enzyme extract and 0.1 ml of 0.8 M H2O2 (Shannon et al.
1966). The reaction mixture without H2O2 was taken as a
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blank. The reaction was initiated by adding H2O2 and rate
of change in absorbance was recorded at 470 nm for 3 min
at an interval of 30 sec. POX activity was expressed as
change in absorbance min -1 mg-1 protein FW. Protein
content of all enzyme extracts was determined by the method
of Lowry et al. (1951).
Oxidative Damage Assay
H2O2 was extracted from 500 mg of leaf tissue with 3
ml of ice cold 10 mM potassium phosphate buffer (pH 7.5)
and was estimated according to the procedure of Sinha
(1971). Supernatant was diluted to 2 ml with 10 mM
potassium phosphate buffer (pH 7.0). Two ml of 5%
potassium dichromate and glacial acetic acid (1:3 v/v) were
added to the reaction mixture. The reaction mixture was
then filtered using Whatman filter paper no.1 and
absorbance was read at 570 nm against the reagent blank.
The quantity of H2O2 was determined from the standard
curve prepared by taking different concentrations of H2O2
ranging from 20 to 100 ìmoles. H2O2 content was expressed
as ìmoles g-1 FW.
Malondialdehyde was extracted from 1.0 g of leaf
tissue with 4 ml of 5% (w/v) trichloroacetic acid and the
homogenate was centrifuged at 12,000 g for 15 min at room
temperature. The supernatant was used for estimation of
malondialdehyde (MDA) (Heath and Packer 1968). The
supernatant was mixed with an equal volume of 20% (w/v)
TCA containing 0.5% thiobarbituric acid (TBA). The mixture
was heated at 95°C for 30 minutes, cooled in ice and
centrifuged at 10000xg for 10 minutes. Absorbance of the
supernatant was measured at 532 nm and corrected for non
specific turbidity by subtracting the absorbance at 600 nm.
MDA contents were calculated using an extinction
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coefficient of 155 mM-1cm-1. The results were expressed as
nmol MDA g-1 FW.
RESULTS AND DISCUSSION
The results of the present study showed that
considerable variations among the cultivars for yield, yield
components, growth parameters, antioxidative enzymes
activities and oxidative damage.
The yield of all seven cultivars of chickpea was
affected by rainfed conditions (Table 1). The seed yield of
cultivars (Desi and Kabuli) in non-stressed environment
showed an increase of 31.8% in 2008-2009 and 28.9% in
2009-2010 over that obtained from the stress fields. However,
the average of two years yield data showed 61.1% reduction
in yield in desi and 77.7% in kabuli under rainfed conditions
(Table 1). On the basis of seed yield, susceptible desi
cultivars PBG 1 and GPF 2 in both years (2008-2009 and
2009-2010) gave a higher yield than PDG 3 and PDG 4
(tolerant desi cultivars) and PBG 5 in the non-stressed
environment. However, in both years under stress
conditions PDG 3 and PDG 4 along with PBG 1 gave higher
yields and GPF 2 the lowest. GPF 2 (desi susceptible) cultivar
in both years followed by L 550 in 2008-2009 and PBG 5 in
2009-2010 had shown the lowest yield in stressed
environment. Kabuli cultivar i.e. L 550 in non-stressed
conditions had given a higher yield in both the years
compared to BG 1053 (Kabuli) and desi cultivars (Table 1).
In year 2008-2009, the mean productivity (MP) among desi
cultivars was found to be highest in PBG 1 (1023.9 Kg/ha)
followed by susceptible GPF 2 (822.9 Kg/ha) and PBG 5
(821.9 Kg/ha) cultivars. In kabuli cultivars, L 550 (1060.4
Kg/ha) had the highest MP in 2008-2009 and in year 2009-

Table 1: Yield data of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Year

2008-2009
2009-2010
Tolerant
2008-2009
‘PDG4’
2009-2010
2008-2009
Desi
‘PBG1’
2009-2010
2008-2009
Susceptible ‘GPF2’
2009-2010
2008-2009
‘PBG5’
2009-2010
2008-2009
‘L550’
2009-2010
Kabuli Susceptible
2008-2009
‘BG1053’
2009-2010
2008-2009
Mean
2009-2010
‘PDG3’

Yield under
irrigated
condition (Y2)
Kg/ha
908.3
708.3
958.3
833.3
1541.7
1358.3
1333.3
1225.0
1270.8
833.3
1687.5
1450.0
1583.3
1441.7
1326.2
1121.4

Yield under
rainfed
condition (Y1)
Kg/ha
500.3
350.0
520.8
428.3
506.3
350.0
312.5
245.8
372.9
250.0
433.3
300.0
302.1
341.7
421.2
323.7

TDS

Rate of
MP
% Reduction
productivity
DTE%
Kg/ha
in yield
Y1/Y2

-408.0 704.3
-358.3 529.2
-437.5 739.6
-405.0 630.8
-1035.4 1023.9
-1008.3 854.2
-1020.8 822.9
-979.2 735.4
-897.9 821.9
-583.3 541.7
-1254.2 1060.4
-1150.0 875.0
-1281.3 942.7
-1100.0 891.7
-905.01 873.7
-797.74 722.6

0.55
0.49
0.54
0.51
0.33
0.26
0.23
0.20
0.29
0.30
0.26
0.21
0.19
0.24
0.34
0.32

44.9
50.6
45.7
48.6
67.2
74.2
76.6
79.9
70.7
70.0
74.3
79.3
80.9
76.3
65.8
68.4

55.1
49.4
54.3
51.4
32.8
25.8
23.4
20.1
29.3
30.0
25.7
20.7
19.1
23.7
34.2
31.6

DSI
0.66
0.72
0.67
0.69
0.98
1.04
1.13
1.13
1.04
0.99
1.09
1.11
1.19
1.07
0.97
0.96

TDS, Tolerance to drought stress=Y 1-Y 2; MP, Mean productivity= (Y 1+Y 2)/2 ; Rate of productivity= Y 1/Y 2; % Reduction in yield=[ (Y 2- Y 1 )/ Y 2
] x100 ; DTE%, Drought tolerance efficiency= [Y 1/ Y 2 ] x100 ; DSI, Drought susceptibility index=(1- Y 1/ Y 2 )/(1-X1 /X2), where Y 1 and Y 2 are the
yields of the drought treated and control plants of one particular cultivar whereas, X 1 and X2 are the average yields of all compared cultivars
under drought treated and control conditions, respectively.
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2010, BG 1053 (891.66 Kg/ha) recorded the highest MP. In
both years, PDG 3 has the lowest MP among all the cultivars.
On the other hand, the tolerance to drought stress was
more in PDG 3 and PDG 4 in both successive years. The
lower value of tolerance to drought stress was found in
kabuli cultivars (susceptible) followed by PBG 1 (desi
susceptible) cultivar in comparison to other cultivars in
both successive years (Table 1). The highest productivity
was observed in tolerant cultivars in both years yield data
and the lowest productivity in first year was seen in BG
1053 (Kabuli) and in second year lowest productivity was
seen in GPF 2 (Desi) and L 550 (Kabuli). Drought
susceptibility index (DSI) ranged from 0.66 to 1.19 in 20082009 and 0.69 to 1.13 in 2009-2010. The average drought
susceptibility index for two successive years in desi cultivars
(0.91) was less than 1 and in kabuli it was observed to be
more than 1 i.e. 1.12. Drought tolerance efficiency (DTE)
Table 2:

Superoxide dismutase (SOD)
SOD activity could not be detected at 10 days after
flowering (DAF) in podwall and seed tissue, however, SOD
activity later increased and then decreased (Table 3 and 4).
In comparison to activity of SOD in podwall of susceptible
desi cultivars, tolerant cultivars (PDG 3 and PDG 4) had
lower activity under rainfed conditions (Table 3). Rainfed
conditions resulted in higher SOD activity as well as specific
activity in tolerant cultivars throughout the pod filling period
over control. L 550, a kabuli cultivar, registered higher
specific activity under rainfed condition similar to that
observed in tolerant cultivars and was recorded to have
99% average percentage increase in SOD activity in podwall
followed by comparatively less increase in average SOD
activity in tolerant cultivars with 23% in PDG 3 and 38% in
PDG 4. Under irrigated conditions, PBG 1 and BG 1053 had

Plant height, No. of branches/plant, No. of pods/plant, individual seed weight, vegetative biomass/plant, biological
yield/plant and harvest index of desi and kabuli chickpea cultivars under irrigated and rainfed conditions.

Type

Cultivars
‘PDG3’

Tolerant
‘PDG4’
Desi

‘PBG1’
Susceptible

‘GPF2’
‘PBG5’
‘L550’

Kabuli Susceptible
‘BG1053’

Treatment
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed

Individual Seed
No. of
Plant height
No. of pods
branches
Weight
(cm)
/plant
/plant
(mg)
36.3±4.1
21.5±4.3
27.0
114.9
29.4±4.2
13.8±2.5
20.6
149.3
34.9±2.3
22.2±6.5
29.6
115.1
28.6±1.6
15.8±3.5
23.0
125.1
35.4±2.9
18.3±3.0
35.0
110.2
31.8±2.8
16.5±2.2
25.0
115.5
34.5±3.2
19.7±6.7
32.2
111.9
30.9±2.7
17.8±3.2
21.0
120.7
43.2±2.7
25.2±3.0
30.2
147.0
39.6±3.7
22.8±3.2
22.0
171.0
37.2±5.2
22.0±4.7
43.2
153.5
39.7±2.5
17.8±2.2
29.0
153.2
41.8±3.5
23.8±2.5
46.4
252.5
43.1±4.9
21.5±2.8
33.5
259.5

Biological Harvest
Vegetative
Biomass/plant Yield/plant Index
(g)
(g)
10.7
19.4
0.45
9.0
15.7
0.43
11.2
18.1
0.38
11.1
16.7
0.33
11.8
19.2
0.38
11.5
16.7
0.31
11.5
22.0
0.47
14.7
22.7
0.35
20.5
36.1
0.43
12.4
17.9
0.30
23.2
43.7
0.47
27.9
40.9
0.32
36.8
65.7
0.44
25.1
37.7
0.34

All data points represent mean of ten plants selected randomly.; Biological yield = (seed yield+above ground vegetative biomass); Harvest index
= (seed yield/biological yield)

was also found to be more in both the tolerant desi cultivars
in both years and the average DTE of desi cultivars of two
years was 37.2 and of kabuli cultivars was 22.3. Percent
reduction in seed yield was minimum in PDG 3 and PDG 4
under rainfed conditions (Table 1). Drought stress caused
a reduction in number of pods/plant, plant height/plant
and number of branches/plant (Table 1). Plant height/plant
in kabuli types was more under rainfed condition than
under irrigated conditions. PBG 1 out of desi and BG 1053
out of kabuli had greater number of pods/plant under both
condition. Rainfed conditions though increased the
individual seed weight (Table 1) but these conditions
caused yield reductions (Table 1). Negative effects of
drought on plant growth i.e. vegetative biomass/plant and
biological yield/plant lead to decline in harvest index of all
the chickpea cultivars. However, decline in harvest index
of tolerant cultivars was found to be lower in comparison
to susceptible desi and kabuli chickpea cultivars due to
stress (Table 2).

higher average activity than rainfed conditions. Except PBG
5 and BG 1053, in all other chickpea cultivars, rainfed
conditions led to higher SOD activities in their seeds when
compared to that in seeds of normal irrigated condition
(Table 4). At 20 DAF, higher specific activity of SOD was
observed under both irrigated and rainfed conditions in
PDG 3 and PDG 4 as compared to five susceptible cultivars.
Almost comparable activities were recorded in seeds of L
550 under both environments whereas BG 1053 showed
higher activities under irrigated conditions.
Catalase (CAT)
Higher average CAT activity was observed in
developing pods of crop grown under rainfed conditions
as compared to irrigated conditions (Tables 5 and 6). At 40
DAF, no activity was observed in podwall and seeds under
both the treatments. During earlier stages of pod
development i.e. at 10 DAF, drought had decreased the
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Table 3: Superoxide dismutase activity in podwall of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars Treatment
Irrigated
‘PDG3’
Rainfed

Tolerant
Irrigated
‘PDG4’
Rainfed
Irrigated
Desi

‘PBG1’
Rainfed
Irrigated
Susceptible

‘GPF2’
Rainfed
Irrigated
‘PBG5’
Rainfed
rrigated
‘L550’
Rainfed

Kabuli

Susceptible
Irrigated
‘BG1053’
Rainfed
CD (5%)

20 DAF
30 DAF
40 DAF
Mean
16.56±1.78
12.76±1.10
1.68±0.36
10.33
(130.81±8.09)
(106.64±8.80)
(42.77±2.69)
(93.41)
18.41±2.73
16.40±0.75
3.20±0.23
12.67
(171.72±12.08)
(110.06±6.22)
(63.25±5.14)
(115.01)
14.86±0.84
5.71±0.93
1.12±0.05
7.23
(157.36±12.64)
(37.61±4.09)
(28.29±2.53)
(74.42)
19.31±3.86
8.73±0.21
1.90±0.09
9.98
(173.34±18.06)
(56.26±3.90)
(46.04±3.80)
(91.88)
18.89±2.51
32.03±3.01
5.31±0.97
18.74
(124.31±18.31)
(142.61±10.53)
(56.20±8.80)
(107.71)
21.31±3.17
25.18±2.50
2.48±0.86
16.32
(186.39±11.67)
(162.41±12.01)
(54.97±4.24)
(134.59)
11.99±3.11
23.33±3.26
2.86±0.47
12.72
(93.81±11.09)
(127.23±6.35)
(66.69±4.69)
(95.91)
29.04±5.02
6.38±0.92
4.62±1.01
13.34
(148.42±11.70)
(125.61±8.01)
(81.06±4.44)
(118.36)
19.26±1.16
16.04±1.14
1.20±0.09
12.16
(157.25±8.25)
(119.09±8.76)
(21.46±2.30)
(99.27)
18.06±1.91
19.54±1.61
4.89±0.44
14.16
(175.69±12.81)
(158.83±16.09)
(88.42±6.43)
(140.98)
10.52±1.47
9.42±0.17
4.35±0.54
8.09
(130.64±6.64)
(107.34±8.94)
(64.21±7.18)
(100.73)
19.21±2.51
6.16±0.27
16.12
22.99±2.93
(136.51±13.33)
(145.20±8.90)
(80.22±4.64)
(120.64)
17.27±1.30
6.09±0.30
17.09
27.92±0.63
(133.59±13.21)
(166.45±9.41)
(131.69±11.96)
(143.91)
15.48±0.21
8.24±0.39
7.36±2.26
10.36
(80.33±9.35)
(140.91±13.35)
(69.59±4.48)
(96.94)
Cultivars (A): 0.41; Treatment (B): 0.22; Days after sowing (C): 0.31
A×B: 0.58
A×C: 0.82
B×C: 0.44

% Change
22.6
(23.1)

38.0
(19.0)

-12.9
(25.0)

4.8
(23.4)

16.4
(42.0)

99.2
(19.8)

-39.3
(-32.6)

Data represents mean±SD of triplicate extracts. DAF, Days after flowering; Values without parentheses represent specific activity expressed
as number of units min-1 mg-1 protein.; Values within parentheses represent enzyme activity expressed as number of units min -1 g-1 of fresh
weight.; One unit corresponds to amount of enzyme required for 50% inhibition of auto-oxidation of pyrogallol; % change is with respect to
irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase over the irrigated samples.

CAT activity in podwall of PDG 3 and PDG 4 along with
GPF 2 while increase was observed at 20 DAF and 30 DAF.
In desi susceptible PBG 5 and both kabuli susceptible
cultivars podwall, drought had induced greater CAT activity
at all the stages over the irrigated condition whereas in
PBG 1 (desi susceptible) induction was noticed only at 10
DAF followed by reduction in activity. PBG 1 and GPF 2
were noticed to have almost comparable average specific
activities in their podwall whereas they showed higher
average activity on biomass basis under drought compared
to that of activities observed under irrigated conditions.
On the other hand, in GPF 2 seeds specific activity and
activity as a result of stress were noticed to be comparable
with the activities under normal condition. In general, seeds
of chickpea crop under rainfed condition showed higher
average catalase activity as well as specific activity. The
highest catalase activity in seeds was observed during early
seed development stage of 10 DAF. The tolerant PDG 4
cultivar had the highest specific activity of CAT at 10 DAF
under rainfed condition as compared to other cultivars.
These cultivars had also the highest average CAT activity
in seeds under stressed conditions. However, percentage
increase in average CAT activity due to stress over control
was observed in seeds in the order: PDG 3> PBG 5> PDG 4>

L 550> PBG 1> BG 1053> GPF 2. In PDG 4, the level of CAT
activity in podwall and seeds was recorded to be more
under both conditions compared to other desi cultivars.
Under water deficit, kabuli susceptible cultivars (L 550 and
BG 1053) were found to maintain higher CAT activity in
their podwall and seeds as compared to desi susceptible
cultivars (PBG1, GPF 2 and PBG 5).
Glutathione reductase (GR)
The podwall of the cultivars showed increase in GR
activity that peaked at 20 DAF and then decline in activity
was observed (Tables 7 and 8). Specific activity did not
show any particular trend in podwalls of chickpea cultivars,
however, most of the cultivars had peak GR specific activity
at 20 DAF. Sensitive cultivars (GPF 2, L 550 and BG 1053)
showed reduction in activity at most of the stages studied.
Except at 40 DAF in PDG 3 podwall, GR activity was found
to be induced in podwall of both PDG 3 and PDG 4 tolerant
cultivars. Chickpea cultivars PDG 3, PDG 4 and PBG 5
showed an increase (101%, 85% and 92%, respectively) in
average specific activity of GR in podwall during the growth
period of 10 to 40 DAF. On the contrary, susceptible
cultivars GPF 2 and BG 1053 showed decline of 52% and
47% in the average specific activities of GR in podwall under
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Table 4: Superoxide dismutase activity in seeds of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Treatment

20 DAF
30 DAF
40 DAF
Mean
% Change
26.43±1.57
4.26±0.27
2.25±0.17
10.98
(171.81±10.09)
(82.79±5.20)
(50.48±5.96)
(101.69)
18.8
‘PDG3’
(19.0)
28.06±1.76
7.43±0.27
3.64±0.06
13.04
Rainfed
(196.56±20.50)
(104.28±6.36)
(62.34±2.82)
(121.06)
Tolerant
21.83±1.45
3.51±0.22
2.20±0.14
9.18
Irrigated
(115.03±4.09)
(78.46±4.76)
(41.60±2.56)
(78.36)
44.0
‘PDG4’
26.88±2.53
9.42±0.41
3.35±0.24
13.22
(50.3)
Rainfed
(177.14±14.25)
(118.72±6.40)
(57.42±4.02)
(117.76)
15.90±0.96
8.15±0.29
1.50±0.17
8.52
Irrigated
(150.03±8.09)
(126.48±13.09)
(32.88±3.96)
(103.13)
32.0
Desi
‘PBG1’
19.20±1.28
10.36±0.15
4.16±0.39
11.24
(17.8)
Rainfed
(157.25±9.25)
(127.28±10.56)
(79.79±5.71)
(121.44)
21.55±0.82
7.51±0.16
1.56±0.12
10.21
Irrigated
(178.67±13.39)
(107.79±9.03)
(34.19±2.00)
(106.88)
30.5
Susceptible ‘GPF2’
25.03±1.40
10.97±0.24
3.96±0.19
13.32
(20.5)
Rainfed
(194.03±18.92)
(126.82±14.66)
(65.67±4.23)
(128.84)
18.88±1.38
11.06±0.89
0.36±0.03
10.1
Irrigated
(156.23±8.84)
(141.79±12.33)
(10.21±0.90)
(102.74)
-11.0
‘PBG5’
17.98±0.48
4.94±0.21
4.05±0.60
8.99
(10.5)
Rainfed
(154.75±12.75)
(100.46±6.94)
(85.23±7.27)
(113.48)
15.21±1.51
4.38±0.14
4.01±0.46
7.87
rrigated
(148.84±7.23)
(86.39±8.34)
(89.16±3.42)
(108.13)
3.6
‘L550’
16.10±1.86
5.35±0.35
3.02±0.20
8.16
(1.6)
Rainfed
(166.02±8.06)
(101.14±5.86)
(62.40±6.96)
(109.85)
Kabuli Susceptible
17.83±2.59
8.51±0.11
4.28±0.69
10.21
Irrigated
(156.81±9.19)
(116.59±7.87)
(78.21±2.90)
(117.20)
-21.7
‘BG1053’
13.10±1.06
6.46±0.24
1.29±0.15
7.99
(-9.9)
Rainfed
(139.17±5.27)
(102.44±7.89)
(85.08±6.93)
(105.56)
Cultivars (A): 0.38; Treatment (B): 0.20; Days after sowing (C): 0.28
CD (5%)
A×B: 0.53
A×C: 0.75
B×C: 0.40
Data represents mean ± SD of duplicate extracts. DAF, Days after flowering ; Values without parentheses represent specific activity expressed
as number of units min-1 mg-1 protein.; Values within parentheses represent enzyme activity expressed as number of units min -1 g-1 of fresh
weight.; One unit corresponds to amount of enzyme required for 50% inhibition of auto-oxidation of pyrogallol; % change is with respect to
irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase over the irrigated samples.
Irrigated

Table 5: Catalase activity in podwall of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Treatment

10 DAF
20 DAF
30 DAF
Mean
% Change
16.70±2.93
8.40±0.66
0.85±0.10
8.66
Irrigated
(73.35±4.63)
(48.73±2.12)
(19.67±1.04)
(47.25)
64.3
‘PDG3’
13.86±0.99
23.55±1.25
5.26±0.69
14.23
(49.2)
Rainfed
(69.04±2.95)
(97.72±6.49)
(44.81±2.63)
(70.52)
Tolerant
33.80±0.70
23.74±4.84
1.46±0.22
19.67
Irrigated
(120.81±8.63)
(96.07±5.46)
(24.72±1.61)
(80.53)
3.3
‘PDG4’
22.03±3.88
36.88±1.36
2.08±0.67
20.33
(18.6)
Rainfed
(94.92±5.40)
(130.00±4.23)
(61.53±3.68)
(95.48)
7.48±0.33
10.26±1.51
3.94±0.66
7.24
Irrigated
(69.04±2.60)
(99.62±4.25)
(48.73±2.05)
(72.46)
-1.9
Desi
‘PBG1’
14.01±1.33
4.48±0.62
2.79±0.15
7.10
(19.3)
Rainfed
(169.04±13.71)
(56.86±7.11)
(33.41±0.79)
(86.43)
18.36±2.33
12.47±1.70
1.92±0.18
10.93
Irrigated
(95.94±6.71)
(73.09±4.57)
(26.00±1.00)
(65.01)
6.0
Susceptible
‘GPF2’
2.07±0.45
26.10±0.56
6.57±0.71
11.59
(14.2)
Rainfed
(30.20±4.63)
(125.13±7.13)
(67.42±2.33)
(74.25)
11.27±1.66
6.98±0.80
1.83±0.69
6.69
Irrigated
(73.35±8.05)
(36.29±4.32)
(14.00±0.50)
(41.21)
121.4
‘PBG5’
15.59±1.60
21.16±2.76
7.73±0.64
14.82
(39.3)
Rainfed
(52.54±3.85)
(95.81±7.83)
(23.90±2.22)
(57.41)
19.23±0.45
16.67±0.68
1.83±0.69
12.58
rrigated
(89.04±4.32)
(83.88±2.95)
(17.27±1.12)
(63.40)
79.5
‘L550’
31.03±1.03
28.96±2.33
7.71±0.62
22.58
(77.4)
Rainfed
(147.67±6.95)
(130.97±7.01)
(58.83±3.66)
(112.49)
Kabuli Susceptible
11.75±0.75
16.72±0.98
2.65±0.20
10.38
Irrigated
(80.08±6.73)
(81.98±5.26)
(38.25±2.47)
(66.77)
66.2
‘BG1053’
23.70±1.27
19.06±1.40
8.99±0.49
17.25
(48.2)
Rainfed
(120.81±8.63)
(100.38±13.48)
(75.62±5.03)
(98.94)
Cultivars (A): 0.57; Treatment (B): 0.31; Days after sowing (C): 0.43
CD (5%)
A×B: 0.81
A×C: 1.14
B×C: 0.61
Data represents mean ± SD of triplicate extracts. DAF, Days after flowering; Values without parentheses represent specific activity expressed
as µmoles of H2 O2 decomposed min-1 mg-1 protein.; Values within parentheses represent enzyme activity expressed as µmoles of H2O 2 decomposed
min-1 g-1 of fresh weight % change is with respect to irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase
over the irrigated samples.
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Table 6: Catalase activity in seeds of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Treatment

10 DAF
20 DAF
30 DAF
Mean
% Change
27.23±3.41
3.85±0.78
1.62±0.22
10.9
Irrigated
(92.77±6.11)
(43.40±6.85)
(23.91±1.68)
(53.36)
120.6
‘PDG3’
(44.3)
39.19±1.59
26.43±1.29
6.50±0.25
24.04
Rainfed
(104.19±4.68)
(77.67±9.71)
(49.17±3.55)
(77.01)
Tolerant
22.22±1.87
19.98±1.05
8.38±1.06
16.86
Irrigated
(95.69±9.39)
(70.22±3.68)
(42.20±3.92)
(69.37)
56.4
‘PDG4’
52.45±1.70
21.67±1.89
4.99±0.51
26.37
(61.1)
Rainfed
(217.01±11.43)
(89.09±11.43)
(29.12±4.01)
(111.74)
16.19±1.62
7.62±0.09
2.27±0.42
8.69
Irrigated
(66.24±5.99)
(44.54±5.71)
(19.42±0.83)
(43.40)
20.6
Desi
‘PBG1’
4.84±0.96
22.65±0.31
3.95±0.09
10.48
(13.0)
Rainfed
(41.75±5.34)
(70.81±6.85)
(34.60±2.90)
(49.05)
24.32±1.28
28.18±1.05
15.26±0.91
22.59
Irrigated
(91.77±7.96)
(93.02±6.22)
(50.73±2.85)
(78.51)
2.9
Susceptible
‘GPF2’
45.21±2.31
22.51±0.16
2.04±0.60
23.25
(0.08)
Rainfed
(155.84±17.77)
(51.78±4.32)
(28.09±3.66)
(78.57)
18.83±0.74
23.66±0.78
1.01±0.62
14.50
Irrigated
(75.38±6.85)
(86.63±15.99)
(35.19±4.68)
(65.07)
73.9
‘PBG5’
30.49±1.48
42.31±2.40
2.83±0.17
25.21
(39.9)
Rainfed
(109.90±7.86)
(125.42±4.19)
(37.74±4.75)
(91.02)
18.78±0.74
20.69±1.90
2.68±0.22
14.05
rrigated
(53.81±4.29)
(89.36±7.13)
(30.01±3.39)
(57.73)
47.0
‘L550’
26.15±1.19
29.40±0.54
6.43±1.09
20.66
(27.6)
Rainfed
(85.48±4.61)
(97.67±9.14)
(37.77±2.34)
(73.64)
Kabuli Susceptible
19.45±0.64
29.39±0.85
2.05±0.70
16.96
Irrigated
(66.24±5.99)
(86.42±5.19)
(20.42±2.99)
(57.69)
18.8
‘BG1053’
26.96±1.83
31.06±1.58
4.43±0.29
20.15
(7.9)
Rainfed
(71.39±7.75)
(90.86±7.06)
(24.42±1.12)
(62.22)
Cultivars (A): 0.41; Treatment (B): 0.22; Days after sowing (C): 0.31
CD (5%)
A×B: 0.58
A×C: 0.82
B×C: 0.44
Data represents mean ± SD of triplicate extracts. DAF, Days after flowering; Values without parentheses represent specific activity expressed
as µmoles of H2O 2 decomposed min-1 mg-1 protein; Values within parentheses represent enzyme activity expressed as µmoles of H2 O2 decomposed
min-1 g-1 of fresh weight. % change is with respect to irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase
over the irrigated samples.

rainfed conditions. The average specific activity of GR in
podwall of drought tolerant cultivars PDG 3 and PDG 4
under rainfed conditions was higher as compared to rest of
five sensitive cultivars. Almost similar pattern on GR
activities was observed in developing seeds with maximum
activity at 20 DAF. Increase in average GR activity of
drought tolerant cultivars PDG 3 and PDG 4 by 72% and
66%, respectively under rainfed conditions, is much more
than 18% increase activity of PBG 1 whereas other cultivars
showed decline in activity under rainfed conditions. Both
activity as well as specific activity of average GR was higher
in tolerant cultivars PDG 3 and PDG 4 as compared to
susceptible cultivars. Similar trend was observed with
respect to specific activities of GR.
Peroxidase (POX)
Similar to CAT, POX activity was not detected at 40
DAF. Maximum activity was observed at 10 DAF in pods
and then activity declined under both irrigated and rainfed
conditions (Table 9). Drought conditions increased the
average POX activities in the podwall of the tolerant
cultivars and susceptible cultivars like PBG 1, PBG 5 and L
550. However, increase in specific activity was relatively
more in tolerant cultivars. For example at 10 DAF, significant
increase in specific activity was observed under stressed
conditions of tolerant cultivars and drought induced POX

in GPF 2 and BG 1053 podwall was observed only at 20
DAF. Tolerant cultivars, in general, have higher specific
activity in pods at 20 and 30 DAF as compared to
susceptible cultivars. A consistent higher POX activity
observed in podwall of tolerant cultivars under stressed
conditions throughout the crop development was not
observed in susceptible cultivars. In contrast to podwall,
in seeds POX activity was detected only at 10 DAF
(negligible activity).
Ascorbate peroxidase (APX)
With pod development, specific activity of APX first
increased till 20 DAF and then declined but activity g-1
basis declined continuously and no activity was registered
at 40 DAF (Tables 10 and 11). Both the APX activity and
specific activity was more under rainfed conditions in
podwall of tolerant cultivars throughout pod development
period. Though increase in average APX activity was
observed in podwall of susceptible chickpea cultivars PBG
5 (desi) and L 550 (kabuli) but the increase in podwall of
tolerant cultivars was more pronounced compared to PBG
5 and L 550. In desi susceptible cultivars PBG 1 and GPF 2,
significant reduction in specific activity was recorded with
pod development under stress whereas average activity g1
has been observed to be 24% higher under stress compared
to control in podwall of PBG 1. BG 1053 showed almost
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Table 7: Glutathione reductase activity in podwall of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Treatment
Irrigated

‘PDG3’
Rainfed
Tolerant
Irrigated
‘PDG4’
Rainfed
Irrigated
Desi

‘PBG1’
Rainfed
Irrigated
Susceptible

‘GPF2’
Rainfed
Irrigated
‘PBG5’
Rainfed
rrigated
‘L550’
Rainfed

Kabuli Susceptible
Irrigated
‘BG1053’
Rainfed
CD (5%)

10 DAF
20 DAF
30 DAF
40 DAF
Mean
13.20±1.57
47.05±2.88
45.66±2.71
1.40±0.19
26.83
(104.23±14.20) (374.46±40.06) (175.00±11.00) (36.55±5.23)
(172.56)
101.00±3.30
74.81±5.25
0.83±0.13
54.16
39.93±1.64
(175.11±20.77) (950.56±44.08) (500.65±16.24) (16.34±2.41)
(410.67)
48.66±1.66
52.40±3.92
25.13±2.21
1.08±0.21
31.83
(405.68±49.84) (553.19±34.43) (166.21±5.54)
(26.98±4.42)
(288.02)
105.39±9.21
87.87±3.67
40.99±2.68
1.27±0.08
58.91
(615.71±31.89) (801.22±45.02) (263.03±7.47)
(30.81±2.95)
(427.69)
33.47±1.64
56.50±2.47
49.33±1.28
7.23±0.84
36.65
(138.93±20.49) (370.71±10.85) (220.17±10.19) (76.63±6.97)
(201.61)
29.62±0.74
83.75±5.09
65.12±3.56
1.28±0.15
44.95
(97.67±16.21) (738.21±19.38) (421.62±33.77) (30.28±5.01)
(321.95)
89.81±6.83
96.95±5.32
66.17±4.23
3.30±0.21
64.06
(450.96±40.99) (781.48±71.66) (363.15±9.73)
(77.57±2.55)
(418.29)
60.00±2.12
10.02±0.44
6.44±0.43
30.47
45.42±2.23
(250.03±15.94) (312.80±40.73) (198.69±7.42) (116.02±11.52) (219.39)
28.15±0.70
33.06±1.82
16.05±0.63
2.03±0.22
19.84
(227.76±18.22) (273.31±45.55) (119.19±5.05)
(36.31±4.96)
(164.14)
21.85±1.29
89.60±5.57
38.81±1.21
2.66±0.27
38.23
(133.04±17.28) (872.32±25.05) (315.17±15.80) (47.96±2.95)
(342.12)
21.38±1.58
70.56±3.63
23.09±1.68
2.95±0.39
29.51
(227.97±31.89) (882.64±33.76) (261.55±7.60)
(43.54±5.23)
(353.93)
56.98±0.23
17.70±1.08
2.21±0.96
32.31
52.09±2.42
(32.82±4.44)
(224.64)
(326.00±10.28) (434.42±28.67) (105.33±3.28)
24.81±1.36
49.78±1.68
39.60±1.05
2.93±0.27
29.28
(152.06±7.37) (480.71±25.19) (188.72±9.43)
(63.10±3.08)
(221.15)
11.23±0.42
42.14±0.47
5.72±1.02
2.58±0.51
15.43
(162.65±13.67) (218.65±25.99) (96.12±3.67)
(25.46±4.56)
(125.72)
Cultivars (A): 1.30; Treatment (B): 0.70; Days after sowing (C): 0.98
A×B: 1.84
A×C: 2.61
B×C: 1.39

% Change
101.9
(138.0)

85.1
(48.5)

22.6
(59.7)

-52.4
(-47.6)

92.7
(108.4)

9.5
(-36.5)
-47.3
(-43.2)

Data represents mean±SD of triplicate extracts. DAF, Days after flowering ; Values without parentheses represent specific activity expressed
as çmoles of NADP + formed min-1 mg-1 protein; Values within parentheses represent enzyme activity expressed as çmoles of NADP + formed
min-1 g-1 of fresh weight; % change is with respect to irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase
over the irrigated samples.

Table 8: Gutathione reductase activity in seeds of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Treatment

10 DAF
20 DAF
30 DAF
40 DAF
Mean
% Change
24.02±1.12
70.78±4.56
12.20±0.47
8.22±0.31
28.81
Irrigated
(301.45±55.47) (460.21±80.08) (237.29±30.01) (184.49±11.39) (295.86)
86.2
‘PDG3’
66.92±4.06
112.97±11.27
29.47±2.35
5.18±0.15
53.63
(72.1)
Rainfed
(743.46±168.86) (790.84±268.97) (413.21±18.89) (88.96±7.50)
(509.12)
Tolerant
33.08±1.65
85.53±7.00
12.53±0.29
6.60±0.49
34.46
Irrigated
(385.99±19.43) (450.96±18.22) (280.27±11.39) (125.08±19.29) (310.58)
52.1
‘PDG4’
20.28±0.70
112.67±9.84
64.66±3.20
11.66±0.57
52.43
(66.3)
Rainfed
(307.74±29.88) (742.77±54.82) (814.84±74.20) (200.00±16.00) (516.34)
26.86±2.10
56.55±5.52
18.64±0.75
9.12±0.29
27.80
Irrigated
(403.80±60.83) (533.69±73.61) (289.39±10.72) (175.91±12.99) (350.70)
43.5
Desi
‘PBG1’
45.89±3.20
69.04±5.30
39.06±1.90
5.60±0.18
39.90
(17.9)
Rainfed
(500.56±85.61) (565.38±100.75) (479.90±55.47) (107.58±8.98)
(413.36)
15.77±1.81
78.08±5.14
6.65±0.22
2.63±0.16
25.80
Irrigated
(202.44±33.89) (647.51±32.56) (95.66±9.11)
(57.88±4.72)
(250.87)
-19.7
Susceptible ‘GPF2’
13.16±1.19
60.79±3.72
6.52±0.20
2.38±0.09
20.73
(-27.6)
Rainfed
(139.87±28.94) (471.46±25.05) (75.43±4.12)
(39.66±2.50)
(181.61)
16.43±0.49
43.73±3.36
19.87±0.79
8.75±0.57
22.90
Irrigated
(309.15±19.43) (361.85±69.53) (254.73±20.54) (246.18±32.41) (292.98)
-40.8
‘PBG5’
7.69±0.56
14.83±0.98
17.85±0.69
13.81±0.73
13.56
(5.4)
Rainfed
(120.18±24.52) (459.94±45.95) (363.18±8.31) (291.66±30.45) (308.74)
29.17±1.15
42.44±1.37
19.28±0.87
8.42±0.24
24.83
rrigated
(388.59±32.96) (415.26±36.17) (380.36±17.93) (187.43±22.64) (342.91)
15.5
‘L550’
26.07±2.84
69.23±2.07
12.98±0.46
6.35±0.21
28.67
(-2.4)
Rainfed
(247.83±13.05) (713.86±35.65) (245.63±14.42) (131.51±22.86) (334.71)
Kabuli Susceptible
14.25±0.63
77.09±3.79
23.44±0.41
4.10±0.27
29.72
Irrigated
(167.48±26.33) (677.83±18.57) (321.14±16.83) (75.03±9.29)
(377.81)
-62.0
‘BG1053’
12.49±0.39
21.79±0.56
6.01±0.34
4.88±0.28
11.30
(-64.0)
Rainfed
(126.51±48.33) (231.71±15.27) (95.53±18.36) (89.89±11.57)
(135.91)
Cultivars (A): 1.25; Treatment (B): 0.67; Days after sowing (C): 0.95
CD (5%)
A×B: 1.77
A×C: 2.50
B×C: 1.34
Data represents mean ± SD of triplicate extracts. DAF, Days after flowering; Values without parentheses represent specific activity expressed
as çmoles of NADP + formed min-1 mg-1 protein; Values within parentheses represent enzyme activity expressed as çmoles of NADP + formed
min-1 g-1 of fresh weight.; % change is with respect to irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase
over the irrigated samples.
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Table 9: Peroxidase activity in podwall of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Treatment

10 DAF
20 DAF
30 DAF
Mean
% Change
8.40±2.79
1.68±0.09
2.69±0.84
4.25
Irrigated
(62.67±5.51)
(13.34±0.11)
(10.02±1.99)
(28.67)
110.5
‘PDG3’
(71.3)
18.36±2.53
4.29±0.70
4.22±0.84
8.95
Rainfed
(79.42±4.84)
(40.00±3.45)
(27.93±2.78)
(49.12)
Tolerant
4.94±0.91
1.63±0.23
1.68±0.01
2.75
Irrigated
(40.46±3.93)
(17.16±0.09)
(11.18±0.68)
(22.93)
128.3
‘PDG4’
10.85±0.10
4.38±0.19
3.63±0.38
6.28
(85.1)
Rainfed
(63.67±2.89)
(39.95±2.19)
(23.71±4.69)
(42.44)
13.13±1.90
2.00±0.10
2.92±0.20
6.01
Irrigated
(53.49±2.49)
(13.19±0.47)
(13.09±1.17)
(26.59)
65.0
Desi
‘PBG1’
24.04±4.54
2.39±0.50
2.35±0.54
9.92
(45.7)
Rainfed
(80.18±3.29)
(20.85±2.56)
(15.19±3.13)
(38.74)
9.82±0.63
1.97±0.24
2.28±0.41
4.69
Irrigated
(49.36±3.92)
(15.79±0.33)
(12.43±1.15)
(25.86)
-3.4
Susceptible ‘GPF2’
9.10±0.45
3.58±0.53
0.91±0.17
4.53
(11.5)
Rainfed
(50.04±1.76)
(18.36±0.96)
(18.08±1.97)
(28.83)
6.74±1.51
2.75±0.29
1.67±0.40
3.72
Irrigated
(53.44±6.55)
(22.34±0.16)
(12.47±3.03)
(29.42)
73.9
‘PBG5’
14.33±1.61
3.00±0.16
2.08±0.18
6.47
(50.2)
Rainfed
(86.36±6.65)
(29.25±0.61)
(16.93±1.78)
(44.18)
5.56±0.81
0.95±0.15
0.71±0.13
2.40
rrigated
(58.48±4.70)
(11.84±0.84)
(8.03±0.66)
(26.12)
151.2
‘L550’
12.09±0.24
3.26±0.02
2.75±0.20
6.03
(49.5)
Rainfed
(75.84±4.44)
(24.91±1.53)
(16.43±0.73)
(39.06)
Kabuli Susceptible
10.90±0.66
1.80±0.01
3.35±0.65
5.35
Irrigated
(66.87±3.63)
(17.41±0.44)
(15.79±1.89)
(33.36)
-26.1
‘BG1053’
5.18±0.07
5.40±0.44
1.29±0.03
3.95
(24.9)
Rainfed
(75.03±4.54)
(27.79±1.34)
(22.22±2.69)
(41.68)
Cultivars (A): 0.27; Treatment (B): 0.15; Days after sowing (C): 0.21
CD (5%)
A×B: 0.39
A×C: 0.55
B×C: 0.29
Data represents mean ± SD of triplicate extracts. DAF, Days after flowering Values without parentheses represent specific activity expressed
as change in absorbance min-1 mg-1 of protein; Values within parentheses represent enzyme activity expressed as change in absorbance min-1 g1
of fresh weight.; % change is with respect to irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase over
the irrigated samples.

Table 10: Ascorbate peroxidase activity in podwall of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Treatment

10 DAF
20 DAF
30 DAF
Mean
% Change
0.61±0.04
0.80±0.08
0.72±0.02
0.71
Irrigated
(46.94±3.27)
(13.33±0.48)
(7.22±0.11)
(22.50)
70.4
‘PDG3’
1.20±0.14
1.41±0.17
1.01±0.15
1.21
(38.7)
Rainfed
(57.78±1.11)
(22.22±4.40)
(13.62±0.27)
(31.21)
Tolerant
0.57±0.07
0.99±0.02
0.84±0.04
0.80
Irrigated
(42.50±3.15)
(25.56±0.56)
(8.78±0.65)
(25.61)
101.3
‘PDG4’
1.70±0.10
1.76±0.22
1.37±0.12
1.61
(48.2)
Rainfed
(61.11±2.94)
(35.00±5.20)
(17.78±1.64)
(37.96)
0.52±0.09
0.48±0.24
0.18±0.04
0.39
Irrigated
(30.00±2.15)
(21.87±1.28)
(4.26±0.77)
(18.71)
-41.0
Desi
‘PBG1’
0.31±0.03
0.24±0.04
0.13±0.02
0.23
(24.1)
Rainfed
(45.44±1.86)
(20.22±0.84)
(4.00±0.28)
(23.22)
0.36±0.02
0.48±0.10
0.19±0.04
0.34
Irrigated
(49.60±2.07)
(16.88±1.86)
(2.47±0.37)
(22.98)
-41.2
Susceptible ‘GPF2’
0.23±0.02
0.30±0.03
0.08±0.01
0.20
(-33.5)
Rainfed
(31.80±2.16)
(11.87±2.57)
(2.20±0.86)
(15.29)
0.34±0.05
0.39±0.07
0.20±0.03
0.31
Irrigated
(48.80±4.87)
(18.20±0.52)
(6.60±0.19)
(24.53)
38.7
‘PBG5’
0.46±0.04
0.57±0.12
0.27±0.02
0.43
(18.9)
Rainfed
(53.27±3.05)
(23.07±1.62)
(11.13±0.35)
(29.16)
0.29±0.06
0.34±0.02
0.25±0.08
0.29
rrigated
(46.07±3.65)
(13.67±0.98)
(2.07±0.21)
(20.60)
31.0
‘L550’
0.32±0.03
0.49±0.10
0.32±0.03
0.38
(0.34)
Rainfed
(43.07±4.42)
(16.60±1.63)
(2.33±0.11)
(20.67)
Kabuli Susceptible
0.72±0.18
0.80±0.20
0.55±0.02
0.69
Irrigated
(27.22±0.56)
(14.17±0.48)
(3.33±0.10)
(14.91)
5.8
‘BG1053’
0.71±0.03
0.79±0.06
0.70±0.12
0.73
(21.6)
Rainfed
(32.22±4.01)
(19.17±1.42)
(3.00±0.40)
(18.13)
Cultivars (A): 0.99; Treatment (B): NS; Days after sowing (C): 0.75
CD (5%)
A×B: 1.40
A×C: NS
B×C: NS
Data represents mean ± SD of triplicate extracts. DAF, Days after flowering; Values without parentheses represent specific activity expressed
as µmoles of monodehydroascorbate formed min -1 mg-1 protein; Values within parentheses represent enzyme activity expressed as µmoles of
monodehydroascorbate formed min-1 g-1 of fresh weight; % change is with respect to irrigated crop. Negative (-) sign showed % decrease and
positive (+) sign showed % increase over the irrigated samples.
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Table 11: Ascorbate peroxidase activity in seeds of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars

Treatment
Irrigated

‘PDG3’
Rainfed
Tolerant
Irrigated
‘PDG4’
Rainfed
Irrigated
Desi

‘PBG1’
Rainfed
Irrigated
Susceptible

‘GPF2’
Rainfed
Irrigated
‘PBG5’
Rainfed
rrigated
‘L550’
Rainfed

Kabuli Susceptible
Irrigated
‘BG1053’
Rainfed
CD (5%)

10 DAF
20 DAF
30 DAF
40 DAF
Mean
0.24±0.03
0.63±0.11
0.94±0.12
0.70±0.04
0.63
(34.46±3.41)
(68.25±3.81)
(95.45±1.18) (102.44±13.96)
(75.15)
1.12±0.10
1.01
0.36±0.05
0.95±0.09
1.59±0.15
(44.41±4.65)
(94.21±3.66) (135.02±11.21) (149.00±13.49)
(105.66)
0.19±0.02
0.49±0.05
1.10±0.13
0.95±0.06
0.68
(27.22±0.56)
(62.52±4.29)
(115.56±2.23) (122.78±9.44)
(82.02)
0.37±0.07
0.64±0.06
2.00±0.20
1.33±0.12
1.08
(45.28±4.09)
(91.68±5.75)
(163.33±8.82) (176.67±3.25)
(119.24)
0.32±0.06
0.38±0.05
0.72±0.16
0.60±0.07
0.51
(32.02±2.50)
(43.33±3.00)
(84.28±3.38)
(85.10±2.28)
(61.18)
0.19±0.01
0.36±0.03
0.74±0.15
0.56±0.03
0.46
(27.22±0.59)
(45.21±3.43)
(83.33±4.96)
(95.40±3.00)
(62.79)
0.25±0.06
0.51±0.08
0.50±0.04
0.68±0.02
0.49
(32.13±2.49)
(66.07±6.04)
(65.47±5.02)
(70.40±10.35)
(58.52)
0.23±0.04
0.58±0.04
0.80±0.05
0.69±0.07
0.58
(31.73±3.21)
(70.27±3.02) (101.33±12.43) (98.73±8.82)
(75.52)
0.13±0.02
0.34±0.04
0.67±0.06
0.48±0.09
0.41
(20.07±2.62)
(48.80±4.87)
(82.34±7.00)
(98.21±7.29)
(62.36)
0.14±0.03
0.46±0.06
0.56±0.05
0.36±0.04
0.38
(20.37±3.85)
(63.47±5.09)
(77.59±4.30)
(80.58±4.87)
(60.50)
0.17±0.03
0.36±0.03
0.84±0.12
0.70±0.08
0.52
(24.33±1.31)
(51.67±3.52)
(113.20±4.92) (117.77±14.66)
(76.74)
0.27±0.05
0.41±0.02
1.17±0.17
0.95±0.05
0.70
(39.07±2.94)
(63.61±5.00)
(131.72±5.50) (139.10±5.96)
(93.38)
0.20±0.02
0.52±0.03
0.87±0.09
0.83±0.07
0.61
(29.47±0.59)
(72.53±3.40)
(94.87±4.28)
(106.21±5.17)
(75.77)
0.26±0.07
0.56±0.06
1.39±0.18
1.01±0.10
0.81
(38.17±2.31)
(80.67±4.29) (134.07±12.86) (111.56±6.26)
(91.11)
Cultivars (A): 0.05; Treatment (B): 0.03; Days after sowing (C): 0.04
A×B: 0.07
A×C: 0.09
B×C: 0.05

% Change
59.5
(40.6)

59.2
(45.4)

-9.8
(2.6)

17.3
(29.0)

-7.3
(-3.0)

34.6
(21.7)
32.0
(20.2)

Data represents mean ± SD of triplicate extracts. DAF, Days after flowering; Values without parentheses represent specific activity expressed
as µmoles of monodehydroascorbate formed min -1 mg-1 protein; Values within parentheses represent enzyme activity expressed as µmoles of
monodehydroascorbate formed min-1 g-1 of fresh weight; % change is with respect to irrigated crop. Negative (-) sign showed % decrease and
positive (+) sign showed % increase over the irrigated samples.

comparable specific activity at 10 DAF and 20 DAF but at
30 DAF increase in activity was observed as a result of
stress over control. Specific activity of APX increased in
developing seeds till 30 DAF and, thereafter, declined under
both environments in all the seven cultivars. Under stressed
environment, activity and specific activity of APX was
higher in seeds of tolerant cultivars as compared to
susceptible cultivars. APX activity of desi and kabuli
susceptible cultivars was comparable under irrigated
conditions but under stress conditions some increase in
activity was observed only in GPF 2, L 550 and BG 1053
cultivars (Table 11).
Hydrogen peroxide (H2O2)
Hydrogen peroxide content was also higher at all
developmental stages in seeds as compared to that in
podwall (Tables 13 and 14). With the pod development,
H2O2 content increased in podwall and seeds under both
environments (irrigated and rainfed). Although drought
stress resulted in increase of H2O2 in all culitvars at all
stages, tolerant cultivars were able to maintain lower H2O2
content as compared to susceptible one in pods and seeds.
On comparing average H2O2 content in podwall and seeds
of desi and kabuli susceptible cultivars, kabuli culitvars
had more H2O2 content under drought stress than under
irrigated conditions (Tables 12 and 13).

Malondialdehyde (MDA)
In podwall, continuous increase in MDA was
observed with pod development, however, MDA in
developing seeds of all seven cultivars under both
conditions increased till 20 DAF, then a dip in MDA
accumulation was seen at 30 DAF and at 40 DAF again
increase in MDA was recorded (Tables 14 and 15). Due to
comparatively lower H2O2 level in tolerant cultivars podwall
and seeds, lower MDA has been detected in these cultivars
under stress and non stress irrigated conditions than in
susceptible cultivars. Drought stress is one of the main
environmental factors limiting plant growth and
productivity. Drought is also a significant yield-limiting
factor in chickpea production as the major chickpea
growing areas are in the arid and semi-arid zones and about
90% of world’s chickpea is grown under rainfed conditions
(Mafakheri 2010). However, there is a greater variability for
yield performance of different chickpea genotypes under
drought situation (Parameshwarappa and Salimath 2008).
Under field conditions, the gradual imposition of drought
enables plants to acclimatize to stress and to develop
efficient defense mechanism to resist to water stress. Our
result of yield reduction was found to be quiet consistent
with Nayyar et al. (2006) who has reported 64% yield
reduction in desi and 80% in kabuli types under water
stress. DSI greater than 1 indicates the high drought
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Table 12: H2O2 content in podwall of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars
‘PDG3’

Tolerant
‘PDG4’
Desi

‘PBG1’
Susceptible

‘GPF2’
‘PBG5’
‘L550’

Kabuli Susceptible
‘BG1053’

Treatment
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
rrigated
Rainfed
Irrigated
Rainfed

CD (5%)

10 DAF
20 DAF
30 DAF
40 DAF
Mean
11.50±0.91
22.06±0.56
40.73±3.03
64.00±4.00
34.57
17.13±0.93
31.17±1.64
54.00±1.50
74.61±4.61
44.23
10.69±0.71
21.42±0.83
44.00±1.50
52.08±2.89
32.05
16.41±1.09
34.83±2.33
52.03±2.97
72.75±5.25
44.01
18.64±0.86
32.75±2.56
54.25±1.75
57.08±2.05
40.68
21.70±1.20
47.37±1.56
61.38±3.13
63.00±5.25
48.36
15.16±0.84
28.25±1.31
50.28±3.72
78.19±4.56
42.97
24.89±1.89
38.72±1.53
66.16±3.84
70.33±5.14
50.03
16.50±0.50
29.56±0.96
49.00±2.00
59.31±2.94
38.59
31.41±1.94
44.79±2.27
62.25±3.75
74.38±4.20
53.21
13.52±0.62
35.28±1.53
47.79±2.79
52.28±2.97
37.22
24.86±0.36
51.41±2.59
60.79±3.79
73.84±5.66
52.73
19.50±0.90
32.13±1.63
45.09±2.09
51.72±3.53
37.11
29.62±1.56
57.22±3.84
62.86±3.36
71.13±5.75
55.21
Cultivars (A): 1.48; Treatment (B): 0.79; Days after sowing (C): 1.12
A×B: 2.10
A×C: 2.97
B×C: 1.59

% Change
27.9
37.3
18.9
16.4
37.9
41.7
48.8

Values are mean ± S D of three replicates. DAF, Days after flowering; H2O2 content is expressed in µmoles g-1 of fresh weight; % change is with
respect to irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase over the irrigated samples.

Table 13: H2O2 content in seeds of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars
‘PDG3’

Tolerant
‘PDG4’
Desi

‘PBG1’
Susceptible

‘GPF2’
‘PBG5’
‘L550’

Kabuli Susceptible
‘BG1053’

Treatment
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
rrigated
Rainfed
Irrigated
Rainfed

CD (5%)

10 DAF
20 DAF
30 DAF
40 DAF
Mean
30.28±3.13
35.79±2.08
52.16±2.66
72.97±5.47
47.80
40.38±2.09
40.98±2.77
64.00±2.38
78.16±5.66
55.88
30.09±3.09
34.00±3.78
47.78±1.53
68.47±4.16
45.09
30.11±1.95
41.98±2.13
69.78±2.28
76.42±4.67
54.57
38.25±2.13
47.45±2.11
53.70±5.05
74.44±1.31
53.46
48.09±2.97
58.98±3.98
60.59±1.34
86.16±1.53
63.46
38.81±2.13
48.41±3.97
53.06±3.94
74.02±3.95
53.58
49.78±3.97
54.48±2.58
76.79±3.48
87.89±4.14
67.24
30.62±1.69
34.42±1.58
54.72±2.78
76.49±5.69
49.06
46.45±2.95
48.45±2.05
64.31±1.31
89.25±4.13
62.12
31.44±3.25
39.63±1.00
54.34±1.09
75.89±1.83
50.33
48.94±2.13
49.50±3.00
72.73±1.48
88.48±3.08
64.91
31.33±2.73
42.52±2.79
53.25±1.31
74.92±3.55
50.51
45.56±1.13
55.84±3.66
76.98±1.73
85.16±3.59
65.89
Cultivars (A): 0.78; Treatment (B): 0.41; Days after sowing (C): 0.59
A×B: 1.10
A×C: 1.55
B×C: 0.83

% Change
16.9
21.0
18.7
25.5
26.6
29.0
30.4

Values are mean± S D of three replicates. DAF, Days after flowering; H2O 2 content is expressed in µmoles g-1 of fresh weight. % change is with
respect to irrigated crop. Negative (-) sign showed % decrease and positive (+) sign showed % increase over the irrigated samples.

Table 14: MDA content (çmole g-1 FW) in podwall of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars
‘PDG3’

Tolerant
‘PDG4’
Desi

‘PBG1’
Susceptible

‘GPF2’
‘PBG5’
‘L550’

Kabuli Susceptible
‘BG1053’
CD (5%)

Treatment
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
rrigated
Rainfed
Irrigated
Rainfed

10 DAF
20 DAF
30 DAF
40 DAF
Mean
15.79±0.45
30.93±2.22
31.26±1.22
43.83±1.43
30.45
21.18±0.76
35.67±3.93
35.93±1.57
47.42±3.97
35.05
14.04±0.88
29.98±1.63
33.66±2.02
45.92±1.77
30.90
20.31±1.56
31.97±2.89
37.47±0.94
47.54±3.08
34.32
15.95±1.26
30.41±3.29
31.35±2.13
55.28±3.92
33.25
19.30±0.73
37.53±1.34
39.10±1.75
60.39±4.68
39.08
17.13±0.88
33.63±1.72
35.56±1.54
57.13±3.39
35.86
24.54±1.33
35.82±1.34
46.58±2.03
59.67±4.38
41.65
17.54±1.12
30.39±2.05
36.23±1.65
42.92±4.35
31.77
20.46±1.36
32.78±2.70
42.01±2.22
48.44±1.96
35.92
20.65±1.26
30.29±2.22
31.39±1.35
56.64±2.28
34.74
22.37±1.44
33.55±1.51
35.92±1.18
61.04±3.89
38.22
20.24±1.16
32.96±3.75
32.79±2.06
55.46±1.63
35.36
28.59±0.87
37.96±1.65
40.57±1.85
70.27±5.11
44.35
Cultivars (A): 0.65; Treatment (B): 0.35; Days after sowing (C): 0.49
A×B: 0.92
A×C: 1.30
B×C: 0.69

% Change
15.1
11.1
17.5
16.1
13.1
10.0
25.4

Values are mean± S D of three replicates. DAF, Days after flowering; % change is with respect to irrigated crop. Negative (-) sign showed %
decrease and positive (+) sign showed % increase over the irrigated ‘samples.
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Table 15: MDA content (çmole g-1 FW) in seeds of desi and kabuli chickpea cultivars under irrigated and rainfed conditions
Type

Cultivars
‘PDG3’

Tolerant
‘PDG4’
Desi

‘PBG1’
Susceptible

‘GPF2’
‘PBG5’
‘L550’

Kabuli Susceptible
‘BG1053’
CD (5%)

Treatment
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
rrigated
Rainfed
Irrigated
Rainfed

10 DAF
20 DAF
30 DAF
40 DAF
Mean
12.65±0.46
45.33±2.16
20.86±0.93
34.24±2.01
29.52
17.48±0.64
37.79±2.25
24.96±1.45
37.17±2.01
29.35
11.46±0.57
35.05±3.07
20.88±2.52
36.66±3.89
26.01
13.74±0.66
28.97±1.96
27.63±1.57
42.57±2.17
28.23
13.59±0.81
40.92±1.51
22.57±1.45
38.04±1.38
28.78
16.14±0.46
38.99±0.99
37.67±1.19
44.26±4.17
34.27
15.56±0.38
35.89±1.13
29.52±2.55
41.21±2.85
30.55
19.92±0.98
38.57±1.15
31.88±2.05
45.18±3.84
33.88
14.42±0.26
43.88±2.68
29.47±2.01
39.04±2.79
31.70
17.07±0.58
37.79±1.84
33.33±2.65
48.64±3.46
32.96
14.92±0.99
41.32±1.94
32.49±2.11
37.14±2.59
31.47
17.53±0.96
36.96±2.33
35.28±1.95
47.92±2.89
34.42
14.48±0.32
43.65±3.19
34.33±2.11
41.34±2.08
33.45
17.26±0.47
39.41±2.02
37.19±2.23
50.83±2.50
36.17
Cultivars (A): 0.63; Treatment (B): 0.34; Days after sowing (C): 0.47
A×B: 0.89
A×C: 1.25
B×C: 0.67

% Change
-0.6
8.5
19.1
10.9
4.0
9.4
8.1

Values are mean± SD of three replicates. DAF, Days after flowering; % change is with respect to irrigated crop. Negative (-) sign showed %
decrease and positive (+) sign showed % increase over the irrigated samples.

susceptibility (Fisher and Maurer 1978). Therefore, the
cultivars showing DSI values greater than 1 are more
drought susceptible. Drought tolerant PDG 3 and PDG 4
showed comparatively lower DSI than other desi and kabuli
cultivars in both years. The higher DTE in desi cultivars
revealed that desi cultivars are better adapted to stress
than kabuli ones. Similar findings were also reported by
Kanehere et al. (2009). Singh et al. (1994) and Pannu and
Singh (1993) in chickpea and mungbean, respectively,
reported that among yield components, the number of pods/
plant is more sensitive to drought stress. Moisture deficit
conditions at the time of pod formation and grain filling can
decrease the rate of photosynthesis resulting in grain
shriveling and reduction in yield (Randhawa et al. 2014). In
tolerant cultivars reduction in number of pods/plant, plant
height/plant and number of branches/plant was relatively
less than the susceptible cultivars. Decrease in plant height/
plant, number of pods/plant and number of branches/plant
under water deficit stress was reported by Kanehere et al.
(2009). Reduction in plant height observed in desi cultivars
seemed to be a stress avoidance mechanism through
adjustment of plant growth rate and may also be due to
suppression of cell expansion as a result of lower turgor
pressure (Jaleel et al. 2008). Reduction in yield under
drought may be a cumulative effect of various factors like
decline in number of flowers, pod setting, the number of
ovules fertilized and nurtured into healthy seeds and thus
the number of seeds per pod and seed weight. The better
performance under drought conditions for above
parameters could lead to tolerance of the cultivar. Water
stress during the reproductive phase in cultivated species
of chickpea (Cicer arietinum) leads to flower abortion, poor
pod set, formation of infertile pods and impaired seed filling
(Nayyar et al. 2005).
Various associations between water deficit stress and
endogenous levels of watersoluble antioxidants have been
described (Manavalan et al. 2009). The capability of

scavenging ROS and reducing their damaging effects may
correlate with the drought tolerance of plants (Abedi and
Pakniyat 2010). H2O2 a stress signal could trigger the
activation of antioxidants in seeds, which persists in the
seedlings to alleviate the oxidative damage, leading to
improvements in physiological attributes under drought
(He et al. 2009). The oxidative damage to cellular
components is limited under normal growing conditions
due to efficient processing of ROS through a well
coordinated and rapidly responsive antioxidant system
consisting of several enzymes and redox metabolites
(Blokhina et al. 2003). Drought and other stresses in general
results in cellular membrane injuries including the increase
of membrane permeability and MDA content due to
membrane lipid peroxidation (Agarwal and Rathore 2007).
Higher average MDA content due to water deficit in podwall
and seeds of kabuli susceptible cultivars might be an
indication of relatively lesser tolerance of kabuli in
comparison with desi cultivars against water deficit
conditions. Podwall has been found to undergo more
damage to protect the developing seeds from constraints
of environment thereby, maintaining physiological and
biochemical functioning of seeds.
The overexpression of SOD, if accompanied by
enhanced H2O2 scavenging mechanisms like APX, CAT,
GR and POD enzyme activities, has been considered as an
important anti drought mechanism to cope with oxidative
stress during water deficit conditions. Our results indicated
that, activities of all measured antioxidants (APX, SOD,
CAT, GR) were increased in the podwall and seeds of
cultivars under water deficit stress but, antioxidants levels
(degree of antioxidant activity) were higher in tolerant than
susceptible except SOD activity observed in podwall. On
the other hand, susceptible cultivars either could not
stimulate enzyme activities or the observed increase in
activities was relatively low than that observed in
developing pods of the tolerant cultivars. This
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consequently resulted in buildup of ROS levels which in
turn, lead to membranes damage and, thereby, susceptibility
to water stress. Hence, elevated H2O2 could be responsible
for some damage of cell membrane, however, its efficient
scavenging by elevated activities of antioxidative enzymes
resulted in lower level of lipid peroxidation in reproductive
tissues of tolerant cultivars.
Due to high affinity of APX towards H2O2, the small
increase in APX activity under drought stress was
suggested to be responsible for the scavenging of the
elevated intracellular levels of H2O2 produced under the
stress condition. GR plays an important role in the protection
of plant from stress by preventing the oxidation of enzymes
and membranes (Mohan et al. 1990). As APX and GR are
the key enzymes of the ascorbate-glutathione cycle (Noctor
and Foyer 1998), increased activities of these enzymes in
podwalls of tolerant chickpea cultivars could provide a
potential mechanism for the protection of seeds from
drought conditions. Comparing the podwall and seed data,
it appears that increase in activity of GR in both podwall
and developing seed could be an important mechanism for
tolerance against drought. Higher GR activity in podwalls
of tolerant cultivars may lead to increased translocation of
GSH from podwalls to seeds, which could contribute to
enhance scavenging of ROS, and this may provide tolerance
to seeds against drought. Similarly, Kaur et al. (2009b)
showed the higher activities of antioxidant enzymes in
podwall of cold tolerant chickpea genotypes under cold
stress, thereby, protecting the developing seeds. Possibly,
during early seed development, their antioxidant defensive
mechanism was activated and the content of antioxidants
had risen in them. However, as the seed development
progressed towards maturity, the intensity of water deficit
stress increased. Under such conditions, the stressed pods/
seeds cannot promote their antioxidant defensive
mechanism along with the intensity of water deficit in
parallel manner. CAT, GR, POX, APX and SOD were found
to initially increase and then declined with progress of seed
development, which showed that the resistance of
reproductive tissues of plants and the activities of
antioxidative enzymes decreased when they were exposed
to excess environmental stress time, because the balance
of the active oxygen metabolism system was affected.
Alternatively, as the seed reaches near maturity it looses
lot of water due to dessication and in general all enzyme
activities decline and antioxidant system at this stage may
become relatively ineffective. In present investigation,
among the various antioxidants examined, GR content
relatively showed larger increase than others suggesting
its vital involvement in deciding the oxidative response.
Among cultivars, antioxidatative enzymes activities were
comparatively more in tolerant cultivars reproductive organs
under water deficit stress. As well as, the highest percent
of increase in antioxidants content was observed in these
tolerant chickpea cultivars. Considering that the tolerant
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cultivars had the lowest drought susceptibility index and
maximum rate of productivity, it seems that, these cultivars
have more effective alternative mechanisms for defense
against free radicals and oxidative stress. However, little is
known about the contribution of antioxidative enzymes in
podwall towards drought stress tolerance of developing
seeds. The higher status of antioxidative enzymes in podwall
of tolerant lines may protect the developing seeds from
deleterious effects of drought stress.
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ABSTRACT
A field experiment was conducted during 2013-14 and 201415 on a Typic Ustochrept at ICAR-Indian Institute of Pulses
Research, Kanpur (26°46' N , 80°35' E, 126 m above msl),
India to study the influence of crop establishment practices
and genotypes in pigeonpea-wheat system under IGP of
India. The experimental soil was sandy loam, well drained
and deep. The study revealed that introduction of short
duration pigeonpea during Kharif and wheat in Rabi was
remunerative under irrigated agro-ecosystem of IndoGangetic Plain Zone (IGPZ). Planting of pigeonpea on raised
bed substantially improved crop growth parameters viz.,
branches/plant, leaf area index (LAI) and chlorophyll content
(SPAD Chlorophymeter reading-SCMR) over ridge method
of sowing. Similarly, raised bed planting proved its
superiority in terms of grain yield and yield attributes over
the latter. Therefore, raised bed planting was advantageous
in high to moderate rainfall zones (NEPZ) over ridge-furrow
system. Pigeonpea ‘UPAS 120’ performed superior over other
varieties tested under the location. Among wheat cultivars,
‘Unnat Halna’ (late sown wheat) recorded significant
improvement in grain yield over that in ‘Shatabdi’ (normal
sown wheat) during both the years of experimentation. In
fact, higher grain yield to the tune of 17.1 to 18.5% was
recorded in ‘Unnat Halna’ over that in ‘Shatabdi’. As a result
of this, the overall higher system productivity in terms of
pigeonpea equivalent yield (PEY) was evident under raised
bed planting system, pigeonpea ‘UPAS 120’ and wheat ‘Unnat
Halna’ over corresponding comparable planting systems/
varieties. The study suggested that appropriate selection of
suitable varieties of both pigeonpea and wheat was essential
for realization of higher yields of crops especially when it
was preceded by appropriate land configurations for planting
in the existing agro-ecosystem of IGP.
Key words: Equivalent yield, Pigeonpea-wheat, Raised bed, Sowing
time

Diversification of rice (Oryza sativa L.) - wheat
(Tritium aestivum L. emend. Fiori and Paol) cropping system
in Indo-Genetic plains of India (IGP) has led to identification
of alternate viable and remunerative cropping system
involving pulses (viz., pigeonpea) as these could replace
rice crop during Kharif. Although rice-wheat has been the
main stay for Indian food security, employment and income
generation in IGP (Singh et al. 2006), yet adoption of cerealcereal system has led to fatigue in yields, declining factor
productivity and deterioration in soil quality (in respect of

soil organic carbon, over all soil fertility and frequent
occurrences of multi/micro-nutrient deficiencies)
(Sankaranarayanan et al. 2010; Yadav 1998; Timsina and
Connor 2001). Therefore, appropriate crop diversification
following inclusion of at least one pulse crop in the system
is considered the most efficient strategy to balance the
aforesaid ill effects. With the advent of short duration (150160 days), high yielding and determinate genotypes of
Kharif pulses, pulse based cropping systems offer more
flexibility and sustainability for adoption of these in large
scale. Introduction of short duration pigeonpea during
Kharif and wheat in Rabi proves its viability/
remunerativeness especially under (partially) irrigated agroecozone system of Indo-Gangetic Plain Zone (IGPZ) as it
provides the wholesome diet/food since it incorporates a
pulse (a protein yielding and biologically N fixing crop)
and cereal (wheat -the staple crop) there by giving rise to
an efficient cropping system viz., pigeonpea-wheat (Ali
1996). Despite the fact that productivity/promotion of this
cropping system is limited in part by upland habit of its
Kharif component, yet with improved agronomic
management, this could be eliminated or minimized. Suitable
drainage during Kharif season through appropriate land
configuration could significantly reduce seedling mortality
due to water stagnation and phytophthora blight - more
evident in IGP - that could improve better crop stand
(especially during initial growth stage of the crop) and its
performance (Johansen et al. 2000). Furthermore, selection
of high yielding suitable genotypes of both early maturing
pigeonpea and late sown wheat with suitable agrotechniques could fetch higher system productivity and
economics comparable to or higher over that in rice-wheat
cropping system. Suitable combination of the most efficient
land configuration and choice of appropriate variety could
therefore, provides a paradigm shift in productivity
performance of crops inclusive of pulses and fertility status
of our hungry (and thirsty) soils.
Pigeonpea (Cajanus cajan L. Millsp) is an important
grain legume crop of India, occupying about 3.90 million
hectares area with an annual production of 3.17 million
tonnes and average productivity of 813 kg/ha (DAC 2015).
Wheat is grown in an acreage of 30.47 million hectares
with the production of 95.85 million tonnes and productivity
of 3145 kg/ha (DAC 2015). Short duration pigeonpea (150160 days) and wheat (100-110 days) high yielding cultivars
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could amalgamate each other leading in successful
introduction of pigeonpea in the non-traditional areas.
Irrigated ecosystem of IGPZ is such an area where
pigeonpea-wheat system could possibly replace the
traditional rice-wheat system (Ali 1996). In addition, growing
of pigeonpea in elevated places (ridge and raised bed) offer
more effective utilization of applied water, proper drainage,
reduced weed interaction, lodging, higher nutrient use
efficiency and yield (Fahong et al. 2004; Hobbs and Gupta
2003; Praharaj et al. 2015).Since little information on crop
establishment practices, suitable cultivars with special
reference to pigeonpea-wheat cropping system in IGP of
India is available, the present experimentation was therefore,
undertaken to (i) study growth and yield formation in
pigeonpea-wheat system under varying crop establishment
practices and cultivars, (ii) to evaluate system productivity
of pigeonpea-wheat cropping system for assessing its
system productivity and viability.
MATERIALS AND METHODS
A field experiment was conducted for two
consecutive years i.e. 2013-14 and 2014-15 on a Typic
Ustochrept at New Research Farm of ICAR-Indian Institute
of Pulses Research, Kanpur (26°46' N , 80°35' E, 126 msl),
India. The Kanpur district, located in eastern Uttar Pradesh
represents irrigated, less mechanized and fairly inputintensive area of the Lower Gangetic Plain (LGP) Zone of
the IGPZ of India. The monthly mean annual maximum and
minimum temperature are 33 and 200C, respectively. The
average annual rain fall of the region is 722 mm, and over
75% of it is received during July to September through SE
monsoon.
The experimentally soil was sandy loam, well drained
and deep. Soil samples were collected before initiation of
the experiment and were analyzed for organic carbon
(Walkley and Black 1934), available N (0.5 M NaHCO3 with
pH 8.5 extractable), P (Olsen et al. 1954), K (1N NH4 OAc,
pH 7.0) and S (Prasad et al. 2006). The initial soil samples
ware also analyzed for pH (1:2 soil:water suspension), EC

The experiment, comprising of two crop
establishment practices i.e. ridge planting and raised bed
planting in pigeonpea were allocated to main-plot, while
three cultivars of pigeonpea (‘UPAS 120’, ‘ICP 67-B’ and
‘Pusa 992’) to sub-plot and two cultivars of wheat
(‘Shatabdi’ and ‘Unnat Halna’) to sub-sub plot. The
experiment was laid out in thrice replicated split-split plot
design. Under ridge planting system, ridges of 50 cm apart
were made with the help of tractor drawn ridger while in
raised bed system; raised beds were constructed with the
help of multi crop bed planter keeping 1.0 m centre to centre
spacing. Two rows of pigeonpea were sown on the top of
the bed at 50 cm apart. Pigeonpea was fertilized with a
uniform basal dose of 25 kg N, 26 kg P, 33 kg K and 20kg S/
ha. In the winter season, wheat crop following pigeonpea
received a uniform dose of 120 kg N, 26 kg P, 33 kg K and 20
kg S/ha. Full dose of P, K, S and half dose of N was applied
as basal. Remaining 25% N was applied at first irrigation
given at 20-25 days and the rest 25 % N at panicle initiation
stage. Cultivars of pigeonpea viz., ‘UPAS 120’, ‘ICP 67-B’
and ‘Pusa 992’ and that of wheat viz., ‘Shatabdi’ (normal
sown) and ‘Unnat Halna’ (Late sown) were sown as per
the treatment. Pigeonpea (25 kg seed/ha) was sown in the
first week of June every year which was followed by wheat
(sown at 100 kg seed/ha). The wheat was sown immediately
after harvesting of pigeonpea cultivars that coincided in
the first and second week of December during both the
years. The crops were grown under assured irrigation. At
maturity crops were harvested manually. The harvested
plants were sun dried before recording its biomass and
then threshed manually (in case of pigeonpea) or with a
thresher in case of wheat (plot wise). Periodical growth,
yield attributes and yield data were recorded as per standard
procedure. Leaf area index (LAI) was determined using LAI
meter and SPAD chlorophyll meter reading (SCMR) was
taken using chlorophyll meter (SPAD-502, Minolta Corp).
Statistical differences between the treatments were recorded
following standard statistical tools as per procedure laid
out for a split-split plot (Cochran and Cox 1957).
RESULTS AND DISCUSSION

Table 1.

Physico-chemical characteristics of the soil at the
onset of field experiment during 2013 at Kanpur

Parameters
pH
EC (ds/m)
Organic carbon (%)
Bulk density (Mg/m3)
Available N (kg/ha)
Available P (kg/ha)
Available K (kg/ha)
Available S (kg/ha)
Total Zn (ppm)
Total Fe (ppm)
Soil texture

Soil profile
0-15 cm
15-30 cm
8.47
8.21
0.29
0.24
0.32
0.26
1.42
1.48
219.6
192.4
15.3
13.6
162.4
137.8
11.2
9.3
0.41
0.39
2.9
2.5
Sandy loam
Sandy loam

and bulk density etc. The values of soil physico-chemical
characteristics are given in Table 1.

Crop growth attributes: Planting of pigeonpea on raised
bed substantially improved crop growth parameters viz.,
branches/plant, leaf area index (LAI) and chlorophyll
content (SCMR) over ridge method of sowing (Table 2)
although plant height was not influenced significantly due
to raised bed planting system. Raised bed planting of
pigeonpea also improved LAI recorded at 90 days after
sowing (DAS) which was due to adjustment of light
harvesting efficiency of crop plants which was evident
under appropriate geometry. Similarly, marked improvement
in chlorophyll content (SCMR) at 120 DAS was also
analysed under raised bed planting over that in ridge (ridgefurrow) planting. It was apparent that proper establishment
of root system followed by adequate leaf growth and proper
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penetration of sunlight under raised bed planting resulted
in higher concentration of chlorophyll content in leaves
and leaf area (and LAI). Thus, there was a great scope for
translocation source to sink (Yamamoto et al. 2002)
following appropriate land configuration.
Pigeonpea varieties also differed significantly in
respect of plant height, branches/plant, LAI and SCMR
during both the years of experimentation (Table 2). Tallest
plant were observed in pigeonpea ‘UPAS 120’ (175.5182.5cm) followed by ‘Pusa 992’ and ‘ICP 67-B’. Similarly,
numbers of branches/plant, also recorded highest in ‘UPAS
120’ followed by ‘Pusa 992’ and ‘ICP 67-B’. The LAI and
SCMR of the cultivars were not similar for all the three
varieties and markedly higher LAI at 90 DAS was recorded
in ‘UPAS120’ (2.41-2.86) in comparison to other cultivars
which could be due to variations in genetic characteristics
of the cultivars. However, pigeonpea ‘UPAS 120’ and ‘Pusa
992’ were similar in terms of SCMR when recorded at 120
DAS. Least SCMR (51.4-53.7) was observed in the
pigeonpea cultivar ‘ICP 67-B’. It may be explained by the
similitude of the character in light transmission through
the leaves among varieties of pigeonpea. There results
corroborate the findings of Meena et al. (2015).
Yield attributes: Planting of pigeonpea on raised bed also
significantly improved yield attributes in terms of pods/
plants and pod length (Table 2) although number of grains/
pod during 2013 and 1000 grain weight during both the
years (2013 and 2014) didn’t improve as the crop
establishment practices couldn’t help translate number of
grains and grain weight into final yield. Earlier studies (Sayre
and Hobbs 2004) on a similar soil type indicated a consistent
improvement in pods/plant and pod length of pigeonpea
when sown on a raised bed. In the present investigation
also, ‘UPAS 120’ had significantly higher yield attributes in
comparison to ‘Pusa 992’ and ‘ICP 67-B’ (Table 2).
Substantial improvement in terms of pods/plant, pod length,
grain/pod (except in 2013) and 1000 grain weight were
noticed in ‘UPAS 120’ over those in ‘Pusa 992’ and ‘ICP 67B’. This explained that ‘UPAS 120’ could perform better
under IGPZ and would prove a potential variety to be
popularized due to accrual of higher yield/income and
improved/stable yield realization.
Table 2.
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Pigeonpea yield: Raised bed planting had marked influence
on pigeonpea grain yield (Table 3) as the same was
significantly higher during both years of study. During rainy
season, water logging is considered a major impediment or
constraint in pigeonpea growth where adequate drainage
of excess rain water plays a significant role in both crop
establishment and subsequent growth (Praharaj et al. 2015).
Raised beds facilitate this and ensure proper plant stand.
Contrary to this, both flat and even ridge-furrow planting
offer no advantages over raised bed ones. Moreover,
beating action of rain drops flattens the ridges and causes
water stagnation (Chauhan 1987). This also exposes root
surface that resulted in yellowing of entire canopy of even
short duration pigeonpea followed by senescence and
abscission of lower leaves (and subsequent influence on
yield penalty). Flattening of ridges also causes stagnation
of water and depletion of oxygen resulting in reduced root
growth with aerobic respiration being inhibited (Jackson et
al. 1984; Praharaj et al. 2015). Our experimentation
substantiated these findings that there was reduced nodule
fresh weight and root volume in pigeonpea (data not given)
following water stagnation under ridge planting compared
to raised bed planting method. In fact, the furrows made
under raised bed acted as a drainage channel for excess
rain water that protected pigeonpea from mortality due to
both water stagnation and blight disease. Furthermore,
raised beds of 6-10” height was relatively difficult to get
flattened due to beating action of rain drops and runoff
water. These findings are in line with Singh et al. (2010) and
Smith (1987).
Among pigeonpea varieties, ‘UPAS 120’ recorded
highest grain yield followed by ‘Pusa 992’ and ‘ICP 67-B’
(Table 3). Pigeonpea ‘UPAS 120’ also recorded significantly
higher grain yield (by 167 to 190 kg/ha) over ‘Pusa 992’ and
(by 469 to 498 kg/ha over) ‘ICP 67-B’. The yield increase
was attributed to better utilization of critical inputs or
resources by ‘UPAS 120’ with its developed root system,
vigour and genetic makeup of the cultivar over ‘Pusa 992’
and ‘ICP 67-B’. Higher grain yield realized under ‘UPAS
120’ was also attributed to markedly higher number of pods/
plant, grains/pod as well as 1000 grain weight. Efficient
utilization of resources by ‘UPAS 120’ might have resulted

Growth and harvest attributes of pigeonpea as influenced by crop establishment practices and cultivars

Treatment

Plant height
Branches/
(cm)
plant
2013 2014 2013 2014
Crop Establishment Practices
Ridge Planting
153.9 162.7 10.7 11.5
Raised Bed Planting 154.7 159.2 11.2 12.9

LAI
(90 DAS)
2013 2014

SCMR
Pods/plant Pod length
(cm)
(120 DAS)
2013 2014 2013 2014 2013 2014

Grains/
1000 grain weight
(g)
pod
2013 2014
2013
2014

1.82
2.13

1.86
2.67

54.1
59.8

55.3
62.4

52.5
58.6

58.4
66.3

4.1
4.8

4.2
5.1

2.2
2.6

2.7
3.2

78.0
79.4

81.6
82.1

CD(P=0.05)
NS
NS
0.8
Pigeonpea varieties
UPAS 120
175.5 182.5 12.5
ICP 67-B
122.2 127.3 8.4
Pusa 992
165.2 171.5 11.8
CD(P=0.05)
19.9 20.2 1.1

0.9

0.23

0.23

5.2

5.4

5.1

5.2

0.44

0.46

NS

0.21

NS

NS

14.8
9.2
12.7
1.2

2.41
1.35
2.12
0.26

2.86
1.41
2.52
0.27

61.5
51.4
57.8
4.4

63.2
53.7
59.7
4.6

75.9
37.1
56.7
23.2

83.8
41.8
61.3
6.3

5.1
3.7
4.6
0.35

5.2
3.9
4.8
0.37

2.4
2.4
2.3
NS

3.4
2.4
3.1
0.23

75.2
76.6
84.2
5.6

78.5
80.7
89.4
5.5
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in greater dry matter accumulation (data not given), and its
translocation to pods leading to more grain yield. Studies
on the comparison of varieties under IGPZ are also scanty
as availability of literatures in this regard is meagre (Meena
et al. 2015). Therefore, the study interprets that raised bed
planting helps to reduce soil compaction due to limited
tractor traffic and enables to enhance soil organic matter
and soil physical properties owing to surface retention of
crop residues. On the other hand, ridge planting of
pigeonpea could not be a viable proposition (less preferred)
due to flattening of the ridges (subjected to more splashing
effect of rainfall) over the entire span of growing season.
Therefore, raised bed plating could be advantageous in
high to moderate rainfall zones (NEPZ) over both flat and
ridge-furrow system.
Wheat grain yield: The residual/indirect effect of
pigeonpea establishment practices viz., ridge planting had
no significant bearing or improvement in wheat grain yield
during 2013 although additional wheat grain yield to the
tune of 257 kg/ha was recorded during 2014 following raised
bed planting of pigeonpea compared to ridge planting. This
might be due to the fact that raised bed planting could offer
somewhat better micro-situation where wheat performed
better in terms of grain yield over the ridge system.

experimentation (Table 3). In fact, higher grain yield to the
tune of 17.1 to 18.5% was recorded in ‘Unnat Halna’ over
that in ‘Shatabdi’. Yield improvement under ‘Unnat Halna’
was due to the fact that the variety fitted well especially
under late sown condition (up to January first week).
Contrary to this, Shatabdi failed to perform better under
late sown condition. This clearly indicated that late sown
wheat cultivars like, ‘Unnat Halna’ out-yielded other
cultivars following harvest of pigeonpea by end of
November.
System productivity: The overall higher system
productivity of the pigeonpea-wheat rotation in terms of
pigeonpea equivalent yield (PEY) showed higher values
under raised bed plating system over that in ridge planting
system. Furthermore, growing of ‘UPAS 120’ fetched highest
PEY followed by ‘Pusa 992’ and ‘ICP 67-B’. Significant
improvement in system productivity in terms of PEY under
‘raised bed planting’ and ‘UPAS 120’ had resulted in higher
productivity/outcome from these factors or interventions.
These results confirmed the finding of Singh et al. (2005)
and Singh and Ahlawat (2006, 2007).
The study suggested that appropriate selection of
varieties of pigeonpea and wheat could be beneficial when
land configuration for planting was suitably modified

Table 3. Grain yield and system productivity of pigeonpea-wheat as affected by crop establishment practices and cultivars
Treatment
Crop Establishment Practices
Ridge Planting
Raised Bed Planting
CD (P=0.05)
Pigeonpea varieties
UPAS 120
ICP 67-B
Pusa 992
CD (P=0.05)
Wheat cultivars
NSW (Shatabdi)
LSW (Unnat Halna)
CD (P=0.05)

Pigeonpea grain yield (kg/ha)
2013
2014

Wheat grain yield (kg/ha)
2013
2014

Pigeonpea equivalent yield (kg/ha)
2013
2014

1104
1234
86

1212
1353
92

3209
3147
NS

3478
3221
210

2112
2222
103

2371
2427
104

1381
912
1214
79

1512
1014
1322
84

3299
3050
3186
94

3667
3261
3421
180

2416
1869
2214
94

2734
2101
2462
95

2928
3429
285

3158
3741
120

The study also revealed that growing of different
pigeonpea cultivars as preceding crop significantly
influenced succeeding wheat grain yield (Table 3) as
consistently higher wheat yield was observed when it was
followed soon after ‘UPAS 120’. This was followed by
pigeonpea ‘Pusa 992’ and ‘ICP 67-B’. Similar trend was
observed during both the years of experimentation.
Improvement in wheat grain yield might be due to higher
recycling of nutrients through roots, stubbles, leaf litter
and its subsequent decomposition later. Moreover, ‘UPAS
120’ added more root biomass, stubbles and leaf litter (data
not presented) over ‘Pusa 992’ and ‘ICP 67-B’. Beneficial
effect of leaf litter on succeeding wheat was also reported
by Meena et al. (2012).
Among wheat cultivars, ‘Unnat Halna’ (late sown
wheat) recorded significant higher grain yield over that in
‘Shatabdi’ (normal sown wheat) during both the years of

depending on climatic characteristics of the location. In
the existing agro-ecosystem of IGP where visible effects of
extreme weather events (especially rainfall) were more
evident, raised bed planting by a tractor drawn raised bed
planter could provide a viable alternative to other land
configurations for a remunerative pigeonpea-wheat system.
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ABSTRACT
In the present study, mineral nutrients viz., CaCl2 (1mM
and 2mM), KNO3 (0.5% and 1%), MgCl2 (0.1% and 0.2%)
and urea (1% and 2%) were applied as foliar application to
pigeonpea varieties (PAU 881 and AL 201) at green floral bud
stage of inflorescence to study their effect on photosynthesis,
partitioning of dry matter in different plant parts and yield.
Internal CO2 concentration and stomatal conductance were
more in treated plants as compared to control plants in both
the varieties at all the developmental stages. These traits
ultimately enhanced the rate of photosynthesis in treated
plants as compared to control plants. Mineral nutrients also
enhanced the partitioning of dry matter towards reproductive
parts and maximum enhancement was observed with urea
application. More yield characteristics (pod weight per plant
and 100-seed weight) were recorded with mineral nutrients
application which ultimately enhanced the seed yield per
plant in pigeonpea.
Key words: Dry matter partitioning, mineral nutrients,
photosynthetic rate and pigeonpea

Pulses play a major role in providing a balanced
protein component in the diet of the people. Besides, the
crop enriches the soil fertility and health in terms of addition
of nitrogen and organic matter. They are also drought
resistant and prevent soil erosion due to their deep root
system and good coverage (Pandit et al 2015). Because of
these good characters pulses are called as ‘Marvel of Nature’
(Basavarajappa et al 2013). Among the pulses, pigeonpea
(Cajanus cajan L.) is most important pulse crop. But the
yield of pigeonpea is very low due to indeterminate growth
habit, poor source-sink relationship, poor harvest index
and poor biomass production (Chudasama and Thaker
2007). The distribution of dry matter among plant organs is
one of the key variables which affects the survival,
competitive ability and performance of a single plant.
Nakaseko et al (1979) had observed that high crop
productivity can be achieved by exploring the pattern of
dry matter accumulation and partitioning, which helps in
adjusting proper crop management practices. The mineral
nutrients are capable of redistribution of dry matter in the
plant and there by bringing about an improvement in the
yield potential (McDonald et al 1996). Nitrogen is a primary
nutrient which plays a major role in photosynthetic activity.
It is the component of the enzymes associated with
chlorophyll synthesis, which reflect relative crop nitrogen

status and yield level in plants (Hokmalipour and Darbandi
2011). Potassium is another important mineral element which
is known to affect different physiological processes in
plants such as respiration, photosynthesis, chlorophyll
development, water content of leaves, carbon dioxide (CO2)
assimilation and carbon movement (Sangakkara et al 2000).
Further, calcium is an important nutrient that plays a key
role in the structure of cell walls and cell membranes, fruit
growth and development, as well as general fruit quality
(Shukla 2011). Foliar application of Ca(NO3)2 and KNO3
enhanced the growth and yield attributes and ultimately
improved the yield of rice plant (Kundu and Sarkar 2009).
Magnesium is also an important mineral nutrient. The
decrease in photosynthetic activity during magnesium
deficiency is generally associated with decrease in stomatal
conductance, decreased enzyme activities that are involved
in CO 2 fixation and increased accumulation of
carbohydrates (Cakmak and Kirkby 2008). Various reports
from the past indicate that foliar application of mineral
nutrients on plants increased vegetative growth, enhanced
the photosynthetic capacity, chlorophyll content and
transport of carbohydrate assimilates to the storage organs
(Sarrwy et al 2010). So, the present investigation was
planned to study the effect of mineral nutrients on
photosynthetic efficiency, partitioning of dry matter and
yield in pigeonpea varieties.
MATERIALS AND METHODS
This experiment was conducted in Punjab Agricultural
University, Ludhiana during Kharif season of 2012-13 and
2013-14. The soil was sandy loam in texture with 318.7 kg
ha-1of N, 268 kg ha-1of K, 1.6 meq/lt of Ca and 1.0 meq/lt of
Mg. The experiment consisting of two pigeonpea varieties
(PAU 881 and AL 201) having one control and eight
treatments, was laid out in a randomized block design with
three replications. The treatments: Control (water), T1 (1mM
CaCl2), T2 (2mM CaCl2), T3 (0.5% KNO3), T4 (1% KNO3), T5
(0.1% MgCl2), T6 (0.2% MgCl2), T7 (1% urea) and T8 (2%
urea) which were applied as foliar spray at green floral bud
stage of inflorescence and another spray after 2 days. Net
photosynthesis rate (Pn), stomatal conductance and internal
CO2 concentration (Ci) was measured with a portable
infrared gas analyzer (LI-6400XT, LICOR).
Five plants from each replication of each treatment
were taken at vegetative, flowering and podding stage of
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development. The leaves, stem, flowers and pods were
separated according to the stage. These samples were dried
at 70±2oC for a period of 72 hrs, till a constant weight was
obtained and dry weights were recorded. Dry matter
partitioning coefficients were calculated by employing the
formula as given below.

RESULTS AND DISCUSSION
Photosynthetic efficiency
Internal CO 2 concentration and Stomatal
conductance
Internal CO2 concentration in the leaf increased from
vegetative to flowering stage and then declined at podding
stage. At flowering stage, Ci was more than at vegetative
stage and different mineral nutrient treatments significantly
increased the Ci as compared to controls (Table 1). At
flowering stage maximum Ci was obtained with 2% urea
application which was 16.06% (PAU 881) and 20.48% (AL
201) high over controls. At podding stage, Ci value declined
in control and treated plants but treated plants had more
value of Ci as compared to control plants. However, Ci
values of control and treated plants of variety PAU 881did
not differ significantly but in AL 201 variety some treatments
(both concentration of urea and MgCl2) were significantly
different from controls. At this stage, maximum Ci was 281.28
(PAU 881) and 358.72 (AL 201) ppm which resulted from
2% urea application.

Yield characteristics: Five plants were selected at
random from each treatment for recording pod weight per
Leaf partitioning coefficient =

Leaf DM

x 100

Total DM
Shoot partitioning coefficient =

Shoot DM

x 100

Total DM
Flower partitioning coefficient =

Flower DM

x 100

Total DM
Pod DM
Pod partitioning coefficient =

x 100
Total DM

plant, 100-seed weight and seed yield per plant at maturity
and weighted using an electric balance.
Data Analysis
Data recorded during 2013 and 2014 cropping
seasons were pooled together on account of non-significant
interaction between years, treatment and variety. The data
were then subjected to analysis of variance using Duncan’s
least significant difference test in statistical program SPSS
16.0.

Table 1.

Rate of photosynthesis is increased by increasing
stomatal conductance which facilitates more CO 2
conductance and ultimately yield of crop. In the present
study, stomatal conductance increased from vegetative to
flowering stage and then declined at podding stage (Table
1). At flowering stage, significant increase in stomatal
conductance (0.553 mol m-2 s-1 in PAU 881 and 0.613 mol m2 -1
s in AL 201) was obtained with 2% urea application which
was 70.48 (PAU 881) and 71.79 (AL 201) per cent more as
compared to their respective controls. However, in control
plants the values for stomatal conductance were 0.163 mol
m-2 s-1 in PAU 881 and 0.173 mol m-2 s-1 in AL 201. At podding

Effect of foliar application of various mineral nutrients on internal CO 2 concentration (ppm) and stomatal
conductance (mol m-2 s-1) in pigeonpea varieties at different growth stages
Stomatal Conductance (mol m -2s -1)

Internal CO2 conc. (ppm)
Treatments
Control
T1
T2
T3
T4
T5
T6
T7
T8
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Flowering stage

Podding stage

Flowering stage

Podding stage

PAU 881

AL 201

PAU 881

AL 201

PAU 881

AL 201

245.66±3.48d
250.00±2.08cd

288.67±1.86f
309.00±5.57e

238.55±34.67a
239.82±23.36a

281.41±1.02c
300.43±14.20bc

0.163±0.034d
0.190±0.012d

0.173±0.012e
0.270±0.031d

0.039±0.005 b 0.126±0.013b
0.054±0.011ab 0.226±0.067ab

253.00±1.53cd 324.00±2.08d 240.43±26.28a 315.72±31.54abc
253.33±15.30cd 337.67±2.96c 246.71±14.96a 326.28±18.46abc
256.33±2.33cd 343.00±2.08bc 248.65±21.09a 331.09±12.64abc
266.00±2.52c 344.33±6.23bc 250.82±9.66a 339.24±13.14ab

0.190±0.021d
0.213±0.018d
0.253±0.035d
0.370±0.015c

0.310±0.010d
0.339±0.021cd
0.403±0.056bc
0.430±0.030b

0.057±0.013ab
0.071±0.019ab
0.073±0.019ab
0.075±0.014ab

267.66±1.20bc
284.66±5.89ab
292.66±4.25a

0.457±0.032b
0.503±0.049ab
0.553±0.024a

0.547±0.027a
0.593±0.014a
0.613±0.014a

0.101±0.023a 0.395±0.124ab
0.081±0.022ab 0.421±0.096ab
0.085±0.015ab 0.519±0.135a

353.33±1.86ab 253.96±15.11a
356.33±2.91a 260.13±19.80a
363.00±2.08a 281.29±27.33a

341.31±15.40ab
349.34±10.12ab
358.72±5.69a

PAU 881

AL 201

0.250±0.069ab
0.269±0.083ab
0.367±0.041ab
0.378±0.135ab

Values are mean ± SE of three replicates. Values with different letters within coloumns indicate statistical significance at P < 0.05 ; analysed by
Duncan’s post-hoc test.

322

Journal of Food Legumes 28(4), 2015

stage, stomatal conductance was enhanced by various
treatments over controls but there was non-significant
difference among the values except with 2% urea application
in AL 201 variety.
Stomata not only respond to environmental factors,
but also there are daily rhythms that seem to be controlled
from within the plants (Raven et al 2003). In the present
study, mineral nutrient treatments increased the stomatal
conductance and internal CO2 concentration. Similar results
were obtained with foliar application of urea on spinach
plants where an increase in number and size of stomata in
the leaves and consequently, the stomatal conductivity of
the leaves was observed (Edward and Michalek 2008).
Kumar et al (2005) reported that increase in rate of
photosynthesis is due to increased stomatal aperture, which
facilitates more CO2 conductance. According to Edward
and Slawomir (2009) the application of potassium salts
resulted in more intensive gas exchange in leaves due to
higher stomatal conductance and consequently, more
photosynthesis.
Photosynthetic rate
Photosynthesis has generally been considered to be
the primary factor affecting the dry matter production and
its subsequent conversion into economic yield of crop
plants. Net photosynthesis increased from vegetative to
flowering stage and then declined towards podding stage
(Table 2). At flowering stage, maximum photosynthetic rate
was observed with 2% urea and it was 49.55% (PAU 881)
and 53.36% (AL 201) more as compared to their respective
controls followed by 1% urea (44.99% in PAU 881 and
46.73% in AL 201). Although, photosynthetic rate declined
at podding stage but different mineral nutrient treated plants
had more photosynthetic rate as compared to controls and
with 2% urea treatment, it was significantly more than
controls. Photosynthetic rate with 2% urea was 43.01%
(PAU 881) and 26.88% (AL 201) per cent more as compared
to their respective controls.
Photosynthesis is the main driving force for carbon
gain and crop productivity, which is controlled by several
intrinsic and extrinsic factors at both the cellular and the
Table 3.

Table 2.

Treatments
Control
T1

Effect of various mineral nutrients on photosynthetic rate (µmol CO 2 m-2 s-1) in pigeonpea
varieties at different growth stages
Photosynthetic rate (µmol CO2 m-2 s-1)
Flowering stage
Podding stage
PAU 881
AL 201
PAU 881
AL 201
10.26±0.323e 11.64±0.851d 4.00±0.585c 5.74±0.402b
11.19±0.619e 12.00±1.000d 4.33±0.864bc 5.75±0.846b

T2

11.40±0.253e 14.71±2.249cd 4.54±0.941bc 6.04±0.483b

T3

13.88±0.250d 15.56±0.347cd 4.87±1.049abc 6.17±0.606b

T4

15.02±0.030d 15.78±1.148cd 5.92±0.801abc 6.39±0.448ab

T5

16.57±0.226c 18.59±1.183bc 6.20±0.496abc 6.46±0.481ab

T6

17.90±1.193bc 18.65±2.296bc 6.24±0.322abc 6.55±0.408ab

T7

18.60±0.328b 21.85±2.023ab 6.44±0.685ab 7.00±0.401ab

T8

20.34±0.347a 24.96±0.065a 7.02±0.409a 7.85±0.387a

Values are mean ± SE of three replicates. Values with different letters
within coloumns indicate statistical significance at P < 0.05; analysed
by Duncan’s post-hoc test.

organ levels (Lawlor 2001). In the present study, urea
application enhanced the rate of photosynthesis in
pigeonpea varieties. Increasing the availability of nitrogen
to the crop might have increased the biomass production,
retarded the loss of chlorophyll and increased the rate of
photosynthesis. Our results corroborate the findings of
Mondal et al (2011). Similarly, Kocon (2010) studied the
effect of foliar application of urea on photosynthesis in
faba bean during reproductive development and observed
an increase in net photosynthesis. Increase in
photosynthetic rate following KNO3 application in our
study might be due to supply of nitrogen and potassium
which delayed the synthesis of abscisic acid and promoted
cytokinin activity, causing higher chlorophyll retention.
This could have led to higher photosynthetic activity in
leaves and supply of assimilates to developing pods. These
results are in good agreement with results of Kazemi (2014).
Dry matter partitioning
Differential flow of photoassimilates results in
patterns of dry matter distribution among plant organs. In
our studies, at vegetative stage, dry matter partitioning
contributed more to shoot partitioning coefficient as

Effect of various mineral nutrients on dry matter partitioning at flowering stage in pigeonpea varieties

Leaf partitioning
Shoot partitioning
Flower partitioning
PAU 881
AL 201
PAU 881
AL 201
PAU 881
AL 201
26.67±0.66d
27.75±0.65e
72.24±0.75a
71.09±0.74 a
1.09±0.10 b
1.16±0.10d
Control
27.20±0.62bcd
27.86±0.6de
71.63±0.71ab
70.93±0.73a
1.17±0.10 b
1.21±0.09d
T1
cd
e
a
a
b
d
27.04±0.60
27.66±0.64
71.82±0.68
71.04±0.71
1.14±0.09
1.30±0.07
T2
28.48±0.55abc
28.90±0.58cd
70.11±0.63bcd
69.63±0.63bc
1.41±0.09a
1.47±0.05bc
T3
T4
29.35±0.57a
29.79±0.62bc
69.25±0.65cd
68.72±0.68cd
1.40±0.10a
1.49±0.06b
T5
28.10±0.59a
28.22±0.70de
70.72±0.67abc
70.32±0.76ab
1.18±0.10 b
1.45±0.06bc
T6
28.80±0.59abcd
28.40±0.66de
70.01±0.67bcd
70.10±0.71ab
1.19±0.09 b
1.49±0.05b
29.74±0.62ab
30.14±0.25ab
68.80±0.70d
68.23±0.27de
1.46±0.09a
1.62±0.03ab
T7
29.71±0.63 a
30.89±0.19a
68.80±0.72d
67.41±0.22e
1.49±0.09a
1.70±0.02a
T8
Values are mean ± SE of three replicates. Values with different letters within coloumns indicate statistical significance at P < 0.05 ; analysed by
Duncan’s post-hoc test
Treatments
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Table 4.
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Effect of various mineral nutrients on dry matter partitioning at podding stage in pigeonpea varieties

Treatments
Control
T1
T2
T3
T4
T5
T6
T7
T8

Leaf partitioning
PAU 881
AL 201
12.05±0.41 a
12.02±0.39 a
11.86±0.40 a
11.83±0.38 a
a
12.24±0.34 a
12.72±0.38
a
13.23±0.40
12.89±0.31 a
a
13.21±0.41
12.72±0.35 a
a
12.13±0.42
12.26±0.37 a
a
13.08±0.19 a
13.61±0.42
a
13.30±0.42
13.68±0.18 a
14.04±0.43 a
13.73±0.11 a

Shoot partitioning
PAU 881
AL 201
56.86±1.43 a
51.83±0.46 a
55.78±1.34 a
51.13±0.40 a
a
55.54±1.29
50.66±0.39 a
a
55.36±1.23
50.69±0.41 a
a
54.40±1.16
50.78±0.43 a
a
56.02±1.12
50.98±0.43 a
a
54.67±0.88
50.10±0.28 a
a
53.15±0.67
49.77±0.25 a
52.59±0.56 a
49.03±0.12 a

Pod partitioning
PAU 881
AL 201
31.09±1.38 a
36.15±0.20 a
32.36±1.34 a
37.03±0.17 a
a
31.74±1.33
37.09±0.17 a
a
31.41±1.30
36.42±0.16 a
a
32.39±1.21
36.50±0.16 a
a
31.85±1.16
36.76±0.15 a
a
31.72±1.02
36.81±0.18 a
a
33.37±0.63
36.55±0.23 a
33.55±0.77 a
37.23±0.19 a

Values are mean ± SE of three replicates. Values with different letters within coloumns indicate statistical significance at P < 0.05 ; analysed by
Duncan’s post-hoc test

Table 5. Effect of various mineral nutrients on yield characteristics of pigeonpea varieties
Treatments
Control
T1
T2
T3
T4
T5
T6
T7
T8

Pod weight/plant (g)

100 seed weight (g)

Seed yield/plant (g)

PAU 881

AL 201

PAU 881

AL 201

PAU 881

AL 201

44.03±6.54f

59.33±4.67f

6.11±0.147a

6.49±0.087a

29.88±4.84e

33.67±4.25e

47.07±6.19ef
48.56±5.90de
54.07±5.59bc
56.78±5.49b
51.45±5.48cd

63.56±4.27ef
65.08±4.09ef
72.93±3.86cd
75.90±4.24bc
66.25±4.79e

6.11±0.141a
6.18±0.132a
6.32±0.124a
6.46±0.123a
6.19±0.126a

6.53±0.081a
6.57±0.075a
6.76±0.068a
6.83±0.075a
6.58±0.082a

31.67±4.59de
33.00±4.37cde
40.00±4.13bc
40.67±4.19b
36.67±4.27bcde

42.00±3.17d
45.67±2.81cd
50.33±2.70bc
51.50±2.94bc
46.33±3.33cd

53.59±5.03bc
61.88±4.52a
65.32±4.51a

68.53±4.35de
79.76±1.75ab
85.02±1.02a

6.21±0.109a
6.52±0.084a
6.61±0.084a

6.67±0.065a
6.85±0.021a
6.92±0.011a

37.33±4.12bcd
43.33±3.93ab
49.66±4.03a

48.33±2.96cd
55.67±1.32ab
59.64±1.01a

Values are mean of three replicates. Values with different letters within coloumns indicate statisti cal significance at P < 0.05 ; analysed by
Duncan’s post-hoc test.

compared to leaf partitioning coefficient. At flowering stage,
partitioning of the dry matter towards shoot, leaves and
flowers were significantly different among all the treatments
(Table 3). At this stage, partitioning of dry matter towards
leaves was more in treated plants as compared to control
plants and maximum partitioning coefficient was recorded
with 1% urea which was 10.22% more over control in PAU
881 followed by 2% urea (10.24%) application while, it was
maximum with 2% urea application i.e. 10.15% high over
control in AL 201 followed by 1% urea (7.94%) application.
Leaf partitioning at flowering stage was less in 2mM CaCl2
treated plants as compared to control plants in variety AL
201. However, in shoot, dry matter partitioning coefficient
was lower with all the treatments as compared to controls.
Different treatments significantly enhanced the dry matter
partitioning towards flowers and maximum enhancement
was caused by 2% urea application which was 26.79% (PAU
881) and 31.94% (AL 201) more over their respective.
At podding stage, leaf dry matter partitioning
decreased, because most of the leaves abscised and
maximum decline was recorded in controls (Table 4). At this
stage, maximum leaf dry matter partitioning was noticed
with 2% urea application i.e. 14.17% and 12.49% more over
their respective control plants in PAU 881 and AL 201,
respectively. Due to formation of pods, partitioning of dry

matter increased towards reproductive parts. All the
treatments caused increase of dry matter partitioning
towards pods but this enhancement was statistically nonsignificant. Maximum enhancement in pod dry matter
partitioning was found due to 2% urea treatment i.e. 7.32
(PAU 881) and 2.92 (AL 201) per cent over controls. Different
treatments reduced the shoot dry matter partitioning as
compared to controls, at podding stage of development.
Application of 2% urea caused maximum decline in shoot
partitioning coefficient which was 7.5 (PAU 881) and 5.4
(AL 201) per cent over controls. Leaf partitioning coefficient
during this stage decreased in control and treated plants
as compared to previous stages but maximum decline was
noticed in controls. Different treatments enhanced the leaf
partitioning coefficient over controls and maximum increase
was 14.17% (PAU 881) and 12.49% (AL 201) which caused
by 2% urea application.
The dry matter production is intimately related with
photosynthetic efficiency of plants. Faten et al (2010)
studied the effect of foliar application of urea and amino
acids mixtures on growth, yield and characteristics of
squash and found that treated plants were more vigorous
and gave more yield as compared to controls. Choudhary
and Yadav (2011) used water, urea (2%), DAP (2%) and KCl
(2%) at branching and flowering stages of cowpea plants.
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They found that foliar spray to cowpea significantly
enhanced the dry matter accumulation per meter row length
at harvest over water spray. The authors opined that
favourable effect of foliar application of fertilizers might be
on account of improved photosynthetic efficiency.

Choudhary GL and Yadav LR 2011. Effect of fertility levels and
foliar nutrition on cowpea productivity. Journal of Food Legumes
24: 67-68.

Yield Characteristcs

Edward B and Micha³ek S 2008. The effect of nitrogen form and air
temperature during foliar fertilization on gas exchange, the yield
and nutritive value of spinach (Spinacia oleracea L.). Folia
Horticulturae Ann 20(2): 17-27.

Pod weight per plant was significantly more in treated
plants as compared to control and maximum pod weight
per plant was recorded with urea application (Table 5). 100seed weight also increased with mineral nutrients
application but this increase was non-significant. Further,
seed yield/plant was significantly more in treated plants
and maximum seed yield per plant was obtained with 2%
urea application. The enhanced pod set percentage and
seed weight/plant in treated plants could be attributed to
enhanced flower retention which might have been caused
by improved dry matter partitioning towards reproductive
parts of plant. Our results are in close agreement with results
of Ganapathy et al (2008). Their results showed that an
increase in seed yield of pulses with foliar application of
nutrients could be attributed to reduced flower drop and
an increased fruit set percentage. Our results are also
concurrent with the findings of Venkatesh and Basu (2011)
who reported that foliar application of urea enhanced the
pod number, 100 seed weight and ultimately seed yield in
chickpea. Similarly, Kumar et al (2013) found that the foliar
application of nutrients (2% DAP and 2% urea phosphate)
at flower initiation and pod formation stages of crop growth
in soybean caused significantly higher number of pods per
plant, number of seeds per pod and higher grain yield.
Higher supply of all nutrients at flower initiation and pod
formation stages of crop growth might have caused efficient
translocation of photosynthates from source to sink.
CONCLUSION
Mineral nutrients increased internal CO 2
concentration by enhancing the stomatal conductance and
ultimately increased the rate of photosynthesis. Partitioning
of these synthesized photoassimilates towards reproductive
parts was enhanced by mineral nutrients application which
improved the yield of pigeonpea crop.
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P. UJJAINIYA and MR CHOUDHARY
Department of Horticulture, SKN Agricuture University, Jobner 303329, Rajasthan, India
E-mail: pujjaniya@gmail.com
(Received : 6 August 2015; Accepted : 25 February 2015)
ABSTRACT
A field experiment was conducted during the kharif season
2013-14 in loamy sand (soil order) at Horticulture farm,
S.K.N. College of Agriculture, Jobner to assess the effect of
bio-fertilizers Rhizobium, VAM and PSB along with graded
doses of N and P fertilizers on number of effective root
nodules and pod yield of Indian bean. The results revealed
that the application of 100% RDF in combination with PSB
+ VAM + Rhizobium proved to be the most superior treatment
combination in terms of maximum number of effective
nodules, number of pickings, number of pods per plant, fresh
pod weight (g), green pod yield (q/ha) and net returns while
it remained statistically at par to with 75% RDF in
combination with PSB + VAM + Rhizobium with respect to
all these parameters. The interactive advantages of
application of 75% RDF with PSB + VAM + Rhizobium
indicated the saving of 25% RDF. Thus, combined use of
inorganic fertilizers and biofertilizers biological sources of
nutrients were proved superior for nodulation and pod yield
of Indian bean.
Key words: Indian bean, Rhizobium, PSB, VAM, Nodules,
Pickings.

effectively, Rhizobium, PSB and VAM inoculation have
been considered to be effective. When the seeds of legumes
crops are inoculated with Rhizobium and sown, it increased
microbial population in the rhizosphere, thereby increasing
the amount of microbiologically fixed nitrogen for the plant
growth. The inoculation of seed with right strain of
Rhizobium culture increases the seed yield over no
inoculation. About 93-99 per cent of the total phosphorus
is insoluble and hence directly not available to plants.
Researchers in the few decades established that VAM helps
in phosphorus nutrition by not only increasing its
availability but also increasing its mobility (Kristek et al.,
2005). The PSB culture also proved as a broad spectrum
bio-fertilizer which increases yield of crops (Legumes,
vegetables etc.) by 10-30 per cent and supplement
phosphorus up to 30 kg ha-1 (Tilak and Annapurna, 1993).
Use of PSB culture increased nodulation, crop growth,
nutrient uptake and crop yield (Shrivastava and Ahlawat,
1995). The present study was undertaken to evaluate the
effect of various biofertilizers and graded levels of N and P
fertilizers on nodulation and pod yield of Indian bean.
MATERIALS AND METHODS

Indian bean or Dolichos bean (Lablab purpureus L.
var. typicus) belongs to the family Fabaceae (2n = 22). The
crop is grown for its green pods which is consumed as
vegetable when pods are immature, tender and green. Its
dry seeds are also used in various vegetable food
preparations. The nutritional composition of edible green
pods contain 86% moisture, 2.0% fibre, 4.0% protein, 1.0%
fat, 7.10% carbohydrate, 48 Kcal energy, 210mg calcium,
68mg phosphorus, 1.0mg iron, 668IU vitamin A, 0.08mg
thiamine, 0.11mg riboflavin, 0.75mg niacin and 9.3mg vitamin
C (Gopalan et al., 2004).
Indian bean crop is affected by inadequate
availability of nutrients in the soil and being a leguminous
crop, it is highly responsive to nitrogenous fertilizer
application especially in early stage. It also requires large
quantity of phosphorus for optimum growth and yield. The
modern day intensive crop cultivation requires the use of
chemical fertilizers. However, due to hike in the prices of
chemical fertilizers and also with a view to maintain the
ecosystem of soil, it has become necessary to minimize the
use of chemical fertilizers by adding organic ones sources
to the soil more particularly biofertilizers of microbial origin.
To enhance the plants’ capacity to utilize such nutrients

A field experiment on Indian bean cv. Arka vijay was
conducted during kharif season 2013-14 at Horticulture
farm, S.K.N. College of Agriculture, Jobner, Jaipur. The
experimental soil belongs to loamy sand (soil order) with
pH 8.2, ECe 1.35 dSm-1, organic carbon 0.15 %, Available
nitrogen 135 kg ha-1, available phosphorus 16.25 kg ha-1
and available potassium 148.6 kg ha-1. The experiment was
laid out in split plot design with four replications. There
were total twenty treatments consisting four levels of
nitrogen and phosphorus viz. 0% RDF (F0), 50% RDF (F50),
75% RDF (F75), 100% RDF (F100) ha-1 in main plots and five
bio-fertilizer inoculants viz. No inoculation as control (B0),
PSB (Bp), VAM (Bv), Rhizobium (Br) and PSB + VAM +
Rhizobium (Bpvr) in sub plots. The recommended dose of
N and P was 30 and 50 kg ha-1, respectively. Nitrogen was
applied through urea (46 %) and phosphorus as single super
phosphate (SSP) containing 16% P2O5 as basal dose at
sowing as per treatments. To apply biofertilizers, weighed
30 g jaggery and boiled in half litre of water to prepare
jaggery solution, cooled it and added 50 g of Rhizobium
culture (Rhizobium phaseoli) in it. The required quantity
of seed was thoroughly mixed with paste of culture to
inoculate with PSB culture as per treatments and dried in
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shade. The PSB culture containing Bacillus sp was applied
as per Rhizobium culture whereas, VAM (Vasicular
Arvuscular Mycorrhizae) was applied to the respective
plots @ 2 kg/ha as soil using field soil to bulk the carrier. All
the recommended package of practices was followed to
raise the crops during the course of study. Observations
on number of effective nodules, number of pickings, number
of pods per plant, fresh pod weight (g), green pod yield
(q/ ha) and net return (Rs/ha) were recorded. The net returns
was calculated by subtracting cost of cultivation for each
treatment from gross returns gained from the economic
yield. The B: C ratio was computed by dividing gross returns
with cost of cultivation for each treatment.
RESULTS AND DISCUSSION
The data showing results of the experiment in tables
1 and 2 indicate that among the treatments, application of
100% RDF with PSB+VAM+Rhizobium (F 100Bpvr)
inoculation recorded maximum number of effective nodules
(35.23), number of pods (10.56), number of pickings (112.09),
fresh pod weight (4.00 g), green pod yield (81.57 q/ha) and
net return (Rs. 116966/ha). The treatment F100Bpvr (100%
RDF with PSB + VAM + Rhizobium) was found significantly
better over rest of the treatments except treatment F75Bpvr
(75% RDF along with PSB + VAM + Rhizobium) which was
statistically at par with PSB + VAM + Rhizobium (F75Bpvr)
being statistically at par with it for most of parameters.
The increase in these components seems to have
been brought about by increase in amount of growth
substances and naturally occurring phytohormones with
increased nitrogen supply. Therefore, increased availability
of nitrogen on otherwise poor soil might have increased
cell number and cell size leading to better growth in terms
of number of nodules and green pod yield. Bansal (2009)
have also reported that combined use of Rhizobium, PSB
and PGPR in case of Moong bean gave significantly higher
yield than that obtained by the use of Rhizobium, PSB and
PGPR alone as inoculant. .
Thus, application of recommended dose of fertilizers
(N and P) at optimum level (75% RDF) increased the
effective nodules per plant in the present investigation over
their lower doses. The observed improvement in overall
vegetative growth of the crop with the application of N and
P in the investigation is in conformity with those of Tiwari
and Kumar (2009) and Choudhary and Yadav (2011), who
supported increased total and effective nodules per plant
in different crops.
The combined inoculation of PSB + VAM +
Rhizobium proved significantly superior to Rhizobium,
PSB, VAM alone and over no inoculation in terms of growth
parameters viz., effective nodules per plant (5.91, 7.77, 7.92
and 42.99 %), respectively (Table 1). PSB + VAM +
Rhizobium might have improved both nitrogen and
available phosphorus in rhizosphere as they are phosphate

solubilizers, absorbers and symbiotic nitrogen fixers,
respectively. The combined inoculation of nitrogen fixer
and PSB and VAM, benefits the plant more than either
group of organisms alone and might have added advantages
in the degraded agro-ecosystem. These results are in close
conformity with the findings of Rathore et al. (2010) in
urdbean and Ramana et al. (2010) in French bean.
As already discussed in preceding paragraph that
phosphorus plays an important role in nitrogen-fixation in
legumes, where it acts as a source of energy. It plays a
pivotal role in early formation of roots, their proliferation,
increased microbial activity in nodules and symbiotic
biological N-fixation process. This led to efficient and greater
partitioning of metabolites and adequate translocation of
photosynthates and nutrients to develop reproductive
structures (Tisdale et al., 1995).
Application of increasing levels of fertilizers upto
75% RDF (22.50 kg N + 37.50 kg P2O5/ha) significantly
increased number of pods per plant and green pod yield (q/
ha). The increase in number of pods per plant, fresh pod
weight and pod yield might be due to better nutritional
status of the crop in the soil, which was low in N and P as
evidenced by their availability in the soil (Table 2). The
increased supply of N and P and their higher uptake by
plants might have stimulated the rate of various
physiological processes in plant and led to increased
growth and yield parameters and resulted in increased
number of pods per plant, pod weight and green pod yield.
The results of present investigation are in line with those
of Singh et al. (2007) and Choudhary and Yadav (2011),
who obtained increased number of pods per plant, green
pod length and green pod yield in beans with the combined
application of fertilizers (N and P).
The combined inoculation of PSB + VAM +
Rhizobium significantly enhanced the yield attributes and
yield of Indian bean over control, PSB, VAM and Rhizobium
alone. The increased availability of nitrogen due to
Rhizobium coupled with phosphorus due to PSB and VAM
might have increased the yield attributes and ultimately
the yield. These findings corroborate the results of Kahlon
and Sharanappa (2006) and Singh and Yadav (2008).
Application of 75% RDF (22.5 kg N and 37.5 kg P2O5
ha-1) in combination with PSB + VAM + Rhizobium proved
most efficacious in enhancing the number of pickings,
number of pods per plant, pod weight and green pod yield
per hectare (30.71, 49.35, 40.25 and 60.92 %), respectively
over control (Table 1 & 2). The significant increase in yields
under the combined application of inorganic fertilizers and
biofertilizers was largely a function of increase in number
of pods per plant, pod weight, green pod yield per hectare
(q/ha) as described above. Besides adequate supply of N
and P nutrition through fertilizers, biofertilizers contributes
to the fertility of the soil through its positive effects on the
physical and biological properties of the soil. The interactive
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Table 1. Effect of fertility levels and bio-fertilizers on number of effective nodules, pods and pickings of Indian bean.
Treatments
Number of effective nodules
F0
F50
F75
F100
Fertility
(0%
(50%
(75%
(100%
Levels
RDF)
RDF)
RDF)
RDF)
Bio-Fertilizers
B0 (Control)
5.14
6.03
6.88
7.15
Bp (PSB)
6.81
7.13
9.12
9.23
Bv (VAM)
6.82
7.18
9.24
9.29
Br (Rhizobium)
6.94
7.33
9.47
9.58
Bpvr (PSB + VAM +
7.35
8.17
10.25
10.56
Rhizobium)
For B at same level of F
Sem +
0.21
CD (P=0.05)
0.65
For F at same or different levels of B
0.39
Sem +
CD (P=0.05)
1.14

Table 2.

F0
(0%
RDF)
20.08
25.61
25.66
25.67
25.88

Number of pods
F50
F75
(50%
(75%
RDF)
RDF)
33.47
36.56
33.72
36.61
33.83
36.88
33.77
36.90
35.23

39.67

F100
(100%
RDF)
36.68
36.86
36.93
37.01
40.14

Number of pickings
F0
F50
F75
(0% RDF) (50% (75% RDF)
RDF)
8.01
9.11
10.21
8.36
9.73
10.36
8.41
9.09
10.42
8.45
9.63
10.33
8.45

10.01

11.56

0.83
2.37

0.18
0.50

0.99
2.98

0.22
0.67

F100
(100%
RDF)
10.69
10.69
10.73
10.75
12.09

Effect of fertility levels and bio-fertilizers on fresh pod weight, green pod yield, net returns and B:C ratio of Indian
bean

Treatments
Fertility Levels
Bio-Fertilizers

Fresh pod weight (g)
F0
F50
F75
F100
(0% (50% (75% (100%
RDF) RDF) RDF) RDF)
2.36 3.56 3.57 3.58
3.29 3.56 3.57 3.59
3.30 3.57 3.58 3.59
3.29 3.57 3.58 3.58

B0 (Control)
Bp (PSB)
Bv (VAM)
Br (Rhizobium)
Bpvr (PSB + VAM +
3.32 3.58 3.95
Rhizobium)
For B at same level of F
SEm +
0.10
CD (P=0.05)
0.30
For F at same or different levels of B
SEm +
0.13
CD (P=0.05)
0.39

Green pod yield (q/ha)
F0
F50
F75
F100
(0% (50% (75% (100%
RDF) RDF) RDF) RDF)
30.83 66.16 72.50 72.92
46.87 66.76 72.69 73.40
47.06 67.01 73.45 73.73
46.94 66.87 73.47 73.70

F0
(0%
RDF)
3905
51170
51200
51310

4.00 47.71 70.00 78.89 81.57 52200

Net returnS (Rs/ha)
B: C rato
F50
F75
F100
F0
F50
F75
F100
(50%
(75% (100% (0% (50% (75% (100%
RDF) RDF)
RDF) RDF) RDF) RDF) RDF)
87953 100070 100546 0.09 1.98 2.23 2.22
88723 100220 101276 1.20 1.98 2.22 2.22
88873 101390 101586 1.19 1.97 2.23 2.21
88943 101780 101876 1.21 1.99 2.23 2.24
94500 111970 116966

1.21

2.08

2.44

2.36
6.72

2079
5913

0.05
0.13

2.59
7.74

2124
6255

0.05
0.14

advantages of application of 75% RDF with PSB + VAM +
Rhizobium and 100% RDF + PSB + VAM + Rhizobium being
at par with each other indicates the saving of 25% RDF.
Combined use of inorganic and biological sources of
nutrients generally proved superior to the use of each
component separately. These results corroborate the
findings of Prasad and Prasad (1993), Patel et al. (1998) and
Vimla and Natarajan (2000).
It can be concluded that the combined application of
75% RDF (N & P) and PSB + VAM + Rhizobium can increase
green pod yield to about 60 per cent with significant
increase in effective nodulation (49.85%). This technique
can be applied at farmer’s field, the results are only indicative
(one season) and require further experimentation to arrive
at more consistent and final conclusion.
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ABSTRACT
Twenty isolates of Sclerotium rolfsii collected from different
host plants and various geographical locations of the
country during 2009-2012 were found varied in their mycelial
growth rate, colony morphology, size and pattern and
distribution, number and size of the sclerotia. Random
Amplification Polymorphism-DNA (RAPD) analysis showed
95.9% average polymorphism. UPGMA analysis of RAPD
data revealed that all the isolates formed 2 major clusters at
0.32 similarity index and further, one cluster was divided in
to 2 sub-clusters at 0.45 similarity index. The highest
similarity coefficient (0.82) was recorded between Sr06
(Groundnut) and Sr10 (Groundnut) and Sr25 (Sweet potato)
and Sr19 (Capsicum). The isolates had no apparent grouping
according to geographical areas or host origin in RAPD
analysis, indicated wide host range of the pathogen.

Key words: Sclerotium rolfsii, Geographical origin, Morphology,
RAPD, Diversity

Sclerotium rolfsii Sacc. (teleomorph Athelia
rolfsii (Curzi) Tu & Kimbrough) is an omnivorous, soilborne fungal pathogen, causes disease on a wide range of
agricultural and horticultural crops and has an extensive
host range (Aycock, 1996; Punja, 1988). The genus,
Sclerotium was characterized by production of small tan
to dark brown or black spherical sclerotia with internally
differentiated rind, cortex and medulla (Punja and Rahe,
1992). The main disease symptoms caused by S. rolfsii
include yellowing and wilting of branches, presence of
mustard seed like sclerotia at the site of infection (Asghari
and Mayee, 1991). The disease caused by S. rolfsii in
various crops is widely reported from southern and northern
latitudes of 380 and can cause considerable loss to plant
stand when soil moisture is high and temperature is warmer
(30°C), which favours sclerotial germination and disease
development (Aycock, 1996). The incidence decreases with
the age of the crop. The disease causes about 20% yield
loss in tropical areas and has a potential to cause up to
95% losses in chickpea (Gurha and Dubey, 1982).
A study on variability of S. rolfsii isolates is important
to know changes occurring in the population. Previous
studies also reported the variability among the isolates of
S. rolsfii from various hosts and geographical in terms of
morphological and cultural characteristics (Harlton et al.

1995; Okabe et al. 1998). A lot of genetic variability exists
in S. rolsfii populations and there was no clear correlation
exists between geographical origin and hosts (Punja and
Sun, 2001). Molecular methods such as RAPD (Punja and
Sun, 2001), rDNA (Adandonon et al. 2005) and AFLP
(Cilliers et al. 2000) analysis have been used to reveal
genetic polymorphism of S. rolsfii populations isolated from
various crops. Meagre information is available on the
diversity of S. rolfsii isolates originated from India. Keeping
in view the present investigation was conducted to
understand the variability based on cultural, morphological
and genetic diversity in the S. rolfsii isolates collected from
different hosts and geographic locations of India.
MATERIALS AND METHODS
Collection, purification and maintenance of isolates
Twenty isolates of S. rolfsii collected/procured from
various hosts and diverse geographical locations (Table 1)
were processed to obtain the pure culture using standard
method. The Sclerotium and /or infected tissues of the
diseased plant parts were first surface sterilized with 1%
sodium hypo chloride solution for 1 minute, washed with
sterilized water thrice and transferred on potato dextrose
agar (PDA) medium in petri dishes.. The isolates were further
purified by growing single sclerotium from each colony on
PDA slants. The pure cultures of the isolates were
maintained at 4 0C for further study.
Morphological and cultural variability
A disc (5 mm in size) of freshly grown pure culture of
each isolate was placed in the middle of petridish containing
PDA under aseptic conditions and incubated at 250C under
diffused light. The morphological characters like, mycelial
growth, shape, size, number and pattern of sclerotium were
recorded regularly up to 25 days of inoculation. The diameter
of colony was measured at right angles every day up to 4
to 5 days, while number and size of the sclerotia of each
isolate were recorded after 20-25 days after inoculation.
DNA extraction
The purified cultures of S. rolfsii isolates were grown
at 250C on Potato dextrose broth medium. After 15 days,
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mycelial mat and sclerotia were harvested and stored at 800C using DNAsure Mini Kit (Genetix, New Delhi, India)
Random Amplified Polymorphic DNA Marker Analysis.
Genomic DNA of 20 isolates of S. rolfsii was amplified by
the RAPD method (Williams et al. 1990) using 60 random
oligonucleotide (10-mer) primer series of OPA, OPB and
OPC (Eurofins MWG Operon, Alabama 35805, USA).
Amplification reactions were carried out in PCR tubes with
final volume of 25µl reaction mixture for each sample [Dream
Taq® Green PCR Master Mix (2x)-12.5 µl, Primer-1µl, Water
Nuclease Free – 9.5µl with 2 µl (about 200ng DNA) DNA
template of each isolate added separately in each tube].
Amplified products were analyzed by 1% agarose gel along
with 1 kb DNA ladder. The DNA bands were scored
unequivocally for their presence (1) or absence (0).
Reproducibility of the results was confirmed by repeating
the experiment twice (extraction and amplification). Binary
matrices were analyzed by PAST softwere. Genetic
distances between pair of lines were estimated as 1-GS.
Jaccard’s similarity coefficients were clustered to generate
dendrogram using unweighted pair group method with
arithmetic mean (UPGMA).
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sclerotia and number and size of sclerotia. Out of 20 isolates,
colony morphology of 12 (Sr03, Sr04, Sr05, Sr06, Sr10, Sr11,
Sr12, Sr15, Sr17, Sr18, Sr20 and Sr24) isolates was found
fluffy whereas, 8 (Sr01, Sr02, Sr09, Sr13, Sr16, Sr19, Sr25 and
Sr27) isolates were shown compact or appressed growth
pattern. All the isolates were found varied significantly in
sclerotia production. The isolate belonging to soybean
produced highest number of sclerotia (378 slerotia/plate)
followed by isolate of Allium cepa (147 sclerotia/plate). No
sclerotium was observed in Sr01 isolate belonging to
cowpea. The lowest number of sclerotia were observed in
chickpea isolates (Sr05, Sr17 and Sr18), followed by
groundnut isolate (Sr11). Based on the visual observation,
the size of the sclerotium isolates were categorized in to 4
groups. Two isolates namely, Sr04 and Sr12 consisted of
very small sclerotium, 4 isolates produced small sclerotium;
7 isolates produced medium type sclerotium and 6 isolates
produced large sclerotium. The pattern of sclerotia formation
was dense and sparse. The distribution pattern of
sclerotium was peripheral and centered. The average growth
rate of all isolates was in the range of 1.3 to 1.8 cm/day
(Table 1). Similar results were obtained with field isolates of

Table 1. Morphological and cultural variability in S. rolfsii isolates
Isolates

Sr 01
Sr 02
Sr 03
Sr 04
Sr 05
Sr 06
Sr 09
Sr 10
Sr 11
Sr 12
Sr 13
Sr 15
Sr 16
Sr 17

Place of collection

Sr 18
Sr 19
Sr 20
Sr 24
Sr 25

Bagmundi (West Bengal)
New Delhi
New Delhi
Kanpur (Uttar Pradesh)
Berhampur (West Bengal)
Keshod (Gujarat)
Gajendragad (Karnataka)
Satadhar (Gujarat)
Borvav (Gujarat)
Gadu (Gujarat)
Junagadh (Gujarat)
Veraval (Gujarat)
Talala (Gujarat)
IIPR, Kanpur (Uttar
Pradesh)
Jabalpur (Madhya Pradesh)
Kalyani (West Bengal)
Pantnagar (Uttarakhand)
Pune (Maharashtra)
Udayagiri (Andhra Pradesh)

Sr 27

Konada (Andhra Pradesh)

Host

Colony
No. of
Growth Sclerotium
Morphology Sclerotium/ (mm/day) Pattern
Plate
Cowpea
appressed
0
1.5
Chickpea (ITCC 6263) appressed
38
1.3
dense
Chickpea (ITCC 6416) fluffy
95
1.5
sparse
Chickpea
fluffy
74
1.4
dense
Chickpea
fluffy
2
1.5
dense
Groundnut
fluffy
30
1.5
sparse
Groundnut
appressed
72
1.4
dense
Groundnut
fluffy
94
1.4
dense
Groundnut
fluffy
5
1.5
dense
Soybean
fluffy
378
1.5
dense
Groundnut
appressed
44
1.7
dense
Groundnut
fluffy
66
1.8
sparse
Groundnut
appressed
112
1.8
dense
Chickpea
fluffy
4
1.8
dense
Chickpea
fluffy
Capsicum
appressed
Stevia
fluffy
Onion (NBAIM 1639) fluffy
Sweet potato (NBAIM appressed
1642)
Sweet potato (NBAIM appressed
1643)

RESULTS AND DISCUSSION
The present investigation reveals that the cultural
variability among the 20 isolates of Sclerotium rolfsii,
collected from 8 host crops belonging to various locations
were studied during 2010-11. In the current study, the
isolates were varied in mycelial growth rate, colony
morphology, colony size, pattern and distribution of the

Distribution
Size of
of Sclerotium Sclerotium
centered
peripheral
centered
centered
peripheral
centered
centered
centered
peripheral
peripheral
peripheral
centered
centered

medium
large
very small
medium
large
large
medium
large
very small
small
medium
large
large

4
72
110
147
96

1.5
1.8
1.8
1.5
1.6

sparse
sparse
dense
sparse
sparse

peripheral
peripheral
centered
peripheral
peripheral

medium
small
medium
small
small

112

1.8

sparse

peripheral

medium

various geogrphical areas and hosts, isolates originated
from even same location varied in numbers and size of
sclerotia, growth rate and mycelial compatibility (Punja and
Grogan, 1983). The Indian isolates of S. rolsfii collected
from various hosts were varied in colony morphology,
mycelial growth rate, sclerotium formation, teleomorph
production, sclerotial size and color (Sharma et. al. 2002;
Prasad et al. 2012).
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Table 2. List of the 60 decamer primers and the polymorphism observed in the study
Primer
OPA-01
OPA-02
OPA-03
OPA-04
OPA-05
OPA-06
OPA-07
OPA-08
OPA-09

Total no of bands No. of polymorphic
bands
4
4
4
4
1
2
2
4
4

OPA-10
2
OPA-11
3
OPA-12
3
OPA-13
3
OPA-14
2
OPA-15
3
OPA-16
4
OPA-17
3
OPA-18
1
OPA-19
3
OPA-20
3
OPB-01
3
OPB-02
3
OPB-03
3
OPB-04
1
OPB-05
4
OPB-06
3
OPB-07
1
OPB-08
5
OPB-09
0
OPB-10
2
OPB-11
4
OPB-12
0
OPB-13
1
OPB-14
0
OPB-15
2
OPB-16
0
OPB-17
3
OPB-18
4
OPB-19
0
OPB-20
3
OPC-01
3
OPC-02
5
OPC-03
1
OPC-04
4
OPC-05
5
OPC-06
5
OPC-07
4
OPC-08
4
OPC-09
5
OPC-10
5
OPC-11
3
OPC-12
4
OPC-13
3
OPC-14
4
OPC-15
4
OPC-16
2
OPC-17
1
OPC-18
2
OPC-19
4
OPC-20
3
Total 172
AveragePer cent Polymorphism

Per cent
polymorphism

Some of the prominent DNA bands amplified on which basis the
isolate of S. rolfsii could be distinguished

4
4
3
4
1
2
2
3
4

100
100
75
100
100
100
100
75
100

2
3
3
3
2
3
4
3
1
3
3
3
3
3
1
4
3
1
5
0
2
4
0
1
0
2
0
3
4
0
3
3
5
1
3
5
5
4
4
5
5
3
2
3
3
3
2
1
1
4
3
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100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
75
100
100
100
100
100
100
100
50
100
75
75
100
100
50
100
100
95.90

Sr021300bp, Sr041300bp, Sr08750bp,Sr12750bp
Sr082300bp
Sr082400bp, Sr122400bp, Sr082200bp
Sr021500bp, 2000bp, Sr091500bp, Sr101500bp, Sr121500bp, Sr171500bp, 2000bp,
Sr181500bp, 2000bp, Sr191500bp,2000bp, Sr221500bp, 2000bp
Sr02750bp, Sr04750bp, Sr17750bp, Sr18750bp, Sr19750bp
Sr02750bp, Sr04750bp, Sr13750bp, Sr17750bp, Sr18750bp, Sr19750bp, Sr22750bp
Sr082200bp, Sr122200bp
Sr081500bp
Sr082200bp, Sr122200bp
Sr022000bp, Sr042000bp, Sr172000bp, Sr182000bp, Sr192000bp, Sr222000bp
Sr122000bp
Sr121100bp
Sr081500bp
Sr081900bp, Sr121900bp
Sr081500bp
Sr081500bp
Sr062000bp
Sr151500bp, Sr161500bp
Sr083000bp
Sr042500bp, Sr172500bp, Sr182500bp, Sr192500bp, Sr222500bp
Sr171500bp, Sr181500bp, Sr191500bp, Sr221500bp
-
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A total of 60 RAPD primers were screened to
determine genetic diversity of the S. rolsfii isolates, out of
which 55 primers produced reproducible and scorable bands
and generated total of 172 bands ranging 250-2700bp.
Highest number of scorable bands were observed in Sr-04
(102) followed by 101 band each in Sr-05 and Sr-06. Out of
60 primers, 48 gave 100% polymorphism whereas five primers
namely, OPA-03, OPA-08, OPC-4, OPC-14 and OPC15 gave
75% polymorphism. In OPC-12 and OPC-18, we observed
50% polymorphism. Out of 20 primers of OPB series, five
primers not produced any scorable bands viz., OPB-9, OPB12, OPB-14, OPB-16 and OPB19 and rest of the primers of
this series gave 100% polymorphism and many of these
markers distinguished the isolates by forming specific size
bands (Table 2). One primer of OPB series and four primers
of OPC series produced highest polymorphic bands (5)
with 100% polymorphism. UPGMA analysis was done by
PAST software using RAPD data.
All the Indian populations of S. rolfsii were grouped
in to 2 major clusters viz., A and B at 0.32 similarity index
and cluster B was further divided in to 2 sub-clusters at
0.45 similarity index. Cluster A consisted of 1 isolate (Sr12)
from soybean and cluster B consist of 19 isolates. In sub
clusters, first sub cluster (B1) consisted of 12 isolates from
6 crops, in this group majority of isolates were belonged to
groundnut and second sub cluster (B2) contains 7 isolates
from 4 crops, in this group majority of the isolates were
belonged to chickpea. The highest similarity coefficient
(0.82) was recorded between Sr06 (Groundnut) from Gujarat
and Sr10 (Groundnut) from Gujarat and Sr25 (Ipomoea
batatas) from Andhra Pradesh and Sr19 (Capsicum) from
west Bengal. Majority of the isolates showed more than 50
percent similarity coefficient index (Fig.1). It is well known
that the variability study in the S. rolfsii based on mycelial
compatibility, rDNA, RAPD and AFLP have been commonly
used (Punja and Sun, 2001; Adandonon et al. 2005; Cilliers
et al. 2000 17; Nalim et al. 1995) to understand the
distribution pattern of population within and between the
different geographical regions. Genetic variability in the
isolates originating from same geographical area and same
hosts suggests that occurrence of genetic differences within
subpopulations are due to recombination and migration.
Previous workers also reported that isolates in different
mycelial compatibility had different molecular profile and
when the isolates had similar molecular pattern, they are
always included in single mycelial compatibility (Punja and
Sun, 2001; Okabe and Matsumoto, 2000). Hence, there is
high correlation exists between mycelial compatibility and
molecular profile. They also concluded that in all the
compatible isolates average genetic distance was only 10.1%
whereas, incompatible isolates, distance was 54.9%. This
suggests that occurrence of genetic exchange is limited to
isolates of having similar molecular profile.

Fig 1. Clustering of Sclerotium rolfsi isolates based on
paired group analysis
In the present investigation there is no apparent
grouping according to geographical areas or host origin, it
reflects that the pathogen has wide host range and spread
of particular RAPD group over time. There was no
correlation between cultural, morphologi-cal characters,
origin of hosts and geographical location with molecular
diversity.
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ABSTRACT
Cultivation of pulses in India has been pushed to less
favorable production environment during the last four
decades due to decline in their relative profitability for
producers. Policies like subsidies on chemical fertilizer and
irrigation have raised margin of some crops over pulses.
Though subsidies benefit users (farmers) their cost is borne
by the society. Thus, real comparison of income or
profitability from various production activities from long
term and society’s perspective should include social cost
and benefits. Contribution of pulses to society is not
appropriately assessed if it is based solely on market prices
of input and outputs. Pulses contribute to society and
environment through various means. In the production
process, pulses improve soil fertility by fixing the
atmospheric nitrogen into the soil. They reduce the need
for fertilizers and enhance the arable quality of the soil.
The paper compares net income from pulses and other crops
at existing market price, economic prices which net out effect
of subsidies and in terms of natural resource valuation which
take into account effect on natural resources and
environment. Pulses are found to be more paying than the
competing crops on overall basis though they generate lower
income at market prices. Crop shifts in favor of pulses is
found to be environment friendly as pulses cultivation
involves much lower emission of Green House gases
compared to other competing crops.
Key words: Pulses, Market Prices, Economic Prices, Green House
Gas, Natural Resource Valuation

Pulses have played an important role in the Indian
diet and in India’s farm economy. Even today, in combination
with wheat or rice, pulses describe the average Indian meal.
They are a rich source of protein, and as such complement
cereals in the diet. In a country where vegetarian diet is the
principal source of food, pulses are essential in providing
the amino acid balance needed for normal growth and
development and for the maintenance of health. India is
the largest producer as well as consumer of pulses in the
world. With 26.4 million hectares of area with annual
production of 18.24 million tonnes (2010-11) the country
accounts for one third of the world area and 22 per cent of
world production of pulses. (Reddy, 2013). Despite their
importance for nutrition and farm economy, pulses

production has not kept pace with growth in demand and
population of the country as area remained stagnant and
productivity followed insignificant growth during most part
of last 45 years. The deficiency is met through imports
which have reached 3.3 million tonne during the year 2011-12.
Despite high level of imports per capita availability
of pulses in India remained low and kept declining over
time. Per capita net availability of pulses was 25.2 kg during
1961 and it fell to 18.7 kg by year 1971 and 15.2 kg in 1991.
The latest data shows further decline to the level of 14.4 kg
(ref year 2011). As a consequence, 38.7 per cent population
of India is suffering from protein deficiency (Chand and
Jumrani, 2013).
The most important reasons for poor growth in
production of pulses is decline in their relative profitability
compared to competing crops like cereals. A part of this
resulted from technological factors and a part from policy
on subsidy for inputs like fertilizer and water both of which
favored cereal crops. While subsidies are a benefit to
producers they are cost to the society. Thus, real
comparison of income or profitability from various
production activities from long term and society’s
perspective should include social cost and benefits.
Contribution of pulses to society is not appropriately
assessed if it is based solely on market prices of input and
outputs. Pulses contribute to society and environment
through various means. In the production process, pulses
improve soil fertility by fixing the atmospheric nitrogen into
the soil. They reduce the need for fertilizers and enhance
the arable quality of the soil. Greenhouse gas emission
from pulses is also much lower compared to cereal crops.
Such costs and benefits are crucial from sustainability point
of view but they are not reckoned by market and remain
outside market prices. With rising awareness about fiscal
and environmental cost of subsidies, and effect of various
crops on natural resources system and environment the
need to take into account subsidy element in farm income,
effect on natural resources and environment while
assessing various production activities has been rising.
This type of assessment will help in understanding the
distortions in relative crop income due to subsidies regime
and reckon contribution towards sustainability.
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This paper is an attempt in this direction. It compares
net income from pulses and other crops at existing market
prices, economic prices which net out effect of subsidies
and in terms of natural resource valuation which takes into
account effect of various crops on natural resources and
environment. It prepares scientific framework for capturing
contribution of pulses by internalizing subsidies,
contribution of pulses to enrich soil, and effect on greenhouse gases. The specific aims of this paper are:
i.

ii.

To compare net return from pulses and other crops at
existing prices of inputs and at input prices net of
subsidies.
To estimate and compare income from cultivation of
pulses with alternative crops based on Natural
Resource Valuation and Environmental Valuation.

Data and Methodology
The study compares input use, costs and return from
pulses and their competing crops at state level. The data
on input use and cost was taken from Cost of Cultivation
Reports of Commission for Agricultural Costs and Prices,
Ministry of Agriculture, Government of India, for three
recent years ending with year 2009-10. The data on input
subsidies were collected from Central Statistics Office,
National Account Statistics, GOI. The study covered
important pulses, namely pigeon pea, black gram, green
gram (Kharif season), chickpea and lentil (Rabi season).
The pulses selected for the study account for more than 80
per cent of the total pulse area in the country. List of selected
pulse crops, their competing crops and the states selected
for the study are as under:
S. No
1
2
3
4
5

Pulse Crop
Red gram
Black gram
Green gram
Bengal gram
Lentil

Competing Crop
Cotton
Maize
Maize
Wheat
Rapeseed and Mustard

State
Maharashtra
Andhra Pradesh
Andhra Pradesh
Madhya Pradesh
Uttar Pradesh

Trade scenario of pulses in India
Though India is the largest producer of pulses in the
world yet it outsources much of the pulses from other
countries. The poor and vegetarian Indian depends mainly
on pulses for their protein requirements and domestic
production is always less than the demand. In order to
meet the gap between production and demand India imports
pulses from rest of the world. About 24 million hectares of
land is under pulses cultivation in India producing about
18-19 million tonnes of pulses annually. Still, to meet the
demand, about 3 million tons of pulses need to be imported
every year. Though India exports pulses also but its import
is much bigger than its export. Table 1 reveals that except
for the years 1999-2000 and 2000-01, India is a net importer
of pulses. Exports of pulses register growth of merely 9 per
cent during the last 15 years whereas imports growth is 24
per cent. During 1999-2000 the export of pulses amounts to

$ 97 million which increased to $289 million in the period of
one and half decade. India imported pulses of $ 89 million
in year 1999-2000 and it increased at a faster rate than the
exports and raised to $2122 million in year 2013-14. Though
Indian government announces different schemes time to
time to improve the domestic production and production is
increasing over the time but it is not sufficient to fulfill the
demand of pulses. There has been a lot of foreign exchange
outflow for importing pulses which affect the economy of
India. So, government has to take more steps to fulfill the
dream of self-sufficiency in pulses.
Table 1: Balance of trade of Indian pulses ($Million)
Year
1999-2000
2000-2001
2001-2002
2002-2003
2003-2004
2004-2005
2005-2006
2006-2007
2007-2008
2008-2009
2009-2010
2010-2011
2011-2012
2012-2013
2013-2014

Export
96.86
117.79
77.68
72.92
73.20
135.25
254.05
174.47
136.37
117.92
86.13
190.92
222.86
236.17
289.28

Import
88.89
110.33
694.39
611.30
562.70
441.08
631.08
1007.25
1403.27
1420.99
2241.97
1648.56
1971.69
2454.96
2122.48

Import-Export
-7.98
-7.46
616.70
538.37
489.49
305.84
377.04
832.78
1266.90
1303.07
2155.84
1457.64
1748.84
2218.79
1833.21

Source: Computed from various issues of Agricultural Statistics at a
Glance

Assessing Performance of Pulses vis-à-vis Competing
Crops
Performance of various crops was compared based
on net income computed in three different ways. These
include net income at (a) market prices, (b) economic prices
net of subsidies and (c) income based on natural resource
valuation technique. Net income at market prices in this
study was taken as gross return (from main product and by
product) less variable costs at market prices actually paid
and received by the farmer or imputed in some cases.
Net income based on economic prices was taken as
net income at market prices less subsidies on inputs like
fertilizer, irrigation and power supply used in crop
production. Fertilizer subsidy includes subsidy on nitrogen
and combination of phosphorous and Potassium. Fertilizer
subsidy per kilogram was estimated at Rs.27.30/ kg of NPK
for the TE 2009-10. Total irrigation and electricity subsidy
in rupees terms was distributed over selected crops based
on area under irrigation under each crop.
Net income based on natural resource valuation
techniques was computed by adding value of nitrogen
fixation by pulse crops at economic price of nitrogen and
imputed value of reduction in greenhouse gas emission to
the atmosphere if pulse is grown in place of competing
crop. The value of GHG emissions in terms of CO2 Kg
equivalent was taken as Rs.0.58 ($ 10/tonne) - this value
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less in wheat as compared to rabi pulses. Similar pattern of
input use was observed in lentil and competing oilseed
crop rapeseed-mustard.

was obtained from personal communication with climate
change expert. The data on contribution of pulses by
Biological Nitrogen Fixation and emission of greenhouse
gases of various crops were collected from scientific
literature and based on discussions with agricultural
scientists.

The composition of input use in crop production is
also an indicator of environmental sustainability of the
cropping system. From Table 2, we can conclude that in the
production of pulses lower amounts of chemicals (fertilisers
and pesticides) were used compared with other comparable
crops and pulses cultivation is more labour intensive and
eco-friendly.

RESULTS AND DISCUSSION
Resource Use, Productivity and Crop Income
Quantity of input used per hectare for selected pulse
crops and comparable crops are presented in Table 2.
Compared to pulses their competing crops are applied higher
doses of inputs including seed. In Madhya Pradesh, use of
seed in wheat cultivation was 116 kg/ha compared to 88 kg
in chickpea. In Andhra Pradesh, seed application for maize
is 22 Kg/ha whereas for green gram it is 20 Kg/ha. In
Maharashtra, may be due to use of newly genetically
modified variety, Bt Cotton, use of seed is less than seed
use on red gram but other major inputs like fertilizer and
manure are used much more in cotton than in red gram.

Costs and returns based on market prices
Relative profitability depends upon productivity,
input use, prices of input and output and cost of production.
Comparative net income in financial terms or at market prices
for different crops is shown in Table 3. The variable costs
include the cost incurred on different inputs such as seed,
fertilizer, manure, insecticides, human labour charges
(including family labour), machine labour charges and
irrigation charges. Among selected crops in kharif season,
per hectare variable cost was highest in maize cultivation
(Rs 22,594 per hectare) and lowest in green gram (Rs. 6,660
per hectare) in the state of Andhra Pradesh. In the Rabi
season, variable costs were higher for wheat crop as
compared to its competing crops such as Bengal gram and
rapeseed and mustard. Variable cost for producing wheat

Cotton was applied 138 Kg of fertilizer (NPK) and 14
qtl of manure per hectare as compared to 88 Kg of fertilizer
and 8 qtl of manure per hectare for red gram. The irrigation
charges and insecticides expenditure is also much higher
in the case of cotton cultivation. In Andhra Pradesh, average
farmer has to spend more money on maize cultivation in
Table 2:
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Quantity of input used per hectare for important pulse crops vs comparable crops TE 2009-10

Crops

State

Seed

Red gram
Cotton

Maharashtra
Maharashtra

17.02
1.93

Manure Human labour Animal labour Machine labour Insecticides Irrigation
charges
Qtl
Man hours
Pair hours
Rs.
Rs.
Rs.
Kharif
87.67
8.07
878.55
114.53
1508.34
798.38
154.77
137.98
14.52
843.59
80.86
987.57
877.41
629.97

Green gram
Black gram
Maize

Andhra Pradesh
Andhra Pradesh
Andhra Pradesh

19.69
36.51
21.59

38.30
5.79
210.59

2.02
0.00
15.47

Chickpea
Wheat

Madhya Pradesh
Madhya Pradesh

88.40
115.65

35.66
104.21

Lentil
Rapeseed &
Mustard

Uttar Pradesh
Uttar Pradesh

71.42
5.99

37.21
101.27

Kg

Fertilizer
NPK
Kg

227.21
177.56
644.37

24.20
6.55
49.85

806.85
1755.85
2114.26

222.28
1230.88
456.67

0.00
2.53
1025.10

0.04
0.01

239.78
315.91

18.28
22.36

2089.76
2692.26

296.31
23.23

702.27
1886.22

0.05
1.02

348.02
456.19

30.24
13.85

1842.60
2208.18

0.00
13.76

563.43
1488.28

Rabi

Source: Computed from Cost of Cultivation of Principal Crops, Commission for Agricultural Costs and Prices, Ministry of Agriculture,

comparison to green gram and black gram as fertilizer
consumption, manuring, human labour, animal labour,
machine labour, insecticides spraying and irrigation charges
are more in maize as compared to green gram/black gram.
The fertilizer consumption, human labour, animal
labour and machine labour usage is more in wheat
cultivation as compared to chickpea in Madhya Pradesh.
Wheat requires more irrigation than pulse crops. As modern
and new varieties of wheat are available, which are resistant
to pest and diseases, therefore the insecticide charges are

in Madhya Pradesh was Rs.12, 250 per hectare and for chick
pea and rapeseed and mustard it was Rs. 9,434 and
Rs.11,551 per hectare respectively. Structure of cost shows
large difference across crops. Cost of input and labour use
in wheat was much higher than chickpea; in cotton it was
much higher than red gram, black gram and green gram.
Per hectare value of output of cotton was lower than
red gram. Red gram yielded highest gross return among all
selected crops in the three years ending with 2009-10. Net
income over variable cost was also highest for the red gram
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(Rs.19,960/ha). In Maharashtra, the returns from red gram
were 1.7 times the returns from cultivation of cotton. Black
gram and maize on an average yielded net returns of around
Rs. 19,799 per hectare and Rs. 11,441 per hectare
respectively.
In Rabi season, the net income from lentil was more
than that of rapeseed and mustard in Uttar Pradesh. It is
concluded from table 3 that some pulses generate more
income than cereals, oilseeds and fiber crop in the states
like Maharashtra, Andhra Pradesh and Uttar Pradesh even
at market prices.

Pradesh. It is clear that pulses are receiving lesser subsidies
and yielding more net income (net of subsidies) as compared
to alternate crops like cereal, oilseed and fiber crops.
It is concluded that as pulses are grown mainly under
rainfed conditions and applied very low doses of fertilizers
they receive very less subsidy given for irrigation, electricity
and fertilizer. This improves their benefit in economic terms.
Environmental Benefits and Sustainable Development
Pulses are considered to be environment friendly
crops. However, published data on emissions of greenhouse

Table 3: Comparative costs and returns of different crops in India at market prices
Crops

State

Red gram
Cotton
Green gram
Black gram
Maize

Maharashtra
Maharashtra
Andhra Pradesh
Andhra Pradesh
Andhra Pradesh

Chickpea
Wheat
Lentil
Rapeseed & Mustard

Madhya Pradesh
Madhya Pradesh
Uttar Pradesh
Uttar Pradesh

Variable Cost
Kharif
18835
22242
6660
8679
22594
Rabi
9434
12250
10394
11551

Gross Returns

Net Returns over variable costs

38495
34160
17339
28478
34034

19960
11918
10679
19799
11441

22704
32281
27617
32670

13270
20031
17223
2119

Source: Computed from Cost of Cultivation of Principal Crops, Commission for Agricultural Costs and Prices, Ministry of Agriculture,
Government of India

Net Income based on Economic Prices
Net income at economic prices (i.e costing of input at
market price plus subsidy) from different crops is shown in
Table 4. Among the selected crops wheat is receiving the
highest subsidy followed by maize, rapeseed-mustard and
cotton. Wheat inputs are subsidized by Rs. 7,160 per hectare
as compared to Rs. 2,546 per hectare for chickpea. Rapeseedmustard receive subsidy to the tune of Rs 6,241 per hectare
which is more than 6 times the subsidy going into lentil
cultivation in Uttar Pradesh. In Maharashtra subsidy on
inputs in red gram is half of what it is in cotton. Net income
of red gram is two and half times more than the net return of
cotton in Maharashtra. Net return, based on economic
prices, for rapeseed-mustard is Rs. 14,878 per hectare and
for lentil cultivation it is Rs. 16,207 per hectare in Uttar
Table 4:

gases from pulses is not available in the literature. Some
ongoing studies on this aspect provide estimates of GHG
emission from pulses and competing crops like wheat, maize,
and rice. Again, these estimates are available for specific
locations and can be used only as a crude indicator. One
such estimate from ongoing study in IARI is provided in
Table 5. The same are used subsequently to place cost/
value on the emission assuming $10/tonne (Rs. 0.58/kg) of
CO2 equivalent of GHG.
Average emission of GHG from pulses is 180-240 kg/
ha. Total GHG emission CO2 equivalent from cereals is
estimated to be 320-365 for maize, 340-450 for wheat and
3500-3700 for rice.

Net Income from different crops based on economic prices of inputs (Rs/ha),

Crop
State
Kharif
Red gram
Maharashtra
Cotton
Maharashtra
Green gram
Andhra Pradesh
Black gram
Andhra Pradesh
Maize
Andhra Pradesh
Rabi
Chickpea
Madhya Pradesh
Wheat
Madhya Pradesh
Lentil
Uttar Pradesh
R & Mustard
Uttar Pradesh
Source: Computed by Authors

Subsidy

Net Income based on economic Prices

2604
5432
1438
550
6891

17056
6486
9241
19249
4550

2546
7160
1016
6241

10724
12871
16207
14878
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Table 5:

Green House Gas (CHG) emission from selected
crops based on experimental data

Crop
Pulses
Millets
Maize
Rice
Wheat
Oilseeds
Vegetables

CO2 equivalent - Kg/Ha (Warming Potential)
180-240
230-250
320-365
3500-3700
340-450
220-275
440-575

Source: GHG emission from Indian Agriculture: Trends, Mitigation
and Policy Needs, IARI, Pg.No.16

Economic Benefits of pulses through Biological
Nitrogen Fixation
Legumes differ from other food plants in having the
property of synthesizing atmospheric nitrogen into plant
nutrients. This special ability of leguminous crops to work
symbiotically with rhizobia to produce nitrogen is a very
important factor in the agriculture of developing countries,
for it makes leguminous crops, to a large extent,
independent of manures and fertilizers. The nitrogen gained
from the atmosphere finds its way into animal and human
protein and in a large measure into the soil as an agent of
enrichment, leaving the fixed nitrogen in the soil for
succeeding crops. Experiments have indicated that pulse
crops may add to the soil an equivalent of 2 to 450 kilograms
of nitrogen per hectare (Peoples et al.,1995). Since nitrogen
is commonly the most limiting element in food production
and is also a costly fertilizer, this special characteristic of
pulse crops works to the advantage of the society especially
small and marginal cultivators, who can’t afford purchase
of costly inputs. This characteristic of pulses to fix
Table 6:
S. No.
1
2
3
4
5
6
7
8

Economic contribution of Pulses through
Nitrogen fixation (Rs/ha)
Pulse crop
Pigeonpea
Cowpea
Gram/Chickpea
Cluster bean
Peas
Lentil
Moong/ Green gram
Black gram

Contribution
3705
2433
2179
4213
1671
2361
2107
4722
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atmospheric nitrogen goes a long way in checking soil
degradation due to application of nitrogen through chemical
fertilizers.
Data on biological nitrogen fixation was taken from a
latest survey by Peoples et al,. (1995). This was then
multiplied by price of nitrogen plus subsidy to arrive at
economic value of nitrogen fixation. Among selected pulses
black gram makes highest contribution in terms of nitrogen
fixation which is valued at Rs. 4,722/hectare (table 6). Cluster
bean comes next with nitrogen fixed worth Rs. 4,213. Value
of nitrogen fixed by other crops varies between Rs. 1,671 to
2,433 per hectare.
Assessment Based on Alternative Criterion
Profitability (net income) based on financial or market
prices, economic prices and natural resource valuation for
various crops are presented in Table 6. Here state-wise
comparison in all three types of net income of cultivating
pulses against competing crops is attempted. When only
financial comparison is made, cultivation of red gram in
Maharashtra gives higher net returns than cotton, over
variable costs, but wheat cultivation appears more lucrative
than cultivation of pulses in Madhya Pradesh. When
subsidy on fertilizer, irrigation and electricity is added to
the cost, or deducted from the net income, then cultivation
of black gram in Andhra Pradesh turns more advantageous
than maize cultivation. The net income in terms of economic
prices is Rs. 19,249 per hectare in black gram compared to
Rs. 4,550 per hectare for maize.
Other contributions not captured by market are (a)
value of biological nitrogen fixation in the soil and (b)
charges required to nullify the green houses gases effect.
When these benefits are added to net income based on
economic prices then we get over-all benefits of cultivation
of different crops to producers, society and natural resource
system.Net return based on economic value of nitrogen
fixation turns out to be Rs. 20,761 per hectare in red gram
compared to Rs. 6,486 in cotton. In Andhra Pradesh, margin
of net income from green gram and black gram over maize
increased by over Rs. 2,000 in green gram and by over Rs.

Source: Computed by authors

Table 7: Net income from different crops in India using various approaches of valuation
State/ Crop
Maharashtra
Red gram
Cotton
Andhra Pradesh
Green gram
Black gram
Maize
Madhya Pradesh
Chickpea
Wheat
Uttar Pradesh
Lentil
Rapeseed & Mustard

Based on market prices (1)

Based on economic prices (2)

(2)+Value of nitrogen (3)

(3)-Cost of GHG (4)

19960
11918

17056
6486

20761
6486

20639
NA

10679
19799
11441

9241
19249
4550

11348
23971
4550

11226
23849
4353

13270
20031

10724
12871

12903
12871

12781
12642

17223
2119

16207
14878

18568
14878

18446
14736
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4 thousand in black gram. In Madhya Pradesh, chickpea
turned out to be more paying compared to wheat when
benefits of nitrogen fixation are internalized. In Uttar
Pradesh, lentil increased its margin over mustard by more
than Rs. 2 thousand with value of nitrogen fixed in soil
taken into account.
Net income by reckoning cost of GHG in various
crops is given in last column of Table 6. In some cases the
net income based on NRVT turned much higher relative to
competing crops like maize. For instance, net return from
black gram increased to Rs.24 thousand per hectare and
net return from maize declined to Rs. 4.4 thousand. Similarly,
chickpea turned out to be more paying than wheat when
cost of GHG emission was accounted for.
CONCLUSION
The study shows that net income from various crops
has a significant amount of input subsidies. This puts pulses
in a poor comparison with competing crops because per
hectare subsidy on irrigation, power and fertilizer used in
pulses was much lower than their competing crops. Pulses
also enrich soil fertility through nitrogen fixation valued at
Rs. 1671 to Rs. 4722. Further, pulses generate much lower
greenhouse gases compared to their competing crops. Such
contributions were quantified in value terms using natural
resource valuation technique which shows that black gram
generates five times the net income from maize. Internalizing
benefit of nitrogen fixation and variation in GHG emission

turned chickpea is remunerative than wheat. In
Maharashtra, net income from cotton reduced to half
without input subsidies which increased advantage of red
gram over cotton. Since subsidies are direct cost to society
and fixation of atmospheric nitrogen is a benefit in the long
run to the society, such factors need to be internalized
through appropriate policies to promote cropping pattern
that is sustainable and in the long run to reduce the import
of pulses that in the interest of the society.
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ABSTRACT
To promote the improved varieties and production
technologies of lentil in rice-fallow, DAC-ICARDA-ICAR
collaborative project “Enhancing lentil Production for food
and nutritional Security and improved rural livelihood” was
implemented in Ballia and Fatehpur districts during 20102013. Farmers Participatory Varietal Selection Trials
(FPVSTs) were laid out under different farming situations
during winter seasons (2010-11, 2011-12 and 2012-13)to
empower farmers in selection of suitable varieties of
lentil.The participating farmers realized that cultivation of
suitable, compatible, disease resistant varieties was
profitable in comparison to nondescript varieties. Farmers
fetched more prices with NDL-1 from the higher yield.Sixty
percent (60%) area has been shifted in the project villages
of Ballia district with NDL-1and PL-6 varieties of lentil. A
gradual shif of farmers towards the introduced both varieties
was observed in Fatehpur district of U.P. To boost productivity
as well as sustain production of lentil under the improved
varieties, seed hubs have been created through formation of
registered farmers associations in Fatehpur and Ballia
districts under the “Uttar Pradesh Society Registration
Norms -1860” in the project implementing area. Close
linkage with National Seed Corporation, State Seed
Certification Agencies, Private dealers and local traders have
been developed for production of quality seed on large scale
at village level. National Seed Corporation procured 182.25
quintals seed from these societies during 2010-13.
Key word: FPVST(s), Impact, Registered Farmers Association,
NSC

Lentil (Lens culinaris L.) is an important winter pulse
crop of India which is grown on about 1.42 m ha and
contribute about of 1.13 m tones with an average yield
797.00 kg / ha and contributes significantly to food, feed
and sustainable farming systems. Recent estimates
suggested that approximately 11.65 million hectare area is
under rice-fallow in the country. About a quarter of the
worldwide production of lentils is from India, most of which
is consumed in the domestic market.
In India the crop is mainly cultivated in the states of
Uttar Pradesh, Madhya Pradesh, Chhattisgarh, Jharkhand,
Bihar and West Bengal which together contribute more
than 80% area and production of this crop. It is generally
grown as rainfed crop during rabi season after rice, maize,
pearl millet or kharif fallow. Lentil is also cultivated

as paira crop with rice it is an ideal pulse crop for rice fallow
situation of eastern part of thecountry.
Rice-fallows account for 0.35 million hectare area in
UP state that provide ample scope for expansion of lentil
crop. With use of quality seed of lentil farmers can increase
approximately 20% production. Lack of awareness among
farmers about improved lentil varieties and matching
production technologies and inadequate supply of seed of
appropriate varieties the participatory seed production was
initiated and community based seed production approach
was followed for a sustainable seed supply for farmers.It is
an approach of producing and distributing seed with the
involvement of farmers group. In this approach, seed
producer farmers associations were formed to multiply the
seed of farmer-preferred varieties using a cost effective
approach. The worked toward expansion of area under lentil
and also improved the productivity by way of augmenting
the supply of quality seeds and popularizing improved
package of practices.The entire seed innovation system
was addressed from initial identification of new varieties
through FPVST to commercial seed production. Farmers’
training were organised on improved production
technology of lentil.
MATERIALS AND METHODS
The study was conducted in Ballia & Fatehpur
districts of Uttar Pradesh. Project activities were carried
out during three rabi seasons (2010-11,2011-12 and 201213) in both districts.Sohown block was the project site of
the Ballia district, where lentil is grown in large scale. A
total 19 villages and 210 farmers were covered and 25 Farmers
Participatory Varietal Selection Trials (FPVSTs) conducted
in selected villages.Data were collected with the help of
personal contact and observation. Yield data of each
FPVSTs and control plots was recorded in a systematic
manner at threshing. A baseline survey was conducted
before and after of project in study villages to assess the
impact from production to marketing.
RESULTS AND DISCUSSION
Farmers Participatory Varietal Selection Trial(s)
(FPVSTs)were conducted during 2010-11 to 2012-13, where
six improved varieties of lentil viz. NDL-1, HUL-57, WBL77, IPL-81, PL-6 and Pusa Vabhav along with local variety
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were sown to provide an opportunity to farmers to compare
and select the desired varieties for their performance
(production, disease infestation and marketing value). NDL1, HUL-57 and IPL-81 varieties were timely sown whereas
PL-6, Pusa Vabhav, and WBL-77 were recommended for
late sown conditions. These varieties were evaluated by
the farmers under two farming situations in Ballia and
Fatehpur districts.

same variety acquired second &third rank in 2010-11 and
2012-13 cropping season in Fatehpur district, respectively
(Table- 2).
Impact of varietal diversification:
Under the project farmers convinced that cultivation
of new varieties (improved varieties) was longer profitable
in comparison to old, local/ unknown varieties. During three
years of project farmers Participatory Varietal Selection Trials
have been conducted at farmers field all the improved
varieties alongwith local variety in farmers field. The farmers
perceived NDL-1 and PL-6 as bold seeded whereas HUL57 and WBL-77 was small seeded. Farmers fetched better
market price with NDL-1 through the higher yield. Lentil
was grown in timely sown conditions in this area; however
there was a large scope for late sown varieties like PL-6
after harvesting of long duration paddy. Though, PL-6 could
be grown under late sown condition but the farmers did
not adopt it due to non availability of market due to its
yellowish color of cotyledons and the variety did not
fetched better price though the yield was good. So PL-6
variety was not approved by farmers in this area.

The overall farmers perceived that amongst varieties
NDL-1 was most promising under normal sown condition
in Ballia & Fatehpur district whereas PL-6 performed better
under late sown condition in Ballia and HUL – 57 in Fatehpur
district after harvesting of late paddy.
Year wise ranking of improved varieties
The NDL-1 variety introduced during 2010-11
occupied first rank during first cropping season (2010-11)
and last year (2012-13) of the project in Ballia and Fatehpur
whereas PL-6 variety introduced in 2012 occupied first rank
in second year of the project under late condition in Ballia.
However, farmers found HUL-57 is the second best suited
variety in their farming situation acquired Second rank
in 2010-11 and 2012-13 cropping season in Ballia whereas

Table:1 Performance of Improved varieties of lentil against local check under FPVST(s) in Ballia District
Variety

NDL-1
PL-6
HUL-57
WBL-77
IPL-81
Local

2010-11
10.50
08.20
08.50
5.50

Normal condition
Average Yield (q/ha)
2011-12
15.05
16.14
13.55
14.70
10.65

2012-13
16.30
14.38
14.88
12.50

2010-11
9.15
7.60
8.55
4.90

Late condition
Average Yield (q/ha)
2011-12
13.29
15.98
12.65
11.32
8.70

2012-13
13.93
14.28
13.05
11.30

Table: 2 Performance of Improved varieties of lentil in comparison to local check under FPVST(s) in Fatehpur District
Variety

NDL-1
DPL-62
PL-6
HUL-57
WBL-77
IPL-81
Local

2010-11
16.25
14.00
11.70
09.00

Normal condition
Average Yield (q/ha)
2011-12
16.15
15.65
15.45
12.70
11.55

2012-13
15.05
14.30
13.10
13.12
11.20

2010-11
11.65
10.23
8.35
7.31

Late condition
Average Yield (q/ha)
2011-12
13.62
12.24
11.89
10.11
8.57

2012-13
12.35
11.83
11.15
10.13
10.45

Table: 2 Year-wise ranking of varieties preferred by the farmers
Name of variety

NDL-1
HUL-57
WBL-77
IPL-81
PL-6
DPL-62
Pusa Vabhav
Local/ unknown

Year wise rank
2010-11
1
2
3
4

Ballia district
2011-12
2
4
3
5
1
6

2012-13
1
2
4
5
3
*
6

2010-11
1
2
3
4

Fatehpur district
2011-12
3
4
2
1
5

2012-13
1
3
4
2
5

A : Availability of seeds of farmers preferred variety (s) of lentil at village level and its impact

Table 3:
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Change in area under different varieties and their preferred characters by the farmers.

Variety

Area (%)
Pre implementation
20.68
79.12

NDL-1
HUL-57
WBL-77
IPL-81
PL-6
PusaVabhav
Local/ Unknown

Status
Post implementation
32.10
13.05
8.43
2.20
4.82
36.03

The findings of the survey conducted before and
after of the project (2010-11 to 2012-13) indicated that the
area of local/unknown variety declined. After
implementation of project the area of improved varieties
specially NDL-1 32.10 % and HUL-57 13.05% increased by
32.10% and 13.05%, respectively except PL-6 variety of lentil
due to unavailability of market for particular variety. The
newly introduced variety Pusa Vabhav was expected to
occupy more area in next coming season as reported by the
farmers.
Economic of farmers participatory varietal selection
trials
Table 4a and 4b showed that the average cost of
cultivation of farmers preferred improved variety was Rs.
14095.33 per hectare while the cost of local variety Rs.
12976.67per hectare in Ballia district whereas Rs. 14676.67
for improved variety (s)and 13393.33 for cost of local variety
in Fatehpur district. The average net return from improved
varieties was Rs. 37320.33 whereas farmers fetched Rs.
19811.67 from local variety. Thus the net return from
improved varieties was higher than local variety. The benefit
cost ratio was found to variety from 2.76 to 3.54 for improved
variety and 1.59 to 2.61 for local variety in Ballia whereas
2.36 to 3.91 for improved variety and 1.64 to 2.26 for local
variety in Fatehpur district.

Increase
Increase
Increase
Increase
Increase
Decline

Preferred character by the farmers
Large seeded, good yield
Small seeded, good yield
Small Seeded
Small seeded
large seeded, yellowish seed, late sown
Iron Rich, small seeded
-

Production and disposal pattern of produce by the
growers
Farmers produced 1320.47 qt of quality seeds of lentil
through formal and informal seed system in adopted villages
of districts (817.47 in Ballia & 503.00 qt in Fatehpur) during
2010-13. Farmers established close linkage between ICAR
Scientists/KVKs, U.P. Seed Certification Agency and
National Seed Corporation (NSC). NSC procured 182.25 qt
quality Seed through Registered Farmers Associations
during 2010-13. It was observed that after completion of
project (2013), 50 percent area in lentil growing villages in
and around project villages comes under quality seeds of
preferred variety (s).The project also emphasized greater
participation of farmer’s and involvement of private sectors
in research and extension services.
CONCLUSION
The organization of Farmers Participatory Varietal
Selection Trial(s) provided platform to all stakeholders
especially farmers to select suitable variety (s) of lentil based
on different preferred traits such as drought resistant,
disease resistant, less water requirement, less insect
incidence, more productivity, good market price etc in both
districts. Farmers got exposure about performance of other
recommended practices like seed treatment, spacing,
improved varieties, balanced use of fertilizer, intercultural
and plant protection measures.

Table: 4 (A) Economics of improved varieties of lentil against farmer’s varieties in Ballia district
Year

Cost of cultivation (Rs/ha)

Net return (Rs/ha)

Gross income (Rs/ha)

B:C ratio

Improved

local

Improved

local

Improved

local

Improved

local

2010-11
2011-12
2012-13

11790.00
15040.00
15456.00

11000.00
14110.00
13820.00

20710.00
36608.00
54643.00

6500.00
16775.00
36160.00

32500.00
51648.00
70090.00

17500.00
30885.00
50000.00

2.76
2.43
3.54

1.59
1.19
2.61

Average

14095.33

12976.67

37320.33

19811.67

51412.67

32795.00

2.91

1.79

Table: 4 (B) Economics of improved varieties of lentil against farmer’s varieties in Fatehpur district.
Year
2010-11
2011-12
2012-13
Average

Cost of cultivation (Rs/ha)
Improved
local
12730.00
11980.00
15430.00
13990.00
15870.00
14210.00
14676.67
13393.33

Net return (Rs/ha)
Improved
local
37020.00
15270.00
36370.00
22950.00
54779.00
32150.00
42723.00
23456.67

Gross income (Rs/ha)
Improved
local
49750.00
28000.00
51800.00
36960.00
70649.00
46360.00
57399.67
37106.67

B:C ratio
Improved
local
3.91
2.20
2.36
1.64
3.45
2.26
3.24
2.03
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Table:5

Year

2010-11
2011-12
2012-13
Total
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Year wise Production and disposal pattern of lentil
produced
Ballia
Total
production
(q)
136.00
393.47
288.00
817.47

Procurement Quality Kept as
by NSC
seed for next
(q)
year
88.00
248.35
66.75
149.95
66.75
486.30

Quantity
sold in
Market
37.5
145.12
70.81
253.43

Fatehpur
Year

2010-11
2011-12
2012-13
Total

Total
Procurement Quality Kept Quantity
production (q) by NSC (q)
as seed for
sold in
next year
Market
148.00
74.00
72.00
175.90
60.60
87.40
27.90
179.10
54.90
88.15
35.96
503.00
115.50
249.55
135.86

Farmers were actively involved in production
cleaning, grading, packaging and marketing of seeds of
preferred variety (s) through Registered Farmers
Association (s) in both districts. Sufficiency of seeds of

preferred variety(s) at village level was be ensured through
organization of FPVSTs and formation of registered farmers
associations.
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ABSTRACT

MATERIALS AND METHODS

Several technologies have been transferred through various
projects by using different approaches and methodologies to
the farmers of different districts and states. Keeping the
above facts in mind, this study was conducted in Kanpur
dehat district where ISOPOM project was implemented. The
data were analyzed for logical conclusion by using suitable
statistical tools. It is revealed from the data that area under
pulses has increased especially pigeonpea and chickpea. The
farmers have adopted the cluster approach for seed
production. The farmers have adopted the pulse production
as enterprise. It was observed that majority of farmers (64%)
have developed personality traits like confidence, leadership
quality, communication skill and convincing ability.
Technologies also percolated to the other farmers of villages
through society. The farmers sell their produce at NSC
andU.P. Beej Nigam by collecting the produce under society.
The society has been formed by the farmers under the
ISOPOM project with help of IIPR. Overall production and
productivity have improved under this project. Non - adopted
farmers of other villages were also aspired by seeing the
profit to join the cooperative society.

The present study was conducted in Kanpur Dehat
district of Uttar Pradesh where Integrated Scheme of
Oilseeds, Pulses, Oil palm & Maize (ISOPOM) project was
implemented. Two blocks, one as adopted block Akbarpur
under ISOPOM project and another block Derapur as nonadopted selected for the study. The data were collected
from three villages Badhapur, Kuitkhera and Sariyapara of
Kanpur Dehat district by using interview, observation and
discussion methods from 50 farmers adopted under the
ISOPM project. The data were also collected from 50 farmers
of three non adopted villages. Data were collected to find
out the impact of this project on farmer’s income from both
adopted villages and from non-adopted villages. The expost facto research design and purposive random sampling
was used for selection of farmers. Data so collected were
tabulated and analysed by using appropriate statistical
techniques of frequency, percentage, paired test and
students test for logical conclusion. The paired‘t’ test and
student‘t’ test were applied to calculate the income of
adopted and non-adopted farmers. Formulas are given as
under:

Key words: Impact analysis, ISOPOM, IIPR Technologies

Uttar Pradesh is one of the leading state in the area
of pulses producing around 24.34 lakh tonnes with
productivity of 1030 kg/ha in an area of 23.64 lakh hectare
during 2012-13. It shows that the state is having great
potential to be tapped. Generally, economy of farmers of
rainfed area is depending on pulse production still using
old and local seed which gives poor yield. Quality seed
availability is one of the major problems. So many agencies
are working for enhancing the pulse production but there
are no satisfactory results. Farmers require need based
affordable technology in time. In some area adoption of
pulse production technologies is very poor due to certain
bio-physical and socio-economic constraints. Area under
pulses is shrinking and productivity has almost become
stagnant in India. Keeping in view of the above facts, central
government sponsored the Integrated Scheme of Oilseeds,
Pulses, Oil palm and Maize (ISOPOM) to implement it in
participatory mode in 2004 to provide the quality seed and
inputs for enhancing the pulse production and productivity.
Project also emphasised to produce the seed through
participatory approach in collaboration of NSC and other
agencies. Keeping in view, the study was conducted to
analyse the impact of the project in the Kanpur Dehat in
respect of consumption pattern, technological impact, seed
production, productivity, reasons for continuing the
technologies under project.

Paired “t” test
The paired t test provides an hypothesis test of the
difference between population means for a pair of random
samples whose differences are approximately normally
distributed.
The test statistics is calculated as:

Where d bar is the mean difference, s² is the sample
variance, n is the sample size and t is a Student t quantile
with n-1 degrees of freedom.
Student’s T test
In testing the null hypothesis that the population
mean is equal to a specified value ì0, one uses the student’s
“t” test statistics

Where the sample mean, s is the sample standard
deviation of the sample and n is the sample size. The
degrees of freedom used in this test are n ” 1.

346

Table 1:
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Participatory seed production (formal as well as
informal) of Pigeonpea (NA-1) in Kanpur Dehat

Particulars
No. of villages
No. of farmers
Area (ha)
Production (t)
Procurement by NSC (t)
Diffused as seed in neighbouring villages and districts
Quantity sold as grain in market (t)
Kept for own use
Kept for next year distribution

Table 2:

2007-2010
10
297
71.27
57.36
14.81
9.80
13.65
9.20
9.90

Participatory seed production (formal as well as
informal) of chickpea in Kanpur Dehat

Particulars
No. of villages
No. of farmers
Area (ha)
Production (t)
Procurement by NSC (t)
Quantity sold in market as a seed (t)
Quantity sold as grain in market (t)
Kept for own use (t)
Kept for next year distribution (t)

2007-2010
17
326
80.83
118.43
66.78
3.35
25.35
11.15
11.80

Consumption pattern: Pigeonpea was used as dal
by all the farmers before the project implementation, whereas
after the implementation all the farmers started seed
production of pigeonpea as well as dal consumption.
Chickpea was used as dal, besan, fried and boiled before
project implementation whereas after implementation of the
project all the farmers started seed production under the
supervision of IIPR scientist. It can be concluded that
ISOPOM has motivated the farmer for seed production as
enterprise for higher income.
Technological impact on crop in adopted and non
adopted villages: Table 3 revealed that all the farmers have
informed that yield and productivity has gone up with less
disease problem. It was also informed by the adopted
farmers that most of the variety of pulses were resistant,
having less duration and good fertilizer response (80%).
Further table indicated that non adopted farmer have
informed that yield and productivity was almost
stagnanted. More disease incidence problem was perceived
by the farmers with more duration of crop. The results have
indicated that ISOPOM project has good impact on increase

Table 3: Technological impact on crop in adopted and non adopted villages
Variables
Increase in yield
Increase in productivity
Less weed infestation
Less disease problem
Less insect problem
More drought resistant
Duration
Fertilizer response

Adopted villages
Frequency
Percentage
50
100.00
50
100.00
12
24.00
50
100.00
10
20.00
25
50.00
40
80.00
40
80.00

RESULTS AND DISCUSSION
The results of the present study as well as relevant
discussion have been summarized under following heads.
Socio economic profile of adopted farmers: Majority
of farmer (64%) belonged to middle age category followed
by old (29%) and young (12%) category farmers. The
majority of farmers were educated upto class X having
medium family size (50%) living in joint family (60%), having
large land holding (60%) with 100% ownership. The major
crops grown were wheat, rice, pigeonpea (100%), urdbean
(64%), mungbean (50%), chickpea (100), lentil (40%), and
field pea (34%). The social participation was found medium
(72%) with high extension & mass media contact. So it can
be said that socio-economic parameters play an important
role in adoption of improved management practices. The
non adopted farmers belonged to old age (54%) with 5th
class education belonged to medium category (46%) family
size in joint family. Majority of farmers (60%) have small
land holding with 100% ownership. The major crops grown
are same as mentioned in adopted category of farmers.
Extension contact and mass media were found low and
social participation found medium.

Non adopted villages
Frequency
Percentage
12
24.00
11
22.00
08
16.00
12
24.00
05
10.00
07
14.00
30
60.00
20
40.00

of yield and productivity and encourages farmers to
continue with the same improved technologies.
Impact of project on seed production and distribution:
It is mentioned in table 4- that before implementation of
project majority of farmers were price insecure and selling
their produce at below the minimum support price (MSP)
rate. Majority of farmers (76%) were selling their produce
in local market. They were not having knowledge about
other marketing agencies, whereas, after implementation of
ISOPAM project 40% farmers were selling their produce
above the MSP and almost all the farmer were selling their
produce at MSP price. There was 100% price security due
to development of network with Indian Institute of Pulses
Research (IIPR), National seed corporation (NSC) and Beej
Nigam. All the farmers were selling their produce at NSC.
Impact assessment before and after project: Data
mentioned in table-5 indicated that 80% farmers were using
recommended rate of seed after implementation of project,
as before the project, farmer (48%) were using below the
recommended rate. The majority of farmers (76%) were using
own seed but after implementation of project, IIPR seed of
pulses was used by majority of farmers. It is also shocking

Kumar et al., : Impact of transfer of technology project (ISOPOM) implemented by IIPR

to note that all the farmers were using broadcasting method
of sowing the seed before the project, but after
implementation of project 48% farmers were sowing their
seed in line. Table 4 indicated that all the farmers were using
FYM, Urea, DAP and sulphur after implementation of this
project, whereas, before the project, the use of fertilizer
was negligible. It is seen from the table 4 that there is drastic
reduction in hand weeding and sharp increase in chemical
weeding by all the formers. Thinning of unwanted plants
was not done before project but after implementation of
project all the farmers were doing thinning of unwanted
plants for seed production. All the farmers were controlling
insect pest through chemical method after implementation
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where as earlier farmers were not doing these practices. It
is also mentioned in table-4 that all the farmers were doing
harvesting, threshing and storage in traditional manner
even after implementation of project.
Economic impact analysis of IIPR technologies: Table
5 shows the average income across adopted (before and
after adoption of IIPR technologies) and non-adopted
villages. The average income in adopted farmers was about
Rs. 77,542 before the adoption of village which increased
to Rs.1,63,330 after the project implementation. This shows
rise in income of the farmers because of project implemented
by IIPR.

Table 4: Impact of project on seed production and distribution
Variables
Price

Selling of produce

Above MSP
Below MSP
MSP
Price security
Local Market
IIPR
NSC
Beej Nigam
Any other (with in village and neighbouring villages)

Before project
Frequency
Percentage
0
0.00
40
80.00
10
20.00
05
10.00
38
76.00
00
0.00
00
0.00
00
0.00
12
24.00

After project
Frequency
Percentage
20
40.00
10
20.00
50
100.00
50
100
0
0.0
0
0.00
50
100.00
0
0.00
10
20.00

Table 5: Impact assessment before and after the project
Variables
Seed rate

Sources of seed

Sowing
Manure & Fertilizers

Weeding

Thinning of unwanted plants
Insect control

Disease management

Harvesting
Threshing
Storage of produce
Rhizobium

Category
>recommended rate
recommended rate ()
< recommended rate
Own/home
IIPR
NSC
Beej nigam
Any other
Broadcasting
Line
FYM
Urea
DAP
Sulphur
Hand weeding
Chemical
Machine
Not doing
Doing
Hand
Chemical
Not managed
Hand
Chemical
Not managed
Local
Mechanical
Local
Mechanical
Local
Storage bin

Before project
Frequency
Percentage
11
22.00
15
30.00
24
48.00
38
76.00
00
00.00
10
20.00
10
20.00
00
0.00
50
100.00
00
0.00
00
0.00
08
16.00
03
06.00
00
0.00
38
76.00
12
24.00
00
0.00
50
100.00
00
0.00
00
0.00
08
16.00
42
84.00
00
0.00
00
0.00
00
0.00
50
100.00
0
0.00
50
100.00
0
0.00
40
80.00
10
20.00
10
20.00

After project
Frequency
Percentage
08
16.00
40
80.00
02
04.00
00
0.00
38
76.00
10
20.00
02
04.00
00
0.00
02
04.00
48
98.00
37
74.00
50
100.00
50
100.00
40
80.00
30
60.00
50
100.00
00
0.00
00
0.00
50
100.00
00
0.00
50
100.00
00
0.00
00
0.00
50
100.00
00
0.00
50
100.00
00
0.00
50
100.00
00
0.00
05
10.00
45
90.00
50
100.00
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Comparison of income in adopted and nonadopted farmers
Adopted

Mean (Rs. Per annum)
Standard deviation

Table 6:

Before
adoption
77,542
20687

After adoption

Non
Adopted

1,63,330
15009

72,402
13117

Reasons for continuing the technology introduced
under the ISOPOM projec: Data presented in table7indicated that adopted farmers were continuing the
technologies because they were getting high profit,
sustainable production, timely seed and other inputs.
Training, exposure at ICRISAT, proper guidance, frequent

Student’s and paired “T” test for changes in farmers ‘income level

Mean Difference
Df (degree of freedom)
T value
Sig.(2 tailed)

Student’s T test between after
Paired t test between before and Student’s T test between before
adoption and non adopted
after adoption farmers
adoption farmers and non adopted
farmers
farmers
85785
5140
90925
99
98
98
3.092
1.149
3.305
.004**
.255
.003**

Table 7: Reasons for continuing the technology introduced under the ISOPOM project
Variables
High profit
Sustainability
Timely seed and other input availability
Training & Exposure visit at ICRISAT
Guidance
Frequent visit of IIPR team
Linkages with IIPR
Helping in the collaborating with other agencies like NSC, trai beej nigam

Comparison by using Student’s and paired “T” test for
changes in farmers ‘income level
To statistically compare the impact of project on
farmers’ income, paired and student’s “t” test was employed.
The results are presented in table 6. Student’s t test analysis
for adopted farmers and non-adopted farmers showed nonsignificance difference (0.255) in average income. This result
enforces the fact that sampling was random and there was
no bias in sampling as the difference in income level of
farmers across adopted and non-adopted villages was not
significant. Paired t test between before and after adoption
of village showed that there was significant difference in
income levels of the farmers as the t value was 3.09 which
was highly significant which shows that there was
significant impact of the IIPR technologies on the average
increase in income of the farmers. Also the significant t test
(t value 3.305) between the after adoption and non adopted
farmers shows that the average effect of IIPR technologies
is also significant from the farmers where there was no
adoption of those technologies. Overall in a nut shell, it
signifies that IIPR technologies has valid effect in increase
in the income of farmers.

Frequency
50
35
50
10
38
45
32
50

Percentage
100.00
70.00
100.00
20.00
76.00
90.00
64.00
100.00

visit of IIPR scientist and providing help in collaborating
with other agencies like NSC and Beej Nigam. It showed
that project has played a vital role in convincing of other
farmers of the area by showing the impact of technologies.
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ABSTRACT
In lentil, the timings of flowering have important role in
development of suitable plant types including early maturing
cultivars that may adapt better under changing
environmental conditions. Therefore continuous efforts are
being made by lentil breeders for identification of diverse
source germplasm lines for broadening the genetic base. In
present study, a genotype ILWLS 118 was identified for early
flowering from a wild accession, ILWL 118 is L. orientalis
genotype.
The
morphological
and
molecular
characterization has also revealed its distinctness from
parental populations and hence it is useful donor for lentil
breeding program.
Key words: Early flowering, molecular characterization, wild texa,
lentil

Lentil is cool season crop, which is mostly grown
under residual soil moisture conditions. Therefore, it
invariably encounters terminal moisture and heat stresses.
As a result, it leads to forced maturity and lower yield.
Possibilities of force maturity can further increase in coming
years by rising global temperature due to climate change
and also due to delay sowing after late harvesting of rice.
Consequently, in India, about 11.7 million ha of rice area
currently remains fallow due to late harvesting of rice. These
situations leave a window of 100-110 days for growing lentil

in several countries including India. Therefore, it would be
required to develop early maturing cultivars fitting well
within this time gap expressing highest yield potential for
fulfilling the demand of growing population. These early
cultivars will not only increase the lentil cultivation in rice
fallow areas but will also escape/avoid force maturity that
can become more serious in coming years due to global
warming. Thus in lentil the timings of flowering can have
important role in development of suitable plant types
including early maturing cultivars that are able to adapt
under changing environmental conditions. Therefore lentil
breeders are continuously making efforts towards the
identification of diverse source germplasm lines to broaden
the genetic base.
This investigation included a set 70 accessions of
six wild species (L. orientalis: 37; L. odemensis: 4;
L. nigricans: 8; L ervoides: 18; L. lamottei:2 and
L. tomentosus:1), which were grown in pots during 2011-12
at Indian Institute of Pulses Research, Kanpur on 21st
October, 2011. One plant among the 6 plants of an accession
ILWL-118 (belonging to wild species Lens orientalis)
flowered within 30 days and podded in 37 days and matured
in 62 days. Few seeds of this plant were again grown after
harvesting on December 28, 2011 in same season for
validating the flowering time under late sown conditions.
The data was recorded on morphological traits including

Table 1. Morphological and molecular characterization of early genotype
Traits Sowing Date
Flower initiation (days)
Pod initiation
Days to maturity
Pods/plant

Seed morphology and
molecular characterization

Ist Sowing ( Oct 21, 2011)
Parent ILWL-118
Selection IPLWS-118
98
30
105
37
182
62
60-90
12

IInd Sowing (Dec 28, 2011)
Parent ILWL-118 Selection IPLWS-118
No Flowering
46
52
80
200
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days to flower initiation, days to maturity and pods/plant.
Further this early flowering genotype ILWLS 118 along
with individual plants of parental line ILWL 118 (wild
accession of L. orietntalis) has been characterized by two
SSR markers. Earlier reported information on primer
sequences and PCR conditions was used for amplification
of these two SSR markers (1). A wide range of variability
(40 to 115 days) was observed for days to flowering among
the accessions of wild species. However, none of
accessions of cross compatible species (L. orientalis) had
early flowering. Earlier introduced early exotic line Precoz
also flowered in 78 days. However, a single plant identified
among the plants of wild accession (ILWL 118 belonging
to L.orientalis) flowered in 30 days and matured in 60 days
under normal sown conditions. Under late sown conditions,
plant belonging to ILWL 118 did not flower, while identified
early flowering plant flowered in 46 days and matured in 80
days. Twelve pods were harvested initially under normal
sowing conditions while 198 pods were harvested from
late sown plant (Table 1). Two SSR markers (ALD 21 and
ALD 22) have differentiated these two genotypes.
Interestingly, heterogeneity was observed for seed coat
color among the seeds of ILWL 118. This heterogeneity
was also identified at molecular level as individual plant
progenies of ILWL 118 showed polymorphism (Table 1).

The available south Asian lentil germplasm has very
narrow genetic base for agromphological and phenological
characters (Erskine et al., 1989, 1998). The molecular
diversity analysis also has shown higher genomic similarity
among Indian germplasm (Datta et al., 2011). Therefore it is
essentially required to broaden genetic base of south Asian
lentil (indigenous pilosae) by crossing it with diverse
genetic resources. Therefore identified early flowering
genotypes from wild species would be useful for widening
the genetic base of cultivated gene pool and also for
developing the early maturing cultivars in lentil.
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ABSTRACT
The experiment was conducted using three cultivars of
groundnut viz., TG-26, TAG-24 and SB-XI sprayed with five
concentrations of Maleic hydrazide viz., 250, 500, 750, 1000
and 1250 ppm along with control at two stages of crop growth
viz., 60 and 90 DAS. The seed quality parameters recorded
at 0 and 65 days after harvesting included seed mycoflora
(%), 100 kernel weight (g), shelling percentage, oil content
(%), protein content (%), seed viability (%) and sound mature
kernel (% ) against various concentrations of maleic
hydrazide. Change in the concentration of maleic hydrazide
application did not show any significant adverse or beneficial
effect on the seed quality and does not cause a detrimental
effect, as there was no loss of seed viability. The results
showed that use of maleic hydrazide for the purpose of
dormancy induction is not much harmful to seed quality.
Key words: Dormancy, Groundnut, Seed Quality, Maleic
Hydrazide, Viability

Groundnut seeds contain high quality edible oil (50
%), easily digestible protein (25 %) and carbohydrates (20
%) (Weiss, 1983). The kernels of Spanish and Valencia bunch
types are usually non-dormant, whereas those of Virginia
bunch and runner varieties are dormant (Rao, 1976). The
non-dormant character in Spanish and Valencia bunch type
is undesirable for groundnut cultivation in summer season
where at harvest stage of the crop rains are invariably
received and cause heavy losses of produce by way of
sprouting of pods in the field. It is more problematic in soil
areas where moisture retention capacity is high. A loss of
20-50 per cent in bunch groundnut pod yield has been
reported due to in situ germination (Nagarjun and Radder,
1983a). In the Spanish bunch type, cultivars possessing 34 weeks dormancy will be able to save the field losses due
to in situ sprouting when the mature crop is caught in
untimely rains. Thus the non-dormant nature of bunch
groundnuts, besides reducing the yield, also deteriorates
seed and oil quality. Seed availability is also reduced
because of field sprouting. The search for non-conventional
methods of inducing dormancy in bunch types to save the
produce and to retain the seed quality against the field
sprouting are of greater importance. There are some
chemicals which are capable of altering the seed dormancy,
among those, treatment with foliar application of maleic
hydrazide at different stages of crop growth. The key idea

in the use of growth regulators is to control some aspects
of growth, regulate the balance between source and sink,
which results in the higher yield of desired product. The
information on the choice of proper concentrations of MH
and its time of application on the locally available
groundnuts is lacking. Keeping this in view an attempt has
been made to study the feasibility of inducing dormancy
with various concentrations of maleic hydrazide in
groundnut cultivars viz., TG-26, TAG-24 and SB-XI, the
present investigation was undertaken.
The present investigation was conducted during
summer-2011, at Seed Technology Research Unit Farm,
Department of Agricultural Botany, Mahatma Phule Krishi
Vidyapeeth, Rahuri, situated between 19°47’ and 19°57’
north latitude and between 74°82’ and 74°19’ east longitude
and at about 525 meters above the mean sea level. This
tract is on the eastern side of the Western Ghats which falls
under rain shadow area. Climatically, this area falls in semiarid, subtropical zone with an annual rainfall varying from
307 to 619 mm with an average of 525 mm which is generally
received through south-west monsoon.
Pure seeds of all these varieties viz., TG-26 [(TGS-2 ×
TAG-1); Spanish bunch, semi-dwarf, high harvest index],
TAG-24 [(TG-18A × M-13) × TAG-1; Spanish bunch, semidwarf, high yielding] and SB-XI [(Ah-4218 × Ah-4354);
Spanish bunch, kharif and summer base, early] were
obtained from the Groundnut Breeders, Groundnut Research
Scheme, MPKV, Rahuri (Maharashtra). The seeds were hand
dibbled at 30 x 10 cm with one seed per hill for all varieties.
A separate experiment was laid out in a Factorial Randomized
Block Design with three replications. The gross plot size
was 4.00 x 3.00 m2, while the net plot size was 3.8 x 2.4 m2.
The row to row spacing was 30 cm, while plant to plant
spacing was 10 cm. Farm yard manure @ 10 tonnes per
hectare was uniformly spread in the field before harrowing.
The fertilizers in the form of urea, single super phosphate
were applied @ 25:50:00 kg ha-1, respectively and gypsum
was applied @ 250 kg ha-1 at the time of sowing. 100 %
maleic hydrazide in the form of powder was used for the
foliar spray. Initially 15000 ppm of MH spray solution was
prepared by adding 33.75 g of MH powder in 2.25 liter of
distilled water. Then mixture was solubilized by using KOH
pellets with the help of magnetic stirrer. The spray solution
of 150, 300, 450, 600 and 750 ml for 250, 500, 750, 1000 and
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1250 ppm respectively was taken, and then the volume was
made up to 9 liters. The spray mixture was applied @ 500
liters per ha so as to wet the completely foliage. Care was
taken while spraying to prevent the carryover of the drift of
solution to the adjoining plots. Maleic hydrazide was
sprayed at two stages of crop growth i.e. 60 DAS and 90
DAS with five concentrations viz., 250, 500, 750, 1000 and
1250 ppm and absolute control were given.
Shelling percentage
The observation on shelling percentage was taken
at 0 and 65 DAH. Two hundred fifty grams of cleaned and
completely dried pods were weighed from each treatment
in three replications and shelled. Weight of the kernels was
recorded and the shelling percentage was worked out by
using the following formula.

Shelling percentage =

Weight of kernel
Weight of the pods

×

100

Oil content (%)
The oil content (%) was determined by Near Infrared
Transmittance (NIT) instrument. The oil content was then
expressed in percentage by weight.
Protein content (%)
The nitrogen percentage in the seed was estimated
by modified Kjeldhal’s method (Jackson, 1967). The protein
in the seeds was calculated by multiplying the nitrogen per
cent with a factor 5.46 (Tai and Young, 1974).
Tetrazolium test (TZ test)
Viability of groundnut seeds was determined at 0
DAH by Tetrazolium test as described by Lakon, 1949.
Sound mature kernel (%)
The observation on sound mature kernel (%) was
taken at 65 DAH. The groundnut kernels were drawn
randomly and weighed about 250 g in three replications in
each treatment. The fully matured, uniform sized seeds were
separated by discarding undersized, broken, immature and
shriveled seeds with the use of purity test board. The
sound mature kernel percentage was worked out by using
the following formula.

Mature dry kernel
Sound mature kernel
=
× 100
percentage
Total weight of kernel
The data on laboratory determination were analyzed
by using FCRD method as described by Snedecor and
Cochran (1967).

Shelling percentage: From the data (Table 1), it is
seen that there was no significant difference in shelling
percentage of groundnut cultivars due to the various
concentrations of MH sprayed. However, numerically higher
shelling (80.64 and 69.63 %) was recorded due to spraying
of MH @1000ppm at 0 and 65 DAH, respectively,
irrespective of cultivars however, cultivars differed
significantly in respect of shelling percentage irrespective
of MH concentrations. The genotype TAG-24 recorded
significantly the highest shelling percentage of 82.24 %
and 70.55 % followed by the genotype TG-26 80.38 % and
69.31 %. The genotype SB-XI recorded significantly the
lowest shelling percentage of 78.76 % and 68.74 % at 0 and
65 DAH, respectively, irrespective of concentrations. But
there was no significant difference (Table 2) on shelling
percentage of bunchy groundnut due to the interaction
between groundnut cultivars and various concentrations
of MH sprayed. However, numerically higher shelling per
cent of 82.64% and 70.90% was recorded due to the
interaction between genotype TAG-24 and the MH
sprayed@1000ppm at 0 and 65 DAH, respectively in
comparison to other cultivars and concentrations of MH
sprayed. The difference in shelling percentage among the
cultivars is due to their genetic makeup. The shelling
percentage as influenced by various concentrations of MH
sprayed was non-significant. Non-significant effect on
shelling percentage might be due to unaffected yield
contributing characters due to MH spray. The present
results obtained are not in accordance with the results
reported by Gupta et al. (1985) who observed reduction in
shelling percentage due to MH spray.
Oil content (%): There was no significant difference
in oil content of groundnut seed due to the various
concentrations of MH sprayed. However, numerically higher
oil content of 43.96 and 48.12 per cent was recorded due to
spraying of MH @ 1000 ppm at 0 and 65 DAH, respectively,
irrespective of cultivars (Table 1). From the data (Table 3), it
is seen that there was no significant difference in oil content
of bunchy groundnut seeds due to the interaction between
groundnut cultivars and various concentrations of MH
sprayed. However, numerically higher oil content of 45.47
and 49.23 per cent was recorded due to the interaction
between the genotype TAG-24 sprayed and MH @ 1000
ppm as compared to other cultivars and concentrations of
MH sprayed, respectively at 0 and 65 DAH. The oil content
as influenced by different treatments revealed that, the
cultivars differed significantly in respect of oil content. The
genotype TAG-24 recorded the highest (45.12 and 48.93 %)
oil content, followed by the genotype SB-XI (44.00 and
47.73 %) and TG-26 (43.35 and 46.09 %) at 0 and 65 DAH,
respectively. The difference in oil content among the
cultivars might be due to their genetic makeup. The slight
increase in the oil content due to MH spray might be due to
the greater availability and translocation of mineral
elements, especially sulfur which was directly involved in
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biosynthesis of oil (Nagarjun and Rudder, 1983 and
Suryanarayana et al., 1976) who also found increased oil
content due to the foliar spray of MH.
Protein content (%): There was no significant
difference in protein content of bunchy groundnut seeds
due to the interaction between groundnut cultivars and
various concentrations of MH sprayed (Table 4). However,
numerically higher protein content of 26.03 and 25.66 per
cent was recorded due to the interaction between the
genotype TAG-24 sprayed with water at 0 and 65 DAH, as
compared to other cultivars and concentrations of MH
sprayed. The protein content as influenced by different
treatments revealed that, the cultivars differed significantly
in respect of protein content (Table 1). The genotype TAG24 recorded significantly the highest (25.36 and 25.58 %)
protein content, followed by the genotype TG-26 (24.46
and 24.53 %) and SB-XI (23.87 and 24.08 %) at 0 and 65
DAH, respectively. There was slight reduction in the
protein content due to MH application at different
concentrations. The present results obtained are in
accordance with the results of Nagarjun and Rudder (1983a)
who also did not find greater reduction in protein content
in Spanish improved peanut due to foliar spray of MH and
Paterson et al. (1952) who did not observe any change in
the nitrogen content of potato tubers due to foliar spray of
MH to the crop, as there is no degradation of protein with
the MH application. However, Karivartharaju and Rao
(1972) reported increase in protein content.
Table 1.

Control
250 ppm
500 ppm
750 ppm
1000 ppm
1250 ppm
SE+
CD at 5%
V1 - TG-26
V2 – TAG24

SE+
CD at 5%

Tetrazolium test: There was no significant difference
in groundnut cultivars and seed viability as tested by TZ
test due to the various concentrations of MH (Table 1).
However, numerically higher (93.89 %) seed viability was
recorded due to spraying of MH @ 1000 ppm. From the
data (Table 4), it is seen that there was no significant
difference in groundnut seed viability as tested by TZ test
due to the interaction between groundnut cultivars and
various concentrations of MH sprayed. However,
numerically higher seed viability (94.67 %) was recorded
due to interaction between the genotype TG-26 sprayed
with MH @ 1000 ppm as compared to other cultivars and
concentrations of MH sprayed. The present results of the
study indicated that the viability of seed from foliar spray
of MH at concentrations ranging from 250 ppm to 1250
ppm successfully induced the dormancy in the cultivars
which is shown by viability test indicating that, there was
viability; however germination was inhibited due to MH
spray. Hence, it can be stated that the MH is safe to induce
dormancy in groundnut. Maleic hydrazide is known to act
as respiration inhibitor (Paterson et al., 1952). Loss of
viability occurs due to an irreversible physiological and
biochemical changes in seed (Narasimha Reddy and Swamy,
1977). Viability of a seed is lost due to inactivation of
enzymes, proteins and loss of reserved food material due
to respiration (Pandey and Sinha, 2006). In this context
maleic hydrazide inhibits respiration and arrests loss of

Effect of different concentrations of Maleic Hydrazide sprayed on seed quality parameters of groundnut cultivars
during storage testing

Treatments

V3 - SB-XI
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Shelling %
0
65
80.23
69.12
(63.60)
(56.24)
80.36
69.62
(63.69)
(56.55)
80.40
69.32
(63.72)
(56.36)
80.59
69.21
(63.86)
(56.29)
80.64
69.63
(63.89)
(56.56)
80.53
69.11
(63.81)
(56.23)
0.14
0.26
NS
NS
80.38
69.39
(63.70)
(56.40)
82.24
70.55
(65.07)
(57.14)
78.76
68.74
(62.55)
(56.01)
0.097
0.20
0.28
0.61

Oil content (%)
0
65
43.92
47.56
(41.51)
(43.60)
44.39
47.82
(41.77)
(43.75)
44.26
47.97
(41.70)
(43.83)
44.10
48.01
(41.61)
(43.91)
43.96
48.12
(41.53)
(43.92)
44.32
48.04
(41.74)
(43.87)
0.33
0.26
NS
NS
43.35
46.09
(41.58)
(42.75)
45.12
48.93
(42.20)
(44.39)
44.00
47.73
(41.55)
(43.69)
0.20
0.11
0.58
0.33

(Figures in the parentheses are the arc sine values)

Days after harvest
Protein content (%)
0
65
24.87
24.98
(29.91)
(29.98)
24.67
24.57
(29.78)
(29.71)
24.14
24.69
(29.43)
(29.79)
24.40
24.68
(29.60)
(29.78)
24.70
24.85
(29.80)
(29.90)
24.59
24.70
(29.72)
(29.80)
0.27
0.16
NS
NS
24.46
24.53
(29.64)
(29.68)
25.36
25.58
(30.23)
(30.24)
23.87
24.08
(29.25)
(29.38)
0.15
0.09
0.42
0.27

Tetrazolium test (%)
0
93.44
(75.16)
93.09
(74.76)
93.40
(75.11)
92.33
(73.92)
93.89
(75.68)
93.33
(75.03)
0.65
NS
93.72
(75.48)
93.28
(74.97)
93.17
(74.85)
0.46
NS

SMK (%)
65
91.53
(73.08)
91.40
(72.95)
91.66
(73.21)
91.22
(72.76)
92.09
(73.67)
91.63
(73.18)
0.48
NS
92.49
(74.10)
91.05
(72.59)
93.62
(75.37)
0.34
0.98
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Interaction effect of Maleic Hydrazide concentrations sprayed and groundnut cultivars on shelling percentage
during storage testing

Concentration
Variety
TG-26
TAG-24
SB-XI
SE+
CD at 5%

Table 3.

Interaction effect of Maleic Hydrazide concentrations sprayed and groundnut cultivars on Oil content (%) during
storage testing

Concentration
Variety
TG-26
TAG-24
SB-XI
SE+
CD at 5%

Table 4.

Control 250 ppm 500 ppm 750 ppm 1000 ppm 1250 ppm Control 250 ppm 500 ppm 750 ppm 1000 ppm 1250 ppm
0 DAH
65 DAH
43.33 42.37
43.70
43.07
44.77
43.87
45.33 46.17
46.37
46.13
46.50
46.07
(41.18) (40.61) (41.38) (41.01) (42.00) (41.48) (42.31) (42.80) (42.92) (42.78) (42.99) (42.74)
44.80 45.17
45.07
45.23
45.47
45.00
48.83 48.77
48.53
48.87
49.23
49.37
(42.02) (42.23) (42.17) (42.26) (42.40) (42.13) (44.33) (44.29) (44.16) (44.35) (44.56) (44.64)
44.00 43.23
44.07
44.00
44.40
44.30
47.50 47.53
48.00
47.67
48.00
47.70
(41.55) (41.10) (41.59) (41.55) (41.78) (41.73) (43.57) (43.58) (43.85) (43.66) (43.85) (43.68)
0.56
0.39
NS
NS

Interaction effect of Maleic Hydrazide concentrations sprayed and groundnut cultivars on Protein content (%)
during storage testing

Concentration
Variety
TG-26
TAG-24
SB-XI
SE+
CD at 5%

Table 5.

Control 250 ppm 500 ppm 750 ppm 1000 ppm 1250 ppm Control 250 ppm 500 ppm 750 ppm 1000 ppm 1250 ppm
0 DAH
65 DAH
80.37
80.15
80.40
80.46
80.52
80.38
69.61 69.91
68.96
68.65
69.08
69.64
(63.70) (63.54) (63.72) (63.76) (63.80) (63.70) (56.55) (56.37) (56.14) (55.95) (56.22)
(56.56)
81.77
82.18
82.16
82.40
82.64
82.29
70.65 70.84
70.18
70.09
70.90
70.69
(64.72) (65.03) (65.01) (65.20) (65.38) (65.11) (57.20) (57.31) (56.88) (56.84) (57.35)
(57.22)
78.56
78.75
78.64
78.92
78.75
78.93
68.59 69.07
68.82
68.88
69.58
67.99
(62.41) (62.54) (62.47) (62.66) (62.54) (62.67) (55.90) (56.21) (56.07) (56.09) (56.53)
(55.55)
0.34
0.46
NS
NS

Control 250 ppm 500 ppm 750 ppm 1000 ppm 1250 ppm Control 250 ppm 500 ppm 750 ppm 1000 ppm 1250 ppm
0 DAH
65 DAH
24.97 24.13
24.33
24.57
24.17
24.60
24.90 24.26
24.40
24.50
24.57
24.57
(30.00) (29.40) (29.53) (29.73) (29.47) (29.76) (24.93) (29.53) (29.60) (29.67) (24.73) (29.73)
25.90 25.37
24.80
24.80
25.73
25.40
25.66 25.30
25.43
25.10
25.47
25.27
(30.59) (30.23) (29.87) (29.87) (30.46) (30.26) (30.46) (30.20) (30.29) (30.07) (30.33) (30.13)
24.40 23.67
23.30
23.83
24.23
23.76
24.58 24.14
24.23
24.40
24.32
24.26
(29.60) (29.10) (28.86) (29.22) (29.49) (29.18) (29.72) (29.43) (29.49) (29.60) (29.54) (29.51)
0.37
0.23
NS
NS

Interaction effect of Maleic Hydrazide concentrations sprayed and groundnut cultivars on Tetrazolium test (%)
during storage testing
Control
94.00
(75.82)
93.00
(74.66)
93.33
(75.03)

TG-26
TAG-24
SB-XI

250 ppm
94.33
(76.20)
93.80
(75.58)
93.37
(75.07)

500 ppm
94.00
(75.82)
93.20
(74.88)
93.40
(75.11)

SE+
CD at 5%

Table 6.

SB-XI

1000 ppm
94.67
(76.80)
93.66
(75.53)
93.30
(75.00)

1250 ppm
94.10
(75.94)
92.70
(74.55)
93.32
(75.02)

Interaction effect of Maleic Hydrazide concentrations sprayed and groundnut cultivars on SMK (%) during storage
testing

Concentration
Variety
TG-26
TAG-24

750 ppm
94.20
(76.06)
93.33
(75.03)
92.38
(73.98)
1.11
NS

Control

250 ppm

500 ppm

92.74
(74.37)
91.17
(72.71)
93.85
(75.64)

92.01
(73.58)
91.06
(72.60)
93.50
(75.23)

92.40
(74.00)
91.13
(72.67)
93.48
(75.20)

SE+
CD at 5%
(Figures in the parentheses are the arc sine values) DAH - Days after harvest

750 ppm
65 DAH
92.42
(74.02)
90.82
(72.36)
92.82
(74.46)
0.84
NS

1000 ppm

1250 ppm

93.02
(74.68)
91.62
(73.17)
94.03
(75.85)

92.37
(73.97)
90.54
(72.09)
93.75
(75.52)
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reserved food and inactivation of proteins and enzymes.
Hence maleic hydrazide does not cause a detrimental effect,
as there was no loss of seed viability. The present results
are in conformity with the (Nagarjun et al., 1980) reported
that the change in the concentration of MH application did
not show any significant adverse effect on the seed viability
as tested by TZ test.
Sound mature kernel percentage (SMK %): No
significant difference observed (Table 5) in SMK percentage
of bunchy groundnut seeds due to the interaction between
groundnut cultivars and various concentrations of MH
sprayed. However, numerically higher of 94.03% SMK was
recorded due to the interaction between genotype SB-XI
and MH sprayed @ 1000 ppm at 65 DAH, as compared to
other cultivars and the concentrations of MH sprayed. The
sound mature kernel percentage as influenced by different
treatments revealed that, the cultivars differed significantly
in respect of sound mature kernel percentage. The genotype
SB-XI recorded highest (93.62 %) SMK percentage
followed by the genotype TG-26 (92.49 %) and TAG-24
(91.05 %) at 65 DAH. Though the genotype SB-XI recorded
lowest shelling percentage but it recorded highest sound
mature kernel percentage. The genotype TAG-24 recorded
highest shelling percentage, but it recorded lowest sound
mature kernel percentage. It could be attributed more number
of uniform and fully matured seeds in genotype SB-XI. It
can also be correlate with highest induction of dormancy,
due to spraying of MH, which might have reduced the
vegetative growth and diverted all the food material towards
sink i.e. pods. The present results are in conformity with
the work of Nagarjun et al. (1980) who studied purity of
seed (per cent uniform sized and matured seed) and reported
that change in the concentration of MH application did not
show any significant adverse or beneficial effect on the
seed purity.
The seed quality parameters viz., seed viability (%),
100 kernel weight (g), shelling percentage, sound mature
kernel (%), per cent seed mycoflora, oil content (%) and
protein content (%) remain unaffected in all the varieties
due to spraying of maleic hydrazide, therefore it leads to
conclude that use of maleic hydrazide for the purpose of
dormancy induction is not much harmful to seed quality.
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ABSTRACT
A field study was undertaken in Raichur district Karnataka
state with the objective to use the paddy fallow to grow Mung
bean under Rice based Cropping System to improve soil
fertility and to get additional income during Rabi 2014 and
2015. The data revealed that amongst 03 varieties under
study Mung bean cultivar SML 668 recorded significantly
higher grain yield (379,88 Kg & 355.7 kg/ha) in second year
(16.03 %) and first year (13.69 %) respectively compared to
PDM 139 and BGS 9. However, there was no significant
grain yield difference was noticed in PDM 139 and BGS 9 in
first year as well as second year of the study. Paddy yield
increased by 3.50 % at the end of the second year study with
normal cultivation practices.
Key words: Mungbean, Paddy fallow, Grain Yield, Cropping
System, Growth

The Latin names for green gram is Vigna radiate
since ancient times, the Sanskrit name for green gram has
been mudga from which mung has been derived, and all
North Indian languages have derivations of the word mung.
In most South Indian languages, names for green gram
relate to the Tamil name, pasipayir However, it is called
Hesaru in Karnataka.
India is the largest producer and consumer of pulses
in the world contributing around 28 per cent of global
production. Pulses being rich in quality protein, minerals
and vitamins are inseparable ingredients of diet of majority
of Indian population. Despite high nutritive value of pulses
and their role in sustainable agriculture desired growth rate
in production could not be witnessed. The domestic
production of pulses is consistently below the targets and
actual domestic requirements are also higher, due to this
pulses are being imported. Presently, the production of
pulses in India is 18.09 million tones from an area of 26.28
million hectares and productivity is 68.9 kg/ha. (Jeswani,
L.M. 1988).
In India Mung bean covers an area of 3.44 million
hectares, production is 1.2 million tones and productivity
is 351 kg/ha. In Rajasthan Mung bean is grown in 0.86
million hectares area, production is 0.28 million tones and
productivity is 325 kg/ha. Whereas, in Jaisalmer district it
is grown in 2244 ha area, production is 336 tones and

productivity is 149 kg/ha. Due to stagnant production, the
net availability of pulses has come down from 60 gm/day/
person to 31 gm/ day /person. The low production of pulses
is primarily due to erratic distribution of monsoon and
relegation of pulses on marginal lands with low fertility
status. Non-availability of quality seeds of promising
cultivars and more susceptibility of pulses to disease and
pest are also the major constraints limiting the pulses
production. (www.agmarknet.nic.in).
Paddy (Oryza sativa L.) is one of the important cereal
crops of India with largest area in the world (45.50 million
ha), with a total production of 96.43 million tonnes and it
stood next only to China in the world with respect to
production. In India, Karnataka is one among the paddy
growing states and is grown in an area of 1.3 million ha with
an annual production of 3.52 million tonnes during 2010
(Anon., 2010). Paddy is one of the most important cereal
crop grown in the Raichur (Tungabhadra project (TBP)
command area) of Karnataka, which covers 3.6 lakh hectare
in kharif and 2.52 lakh hectare in Rabi /summer.
Rice is the most important staple food crop in South
India, where Raichur district, situated in the eastern part of
Karnataka, where approximately 40 % of the cropped land
is irrigated and double-cropped throughout the year. With
the increase in population and a continuous decline in the
average farm size (0.4-2.2 ha), there is a growing need to
put the existing land base to better use. The prevailing
practice of mono cropping rice and then leaving the fields
fallow after the harvest, could prove disastrous because of
its inability to meet the increasing demand for rice and grain
legumes. Grain legumes are a major source of protein and
can enrich the rice land.
Intensive rice cultivation in paddy soils may be
leaded to diminish soil quality and productivity over a long
time. Loss of organic matter due to rice cultivation without
restoration may initiate physical degradation processes.
Grain legumes are a major source of protein and can enrich
the rice land. Further, with the rising cost of nitrogenous
fertilizer, their importance in sustainable rice farming
systems will increase. Grain legumes are important in Rice
Based Cropping System, to improve soil fertility, reduces
drought stress, increasing protein availability and cash
income to farm families (Ramakrishna, A. 1992). In light of
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Table 1:
Sr No

1
2
3

Yield (kg/ha) of different cultivars of Mungbean in 2014
Name of the
cultivar

SML 668
PDM 139
BGS 9

Table 2:
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Plant height
at 60 DAS
(cm)

Dry
weight at
60 DAS (g)

No. Of pods
per plant

Wt. of pods
per plant
(g)

Crop growth
rate
(g/m2/day)

Yield
(kg/ha)

% increase
over BGS 9

% increase
over
PDM 139

53.4
48.9
53.1

361.2
340.3
329.1

35.12
30.89
29.44

25.10
21.7
18.21

9.6
9.5
8.95

379.88
324.37
318.97

16.03
1.66

14.61

Yield (kg/ha) of different cultivars of Mungbean in 2013

Sr No

Name of the
cultivar

Plant height
at 60 DAS
(cm)

Dry weight
at 60 DAS
(g)

No. Of
pods per
plant

Wt. Of
pods per
plant (g)

Crop growth
rate (g/m2/day)

Yield
(kg/ha)

% increase
over BGS 9

% increase over
PDM 139

1
2
3

SML 668
PDM 139
BGS 9

52.6
48.7
52.6

358.2
339.4
328.2

34.33
30.83
28.54

24.12
21.2
17.56

9.6
9.3
8.75

355.7
312.5
307

13.69
1.76

12.14

the above facts, to boost Mung bean production and
productivity in India as well as in the state of Karnataka the
present study was undertaken.
The study was conducted during Rabi 2013 and 2014,
in two predominantly Rice growing taluks Manvi and
Raichur of Raichur District in Karnataka state. Total fourteen
farmers selected by random sampling technique with
purposive selection were employed. Each farmer given 10
Kg each of SML 668, PDM 139 & BGS 9, seeds to grow in a
one acre of Rice fallow. The seeds were sown by
broadcasting in the month of December after the paddy
harvest. The selected farmers were briefed about,
Mungbean production in paddy fallow and its importance.
Continuous field visits was done by the Extension team.
Regular feedback on progress of the crop, pest and disease
incidence was collected from the field. Regular interaction
meetings were conducted with farmers.
Data pertaining to plant height & dry weight at 60
Days, & during harvest stage, Number of Pods per plant,
Weight of pods per plants & Yield per Ha collected randomly
from all 14 farmers. A questionnaire was developed for the
purpose was used for the survey. The questions were asked
in Kannada and were used for collecting responses from
the project farmers. The data were collected from the
respondents through personal interview with the help of
interview schedule. Necessary precautions were taken to
ensure that the questions in the schedule were
unambiguous, clear, concise, complete, and comprehensive.
The respondents were contacted in person mostly at the
common place in the village. The data collected for the
study was tabulated, processed and analyzed by using
simple statistical tools like frequency and percentage.
It is implied from Table 01 and table 02 that Among
the different Mung bean cultivar SML 668 recorded
significantly higher grain yield of 355.7 kg/ha and 379.88
Kg /ha in first year and second year of the study
respectively compared to PDM 139 and BGS 9. There was a
12, 14 % and 16.03 % of increase in grain yield recorded in
SML 668 compare to BGS 9 in first year and second year of

the study respectively. However, there was no significant
difference with respect to yield was noticed in PDM 139
and BGS 9. Regarding plant height SML 668 and BGS 9
recorded the almost same height of 53.40cm & 53.10 cm in
second year and 52.60cm & 52.60 cm respectively followed
by PDM 139 i.e. 48.90 cm & 48.7 cm respectively.
From the study it is very clear that SML 668 recorded
highest (35.12 & 34.33) number of pods per plant in second
and first year of the study followed by PDM 139 was 30.89
& 30.83 and less number of pods in BGS 9 i.e. 29.44 & 28.54
respectively. Weight of pods is also maximum i.e. 25.10 gm
& 24.12 gm per plant in SML 668 followed by PDM 21.70
gm & 21.2 gm per plant and in BGS 9 it was 18.21gm & 17.56
gm per plant in second and first year of the study
respectively.
From the findings it can be concluded that SML 668
recorded significantly higher grain yield (379.88 kg /ha 355.7
kg/ha) in 2014-15 and 2013-14 respectively and compared
to PDM 139 and BGS 9. & best suitable variety to grow in
rice fallow after paddy to improve soil fertility, reduces
drought stress, increasing protein availability and cash
income to farm families.
Intensive rice cultivation in paddy soils may be
leaded to diminish soil quality and productivity over a long
time. Loss of organic matter due to rice cultivation without
restoration may initiate physical degradation processes.
Mung beans are a major source of protein and can enrich
the rice land. Further, with the rising cost of nitrogenous
fertilizer, their importance in sustainable rice farming
systems will increase.
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ABSTRACT
The n-hexane extracts of flour samples of four varieties of
100 g Lathyrus sativus seeds were analysed by TLC, GC-FID
and GC-MS, and revealed 16, 12, 13 and 13 fatty acids,
accounting for 19.59 ± 0.49, 16.97 ± 0.24, 15.38 ± 0.21 and
12.83 ± 0.18 mg free fatty acids in Bio L 212 Ratan, Nirmal B1, WBK-14-7 and WBK-13-1, respectively; whereas 17, 16,
16 and 17 fatty acids represented 1687.07 ± 11.39, 1410.67 ±
13.17, 1253.01 ± 28.54 and 950.37 ± 13.62 mg bound fatty
acids in Bio L 212 Ratan, Nirmal B-1, WBK-14-7 and WBK13-1, respectively. Palmitic acid was the predominant free
fatty acid in Bio L 212 Ratan, WBK-14-7 and WBK-13-1 seeds;
while oleic acid predominated in Nirmal B-1. Linoleic acid
was predominant bound fatty acid in Bio L 212 Ratan and
Nirmal B-1, accounting for 579.03 ± 7.61 and 541.42 ± 8.47
mg, respectively; whereas á-linolenic acid was predominant
in WBK-14-7 (584.22 ± 15.30 mg) and WBK-13-1 (455.49 ±
22.63 mg).
Key words: Lathyrus sativus, TLC, GC-MS, Free and bound
fatty acid

Lathyrus sativus L., commonly known as khesari is
a popular pulse crop in Bangladesh, China, Nepal, Pakistan
and Ethiopia (Girma and Korbu 2012). Due to easy and lowcost cultivation, and resistance to drought, salinity and
stress properties, the farmers cultivate this pulse crop for
seed as well as fodder (Gaur and Maloo 2011). Lathyrus
sativus contains -ODAP (-N-oxalyl-L-,
-diaminopropionic acid) as a neurotoxic amino acid in the
seeds. An early review by Singh and Rao (2013)
demonstrated that presence of both homoarginine and
-ODAP in L. sativus seeds. Conventional plant breeding
techniques for the development of L. sativus seeds
containing low -ODAP made sufficient progress in the
last few years and several varieties are available for
consumption. A number of studies have been reported
about the beneficial effects of fatty acids particularly
linolelic and -linolenic acids in human health (Jones 2010).
As the commercial interest is growing, chemical studies are
necessary to elucidate the nutritional value of the different
varieties of khesari seeds growing in India. There are several
reports regarding fatty acid composition of L. sativus seeds
as a good source of oil, which is beneficial for health,
growing in different parts of the world (Sarmento et al.
2015). But, no study indicated the differences in the amounts

of individual free and bound fatty acids in khesari seeds
grown in India. Hence, the objective of this study was to
obtain better understanding on the free and bound fatty
acids in four varieties of khesari seeds (Bio L 212 Ratan and
Nirmal B-1, WBK-14-7 and WBK-13-1).
Four varieties (Bio L 212 Ratan, Nirmal B-1, WBK-147 and WBK-13-1) of khesari seeds were collected from
Pulses and Oilseeds Research Station, Behrampore (24°6'
N and 88°15' E), West Bengal, India. Seeds were sown during
late October and grown in the fields (33–35 plants/m2) of
the research station using standard cultural practices.
Free fatty acids were extracted by the slightly modified
method described by Bettelheim and Landesberg (1997).
Fatty acids were verified by comparison of the diagnostic
ions and GC retention times with those of respective
standard esterified fatty acids. All standard esterified fatty
acids (fatty acid methyl esters) were purchased from SigmaAldrich, Germany. The peaks were identified by comparison
of their retention times with those of standard esterified
fatty acids. The percentage composition of free fatty acids
was computed from the GC peak areas and the areas of
each peak were converted into quantities of fatty acids
based on reference standard methyl tricosanoate (C23:0).
All solvents used were of analytical grade and purchased
from E. Merck (Mumbai, India). Identification and
quantification of bound fatty acids was done as per the
method of Sarkar et al. (2013).
The data on total amounts of free and bound fatty
acids including individual amounts of free and bound fatty
acids from four varieties of khesari seeds were conducted
to one-way ANOVA to compare the treatment effects on
total and individual fatty acids. If F-value of one-way
ANOVA was found significant, the data were subjected to
post hoc Tukey test using SPSS software (SPSS 16.0; SPSS
Inc., Chicago, IL, USA) (Zar 1999).
The n-hexane extracts of 100 g of Bio L 212 Ratan,
Nirmal B-1, WBK-14-7 and WBK-13-1 khesari seeds yielded
19.59 ± 0.49, 16.97 ± 0.24, 15.38 ± 0.21 and 12.83 ± 0.18 mg
free fatty acids, respectively (Table 1) and 1687.07 ± 11.39,
1410.67 ± 13.17, 1253.01 ± 28.54 and 950.37 ± 13.62 mg bound
fatty acids, respectively (Table 2). The total amounts of
free and bound fatty acids were significantly higher in Bio
L 212 Ratan followed byNirmal B-1, WBK-14-7 and WBK-13-1.
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Table 1 shows 16, 12, 13 and 13 free fatty acids in Bio
L 212 Ratan, Nirmal B-1, WBK-14-7 and WBK-13-1 khesari
seeds, respectively, which were measured by GC-FID, and
the detected fatty acid compounds were further confirmed
by GC-MS analysis. Palmitoleic acid (C16:1), linoleic acid
(C18:2) and heneicosanoic acid (C21:0) were not detected
in Nirmal B-1, WBK-14-7 and WBK-13-1 khesari seeds,
while tridecanoic acid (C13:0) was present in all varieties
except Nirmal B-1 khesari seed (Table 1). Palmitic acid (C16:0)
predominated in Bio L 212 Ratan, WBK-14-7 and WBK-131 seeds, accounting for 2.60 ± 0.05, 4.75 ± 0.06 and 4.93 ±
0.09 mg, respectively; while oleic acid (C18:1) was
predominant in Nirmal B-1 seeds (8.60 ± 0.14 mg). Myristic
acid (C14:0) and nonadecanoic acid (C19:0) were found in
lowest amount in Bio L 212 Ratan and WBK-14-7 seeds
representing 0.03 ± 0.002 and 0.08 ± 0.004, respectively;
whereas lauric acid (C12:0) was found in lowest amount in
Nirmal B-1 (0.01 ± 0.001) and WBK-13-1 (0.03 ± 0.002).
Pentadecanoic acid (C15:0) and palmitic acid were the
second most abundant fatty acids in Bio L 212 Ratan and
Nirmal B-1 seeds, accounting for 2.53 ± 0.06 and 4.36 ± 0.06
mg, respectively; whereas stearic acid (C18:0) was the
second most abundant in WBK-14-7 and WBK-13-1 seed
representing 3.01 ± 0.05 and 2.82 ± 0.11 mg, respectively.
Further, the amount of undecanoic (C11:0), lauric (C12:0),
heptadecanoic (C17:0), nonadecanoic (C19:0), arachidic
(C20:0) and docosanoic acids were higher in Bio L 212 Ratan
seeds than the other three varieties of khesari seeds.
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B-1, while decanoic acid (C10:0) was not detected in WBK14-7 seeds. Linoleic acid (C18:2) predominated both in Bio
L 212 Ratan and Nirmal B-1, accounting for 579.03 ± 7.61
and 541.42 ± 8.47 mg, respectively; whereas alpha-linolenic
acid (C18:3) was predominant in WBK-14-7 (584.22 ± 15.30
mg) and WBK-13-1 (455.49 ± 22.63 mg) seeds (Table 2).
Palmitoleic acid (C16:1) was found in lowest amount in Bio
L 212 Ratan (4.16 ± 0.27 mg); whereas tridecanoic acid was
at the lowest level in Nirmal B-1 (0.34 ± 0.04 mg), WBK-147 (0.93 ± 0.01 mg) and WBK-13-1 (0.51 ± 0.07 mg). á-linolenic
acid and oleic acid were the second most abundant fatty
acid in Bio L 212 Ratan and Nirmal B-1 seeds, accounting
for 481.53 ± 4.58 and 327.33 ± 7.84 mg, respectively; whereas
linoleic acid was the second most abundant fatty acid in
WBK-14-7 and WBK-13-1 representing 244.03 ± 4.88 and
184.29 ± 13.80 mg, respectively. Palmitic acid was the third
most abundant fatty acid representing 176.96 ± 1.60, 151.12
± 3.86 and 115.81 ± 1.84 mg in Bio L 212 Ratan, WBK-14-7
and WBK-13-1 seeds, respectively, while alpha-linolenic
acid was the third most abundant in Nirmal B-1 seeds (260.36
± 10.16 mg). Further, the amount of decanoic, undecanoic,
lauric, myristic, pentadecanoic, nonadecanoic, arachidic,
heneicosanoic and docosanoic acids were higher in Bio L
212 Ratan than rest of the three varieties.
The free and bound fatty acid profile in four varieties
(Bio L 212 Ratan, Nirmal B-1, WBK-14-7 and WBK-13-1) of
khesari seeds underwent important variations, and total
free and bound fatty acids were highest in Bio L 212 Ratan
followed by Nirmal B-1, WBK-14-7 and WBK-13-1 seeds.
Bound fatty acids were much higher in four varieties of
khesari seeds than free fatty acids. Free fatty acid profile of
all khesari seed varieties indicated that the lipids as a good

Seventeen bound fatty acids were detected from Bio
L 212 Ratan and WBK-13-1 seeds, whereas 16 fatty acids
were identified in Nirmal B-1 and WBK-14-7 khesari seeds
(Table 2). Heptadecanoic acid was not detected in Nirmal

Table 1. Amount (mg) of free fatty acids in four varieties of 100 g L. sativus seeds
Fatty acid

Decanoic acid (C10:0)

Amount (mg) (Mean ± SE, N = 3)

F3,8

Bio L 212 Ratan

Nirmal B 1

WBK-14-7

WBK-13-1

0.12 ± 0.01a

0.06 ± 0.002b

0.26 ± 0.004c

0.13 ± 0.004a

a

b

0.05 ± 0.002

256.94

0.55 ± 0.02

Lauric acid (C12:0)
Tridecanoic acid (C13:0)

1.27 ± 0.03a
2.45 ± 0.06a

0.01 ± 0.001b
-

0.10 ± 0.01c
0.93 ± 0.01b

0.03 ± 0.002b
0.06 ± 0.01c

1205.96
1509.76

Myristic acid (C14:0)

0.03 ± 0.002a

0.17 ± 0.01b

0.18 ± 0.01b

0.15 ± 0.004b

171.14

Pentadecanoic acid (C15:0)

2.53 ± 0.06

0.09 ± 0.004

Palmitic acid (C16:0)
Palmitoleic acid (C16:1)

2.60 ± 0.05a
0.11 ± 0.004

4.36 ± 0.06b
-

4.75 ± 0.06b
-

4.93 ± 0.09b
-

248.78

Heptadecanoic acid (C17:0)

2.19 ± 0.06a

0.05 ± 0.004b

0.14 ± 0.01c

0.14 ± 0.01c

1084.84

b

2.82 ± 0.11b
2.65 ± 0.07c

129.68
1109.69

a

Stearic acid (C18:0)
Oleic acid (C18:1)

1.36 ± 0.04
1.86 ± 0.07a

b

2.72 ± 0.03
8.60 ± 0.14b

3.01 ± 0.05
2.87 ± 0.07c

0.09 ± 0.004

b

1824.78

a

0.11 ± 0.004

b

0.93 ± 0.02

d

Undecanoic acid (C11:0)

b

2.10 ± 0.03

c

1487.32

Linoleic acid (C18:2)

0.08 ± 0.002

-

-

-

Nonadecanoic acid (C19:0)

1.62 ± 0.04a

0.05 ± 0.001b

0.08 ± 0.004b

0.07 ± 0.01b

1339.60

Arachidic acid (C20:0)
Heneicosanoic acid (C21:0)

1.43 ± 0.04a
1.03 ± 0.01

0.58 ± 0.01b
-

0.69 ± 0.02b
-

0.66 ± 0.04b
-

182.45

Docosanoic acid (C22:0)

0.38 ± 0.02a

0.20 ± 0.12b

0.18 ± 0.01b

0.15 ± 0.001a

50.92

12.83 ± 0.18d

85.64

Total

19.59 ± 0.49

a

16.97 ± 0.24

b

15.38 ± 0.21

c

Mean ± SE of 3 observations. Within the row means followed by same letter(s) are not significantly different by Tukey's test.
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Table 2. Amount (mg) of bound fatty acids in four varieties of 100 g L. Sativus seeds
Fatty acid
Decanoic acid (C10:0)
Undecanoic acid (C11:0)
Lauric acid (C12:0)
Tridecanoic acid (C13:0)
Myristic acid (C14:0)
Pentadecanoic acid (C15:0)
Palmitic acid (C16:0)
Palmitoleic acid (C16:1)
Heptadecanoic acid (C17:0)
Stearic acid (C18:0)
Oleic acid (C18:1)
Linoleic acid (C18:2)
Alpha-linolenic acid (C18:3)
Nonadecanoic acid (C19:0)
Arachidic acid (C20:0)
Heneicosanoic acid (C21:0)
Docosanoic acid (C22:0)
Total

Amount (mg) (Mean ± SE, N = 3)
Bio L 212 Ratan
Nirmal B-1
16.30 ± 0.20a
40.03 ± 0.26a
10.61 ± 0.23a
36.43 ± 0.91a
7.44 ± 0.09a
35.04 ± 0.64a
176.96 ± 1.60a
4.16 ± 0.27a
26.12 ± 0.12a
111.75 ± 1.06a
106.25 ± 0.76a
579.03 ± 7.61a
481.53 ± 4.58a
18.24 ± 0.48a
24.30 ± 0.64a
4.35 ± 0.41a
8.53 ± 0.35a
1687.07 ± 11.39a

5.08 ± 0.26b
2.26 ± 0.18b
1.02 ± 0.03b
0.34 ± 0.04b
5.85 ± 0.24b
2.75 ± 0.13bc
143.33 ± 2.25b
2.77 ± 0.15b
94.24 ± 3.15b
327.33 ± 7.84b
541.42 ± 8.47b
260.36 ± 10.16b
1.21 ± 0.05b
15.23 ± 0.22b
2.08 ± 0.07b
5.41 ± 0.24b
1410.67 ± 13.17 b

F3,8
WBK-14-7
1.15 ± 0.02c
19.17 ± 0.44c
0.93 ± 0.01b
3.92 ± 0.05c
3.18 ± 0.11b
151.12 ± 3.86b
4.01 ± 0.18a
2.59 ± 0.15b
90.24 ± 1.58b
133.08 ± 4.41c
244.03 ± 4.88c
584.22 ± 15.30c
1.88 ± 0.09b
9.61 ± 0.23c
1.66 ± 0.02bc
3.14 ± 0.11b
1253.01 ± 28.54c

WBK-13-1
12.52 ± 0.69c
0.17 ± 0.002d
4.66 ± 0.14d
0.51 ± 0.07c
3.12 ± 0.35c
2.19 ± 0.24c
115.81 ± 1.84c
2.07 ± 0.20b
2.66 ± 0.15b
64.29 ± 0.68c
90.72 ± 3.90a
184.29 ± 13.80d
455.49 ± 22.63a
1.29 ± 0.17b
7.71 ± 0.29d
1.14 ± 0.06c
2.04 ± 0.14c
950.37 ± 13.62d

365.12
14791.10
959.49
1561.66
77.67
2093.35
97.55
23.96
9805.22
109.88
500.87
474.04
84.15
1032.86
372.80
45.79
151.44
290.35

Mean ± SE of 3 observations. Within the row means followed by same letter(s) are not significantly different by Tukey’s test.

source of saturated fatty acids as palmitic and stearic acids.
Saturated free fatty acids were higher than unsaturated
free fatty acids in all the varieties except Nirmal B-1 where
unsaturated fatty acids were higher than saturated fatty
acids. Bound unsaturated fatty acids were in higher amount
than saturated fatty acids in all the varieties tested in this
study, which is nutritionally desirable and results are
comparable to previously published works ( Zia-ul-haq et
al. 2008). Linoleic and linolenic acids are the most important
essential fatty acids necessary for growth, physiological
functions and maintenance in animals. This study indicated
that linoleic acid was the predominant bound fatty acid in
Bio L 212 Ratan and Nirmal B-1, while alpha-linolenic acid
was the predominant bound fatty acid in WBK-14-7 and
WBK-13-1. Overall, Bio L 212 Ratan had the highest
nutritional value in terms of fatty acids. Fatty acids such as
lauric and myristic acids are not desired in edible oils due
to their negative effects on health and in other applications.
But, lauric and myristic acids were in higher amount in Bio
L 212 Ratan among the bound fatty acids than the other
three varieties; whereas lauric acid was in higher amount in
Bio L 212 Ratan among the free fatty acids than rest of the
varieties, while myristic acid was at the lower level among
free fatty acids in Bio L 212 Ratan.
In conclusion, bound unsaturated fatty acids in all
four varieties of khesari seeds were in higher amount than
saturated fatty acids in all the varieties tested in this study,
which is nutritionally important. Overall, Bio L 212 Ratan
had the highest amount of fatty acids followed by Nirmal
B-1, WBK-14-7 and WBK-13-1 seeds.
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