INDIAN SOCIETY OF PULSES RESEARCH AND DEVELOPMENT
(Regn. No.877)
The Indian Society of Pulses Research and
Development (ISPRD) was founded in April 1987 with the
following objectives:
 To advance the cause of pulses research
 To promote research and development, teaching and
extension activities in pulses
 To facilitate close association among pulse workers
in India and abroad
 To publish “Journal of Food Legumes” which is the
official publication of the Society, published four times
a year.
Membership : Any person in India and abroad interested
in pulses research and development shall be eligible for
membership of the Society by becoming ordinary, life or
corporate member by paying respective membership fee.
Membership Fee Indian (Rs.)
Foreign (US $)
Ordinary (Annual)
350
25
Life Member
3500
200
Admission Fee
20
10
Library/ Institution
3000
100
Corporate Member
5000
-

The contribution to the Journal, except in case of
invited articles, is open to the members of the Society
only. Any non-member submitting a manuscript will be
required to become annual member. Members will be
entitled to receive the Journal and other communications
issued by the Society.
Renewal of subscription should be done in January
each year. If the subscription is not received by February
15, the membership would stand cancelled. The
membership can be revived by paying readmission fee of
Rs. 10/-. Membership fee drawn in favour of Treasurer,
Indian Society of Pulses Research and Development,
through M.O./D.D. may be sent to the Treasurer,
Indian Society of Pulses Research and Development,
Indian Institute of Pulses Research, Kanpur 208 024,
India. In case of outstation cheques, an extra amount of
Rs. 40/- may be paid as clearance charges.

EXECUTIVE COUNCIL : 2010-2012
Chief Patron
Dr S Ayyappan

Co-patron
Dr N Nadarajan

President
Dr JS Sandhu (Acting)
Joint Secretary
Mr Brahm Prakash

Patron
Dr SK Datta
Vice President
Dr JS Sandhu

Secretary
Dr AK Choudhary

Treasurer
Dr KK Singh

Councillors
Zone I

:

Zone II

:

Zone III
Zone IV

:
:

Dr (Mrs) Livinder Kaur
PAU, Ludhiana
Dr HK Dixit
IARI, New Delhi
Vacant
Dr Vijay Prakash
ARS, Sriganganagar

Zone V

:

Zone VI

:

Zone VII
Zone VIII

:
:

Dr KK Nema
RAK College, Sehore
Dr Ch Srinivasa Rao
CRIDA, Hyderabad
Vacant
Dr Anoop Singh Sachan
IIPR, Kanpur

Editor-in-Chief : Dr. NP Singh
Editors
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

A Amarendra Reddy, ICRISAT, Hyderabad
AB Rai, IIVR, Varanasi
AK Tripathi, CSAUAT, Kanpur
CS Praharaj, IIPR, Kanpur
IP Singh, IIPR, Kanpur
Jagdish Singh, IIPR, Kanpur
KB Saxena, ICRISAT, Hyderabad
Li Zhenghong, RIRI, PRC China
MK Singh, IIPR, Kanpur

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

MA Iquebal, IASRI, New Delhi
Mohd Akram, IIPR, Kanpur
P Duraimurugan, DRR, Hyderabad
Rajindar Peshin, SKUAT, Srinagar
RK Varshney, ICRISAT, Hyderabad
RS Raje, IARI, New Delhi
Sarvjeet Singh, PAU, Ludhiana
SC Gupta, ARS, Durgapura
VK Shahi, RAU, Pusa

Journal of Food Legumes
(Formerly Indian Journal of Pulses Research)
Vol. 25 (2)

June 2012

CONTENTS
RESEARCH PAPERS
1.

Genetic diversity in urdbean [Vigna mungo (L.) Hepper] revealed by ISSR markers

89

Priyanka Bhareti, D.P. Singh and R.K. Khulbe
2.

Genetic studies on drought tolerance attributes in chickpea (Cicer arietinum L.)

94

V. Jayalakshmi, C. Kiran Kumar Reddy and G. Jyothirmayi
3.

In vitro regeneration and micrografting of shoots for enhancing survival and recovery of plants in chickpea
(Cicer arietinum L.)

97

Indu Singh Yadav and N. P. Singh
4.

Heterosis and inbreeding depression studies in urdbean [Vigna mungo (L.) Hepper]
Rama Kant and R.K. Srivastava

102

5.

An assessment of chemical mutagen induced polygenic variability in M3 progenies of mungbean
[Vigna radiata (L.) Wilczek]
O. P. Balai and K. Ram Krishna

109

6.

Multivariate analysis of agro-morphological variation in exotic germplasm of grasspea
(Lathyrus sativus L.)

112

Archana Singh, D. Deb, U.P. Singh and A.K. Roy
7.

Influence of legume residues management and nitrogen doses on succeeding wheat yield and soil properties in
Indo-Gangetic Plains

116

K.K. Singh, C.H. Srinivasarao, K. Swarnalakshmi, A.N. Ganeshamurthy and Narendra Kumar
8.

Effect of integrated nutrient management on growth, seed yield and economics of field pea (Pisum sativum L.)
and soil fertility changes

121

Anupma Kumari, O.N. Singh and Rakesh Kumar
9.

Effect of time of planting on nodulation, growth and seed yield of kharif urdbean genotypes

125

Guriqbal Singh, Hari Ram, H.S. Sekhon, K.K. Gill and Veena Khanna
10.

Feasibility studies in transplanted pigeonpea + soybean intercropping system

128

V.V. Goud and A.S. Andhalkar
11.

Performance evaluation of mechanical planters for planting of chickpea and pigeonpea

131

M.K. Singh, Narendra Kumar, Prasoon Verma and S.K. Garg
12.

Transmission efficiency of Mungbean yellow mosaic virus by indigenous and B-biotype whiteflies

135

B. Manjunath, H.A. Prameela, Neetha Jayaram and V. Muniyappa
13.

Screening for resistance against Rhizoctonia bataticola causing dry root-rot in chickpea
Om Gupta, Manisha Rathi and Madhuri Mishra

139

14.

Calendar based application of newer insecticides for the management of gram pod borer in chickpea

142

R.M. Wadaskar, Jayashri Ughade and A.N. Patil

SHORT COMMUNICATIONS
15.

Genetic and molecular diversity analysis of chickpea (Cicer arietinum L.) genotypes grown under rice fallow
condition

147

A.Shrivastava, A. Babbar, V. Prakash, N. Tripathi and M. A. Iquebal
16.

Assessment of genetic diversity among interspecific derivatives in chickpea

150

Rupinder Pal Singh, Inderjit Singh, Sarvjeet Singh and J.S. Sandhu
17.

Effect of nitrogen management on soil fertility and NPK uptake in soybean

153

K.S. Rathod, R.K. Pannu and S.S. Dahiya
18.

Effect of zinc and vermicompost on fenugreek (Trigonella foenum graecum L.) under irrigation with
different RSC water
S.R. Kumawat and B.L. Yadav

156

19.

Effect of sowing dates and fertility levels on grain yield and its component traits in lentil

159

R.K. Gill, Manpreet Singh, Sarvjeet Singh and Johar Singh
20.

Evaluation of Rynaxypyr 20SC against pigeonpea pod borer complex

162

N. S. Satpute and U. P. Barkhade
List of Referees for vol.25(2)

164

Journal of Food Legumes 25(2): 89-93, 2012

Genetic diversity in urdbean [Vigna mungo (L.) Hepper] revealed by ISSR markers
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Department of Genetics and Plant Breeding, G. B. Pant University of Agriculture & Technology, Pantnagar, Uttarakhand
– 263 145, India; E-mail: rkkhulbe@gmail.com
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ABSTRACT
Inter simple sequence repeat (ISSR) markers were used to
study the DNA polymorphism in advance lines and cultivars of
intervarietal and interspecific crosses in urdbean. Amplification
of genomic DNA of 33 urdbean and one mungbean genotype
using 10 ISSR primers yielded 71 bands, of which 65 were
polymorphic with an average of 6.5 polymorphic bands per
primer. Number of amplified bands with ISSR primers ranged
from four (primer 4824-050) to ten (primer 4824-039) and varied
in size from 100 bp to 3000 bp. Percentage polymorphism ranged
from 50.0% (primer 4824-050) to a maximum of 100% (primers
4824-038, 4824-041, 4824-043, 4824-049 and Primer 4824051), with an average of 80%. Cluster analysis grouped the 33
urdbean (V. mungo) and 1 mungbean (V. radiata) genotypes into
two main clusters, I and II comprising of 22 and 11 genotypes,
respectively. The clustering pattern indicated that the variation
observed in morphological characters was not corroborated by
molecular variation. The Jaccard similarity coefficient between
different Vigna genotypes ranged from 0.47 to 1.00. All the
genotypes and checks exhibited more than 61% similarity and
in most of the genotypes similarity ranged from 86-100%. The
higher degree of commonness in their pedigree may explain
the high degree of closeness among genotypes studied. The
genetic variation among 33 genotypes of urdbean and one
mungbean cultivar revealed by ISSR analysis could be useful
in selecting parents for hybridization in blackgram
improvement programmes.
Key words :

Blackgram, Genetic diversity, ISSR markers,
Mungbean, Polymorphism, Vigna

Urdbean [Vigna mungo (L.) Hepper: 2n=2x=22] is an
important pulse crop in India. Indian subcontinent is the centre
of origin of urdbean. It is commonly known as blackgram or
mash. In India, it is widely cultivated throughout plains and
upto 1820 m elevation (Singh and Ahlawat 2005). Vigna mungo
var. silvestris is regarded as the most probable progenitor of
cultivated urdbean. Urdbean is cultivated in different seasons
in India i.e., in kharif (rainy season) as a mixed crop with
cereals and pigeonpea, and in rabi and zaid (spring and
summer) as a pure culture. It is also grown in Bangladesh,
Pakistan, Sri Lanka and Myanmar (Singh 1991). Blackgram is
the fourth most important pulse crop after chickpea, pigeonpea
and green gram in India. All India area, production and
productivity of urdbean during 2010-11 was 3.10 m ha, 1.40 m
tonnes and 451 kg/ha, respectively (Anonymous 2011).

Morphological, phenological and agronomic
characteristics have conventionally been used for estimating
genetic variation. However, many of these traits are polygenic
and influenced by environmental conditions and therefore,
are difficult to evaluate with accuracy. Molecular markers, by
virtue of their abundance and constancy across environments,
provide reliable means for assessment of genetic diversity. A
large number of molecular marker types are available for
characterization and study of genetic diversity (Soller and
Beckmann 1983). DNA based ISSR markers are generated by
amplification of DNA segments present at an amplifiable
distance between two identical microsatellite repeat regions
oriented in opposite direction. The microsatellite repeats used
as primers can be di-, tri-, tetra- or penta-nucleotide. The primers
used in ISSR 15-30 mers that permit the use of high annealing
temperature leading to higher stringency. The technique is
simple, quick, and the use of radioactivity is not essential.
ISSR markers usually show high polymorphism, although the
level of polymorphism has been shown to vary with the
detection method used. ISSRs segregate mostly as dominant
markers, although co-dominant segregation has also been
reported in some cases (Semagn 2006). Although significant
efforts have been invested in the development of SSR markers
in recent years in Vigna radiata which is closely related to
V. mungo, but their use has been limited due to the lack of
polymorphism in this species (Tangphatsornruang et al. 2009).
ISSR markers have been used for analysis of genetic
relationships in genus Vigna (Ajibade et al. 2000, Bisht et al.
2010, Chattopadhyaya et al. 2011), and varietal identification
in urdbean (Ranade et al. 2000). In the present study, ISSR
markers were used to assess genetic diversity among 34 Vigna
genotypes derived through intervarietal and interspecific
hybridization.
MATERIALS AND METHODS
Plant Material: The experimental material for the present
study comprised of advance lines derived from inter-varietal
and interspecific crosses, and selections from local germplasm.
The experimental material included two check varieties, namely,
Pant U-31 and Pant U-40 and one mungbean genotype BDYR1, which is the female parent in the wide cross involving
urdbean cv. DPU-88-31 as male (Table 1). The plant genomic
DNA was isolated from fresh 15-day old leaves of 34 Vigna
genotypes raised in the glass house. CTAB method (Doyle
and Doyle 1990) was used for the extraction of DNA.
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Table 1. Urdbean and mungbean* genotypes used in the study
Genotypes
PU 07-7
PU 08-1
PU 08-2
PU 08-3
PU 08-4
PU 08-5
PU 08-6
PU 07-7
PU 08-8
PU 08-9
PU 08-10
PU 08-11
PU 08-12
PU 08-13
PU 08-14
PU 08-15
PU 06-14
PU 06-15
PU 06-16
PU 06-17
PU 06-18
PU 06-19
PU 06-21
PU 06-22
PU 06-23
PU 06-24
PMU 01
PMU 02
PMU 03
Local-60
Pant U-31
Pant U-40
DPU 88-31
BDYR-1*

Pedigree
UPU 97-10 × DPU 88-31
UPU 97-10 × KU 97-1
UPU 97-10 × KU 97-1
UPU 97-10 × DPU 88-31
UPU 97-10 × DPU 88-31
UPU 97-10 × KU 96-3
UPU 97-10 × KU 96-3
UPU 97-10 × DPU 88-31
UPU 97-10 × DPU 88-31
Pant U-30 × ICU-7
Pant U-30 × ICU-7
Pant U-30 × AKU-15
UPU 97-10 × KU-303
UPU 97-10 × KU-303
Pant U-19 × KU 96-3
Pant U-19 × KU 96-3
BDYR-1* × DPU 88-31
BDYR-1* × DPU 88-31
BDYR-1* × DPU 88-31
BDYR-1* × DPU 88-31
BDYR-1* × DPU 88-31
BDYR-1* × DPU 88-31
BDYR-1* × DPU 88-31
BDYR-1* × DPU 88-31
BDYR-1 *× DPU 88-31
BDYR-1 *× DPU 88-31
Local selection from Uttarakhand, India
Local selection from Uttarakhand, India
Local selection from Uttarakhand, India
Local selection from Uttarakhand, India
UPU 97-10 × DPU 88-31
UPU 89-6-7 × DPU 88-31
PLU-31 × Type-9
Selection from NM-92

Salient features
Large seeded, MYMV resistant
Large seeded, early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant, high yield/plant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant, high yield/plant
Early maturing, MYMV resistant, high yield/plant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, higher pod length, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, higher pod length, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, MYMV resistant
Early maturing, higher pod length, MYMV resistant
Susceptible to MYMV, higher seeds/pod and pods/plant
Susceptible to MYMV
Susceptible to MYMV
Early maturing, moderately resistant to MYMV
Early, dwarf and compact plant type, resistant to MYMV, released for commercial
cultivation
Erect plant type, resistant to MYMV, released for commercial cultivation
Highly resistant to foliar diseases
Large seeded, susceptible to MYMV

PCR amplification: ISSR amplifications were performed in a
20 µl volume containing 50ng/µl genomic DNA, 0.5 U of Taq
DNA polymerase, 0.2mM each of dNTPs, 10 pmol/µl ISSR
primer in 1×reaction buffer that contained 10 mM Tris-HCl
(pH 8.3), 50 mM KCl, 2.5mM MgCl2 and 0.01% gelatin (all
chemical and primers from Bangalore Genei Pvt. Ltd. India).
Amplifications were performed in an Eppendorf Master Cycler
gradient (Eppendorf Netheler-Hinz, Hamburg, Germany).
Amplification conditions were an initial denaturation at 94°C
for 5 min and 40 cycles at 94°C for 1 min, 42°C for 1 min, 72°C
for 2 min, followed by 10 min at 72°C. Amplified products were
mixed with 4 µl of DNA loading dye and electrophoresed
through a 1.2% agarose gel using 0.5X TAE buffer (100 mM
Tris HCl, pH 8.0, 83 mM glacial acetic acid, 0.5 mM EDTA) at
50 volts in horizontal unit for fractionating ISSR primers. The
gels were stained with 0.5 µg/ml ethidium bromide solution
and visualized by illumination under UV light and documented
using a gel documentation and image analysis system
(Syngene, UK). The size of amplification products was
estimated by comparing the DNA bands with low range DNA
Ruler plus marker.
Recording and analysis of molecular data: The PCR products
were scored qualitatively for presence (1) or absence (0), each

of which was treated as an independent character regardless
of its intensity. Only clear and apparently unambiguous bands
were scored for ISSR analysis. Binary data were analyzed using
NTSYS-pc (Numerical Taxonomy System, Version 2.1, Rohlf
2000). The SIMQUAL sub- program was used to calculate the
Jaccard’s coefficient, a common estimator of genetic identity
or similarity.
Similarity matrices were used to construct the UPGMA
(un-weighted pair group method with arithmetic average)
dendrograms to elucidate the diversity among the genotype
studied. Correlation between the tree and similarity matrices
was estimated by means of the Mantel matrix correspondence
Table 2.

Details of primers used and their sequences

Primer code
4824-038
4824-039
4824-040
4824-041
4824-043
4824-044
4824-047
4824-049
4824-050
4824-051

Sequence (5’ to 3’)
AGAGAGAGAGAGAGAGC
GAGAGAGAGAGAGAGAC
GAGAGAGAGAGAGAGAA
AGAGAGAGAGAGAGAGTT
AGAGAGAGAGAGAGCCTA
GAGAGAGAGAGAGAGACC
ACACACACACACACACC
GAGAGAGAGAGAGAGAC
GAGAGAGAGAGAGAGAA
AGAGAGAGAGAGAGAGAGTT

Mer
17
17
17
18
18
18
17
17
17
18

TM % GC
46.8
53
43.3
53
44.3
47
45.4
44
52.2
44
43.3
55
49.2
53
44.3
53
44.3
47
45.6
50
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test (Mantel 1967). This test results in product moment
correlation(r) that validate the dendrogram obtained from the
similarity matrix. For matrix correlation of this type, a correlation
value (r) greater than 0.5 will be statistically significant at 0.01
probability level if the number of observed taxonomic unit
exceeds 15 (Lapointe and Legendre 1992). Statistical stability
of the branches in the cluster was estimated by bootstrap
analysis using the Winboot software program (Yap and Nelson
1996).
RESULTS AND DISCUSSION
Amplification of genomic DNA of the 34 genotypes,
using ISSR primers yielded a total of 71 fragments that could
be scored. Out of 71 bands, 65 were polymorphic. Number of
amplified bands ranged from 4 (primer 44824-050) to 10 (primer
4824-039), with a size range of 100 bp to 3000 bp. The average
numbers of bands per primer and polymorphic bands per
primer were 7.1 and 6.5, respectively.
Percentage polymorphism ranged from 50.0% (primer
4824-049) to a maximum of 100% (primers 4824-038, 4824041, 4824-043, 4824-044, 4824-049 and 4824-051), with an
average of 80% polymorphism across all the genotypes. Seven
of the 10 ISSR primers showed >80% polymorphism. The
maximum number of polymorphic bands was 8 (primers 4824038, 4824-039, 4824-044 and 4824-050).

91

Jaccard’s similarity coefficients between different
urdbean lines ranged from 0.47 to 1.00. Among the 33 urdbean
and one mungbean genotype, highest genetic similarity value
(minimum diversity) was observed between PU 06-23 and PU
06-22, PU 06-24 and PU 06-22, and PU 06-24 and PU 06-23
(0.99) followed by between PU 06-22 and PU 06-21, PU 06-23
and PU 06-21, and PU 06-24 and PU 06-21 (0.94), while lowest
genetic similarity value (maximum diversity) was observed
between Local-60 and PU 08-2 (0.47) followed by between
Local-60 and PU 08-1 (0.51).
The UPGMA (un-weighted pair group method with
arithmetic mean) dendrogram was constructed using Jaccard
similarity coefficient of ISSR marker data generated on 33
urdbean and 1 mungbean lines employing programme NTSYS
(Fig. 1). Cluster analysis grouped the 33 urdbean and 1
mungbean genotypes into two main clusters, cluster I and
cluster II. Cluster I was divided into two main sub-clusters,
sub-cluster Ia and sub-cluster Ib. Cluster II was also divided
into two main sub-clusters, sub-cluster IIa and sub-cluster
IIb. Sub-cluster Ia was further divided into sub-cluster Ia´ and
Ib´. Sub-cluster Ia´ comprised of 2 genotypes, PU 08-1 and
PU 08-2, whereas sub-cluster Ib´ consisted of 9 genotypes,
namely, PU 08-3, PU 08-4, Pant U-31, PU 08-5, PU 08-8, PU 089, PU 08-6, PU 07-7 and PU 08-10. Sub-cluster Ib contained
only one genotype, PU 08-11.

Fig. 1. Dendrogram generated using unweighted pair group method with arithmetic average analysis, showing relationship between
urdbean and mungbean genotypes, using ISSR data. The numbers at the forks indicate the confidence limit for the grouping of
the genotypes in a branch based on 2000 cycles in bootstrap analysis using the Winboot program.
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Cluster II, the larger of the two clusters consisted of 22
genotypes, of which 5 genotypes were placed in sub-cluster
IIa and 17 genotypes in sub-cluster IIb. Sub-cluster IIa was
subdivided into sub-cluster IIa´ and sub-cluster IIb´. Subcluster IIa´ comprised of only one genotype, PU 08-12, while
sub-cluster IIb´ comprised of four genotypes, namely, PU 0813, PU 08-14, Pant U-40 and PU 08-15. The sub-cluster IIb was
further split into sub-cluster IIa´ and sub-cluster IIb´. Subcluster IIa´ is subdivided into sub-cluster IIa´1 and sub-cluster
IIa´2. Sub-cluster IIa´1 comprised of seven genotypes, namely,
PU 08-7, PMU-01, PMU-02, BDYR-1, PU 08-14, PMU-03 and
DPU 88-31, whereas, sub-cluster IIa´2 consisted of only one
genotype, i.e., Local-60. Sub-cluster IIb´ was further divided
into two sub-clusters IIb´1 and IIb´2. Sub-cluster IIb´1
comprised of two genotypes, PU 06-15 and PU 06-16, whereas,
sub-cluster- IIb´2 comprised of seven genotypes, namely,
PU 06-17, PU 06-18, PU 06-19, PU 06-21, PU 06-22, PU 06-23
and PU 06-24. The advance breeding lines PU 06-22, PU 06-23
and PU 06-24 exhibited similarity coefficient of 1.
Characterization of diversity present among the
genotypes is of immense importance in any crop improvement
program for judicious choice of parents and efficient handling
of segregating populations. The genetic information provided
by morphological traits has limitations which can be overcome
by molecular techniques such as ISSR. Since molecular
markers are considered to be more stable under a non-labile
genetic system, they have been used in many crops to obtain
results with higher precision in breeding programmes. In the
present study, ISSR markers have been used to assess genetic
variability among urdbean genotypes. The ISSR technique
has been applied earlier to assess molecular polymorphism in
mungbean (Chattopadhyay et al. 2011) and urdbean (Ranade
et al. 2004). It is, therefore not surprising to find significant
levels of polymorphism among the 33 genotypes of urdbean
and one genotype of mungbean through ISSR markers. The
success of this study in identifying polymorphism is due to
the use of a number of selected pre-screened highly informative
primers.
The 10 ISSR primers in the present study yielded 65
polymorphic bands that unambiguously discriminated 34
genotypes into 4 sub-clusters. It is evident from the ISSR
derived dendrogram that all genotypes were similar to the
extent of more than 61%. Twelve genotypes were grouped in
cluster I and the remaining 22 genotypes were grouped in one
largest cluster (cluster II). This indicated that the variation
observed in morphological characters is not being
corroborated by molecular variation. It may also be noted that
molecular variation as revealed by ISSR technique may not
always be applicable because it does not reflect the functional
relationship of genome with character expression of the traits
in plant.
The ISSR dendrogram was unable to discriminate
blackgram genotypes on the basis of their inter-specific and

intra-specific origin. All the genotypes and checks exhibited
more than 61% similarity and in most of the genotypes
similarity ranges from 86-100%. The higher degree of
commonness in their pedigree may explain the high degree of
closeness among genotypes studied. This is confirmed by
100% similarity among three genotypes, PU 06-22, PU 06-23
and PU 06-24, which have common parentage. Genetic variation
among 33 genotypes of urdbean and one mungbean cultivar
based on ISSR analysis could be useful in selecting parents
for generating appropriate populations in urdbean
improvement programmes.
The narrow genetic base of the lines studied revealed
by low variations between groups which suggests the need
for incorporation of genes from wild ancestors in order to
broaden the genetic base in urdbean. Inter-specific crosses
with mungbean or with wild progenitors may contribute
significantly to achieve this goal.
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ABSTRACT
In breeding programmes for improving drought tolerance,
selection for physiological traits that are closely associated
with drought hastens up the progress rather than simply
attempting to select high yielding types under drought
condition. Genetic studies were conducted utilizing F 2
populations of chickpea crosses JAKI 9218 x ICC 4958, ICC
506EB x ICC 4958, KAK 2 x ICC 4958, JG 11 x ICC 506EB,
JAKI 9218 x ICC 506EB, to elucidate the nature of inheritance
of leaf chlorophyll content as indicated by the surrogate trait,
SPAD Chlorophyll meter reading (SCMR). SCMR values
indicate leaf chlorophyll content which in turn is related to
leaf ‘N’ status. Frequency distribution graphs of F2 population
of all the five crosses were unimodal, continuous and
asymmetric. Variable distribution was observed in five crosses
indicating the presence of different allelic frequencies for
SCMR in different parental genotypes. The appearance of
transgressive individuals in both the extremes, F2 phenotypic
ratio of 1:4:6:4:1 and the measures of skewness and kurtosis in
five crosses revealed that the trait leaf chlorophyll in chickpea
is governed by a fewer genes which under the influence of
modifying factors might have resulted in continuous variation
as observed in the trait.
Key words:

Chickpea, Drought, Inheritance, Leaf chlorophyll,
SPAD Chlorophyll meter

India, the largest producer of chickpea, accounts for
60-70% of total global production (8.21 m ha, 7.48 m tonnes in
2010-11). Chickpea is mainly grown as rainfed crop on
conserved soil moisture. In India, during recent years,
chickpea has spread to Central and Southern India, where the
crop is often exposed to drought spells coupled with short
winters which lead to physiological problems restricting the
yield potential of the crop. Of late, breeding programmes to
tackle drought shifted focus to identify and utilize surrogate
traits that are closely associated with drought rather than
simply attempting to select high yielding types under drought
condition (Ludlow and Muchow 1990, Subbarao et al. 1995).
Genetic enhancement of transpiration efficiency (TE) has been
taken up as a major research effort in crop improvement
programmes through out the world (Bindu Madhava et al.
2003). It is very difficult to screen for TE under field conditions.
Light weight SPAD chlorophyll meters were utilized in trait
based groundnut breeding programmes for measuring leaf
chlorophyll content for improving drought tolerance. A direct
close relationship of TE with SPAD Chlorophyll meter reading
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(SCMR) was reported in groundnut (Nageswara Rao et al.
2001, Bindu Madhava et al. 2003) and SCMR has a direct
linear relationship with extracted leaf chlorophyll (Yadava 1986)
and also related to leaf nitrogen concentration (Bullock and
Anderson 1998). This strategy was also applied to chickpea
to measure variation of SCMR in the mini core germplasm of
chickpea (Kashiwagi et al. 2006, 2010). Keeping this in view,
genetic studies were made to elucidate the nature of
inheritance of leaf chlorophyll content as indicated by the
surrogate trait, SCMR.
MATERIALS AND METHODS
The present study was carried out at Regional
Agricultural Research Station, Nandyal during post rainy
season of 2007-08. Five F2 population of crosses viz., JAKI
9218 x ICC 4958, ICC 506EB x ICC 4958, KAK 2 x ICC 4958,
JG 11 x ICC 506EB and JAKI 9218 x ICC 506EB were grown in
plots of 4 meter length and the number of rows varied from
cross to cross depending on size of the population. The
parental genotypes were grown in single row of five meter
length. Non – experimental chickpea variety was planted
around the experimental area to avoid border effect. Among
the parental genotypes, JG 11 and JAKI 9218 are high yielding
desi varieties. KAK 2 is a high yielding kabuli variety.
ICC 4958 is a drought tolerant desi line with deep root system
and ICC 506EB is a desi line with tolerance to Helicoverpa,
Gram pod borer. Standard production practices were followed
to raise the crop. SCMR of all individual plants in each cross
was measured on the leaf lets of third leaf from the top at 60
days after sowing using SPAD-502 Chlorophyll Meter (Minolta
Konica Co. Ltd, Japan) (Kashiwagi et al. 2006). In parental
genotypes, observations were recorded on ten randomly taken
plants. Estimates of the coefficient of skewness (g1), kurtosis
(b2) and of the amount of kurtosis (g2) were computed for
each F2 population (Snedecor and Cochran 1980).
RESULTS AND DISCUSSION
The SCMR values recorded in parental genotypes
during 2006-07 and 2007-08 are presented in Table 1. In both
the years, ICC 4958 has recorded higher SCMR followed by
JG 11 and JAKI 9218. Among all parents, ICC 506EB has
recorded a lower SCMR value. The relative ranking of the
parents almost remained the same indicating that the trait is
stable across the years and can be considered as a reliable
trait. Kashiwagi et al. (2006) observed that there was
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Table 1.

SPAD Chlorophyll meter readings (SCMR) in five
chickpea genotypes
SCMR
2006-07
53.3
51.0
55.3
45.9
48.0

Parent
JG 11
JAKI 9218
ICC 4958
ICC 506EB
KAK 2

2007-08
55.8
53.6
58.2
45.5
53.1

significant correlation in SCMR between rainfed and irrigated
conditions. Regardless of irrigation scheme (r =0.534, P= 0.01),
ICC 4958 recorded a better SCMR value.
In F2 populations, a wide range of SCMR values were
recorded. These SCMR values of five crosses were grouped
into different classes by taking a class interval of two and
frequency distribution graphs were plotted by taking SCMR
values on X-axis and frequency of individuals on Y-axis
(Fig. 1). The frequency curves of all the five crosses were
unimodal, continuous and asymmetric. According to Allard
(1960) continuous variation may be due to low heritability of

x ICC 4958, moderate in JAKI 9218 x ICC 4958 and high in JG
11 x ICC 506EB and JAKI 9218 x ICC 506EB. The latter two
crosses also had high GAM indicating that these are quite
amenable for improvement of the trait through simple selection
procedures. Jayalakshmi et al. (2011) also reported high GCV,
high heritability and high GAM for SCMR in four crosses of
chickpea. Vasanthi et al. (2005) measured leaf chlorophyll
content in terms of SCMR in groundnut and reported moderate
to high heritability for this trait.
Estimates of the coefficient of skewness (g1), kurtosis
(b2) and of the amount of kurtosis (g2) of F2 distribution of five
crosses are presented in Table 3. The results clearly indicated
variable distribution in all the five crosses. Skewness was
positive and significant in ICC 506EB x ICC 4958 where as it
was negative in JAKI 9218 x ICC 4958 and JAKI 9218 x ICC
506EB. Skewness was negligible in KAK 2 x ICC 4958 and JG
11 x ICC 506EB. Kurtosis was negative and significant in two
crosses JG 11 x ICC 506EB and JAKI 9218 x ICC 4958. Kurtosis
was positive in ICC 506EB x ICC 4958 while it was negative
KAK 2 x ICC 4958 and JAKI 9218 x ICC 506EB as well. The
shape of the curve was leptokurtic in ICC 506EB x ICC 4958
and JG 11 x ICC 506EB. This variable distribution for SCMR
in different crosses might be attributed to the presence of
different allelic frequencies in different parental genotypes of
crosses, assuming additivity in all loci, no epistasis and
independent factors (or) dominance and / or epistasis with in
and / or among some loci.
Table 3.

Fig 1. Distribution of SCMR in F2 population of five crosses
of chickpea

a trait or moderately higher number of genes involved in the
inheritance. The SCMR values in each cross were grouped
into five classes and the Chi square test fitted well with a
phenotypic ratio of 1:4:6:4:1.This indicates that a fewer genes
are involved in the inheritance of the trait with duplication of
factors with masking or inhibitory action on minor genes
resulting in an array of genotypes. Genetic parameters viz.,
Genotypic Coefficient of Variation (GCV), Phenotypic
Coefficient of Variation (PCV), heritability in broad sense [h2
(b)] and Genetic Advance as per cent mean (GAM) were also
estimated for five crosses (Table 2). The genotypic variation
was high in JG 11 x ICC 506EB and JAKI 9218 x ICC 506EB.
Heritability was low in KAK 2 x ICC 4958 and ICC 506EB
Table 2.
Cross
JAKI 9218
ICC 506EB
KAK 2
JG 11
JAKI 9218

Genetic parameters for SCMR in population of five
chickpea crosses
x
x
x
x
x

ICC 4958
ICC 4958
ICC 4958
ICC 506EB
ICC 506EB

n
140
337
150
283
105

g1
-0.167
0.515 **
0.050
0.053
-0.227

b2
2.133*
3.093
2.357
2.393*
2.121

g2
-0.866
0.093
-0.642
-0.606
-0.878
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Coefficient of skewness (g 1), kurtosis (b 2) and the
amount of kurtosis (g 2) in F 2 distribution of five
crosses
Coefficient of
Variation

Genetic
Heritaadvance
bility
Cross
as percent
Phenotypic Genotypic (%)
Mean
JAKI 9218 x ICC 4958
14.8
7.7
26.8
9.1
ICC 506 EB x ICC 4958
9.9
4.3
18.6
4.1
KAK 2
x ICC 4958
12.9
5.0
15.2
5.3
JG 11
x ICC 506 EB
14.7
11.6
62.2
18.0
JAKI 9218 x ICC 506 EB
13.4
10.5
61.7
16.6
* Significant at P= 0.05, ** Significant at P= 0.01.

A perusal of frequency distribution curves clearly
indicates that there are transgressive individuals with lower
SCMR values than the lower parent as well as with higher
SCMR values than the parents with high SCMR values in all
the five crosses. However, the frequency of higher SCMR
individuals was higher in three crosses viz., JAKI 9218 x ICC
4958, JG 11 x ICC 506EB and JAKI 9218 x ICC 506EB. In the
latter two crosses, ICC 506EB, a low SCMR parent might have
contributed positive alleles which are not existing in ICC 4958,
a high SCMR parent, throwing transgressive individuals better
than ICC 4958. Vasanthi et al. (2005) and Babitha et al. (2006)
reported that leaf chlorophyll content (in terms of SCMR) in
groundnut may be governed by a fewer genes acting in non
additive manner.
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It is evident from the present study that two crosses
viz., JG 11 x ICC 506EB and JAKI 9218 x ICC 506EB with high
heritability and genetic advance have potential to give superior
recombinants with high SCMR as they can be easily exploited
through simple selection procedures. Even the parental
genotype ICC 506EB with low SCMR is also carrying some
promoting alleles. The appearance of transgressive individuals
in both extremes, the F2 phenotypic ratio of 1:4:6:4:1 and
variable distribution of frequency curves in different crosses
(as shown by the measures of skewness and kurtosis) clearly
indicated that the trait leaf chlorophyll in chickpea is governed
by a fewer genes which under the influence of modifying
factors might be resulting in continuous variation as observed
in the trait.
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ABSTRACT
A successful regeneration protocol relies on the number of
surviving plants in soil that can be obtained. Low recovery of
cultured plants on account of poor rooting is still a key
restrictive factor for regeneration and transformation of
chickpea. Induction of root organogenesis in chickpea is
difficult and genotype dependent. The resulting loss of
regeneration potential due to poor formation of roots is very
high. Therefore, a rapid micro grafting technique, an alternative
to robust rooting was developed to increase the recovery of
complete plants in vitro. The micro grafting of in vitro
regenerated shoots onto the rootstock grown in vivo proved to
be simple and reliable method allowing up to 80% recovery of
non-rooted shoots from culture of chickpea. Success of any
given graft was directly related to scion size (2mm) and age of
the rootstock (6-12 days). The method appeared to be genotype
independent and will be useful as an alternative method of
rooting of chickpea varieties showing poor rooting potential.
Key words:

Cicer arietinum L., Chickpea, Regeneration,
Micrografting, Transgenics

Chickpea is the world’s third most important pulse crop
and India produces 75% of the worlds supply. Chickpea is a
good source of carbohydrate (48.2-67.6%), protein (12.431.5%), starch (41-50%), fat (6%) and nutritionally important
minerals (Geervani and Umadevi 1989). However, there are
number of diseases and pests which cause very heavy yield
losses to chickpea production every year. The advancement
of biotechnology and molecular biology techniques offers an
opportunity to overcome some of the limitations of this crop.
A robust regeneration and transformation system is prerequisite for development of functional transgenic for
economic traits in chickpea. However, reports on de novo
organogenesis in chickpea are scarce and are confined to the
multiplication of pre-existing meristems (Bajaj and Dhanju 1979,
Kartha et al. 1981, Altaf and Ahmad 1985, Chandra et al. 1993,
Brandt and Hess 1994).
Plant regeneration via callus has also been reported in
chickpea (Surya-Prakash et al. 1992, Barna and Wakhlu 1994).
Regeneration of chickpea is the most difficult among all
leguminous crops. Regardless of the regeneration method
employed, all methods depend on root formation for recovery
of plants from culture. The loss of regeneration potential due

to failure to form strong root system results in very low
frequency of plant regeneration. After rooting of in vitro
regenerated shoots, the frequency of survival of hardened
plants into soil is negligible. Therefore, efficient and robust
regeneration protocol for chickpea is only possible by grafting
of regenerated shoot onto homozygous root stock. For
development of transgenics, after genetic transformation with
candidate gene, micro grafting is the only way to overcome
the problem of rooting as well as hardening. However, it is
very uncommon to see a shoot tip grafted onto the germinated
root stocks which is successful in softwood plants particularly
in leguminous crops. Thus, the objective of this study was to
develop an efficient grafting system for the recovery of plants
from in vitro regenerated shoots through micrografting.
MATERIALS AND METHODS
Preparation of explants: Five chickpea cultivars/genotypes
viz., C235, K850, BG256, E1004 and PDG 85-1 were selected
based on their regeneration potential and seeds were obtained
from AICRP-Chickpea Unit, Indian Institute of Pulses
Research, Kanpur. The seeds were washed thoroughly in
Tween 20 (Polyoxyethylene sorbiton monolaurate, MERCK)
for 10-15 minutes. The seeds were further rinsed under running
tap water and surface sterilized with 10% sodium hypochlorite
solution for 5 minutes followed by repeated washing (5-6
times) with sterile double distilled water. Further, these seeds
were soaked in sterile distilled water for 16-18 hr. The seed
coat was removed and the dissected cotyledons (top portion)
and the embryonic axes were used as explants for in vitro
shoot induction and regeneration.
Culture Media & Culture Conditions: The explants were
cultured on the Murashige and Skoog (MS) medium (1962)
supplemented with different concentrations of NAA, IBA,
IAA, BAP and Kinetin. Sucrose (4%w/v) was added to the
media as a carbon source. The pH of the media was adjusted
to 5.8 and solidified with 0.8% agar before autoclaving at 15psi
(pound per square inches) pressure for 15 minutes. All the
cultures were maintained at a temperature of 25±1°C under a
16/8 hr (light/dark) photoperiod provided by cool white
fluorescent light (3000 lux).
The explants were cultured in five different media and
then sub-cultured 3 times at 15-day-intervals, prior to
assessment of the effect of nature of explant and composition
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Influence of different auxins on rooting of in vitro
derived shoots of chickpea after three weeks of
culture
Auxin (mg/l)

MS basal
Medium

IAA

MS
½ MS
MS

½ MS

MS

½ MS

MS

½MS

IBA

NAA

Frequency of root
induction (%)

-

-

-

00

-

-

-

00

0.1

-

-

00

0.5

-

-

00

1.0

-

-

40

0.1

-

-

00

0.5

-

-

00

1.0

-

-

80

-

0.1

-

00

-

0.5

-

00

-

1.0

-

00

-

0.1

-

00

-

0.5

-

00

-

1.0

-

00

-

-

0.1

25

-

-

0.5

38

-

-

1.0

18

-

-

0.1

50

-

-

0.5

68

-

-

1.0

25

of the culture medium on shoot regeneration capacity. The
percentage of shoot producing explants (frequency) and the
number of shoots per explant (efficiency) were determined at
60 days after culturing. After the shoot regeneration
assessment, the best performing 120 explants (60 from each
genotype) with 3 cm long shoots, were randomly selected
and placed in sterilized culture tubes (one explant per culture
tube) containing 20 ml of rooting medium with varying
concentrations of NAA, IBA or IAA, as shown in Table 1.
After formation of well-developed roots, 45-50 days after
introducing into the rooting media, plantlets (4-5 cm long)
were removed from culture tubes, washed thoroughly with
tap water to remove the medium and transferred to a presterilized potted soil and sand mixture (1:1). The rooting
frequency was recorded after 20-30 days. Some of the
regenerated in vitro shoots were taken and micrografted onto
pregerminated root stock of the same or other genotypes.
The survival rate of the two processes (rooting and
micrografting) was studied subsequently (Table 4).
Table-2:

Relative performance of different genotype as scion
as well as root stocks

Root stock
C235
K850
BG 256
E-1004
PDG 85-1

C235
32.26
30.00
50.00
20.00
80.00

K850
70.00
15.71
00
00
20.00

Scion (Survival %)
BG 256 E-1004
50.00
50.00
00
00
02.17
00
00
00
00
00

Total (%)
PDG85-1
80.00
20.00
00
00
00

38.51
17.70
10.53
20.00
50.00

Method of grafting: The shoot of each genotype was cut
from the middle of the second internodes starting from base/
soil surface. Three different procedures were used for
preparation and union of scion and root stock (Table 3).
Table-3:
Method of
grafting
Side
Mid
Saddle
Total

Table 4:
Genotypes

C235
K850
BG 256
E-1004
PDG 85-1

Comparison of different grafting methods in
chickpea (success rate)
Method of joining (no.)
Aluminium foil
Wax
Straw pipe
00
00
15
00
04
78
00
00
02
00
04
95

Total (%)
18.07
40.59
03.08

Comparison of survival rate with rooting and
micrografting
No. of
plants
Rooted
20
20
20
20
20

No. of Plants
Micrografted
15
15
15
15
15

% survival % survival
after
after
rooting micrografting
6
86.6
0
100
0
60
13
93
6
100

1.
Side Grafting: The scion was placed laterly on the side
of a root stock. The scion was prepared by removing all the
lateral branches and vegetative growths were removed near
the point of graft. The long, slopping and wedge shaped cut
was made for scion. Soon after bringing together the root
stock and scion, the point of the union was sealed with
grafting material.
2.
Mid grafting: Diagonal cuts on both scion and root
stock were made. The girth of the plants was approximately
0.8 cm in diameter. Approximately 1 cm long plantlets were
chosen for grafting purpose. Long smooth sloping cut was
made in scion at one stroke. The root stock was prepared by
making cut in reverse downward direction starting about ¼ of
the distance from the top. The scion and the root stock were
interlocked in such a way that the cambium layers matched on
both the sides of completed grafts and secured in position
with grafting material.
3.
Saddle grafting: Diagonal cuts of equal length were
made on the scion and root stocks of equal girth in the form of
saddle to match each other. These two components were
brought together facing cambium layers, tide securely and
coated with grafting material (aluminium foil, straw pipe and
wax).
Grafting material: Three kinds of material such as straw pipe,
aluminium foil and wax were used for assembly of root stock
and scion. A direct cut of 0.5cm size was made in the root
stock. The first leaf on the root stock was removed by blade
to facilitate easy slip over straw pipe/ aluminium foil/ wax
assembly. The length of straw pipe was selected depending
on the length of the root stock. This assembly was slipped
down to union point of scion and root stock to provide proper
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strength. The scion was sliced from both sides, removing the
skin of the stalk with the help of the blade and then inserted in
the cut of the root stock. The straw pipe/ aluminium foil was
pulled down to the joint while wax was pasted to the joint.
Comparison of these three different kind of materials used for
micrografting was studied (Table 3). The pots were filled with
gravel. The planting material for root stock was grown into
pot containing sand. The grafted plants in pot containing
sand were kept in bigger pot and watered twice a day. The
water was also sprayed over the gravel to keep condition
humid and cool around the pots. The pots were protected
from the direct light by covering from all sides with the black
opaque plastic sheets. The sprouts coming up from the nodes
of the root stock were removed daily to retain true scion only.
After 5 days the grafted plants were shifted to light conditions.
The plants were watered with ¼ Hoagland solution as per
their requirement. After two days of grafting, assembly of the
straw pipe /aluminium foil/ wax was removed by cutting them
gently from one side down and then pulling apart the two
folds.
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RESULTS AND DISCUSSION
Regeneration of chickpea shoots, used under present
investigation, from different explants was achieved using
procedures and methods described earlier by Yadav and Singh
(2012). The difficulties in getting functional roots were
observed with number of genotypes (Table 1). Even if the
roots were developed, there was problem in establishment
into pot/field (Table 4). Similar to results of present
investigation, there are number of reports depicting problems
in rooting of in vitro regenerated shoots in chickpea (Banko
and Stefani 1989, Shankar and Mohan Ram 1990, Malik and
Saxena 1992) and lentil (Williams and McHughen 1986, Singh
and Raghuvanshi 1989, Polanco and Ruiz 1997).
Since the rooting efficiency and survival rate of rooted
plantlets after hardening was comparatively low, grafting
procedure was standardized to increase the survival of in
vitro derived plantlets (Table 1 & 4). The results of various
experiments on grafting are depicted in Fig. 1 & Table 2, 3. Out
of the three grafting methods used, mid grafting showed
maximum (40.60%) success followed by side grafting (18.07%)

Fig 1: Micrografting of different genotypes as scion as well as root stock, A. Scion prepared of in vitro shoots, B. Pregerminated root
stock, C. Micrografted shoot on root stock supported by a straw pipe, D. Union between root stock and scion, E. Transverse section
of a graft shoot showing cambium formation, F. Established micrografted shoot, G. Micrografted shoots after 2 month of grafting bearing
flowers, H. Pod formation on micrografted shoot, I. Mature micrografted plant.
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(Fig.1A). However, minimum success (3.09%) was achieved
with saddle grafting method (Table 3). Out of the three kinds
of material used for joining of scion and root stock, straw pipe
method showed best response (35.85%) in terms of survival
of successful grafted plants (Fig 1C). However, no success
could be achieved using aluminium foil for joining the grafted
portion. Choosing suitable root stock and scion was found to
be key in getting successful grafting. Among various
combinations of genotypes of root stock and scion used,
C235 and PDG 85-1 showed best response (80.0%) to grafting.
Further, there was no reciprocal difference as these genotypes
gave best response either used as a scion and root stock
(38.5%) as well as scion (32.26%). Besides, moderate response
(50-70%) was also obtained when C235 was used in
combination with K850, BG256 and E1004 (Table 2). However,
12 out of 25 combinations did not show any success in
recovery of grafted plants. Although successful grafts were
obtained in all ages of rootstocks, graft survival was best
when root stock were 6-12 days old. Graft survival rate rapidly
decreased when root stocks were older than 18 days.
The results of these experiments provided the basis for
grafting in vitro derived shoots (scion) on pot raised root
stock. Although, there are number of successful reports of
micrografting in woody plants (Murashige et al. 1972 and
Navarro et al. 1975), where these techniques have become
routine, these information are very scanty in crop plants. Even
if micrografting has been performed in some crop plants eg.,
Lens culnaris (Gulati et al. 2001), Vicia narbonensis (Pickardt
et al. 1995), Phaseolus acutifolius (Dillen et al. 1997), Pisum
sativum (Bohmer et al. 1995, Bean et al. 1997) and Cicer
arietinum (Krishnamurthy et al. 2000), the detailed
methodology has not been described. Therefore, success in
getting micrografting in chickpea will increase the possibility
of raising successful plants coming from the lab to field. This
could be of immense use in transformation experiments where
possibility of chimeric shoots do exist and raise a challenge to
scientists to develop homozygous transgenic lines. Dua et
al. (1997) attempted grafting in chickpea for the first time to
determine the control of root and shoot in imparting salinity
tolerance. Besides, in past, there are number of reports of use
of grafting to study the role of root in controlling ion
accumulation under salt stress (Grtten and Maas 1985).
However, grafting of in vitro induced shoots on to root stocks
is difficult, pose challenge and requires high level of skill.
Similar to the approach of present investigation, Jinhua and
Gould (1999) also used rapid in vitro shoot tip grafting (STG)
technique to increase recovery of intact cotton plants from
shoots developed in culture because induction of root
organogenesis in cotton shoot is genotype dependent and
unreliable. In vitro grafting of cotton shoots to seedling root
stock has been reported to be a simple and reliable method
allowing 90-100% recovery of non- rooting shoots from
culture. Success with any graft was directly related to scion
size (0.8-1.0cm) and age (14-35 days) of the seedling root stocks.

The resulting loss of regeneration potential due to failure to
form roots under in vitro culture varied from 30 to 80% in
chickpea depending on genotypes and represents a significant
bottleneck in the overall recovery of plants from the culture.
In transformation experiments, this loss in regeneration
potential on account of non formation of functional roots can
be considered substantial. The method of micrografting
reported under present investigation is genotype independent
and varietal differences between root stock and scion did not
affect the rate of plant recovery from culture in contrary to
results obtained in cotton. In vitro grafting was also used to
rejuvenate adult phase woody shoots to assist in vitro rooting
of woody perennials (Navarrow, 1988) and to add in the
recovery of transgenic citrus plant-from culture (Pena et al.
1995 a, b).
A comparative study was done to check the survival
rate of shoots through rooting and micrografting. It was found
that with micrografting there was 100% survival rate in
genotypes K850, PDG85-1 followed by 93% in E-1004.
Whereas, the survival rate after rooting was almost zero in
genotypes K850 and BG-256. Genotype E-1004 showed some
better response with 13% survival rate (Table 4). It was also
observed that grafting of shoots even reduced the time from
rooting to transplantation. In our case, the total time period
required from grafting of shoots to successful transplantation
was less than 2 week. These micrografted plants successfully
reached to maturity and seeds could be harvested from them
(Fig 1H).
Micrografting of chickpea shoots overcomes rooting
problem and is independent of genotypic effects. This
technique enables the quick regeneration (significant
reduction in the regeneration period) of whole plants and
increases efficiency of regeneration of chickpea. This
micrografting technique will be of immense use in
transformation experiments where transformed shoots are very
precious and possibility of chimeric shoots do exist and raise
a challenge to scientist to develop homozygous transgenic
lines.
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ABSTRACT
An investigation was conducted to study the extent of heterosis
over mid parent, better parent (heterobeltiosis), and parent
(NDU1) as well as inbreeding depression in F2 generation. Eight
genotypes were used to produce six crosses viz.; NDU 97-10 ×
IPU 981(cross I), NDU 99-2 × IPU 981 (cross II), Shekhar 1 × KU
300 (cross III), Shekhar 1 × KU 300 (cross IV), Uttara × NDU 1
(cross V) and Uttara × KU 321 (cross VI) and their F2 populations.
These populations were laid out in Compact Family Block
Design with three replications at Genetics and Plant Breeding
Research Farm, N.D.University of Agriculture and Technology,
Kumarganj, Faizabad (U.P.) during Zaid and Kharif 2008. Positive
and highly significant standard heterosis (%) for seed yield
per plant was registered in all the six crosses. Most heterotic
crosses for yield were cross II (37.52), cross VI (26.48), cross IV
(24.95) during Zaid and cross V (55.31), cross II (53.22), cross I
(35.85), cross VI (35.05) in Kharif. All these crosses also
registered highly significant inbreeding depression for yield
during both crop seasons. Negative and significant standard
heterosis, heterobeltiosis, mid parent heterosis and inbreeding
depression were recorded for days to 50 per cent flowering
(cross I and III) and days to maturity (cross I, III and IV) in Zaid
and days to 50 per cent flowering (cross V and VI) and days to
maturity (cross I, III, V and VI) during Kharif.
Keywords:

Heterobeltiosis, Inbreeding depression, Mid parent
heterosis, Standard heterosis, Urdbean

Among pulses, urdbean is an important short duration
grain legume cultivated over a wide range of agro-climatic
conditions. The total area under the crop has increased
progressively from 1.98 million ha in 1964-65 to 2.67 million ha
in 2008-09. Similarly, the production has increased from 0.64
million tones to 1.17 million tones during same period
(Directorate of Economics & Statistics, Department of
Agriculture and Cooperation, 2010). Increase in both area and
production has been observed in Andhra Pradesh, Karnataka,
Maharashtra, Rajasthan, Uttar Pradesh and Tamil Nadu. The
breeding approaches aimed at development and isolation of
superior homozygous lines or pure line varieties in self
pollinated crop like urdbean, essentially involve identification
of highly heterotic crosses and selection of superior lines in
advance segregating generations. Heterosis is a valuable
expression that often results from genetic recombination
(Lamkey and Edwards 1999). The exploitation of heterosis in
urdbean has not been commercialized due to limited extent of
out crossing (Singh 1982, 2000). However, highly heterotic

crosses can be used for development of high yielding pure
line varieties in a self-pollinated crop like urdbean. Therefore,
the present study was undertaken to generate information on
heterosis and inbreeding depression for yield and its
components in urdbean.
MATERIALS AND METHODS
Eight genotypes/varieties (‘NDU 97-10’, ‘NDU 99-2’,
‘IPU 981’, ‘Shekhar 1’, ‘KU 300’, ‘KU 321’, ‘Uttara’ and ‘NDU
1’) were crossed to produce six F1’s namely NDU 97-10 × IPU
981 (cross I), NDU 99-2 × IPU 981 (cross II), Shekhar 1 × KU
300 (cross III), Shekhar 1 × KU321 (cross IV), Uttara × NDU 1
(cross V) and Uttara × KU 321 (cross VI) during Kharif 2006.
The F 1’s were advanced to get F 2 populations and
simultaneously fresh F1’s were also made in Kharif 2007. Thus,
eight parents (including check), six F1, and their F2 populations
were evaluated in Compact Family Block Design with three
replications during Zaid and Kharif 2008 at the Genetics and
Plant Breeding Research Farm, N.D.U.A.&T. Kumarganj,
Faizabad (U.P.). Seeds of parents and F1’s were sown in a
single row plot, whereas, six rows constituted a plot for F2
generations, each of 5 m long with a spacing of 30 cm between
rows and 10 cm between plants. Observations were recorded
on 10 plants from parents and F1’s and 30 plants from F2
progenies selected randomly in each replication for twelve
quantitative traits viz., days to 50 per cent flowering, days to
maturity, plant height, number of clusters per plant, number of
pods per plant, number of seeds per pod, pod seed ratio (%),
biological yield per plant (g), 100-seed weight (g), harvest
index (%), seed yield per plant (g) and protein content (%).
The protein content (%) was determined by using macroKjeldhal method (Jackson 1976).
The mean data on above traits were used to compute
mean heterosis, heterobeltiosis, standard heterosis (Hays et
al. 1955) and inbreeding depression. Variety ‘NDU 1’ was used
as the standard parent (check) as it is one of the best released
variety for the UP. The test of significance was carried out for
the estimates of heterosis by adopting the t test as per the
formula given by Sharma (1988). These calculated ‘t’ values
for relative heterosis, heterobeltiosis and standard heterosis
were compared with table ‘t’ value at error degrees of freedom
at P=0.05 and 0.01 level of significance.
Calculated ‘t’ value = difference/SE
SE for heterobeltiosis, standard heterosis and
inbreeding depression =

2Me/r
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Where,
Me = mean error variance
r = number of replications
RESULTS AND DISCUSSION
The analysis of variance of Compact Family Block
Design revealed that the mean sum of squares due to
differences among generations (progenies) in cross family
were significant for all the characters during both crop seasons
(Kharif and Zaid) except number of cluster per plant in cross
I, V and V; number of seeds per pod in cross I and III, 100-seed
weight in cross III, V and VI in Zaid. However, number of
clusters per plant in cross I, V and VI, number of seeds per
pod in cross I and III, number of seeds per pod, 100-seed
weight and biological yield per plant in cross III. Thus, the
above characters showing non-significant differences among
the progenies in different cross-combinations were not utilized
in further statistical analyses (Table 1).
Heterosis over standard variety ranged from -9.33%
(days to 50 per cent flowering in cross I) to 55.315 (seed yield
per plant in cross I) during Kharif, while in Zaid it varied from
-19.99 to 55.67% (days to 50 per cent flowering in cross I). In
Table 1.
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Zaid, significant and positive estimate of heterosis over
standard variety (Table 1) was observed for plant height
(cross III, IV, V and VI), number of clusters per plant (cross
III), number of pods per plant (cross III and IV), number of
seeds per pod (cross II, IV, V and VI), pod seed ratio (cross I
and V), biological yield per plant and seed yield per plant (in
all crosses) and protein content (cross II, V and VI); while
significant and negative standard heterosis was recorded for
days to 50 per cent flowering (cross I, II, III and V), days to
maturity (cross I, III, IV and V), plant height (cross I), pod
seed ratio (cross III), harvest index (cross V) and protein
content (cross I, III and IV). During Kharif, significant and
positive heterosis over standard parent (NDU 1) was observed
for plant height, pod seed ratio, and seed yield per plant in all
the crosses. In both the seasons, significant and positive
heterosis over standard parent was recorded for number of
seeds per pod, biological yield per plant in all the crosses
except cross III, 100-seed weight (cross I, II, V and VI), harvest
index (cross I, II, V and VI) and protein content (cross I, V and
VI); while, significant and negative heterosis over standard
variety was observed for days to 50 per cent flowering (cross
I, III, IV, V and VI), days to maturity in all crosses and protein
content (cross II and III).

ANOVA for differences between progenies (generations) within families (crosses) for cross I to VI during Zaid and Kharif
2008

Characters

Cross I

Cross II

Number of clusters per plant
Number of pods per plant

0.073
0.783

0.586
8.828**

0.254 0.160
1.328 0.393

Zaid
Error Replication Progeny
10
2
5
0.489 0.500
29.600**
0.589 0.387
40.855**
2.273 1.176
128.933*
*
0.930
0.664 0.013
0.618*
15.019** 1.663 0.200
9.618**

Number of seeds per pod
Pod seed ratio (%)
100-seed weight (g)
Biological yield per plant (g)
Harvest index (%)
Seed yield per plant (g)
Protein content (%)

0.061
0.164
0.004
0.009
0.205
0.002
0.040

0.171
15.130**
0.069
8.775**
8.821
1.437**
13.99**

0.069
0.233
0.023
1.363
2.794
0.098
0.027

0.324**
14.342**
0.233**
5.442**
41.191**
4.868**
12.509**

Days to 50% flowering
Days to maturity
Plant height (cm)

Zaid
Replication Progeny
D.F. 2
5
0.056
34.055**
1.055*
23.121**
2.703
115.701**

Kharif
Error Replication Progeny
10
2
5
0.389 0.222
26.455**
0.189 0.387
11.956**
1.097 1.625
314.684**

Error
10
0.300
0.456
1.367

Replication
2
0.723
0.87
4.742**

0.119
1.733

1.872*
0.230

Kharif
Progeny
5
32.222**
7.156**
190.673*
*
3.580**
4.707*

0.049
0.874
0.040
0.858
2.142
0.194
0.047

0.129
8.477
0.021*
3.028
5.197
0.269
0.034

0.506**
65.653**
1.637**
9.825*
30.688**
6.012**
6.686**

0.065
0.180
0.015
0.728
0.496
0.001
0.039

0.059
0.072
0.031
1.427
1.910
0.176
0.016

0.064
0.828
0.045
0.883
4.192
0.235
0.201*

0.450**
2.480**
2.277**
6.629**
55.503**
3.352**
4.885**

Error
10
1.322
0.489
0.508
0.361
1.237
0.051
7.176
0.005
2.263
1.751
0.107
0.042

*, **: Significant at P = 0.05 and 0.01, respectively; ANOVA have been computed from the experiment consisted of six i.e. P1, P2 , F1, F2 , B 1 and B 2
generations of six crosses.
Characters
Zaid
Replication Progeny
D.F. 2
5
Days to 50% flowering
0.723
31.822**
Days to maturity
0.723
21.256**
Plant height (cm)
0.160
80.790**
Number of clusters per plant
0.126
1.609*
Number of pods per plant
0.134
20.287**
Number of seeds per pod
0.145
0.358
Pod seed ratio (%)
0.539
21.253**
100-seed weight (g)
0.032
0.055
Biological yield per plant (g)
2.522
33.677**
Harvest index (%)
2.514
31.418**
Seed yield per plant (g)
0.039
1.781**
Protein content (%)
0.052
3.527**

Cross III
Error
10
0.389
0.255
1.767
0.345
1.380
0.174
0.133
0.033
1.026
1.811
0.124
0.045

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

Kharif
Replication Progeny
2
5
0.057
15.789**
0.222
17.290**
6.375
102.294**
0.786
3.859**
0.675
25.551**
0.032
0.384
0.441
20.523**
0.556
0.172
4.050
6.470
2.456
44.547**
0.130
4.059**
0.224*
2.983**

Cross IV
Error
10
0.389
0.489
2.450
0.269
1.075
0.147
0.148
0.078
2.549
1.846
0.102
0.042

Replication
2
0.390
0.168
1.445
0.044
3.684
0.110*
0.152
0.054
2.634
1.753
0.080
0.045

Zaid
Progeny
5
11.789**
39.600**
3.468
1.205*
54.549**
0.446**
9.560**
0.256*
48.582**
26.421**
1.897**
4.180**

Error
10
0.322
0.366
2.481
0.283
3.039
0.024
0.336
0.064
2.305
2.980
0.322
0.102

Replication
2
0.723
0.887
2.063
0.518
2.792
0.100
0.04
0.05
2.726
2.320
0.489
0.096

Kharif
Progeny
5
50.722**
52.456**
53.784**
1.630*
16.916**
0.576**
8.922**
0.139*
19.023**
24.360**
2.987**
2.710**

Error
10
0.388
0.589
1.612
0.382
1.571
0.065
0.091
0.027
0.896
1.267
0.126
0.058

104

Journal of Food Legumes 25(2), 2012

Characters

Cross V
Zaid
Replication
D.F. 2

Days to 50% flowering
Days to maturity
Plant height (cm)
Number of clusters per plant
Number of pods per plant
Number of seeds per pod
Pod seed ratio (%)
100-seed weight (g)
Biological yield per plant (g)
Harvest index (%)
Seed yield per plant (g)
Protein content (%)

1.056*
0.723
2.269
0.121
1.356
0.055
0.031
0.048
2.886
0.613
0.078
0.041

Cross VI
Kharif

Zaid

Kharif

Progeny

Error

Replication

Progeny

Error

Replication

Progeny

Error

Replication

Progeny

Error

5

10

2

5

10

2

5

10

2

5

10

17.556**
35.289**
62.189**
0.754
11.608**
0.582**
10.92**
0.037
8.091**
9.850**
0.414**
20.040

0.189
0.455
2.271
0.633
1.270
0.043
0.177
0.033
0.986
1.526
0.065
0.021

0.500
0.387
0.672
0.182
1.653
0.019
1.699
0.036
1.229
1.209
0.138
0.042

20.367**
21.289**
402.240**
1.758
7.958**
0.747**
5.653**
0.837**
23.254**
44.409**
8.938**
24.029**

0.567
0.589
2.549
0.680
1.115
0.055
0.546
0.051
1.148
1.135
0.092
0.043

0.889
1.164
1.332
0.034
1.324
0.468*
0.035
0.049
1.737
5.523
0.109
0.011

32.322**
44.367**
31.856**
0.132
19.453**
0.619**
5.863**
0.052
19.251**
8.051*
1.765**
16.028**

0.490
0.434
1.556
0.228
2.434
0.082
0.230
0.029
0.766
1.921
0.077
0.030

1.055
0.387
0.641
0.750
0.949
0.142
0.863
0.041
3.187
0.025
0.139
0.002

21.156**
72.355**
62.627**
0.482
11.030**
1.363**
8.455**
0.052*
39.895**
41.941**
3.907**
15.318**

0.456
0.456
3.172
0.383
0.551
0.089
0.294
0.015
2.453
2.115
0.125
0.033

*, **: Significant at P = 0.05 and 0.01, respectively; ANOVA have been computed from the experiment consisted of six i.e. P1, P2, F1, F2, B1 and
B2 generations of six crosses.

Table 2.

Heterosis over standard variety (%) for 12 metric traits in cross I-VI during Zaid and Kharif 2008

Character
Days to 50% flowering
Days to maturity

Zaid
Cross I

Kharif

Cross II Cross III Cross IV Cross V Cross VI Cross I

-19.99** -4.34**
-8.41** 3.28**

-19.12** 0.88
-5.14** -5.60**

-10.43** -2.60
-8.41** -1.40

-2.30*
-2.62**

Cross II Cross III Cross IV Cross V Cross VI
4.57
-6.11**

Plant height (cm)
-2.40*
Number of clusters per plant -Number of pods per plant
2.81

0.54
-2.41
6.36

8.64**
14.31*
8.07*

21.20** 13.91** 26.12** 18.28** 3.26**
-9.44
---21.35*
24.41** 0.21
-4.52
1.75**
2.70

Number of seeds per pod
Pod seed ratio (%)

9.39**
-1.06

--1.55**

9.04*
-0.75

-2.14**

20.36** 20.08*
1.25** -0.20

-3.06**
-3.49**

-7.64**
-4.36**

-9.93**
-6.98**

-9.17**
-8.73**

25.72** 33.15** 34.99** 31.13**
20.34* -6.73
--5.63*
-2.20
3.31
-1.87

15.56** 17.91** -2.28**
1.80** 5.91**

14.69** 15.90** 30.78**
0.94** 2.99**
2.61**

100-seed weight (g)
-0.58
18.25
--7.92*
--13.92** 25.95** -Biological yield per plant (g) 24.64** 15.92** 24.46** 47.23** 55.67** 18.92** 15.14** 15.90** --

4.90
30.93** 4.90*
17.81** 21.30** 11.76*

19.65** 32.26** -5.89
Harvest index (%)
-5.31
23.23* 1.04
-11.58
-21.20** -1.90
Seed yield per plant (g)
13.71** 37.52** 20.95** 24.95** 16.95** 26.48** 35.85** 53.22** 9.97**
Protein Content (%)
-7.37** 3.25** -44.95** -3.07** 4.77** 2.39**
22.36** -5.40** -7.77**
*, **: Significant at P = 0.05 and 0.01, respectively

-0.33
28.03** 20.82**
17.68** 55.31** 35.05**
-0.41
5.89**
4.82**

It is evident that during both crop seasons, positive
and significant standard heterosis was observed for plant
height in cross II, IV, V and VI; number of clusters per plant in
cross III; number of seeds per pod in cross V; pod seed ratio
in cross I and V; biological yield per plant in all the crosses,
harvest index in cross II; seed yield per plant in all the crosses;
and protein content in cross V and VI. Singh and Singh (1971)
and Gupta (2005) have also reported significant standard
heterosis for yield per plant, cluster number and pod number
per plant. However, negative and significant heterosis over
standard parent was noted for days to 50 per cent flowering in
cross I, III and V; days to maturity in cross I, III, IV and V and
protein content in cross III. The result is very similar to findings
of Gupta (2005), indicating significantly negative standard
heterosis for flowering and maturity duration.
In Zaid, heterosis over better parent (Table 3) for
seed yield per plant varied from 12.99 (cross II) to 32.32 per
cent (cross VI), while, during Kharif heterobeltiosis for seed
yield per plant ranged from -8.30 (cross III) to 29.63 per cent
(cross VI). In Zaid, positive and significant heterobeltiosis

was observed for days to 50 per cent flowering in cross I, IV
and VI; days to maturity in cross II and VI; plant height in all
crosses; number of clusters per plant in cross II and III; number
of seeds per pod in cross V; number of pods per plant in cross
II, III and IV; pod seed ratio in cross I, IV, V and VI; biological
yield per plant in cross I and II; harvest index in cross VI; seed
yield per plant in cross III, IV, V and VI and protein content in
all the crosses except cross I; while, negative and significant
heterosis over better parent was recorded for days to 50 per
cent flowering in cross I and III; days to maturity in cross I,
III, IV and V; pod seed ratio in cross III and IV; 100-seed
weight in cross II and III; biological yield per plant in cross III
and VI and harvest index in cross III and V. During Kharif,
significant and positive heterosis over better parent was
observed for days to 50 per cent flowering (cross I, II and III),
days to maturity (cross I and IV), plant height in all crosses,
number of clusters per plant (cross II and III), number of pods
per plant (II and IV), number of seeds per pod (cross I, II, V
and VI), pod seed ratio (cross II, V and VI), 100-seed weight (I,
IV and V), biological yield per plant (cross IV and V), harvest
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Table 3. Heterosis over better parent (%) for 12 metric traits in cross I-VI during Zaid and Kharif 2008
Character
Cross I
Days to 50% flowering
-10.69**
Days to maturity
-2.97**
Plant height (cm)
4.34**
Number of clusters per plant -Number of pods per plant
0.73
Number of seeds per pod
-Pod seed ratio (%)
4.14**
100-seed weight (g)
1.02
Biological yield per plant (g) 2.57
Harvest index (%)
0.05
Seed yield per plant (g)
1.89
Protein Content (%)
-9.57

Cross II
8.91**
8.87**
5.23**
6.75**
3.75**
-8.65**
2.87**
-15.08**
-1.41
7.62
8.90
9.29**

Zaid
Cross III Cross IV
-10.59** 3.56**
-4.25** -6.04**
8.09**
3.15*
26.08** -7.11
5.84*
42.22**
-1.35
-3.72** -3.75**
--13.82**
-6.52*
8.65*
-7.33** -9.61
8.54**
24.48**
5.39**
1.70*

Cross V
-5.50**
-1.99*
13.90**
--4.48**
20.50**
1.24**
-22.94**
-0.22
13.94**
4.82**

Cross VI
6.66**
4.97**
6.77**
--8.86
9.02
1.84**
--4.37**
14.77*
21.83*
9.23**

Cross I
11.30**
-1.76**
20.27**
-5.77
9.75*
2.57
8.60**
1.68
21.52**
27.30**
-8.40**

Cross II
18.10**
4.44**
10.68**
31.11**
8.45**
10.57**
3.12**
-14.06**
2.95
13.67**
15.37**
3.30**

Kharif
Cross III Cross IV
2.42*
2.42*
-3.91** 3.95**
2.83
7.77**
37.48** 5.24
2.90
17.07**
-6.94
1.19
-3.21
-3.30**
-0.87**
-4.21
10.56
-8.30** 30.48**
4.11** 5.36**

Cross V
-6.36**
-3.62**
35.00**
-0.49
15.66**
3.00**
29.60**
3.80**
28.06**
14.15**
5.89**

Cross VI
-5.55**
-4.13**
6.21**
--3.37
20.15**
2.49**
1.34
-1.17
31.01**
29.63**
13.86**

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

index (cross I, V and VI), seed yield per plant (cross I, II, III, V
and VI) and protein content (cross II, III, IV, V and VI); while,
negative and significant heterobeltiosis was recorded for days
to 50 per cent flowering (cross V and VI); days to maturity
(cross I, III, V and VI); number of seeds per pod (cross III);
100-seed weight (in cross II); seed yield per plant (cross III)
and protein content (cross I) .
During both the crop seasons, positive and significant
heterobeltiosis was recorded for days to 50 per cent flowering
(cross II and IV); days to maturity (cross II); plant height
(cross I, II, IV, V and VI); number of clusters per plant (cross
II and III); number of pods per plant (cross II and IV); number
of seeds per pod (cross II and IV); pod seed ratio (cross II, V
and VI); biological yield per plant (cross IV and V); harvest
index (cross VI); seed yield per plant (cross IV, V and VI) and
protein content in all the crosses except cross I; while it was
significant and negative for days to 50 per cent flowering in
cross V, days to maturity in cross I, III and V and 100-seed
weight in cross II. Singh and Singh (1971) reported that six
hybrids excelled significantly than better parent in yield. The
relative range of hybrid vigour was from -55.2 to 121.0 with

average of 14.9%. Heterosis in hybrids over better parent was
observed for cluster number and pod number, while overall
negative heterosis was noted for 100-grain weight and pod
length. In case of branch number, half the crosses exhibited
positive heterosis and remaining crosses showed negative
heterosis. Sagar and Chandra (1977) also reported significant
heterosis for plant height. For pods per plant heterosis over
better parent was significant in all the crosses except two.
Elangaimannan et al. (2008) observed significant positive
heterobeltiosis for number of clusters per plant, number of
pods per plant and seed yield per plant in all crosses, test
weight in 3 crosses; number of branches per plant in 2 crosses;
and pod length and number of seeds per pod in one cross.
During Zaid, significant and positive mid parent
heterosis (Table 4) was recorded for days to maturity in cross
V; plant height in cross IV, V and VI; number of clusters per
plant in cross II; number of pods per plant in cross II, III, IV
and VI; number of seeds per pod in cross IV, V and VI; pod
seed ratio in cross I, II, V and VI; biological yield per plant in
cross I, IV and V; harvest index in cross II, III and VI; seed
yield per plant and protein content in all the crosses; whereas,

Table 4. Heterosis over mid parent (%) for 12 metric traits in cross I-VI during Zaid and Kharif 2008
Character

Zaid

Kharif

Cross I Cross II Cross III Cross IV Cross V Cross VI Cross I

Cross II Cross III Cross IV Cross V Cross VI

Days to 50% flowering
Days to maturity

-15.97** 0.00
-5.08** 7.28**

-14.29** -0.91
-6.24** -7.87**

-8.04**
5.32**

2.40**
-2.60**

7.03**
-4.87**

-0.40
-5.55**

Plant height (cm)

-2.99** 0.95

-0.56

10.31** 3.74**

-10.04** -8.17**
-7.21** -5.33**

12.86** 5.31**

-9.28

-3.28**

Number of clusters per plant --

12.31** 31.72** -1.19

--

--

--

36.39** 43.34** 2.84

Number of pods per plant

5.28

8.62**

16.40** 39.37**

-2.17

1.52**

11.05** 8.11**

Number of seeds per pod
Pod seed ratio (%)

-4.99**

1.54
6.69**

--0.55

20.50** 14.14** 12.11** 18.15** -4.04** 3.66**
3.51** 6.96**
3.88**

100-seed weight (g)

2.31

Biological yield per plant (g) 6.26**

3.39*

1.76
-0.24

6.02**
-1.50**

-0.42

--

-11.08** --

0.14

3.96

20.56**

--

37.38** 2.91

-10.85**
-9.33**

19.92** 2.76**
--

14.38** 18.48** 1.86

-4.93

16.09** 15.86** 26.95**
-1.06** 4.91** 4.54**

9.11**

1.45

--

8.82**

30.26** 3.03

5.33

4.30**

--

8.72**

11.87** 4.30

Harvest index (%)
Seed yield per plant (g)

7.94
13.05* 11.09** 9.10
14.39** 12.99** 18.03** 31.58**

-14.44** 21.19*
32.60** 25.58** 7.23
33.73** 35.00** 32.76**
15.41** 32.32** 36.51** 29.97** 14.17** 48.48** 51.65** 38.61**

Protein Content (%)

1.12*

16.05** 17.72** 1.64**

14.06** 8.11**

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

5.91**

10.24** 7.68**

7.17**

18.15** 22.38**
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it was negative and significant for days to 50 per cent flowering,
in cross I, III and V; days to maturity in cross I, III and IV;
plant height in cross I; pod seed ratio in cross IV; harvest
index in cross V. Positive and significant heterosis over mid
parent during Kharif was noted for days to 50 per cent
flowering in cross I and II; plant height in cross III, IV, V and
VI; number of clusters per plant in cross II, and III; number of
pods per plant in cross I, II, III and IV; number of seeds per
pod in cross I, II, IV, V and V; pod seed ratio in all the crosses
except IV; 100-seed weight in cross I, IV and V; biological
yield per plant in cross II, IV and V; harvest index in cross I II,
IV, V and VI; seed yield per plant and protein content in all the
crosses; while significant and negative heterosis over mid
parent was recorded for days to 50 per cent flowering in cross
IV, V and VI; days to maturity in all the crosses; plant height in
cross I and II; and pod seed ratio in cross IV.
In both the season (Kharif and Zaid), positive and
significant heterosis over mid parent was noted for plant height
in cross IV, V and VI; number of clusters per plant in cross II
and III; number of pods per plant in cross II, III and IV; number
of seeds per pod in cross IV, V and VI; pod seed ratio in cross
I, II, V and VI; biological yield per plant in cross IV and V;
harvest index in cross II and VI; seed yield per plant and
protein content in all the crosses while negative and significant
mid parent heterosis was recorded for days to 50 per cent
flowering in cross V; days to maturity in cross I, III and IV;
plant height in cross I and pod seed ratio in cross IV. Singh
and Singh (1971) reported positive heterosis over mid parent
for yield, cluster number, pod number and branch number. Re
relative range of heterosis in F1 hybrids for grain yield over
mid-parent was from -52 to 152 % with an average of 37%.
Sagar and Chandra (1977) also characterized all hybrids by a
high degree of heterotic expression when compared to mid
parent.

Table 5.

In Zaid experiment, inbreeding depression (Table 5)
ranged from -26.87% (days to 50 per cent flowering in cross
III) to 33.22% (biological yield per plant in cross V), whereas,
during Kharif, it varied from -26.46% (days to 50 per cent
flowering in cross IV) to 43.0% (harvest index in cross V).
During Zaid significant and positive inbreeding depression
(Table 5) was observed for number of clusters per plant (cross
II); number of pods per plant (all crosses except cross VI);
number of seeds per pod (cross IV, V and VI); pod seed ratio
(cross I, III and VI); 100-seed weight (cross II); biological
yield per plant (cross I, II, III and V); harvest index (cross II,
III, IV and VI); seed yield per plant (all the crosses) and
protein content (cross II); whereas, it was negative and
significant for days to maturity and days to 50 per cent
flowering (all the crosses); plant height (cross I, II, III and
VI); number of pods per plant (cross VI); pod seed ratio (cross
II, IV and V); 100-seed weight (cross I); biological yield (cross
VI) and protein content (cross I, III, V and VI.). Inbreeding
depression estimated from F2 over F1 was noted positive and
significant for plant height (cross I and V); number of clusters
per plant (cross II); number of pods per plant (cross I, II, III,
V and VI); number of seeds per pod (cross I, II, IV, V and VI);
pod seed ratio (cross I, III and V); 100-seed weight (cross II,
IV, V and VI); harvest index (cross I, II, V and VI); seed yield
per plant (all crosses) and protein content (cross VI); while it
was negative and significant for days to 50 per cent flowering
(cross III, IV, V and VI), days to maturity (all crosses); plant
height (cross II and VI) and protein content (cross I and IV)
during Kharif.
During both the environments (Zaid and Kharif),
significant and positive inbreeding depression was noted for
number of clusters per plant (cross II); number of pods per
plant (cross I, II, III and V); number of seeds per pod (cross IV,
V and VI); pod seed ratio (cross I, III and IV); 100-seed weight
(cross II); seed yield per plant (all the crosses), whereas

Inbreeding depression (%) for 12 metric traits in cross I-VI during Zaid and Kharif 2008

Character

Zaid
Cross I

Kharif

Cross II Cross III Cross IV Cross V Cross VI Cross I

Cross II Cross III Cross IV Cross V Cross VI

Days to 50% flowering

-19.01** -13.75** -26.87** -10.34** -14.56** -16.96** -8.60**

-5.10

-7.87**

Days to maturity

-11.22** -5.88**

-4.94**

-5.58**

-1.81*

Plant height (cm)

-16.89** -11.97** -10.13** 2.59

-6.90**

-13.37** -13.78** -9.00**

-15.52** -9.39**

-17.22**

-1.12

-4.20**

3.21**

-13.07** 0.86

2.29

8.08**

-5.14**

--

--

--

35.65** 5.83

-3.84

--

--

6.23**

-0.27

11.34** 6.26**

-7.57**

7.72*
-5.93**

22.74** 29.85**
4.28*
-0.86

Number of clusters per plant --

18.06** 7.51

Number of pods per plant

5.22*

14.97** 11.47** 12.49*

13.95** -9.58

Number of seeds per pod
Pod seed ratio (%)

-6.44**

-2.27
-6.05**

9.47**
-8.96**

23.28** 9.76**
2.28**
4.45**

5.80*
-10.47

100-seed weight (g)

-4.02*

--

17.18** --

9.34**

30.31** 3.19*

10.89** 12.78** --

6.40**

16.26** -17.41**

-3.02**

8.32

-26.46** -19.50** -11.77**

15.56
-5.92**

11.17** 8.77**

15.64** --

7.34**

--

Biological yield per plant (g) 9.51**

11.51** 8.96**

1.68

33.22** -8.15*

Harvest index (%)

-0.31

19.45** 31.21** 28.22** -22.88** 21.56** 13.62** 18.86** 5.81

9.79

43.00** 46.37**

Seed yield per plant (g)

9.56**

25.62** 24.88** 29.27** 17.10** 24.51** 21.89** 29.27** 7.02*

16.53*

52.17** 37.02**

-1.60*

0.11

Protein Content (%)
-0.92*
7.71** -2.51*
*, **: Significant at P = 0.05 and 0.01, respectively

-0.22

-1.09**

-3.95**

1.13

-2.64**

0.95

-0.85

4.80**
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negative and significant inbreeding depression was recorded
for days to 50 per cent flowering and days to maturity (all
crosses); plant height (cross II and VI); biological yield per
plant (cross VI) and protein content (cross I and IV).
During Zaid, positive and significant or highly
significant estimates of heterosis over standard parent, better
parent, mid parent and inbreeding depression were recorded
for number of pods per plant (cross III and IV), number of
seeds per pod (cross V), biological yield per plant (cross V),
seed yield per plant (cross III, IV, V and VI) and protein content
(cross II and VI), whereas, negative and significant values for
these four parameters were observed for days to 50 per cent
flowering (cross I and III) and days to maturity (cross I, III
and IV). During Kharif, positive and significant standard
heterosis, heterobeltiosis, mid parent heterosis and inbreeding
depression were recorded for plant height (cross V); number
of clusters per plant (cross II); number of seeds per pod
(cross I, II, IV and VI); pod seed ratio (cross V). 100-seed
weight (cross V); biological yield (cross IV and V); harvest
index (cross I, II, V and VI); seed yield per plant (cross I, II, IV,
V and VI) and protein content (cross VI), while negative and
significant heterosis over standard parent, better parents, mid
parent and inbreeding depression was observed for days to
50 per cent flowering (cross V and VI) and days to maturity
(cross I, III, V and VI). Elangaimannan et al. (2008) has also
reported in cross 2KU 53 × LC 216, positive inbreeding
depression was observed for days to 50% flowering, plant
height and number of clusters per plant, whereas negative
inbreeding depression was observed for number of branches,
number of seeds per pod, and grain yield per plant. In cross
V 48 × LC 216, negative inbreeding depression was observed
for number of days to 50% flowering, number of branches,
number of pods and seed yield. Inbreeding depression was
positive for plant height, and negative for number of clusters,
number of pods, number of seeds and seed yield in cross LC
216 × 2KU 53. ADT 5 × 2KU 53 showed positive inbreeding
depression for 3 characters and negative inbreeding
depression for 2 characters. Cross DT 5 × LC 216 was
characterized by negative inbreeding depression for number
of branches, test weight and seed yield per plant. Dasgupta
(1983), Kalia et al. (1988) and Andhle et al. (1996) reported
presence of significant heterosis coupled with strongest
inbreeding depression for yield and its components in urdbean.
Nature and magnitude of heterosis and inbreeding
depression varied with crosses and characters as well as
environments (cropping seasons). It was interesting to note
in our results that expression of heterosis in yield is the results
of occurrence of significant heterosis in four of its major
components viz., number of pods plant, 100-seed weight,
number of clusters per plant and number of seeds. As regards
yield, however, all hybrids were characterized by a high degree
of heterotic expression when compared to mid parent and to
superior parent and standard variety. Singh et al. (1971)
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reported that pod number and cluster number are the most
important yield components in urdbean. Thus it is obvious
that increase in seed yield in F1 hybrids is the result of increase
in the yield components. Further, Singh (1971) has also
extensively reviewed the literature on heterosis in pulse crops
and its possible use in varietal improvement programme. He
has ruled out the possibility of making use of F1 or advanced
generations to develop hybrid varieties at the present. He has
demonstrated, taking example of mungbean, that it was
possible to develop high yielding pure lines from those F1
hybrids which had shown hybrid vigour over better parent
and best variety of the area. All those crosses showing no
heterosis over better parents got rejected in early segregating
generations. He emphasized that this approach may be
adopted in pulse crops for getting quick success. On this
basis, it is suggested that those crosses which have shown
heterosis over the best variety and better parents in urdbean
may be further exploited in breeding programme for
development of high yielding pure lines. Although, the
magnitude and high incidence of heterosis in these crosses
were indicative of high dominance or epistasis or both (Kant
and Srivastava 2012).
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ABSTRACT

MATERIALS AND METHODS

The M 3 progenies of 184 high yielding M 2 progenies resulting
from chemical mutagen (SA, HA and EMS) treatment on three
varieties of mungbean (RMG-62, RMG-268 and RMG-344) were
evaluated along with 5 checks (including parents). The analysis
of variance revealed significant differences within the progenies
and the checks. Mutant progenies were also significantly
different from the checks for all the traits (except days to
flowering). The progenies exhibited relatively high values of
heritability (~ 71 – 93 %) for all the characters studied, but the
magnitude of genetic advance as percentage of mean was
relatively low for branches/plant (33.34 %), pod/plant (28.59
%), clusters/plant (27.59 %) and seed yield/plant/ (26.80 %)
and still low for other traits. On the basis of seed yield/plant,
13 M 3 progenies were better than the best check MUM -2. The
observed higher yield was due to higher no. of pods/plant. These
M3 progenies represented all the three parent varieties. Mutant
progeny 173 of RMG-344 recorded the highest seed yield of
8.10 g per plant which was 50.83 per cent higher than the best
check and 67.70 per cent higher than RMG-344.

The present investigation was carried out at the
Agronomy Farm, S.K.N. College of Agriculture, Jobner
(Jaipur), Rajasthan. The material for investigation was
comprised of M1 and M2 generations produced from treatment
of the chemical mutagens on three mungbean varieties, viz.,
RMG-62, RMG-268 and RMG-344. The mutagen, namely
Sodium azide ( 1.0, 2.0 and 3.0 mM ), hydroxylamine ( 0.1, 0.3
and 0.6 % ) and Ethylmethanesulphonate ( 0.3, 0.5 and 0.7 % )
at the indicated concentration were applied and the efficiency
of these mutagenic treatments were determined and reported
earlier (Balai and Ramkrishna 2009). During 2006 (kharif), the
M3 generation of certain M2 mutant progenies of the three
varieties were grown. The M3 generation consisted of seeds
of individual selected M2 plants. These individual M2 plants
were, in turn, selected from high yielding M2 progenies (those
showing statistically significant mean and significantly high
or low CV than their respective parent). Thus, M3 progenies
of 184 M2 progenies were selected from the three genotypes
of mungbean and raised. The mean of M3 progenies were
analyzed for variances as per the method suggested by
(Federer 1956) and elaborated by Sharma (1998). The material
was divided into four groups each accommodating 51 M3
progenies. Each group of M3 progenies was accommodated
in a separate block. Five check (including parent) genotypes
i.e. RMG-62, RMG-268, RMG-344, RMG-492 and MUM-2 were
also included in each block. Thus in each block, 46 M3
progenies and 5 check varieties were grown in plots of single
row after randomization. Each row was 4.0 m long and spaced
30 cm apart. The plant to plant distance was maintained at 10
cm. The data recorded on various characters on ten
competitive plants selected randomly in a progeny were
subjected to the analysis of variance.

Key words : Mutant progenies, Mungbean, Induced variability

Mungbean [Vigna radiata (L.) Wilczek] is third most
important pulse crop of India (Grover 2011) and an important
kharif pulse crop of the state of Rajasthan where it is consumed
as whole grains as well as dal in a variety of ways and the
green leaves as cattle feed. Its productivity in the state is 500
kg/ha, which is low (Anonymous 2011). Although there are
few varieties of mungbean which are relatively drought
tolerant and cultivated in the state, but have relatively low
yield potential (700-900 kg/ha). Improvement of cultivated
crops largely depends on the extent of genetic variability
available within the species and self pollinated crop, such as
mungbean, possesses limited variability (Khan et al. 2000). It
is encouraging to note that some of the high yielding varieties
such as MUM-2 (1200 kg/ha), BM-4 (1100-1200 kg/ha) and
LGG-407 (1400 kg/ha) are mutant derivatives, therefore, it was
thought justified to exploit induced mutations to improve the
yield potential of the varieties cultivated in the state. Keeping
the aforesaid in view, three varieties of mungbean were
subjected to treatment with chemical mutagen Sodium azide,
Hydroxylamine and EMS (Balai and Ramkrishna 2009). The
present communication deals with the assessment of induced
variation and agronomic performance of 184 M3 progenies of
the three varieties of mungbean.

RESULTS AND DISCUSSION
The mean squares due to M 3 progenies, check
genotypes and blocks were significant for all the characters
studied indicating further possibility of exercising selection
(data not shown). The mean squares due to check v/s
progenies were also significant for all the characters except
days to flowering indicating that mutant progenies as a group
significantly differed from the group of checks and hence
carried significant mutational changes. Both genotypic and
phenotypic variances were closely comparable indicating less
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Table 1 : Genotypic and phenotypic coefficient of variation, heritability in broad sense and genetic advance as percentage of mean
for different characters in M3 lines of mungbean.
Characters
Days to flowering (no.)
Days to maturity (no.)
Plant height (cm)
Branches/plant (no.)
Pods/plant (no.)
Clusters/plant (no.)
Seeds/pod (no.)
Pod length (cm )
100 Seed (g)
Seed yield per plant (g)

Genotypic coefficient of variation
(GCV)
5.18
5.05
8.09
18.67
15.91
15.68
4.14
4.24
10.67
15.44

Phenotypic coefficient
of variation (PCV)
5.44
5.26
9.53
21.54
18.23
18.35
4.82
4.51
11.07
18.33

Heritability in broad
sense (%)
90.76
92.01
72.07
75.14
76.10
72.99
73.86
88.39
92.83
70.98

Genetic advance as
percentage of mean
10.18
9.97
14.15
33.34
28.59
27.59
7.34
8.21
21.18
26.80

Table 2 : Magnitude of seed yield and yield attributes in 13 M 3 progenies of three different genotypes of mungbean
M3
progeny
No.

M2 Pedigree

1333-1C(0.3% HA)*
1066-1C(2.0 mM SA)*
321-3A(1.0 mM SA)*
1040-2B (0.3% EMS + 1.0 mM
SA)*
1321-1C(0.5% EMS)*
165
533-7B(1.0 mM SA + 0.1 % HA)*
70
1351-8C(0.5% EMS)*
184
1323-1C (3.0 mM SA)*
166
29
320-3A(0.3% EMS)*
83
672-10B(1.0 mM SA)*
179
1344-3C(0.3% EMS + 0.1% HA)*
10
122-6A(0.3% EMS + 1.0 mM SA)*
437-1A (0.3% EMS + 0.1 % HA)*
56
Mean of the checks
RMG-62
RMG-268
RMG-344
RMG-492
MUM-2
CD (P=0.05)
Between check genotypes
Between progenies within a block
Between progenies between blocks
Between check genotypes and progenies

173
146
30
135

Seed
yield/
plant
8.10
7.99
7.84

Mean of the M3 progenies
Days
Days to Plant Branches Pods/ Clusters / Seeds / Pod
to
maturity height
/ plant
plant
plant
Pod
Length
flowering
36.10
70.45
56.63
4.14
19.04
4.33
12.45
8.15
38.10
70.65
63.05
2.92
19.20
4.69
12.09
7.30
35.90
70.25
58.63
3.80
22.20
5.51
11.37
7.68

100
Seed
weight
3.97
4.29
3.31

7.81
7.78
7.31
7.20
7.17
7.11
6.98
6.93
6.82
6.70

38.10
34.90
37.10
39.10
34.90
33.90
39.10
38.90
34.90
36.10

74.65
68.65
70.65
74.45
66.45
68.25
74.65
73.45
70.25
70.65

59.58
57.96
62.98
55.82
66.57
63.38
61.55
67.77
73.23
63.18

3.12
3.54
2.54
4.14
3.44
3.20
2.94
3.34
3.60
3.14

17.18
19.70
18.18
21.04
16.94
19.00
17.28
18.04
20.00
17.98

4.79
4.23
4.87
4.83
3.63
4.91
4.27
4.33
4.91
4.47

12.37
12.49
12.41
10.85
11.75
11.27
11.71
11.45
12.47
12.01

7.99
7.92
8.13
7.13
7.83
7.31
7.75
7.73
7.97
7.42

4.25
4.00
4.00
4.04
4.32
3.10
4.06
4.36
3.22
3.16

3.87
5.23
4.83
4.78
5.37

34.75
36.00
36.25
36.00
35.50

67.00
67.25
68.75
68.50
65.75

78.82
72.71
76.73
73.62
70.35

2.58
3.08
2.40
2.63
2.93

11.05
14.05
13.23
13.65
14.23

3.40
3.80
3.73
3.90
4.63

10.83
11.73
11.73
11.58
11.78

7.61
7.84
7.84
7.74
7.93

3.18
4.08
4.21
4.24
4.06

0.51
1.61
1.80
1.32

0.58
1.85
2.06
1.50

1.00
3.17
3.55
2.59

3.50
11.08
12.39
9.04

0.26
0.84
0.93
0.68

1.23
3.90
4.37
3.18

0.36
1.13
1.26
0.92

0.28
0.87
0.97
0.71

0.11
0.35
0.40
0.29

0.11
0.35
0.39
0.29

* mutagenic treatment originally received , HA , SA and EMS stand for Hydroxylamine, Sodium azide and Ethylmethane sulphonate, respectively.

influence of environment. This was also substantiated by the
observed higher values of broad sense heritability for all the
characters (Table 1). Moderate to high heritability estimates
in M3 for yield components in mungbean have also been
reported by Sahu and Patra (1997). More recently high
heritability and genetic advance values for plant height, pods
per plant and seed yield have been reported by Momin and
Misra (2004) and Lal and Mishra (2006). However, a more
reliable parameter is to estimate genetic advance as percentage
of mean. Branches per plant, pods per plant, clusters per plant
and seed yield exhibited relatively higher magnitude of genetic
advance values and selection based on these will be more

effective. However, the phenotypic variances observed for
plant height was of higher order followed by days to maturity,
pods per plant and days to flowering.
On the basis of significantly higher mean for seed yield
per plant, 13 M3 progenies were found better than the best
check MUM-2 (5.37 g/plant). The seed yield per plant of these
M3 progenies along with the magnitude of other yield traits
are given in Table 2. A perusal of data revealed that the
progenies exhibiting higher yield also showed significantly
higher magnitude of pods per plant and at par values of
branches per plant, but showed significantly lower values or
at par with control for plant height, clusters per plant, seeds
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per pod, pod length and seed index. It is further seen that out
of these 13 progenies, four progenies were the mutants of
RMG-62, three of RMG-268 and six of RMG-344 indicating the
absence of genotypic influence. One of the M3 progenies i.e.
173 of RMG-344 recorded the highest seed yield of 8.10 g per
plant which is 50.83 per cent higher than the best check i.e.
MUM-2 or 67.70 per cent higher than its parent, i.e. RMG-344.
The M3 progenies exhibiting significantly better yield than
the parent have been reported by Yadav and Singh (1988) and
Kulkarni et al. (1990). A M5 mutant with 60 per cent higher
yield than parent have been reported by Tickoo and Chandra
(1999). In this study, the superior M3 progenies also recorded
significantly higher values of pods per plant. Singh and Yadav
(1991) have also found that significant increase in pods per
plant was responsible to support higher yield of superior M3
progenies. Khan and Wani (2006) have also made similar
observations in M3 generation mutant of Pusa Baisakhi variety
of mungbean. Very recently, Sodium azide has been shown to
be effective in inducing polygenic variability for yield
improvement in mungbean (Lavanya et al. 2011).
From the results of present study it is inferred that
(i) chemical mutagens may effectively be used for improvement
of the yield potential of greengram (ii) since , the progenies
exhibiting high seed yield per plant in M3 generation belonged
to all the three mutagen treatments originally received (the
lower concentrations of the mutagens were prominent),
therefore, further breeding may concentrate on any one of
these mutagens or their combination studied at the doses
indicated in the table 2 and (iii) based on the estimates of
genetic advance in M3, further selection may be executed on
branches per plant, seeds per pod and clusters per pod to
improve the seed yield.
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ABSTRACT
Fifteen exotic accessions of grasspea (Lathyrus sativus. L) were
evaluated for 11 quantitative traits including forage and grain
yielding attributes over two consecutive years 2008-09 and 20092010 following RBD design. The analysis of variance (ANOVA)
revealed significant variation for the characters namely plant
height, dry matter yield per plant, secondary branches, pods
per plant, seeds per pod, 100 seed weight, seed yield per plant,
days to flowering and forage crude protein. The analyses for
different characters suggested that the pods per plant have the
highest standard deviation and the total variance. Principal
Component Analysis (PCA) revealed that the first Principal
Component (PC1) alone explains about 94% of total variance,
and the second Principal Component (PC2) explains only 2%.
Cumulatively these two account for 96% of total variance. Eigen
vectors depicted highest contribution of pods per plant in PC1.
The component pattern profile showed the correlation of
different characters with PC1, PC2 and PC3.Cluster analysis
performed using PROC CLUSTER option suggested grouping
of accessions in 2 clusters. The cluster I consists of EC539025,
EC539026, EC 539030, EC 539031, EC 539020, EC 539023,
EC 539032, EC 539038, EC 539027, EC 539034 and EC 539035
and cluster II consists of 4 accessions EC 539021, EC539036
EC 539037 and EC 539013. It was also observed that the
accessions of cluster I exhibited more variation than the
accessions of cluster II. The present study suggests that
categorizing and clustering germplasm accessions into
morphologically similar and presumably genetically similar
groups are useful for selecting parents belonging to different
clusters in crossing programme. This could maximize
opportunities for transgressive segregation to improve the grain
and forage yield of grasspea in the Bundelkhand region of
Central India.
Keywords:

Cluster analysis, Fodder yield, Genetic variation,
Grain yield, Grass pea, Lathyrus sativus, Principal
Component Analysis

Lathyrus sativus L. commonly known as grasspea or
khesari (in Hindi) is a protein rich food, feed and forage crop
belonging to tribe Viceae in the family Fabaceae. The genus
Lathyrus contains 200 species and subspecies and, Lathyrus
sativus is the only member which is cultivated and used as
grain legume (Biswas 2007). It is believed to have originated
in southeast and central Asia which subsequently spread to
the east of Mediterranean (Smartt 1984). All grasspea lines
appeared to divide into two geographical origins- one group
derives from the Indian subcontinent and another from the

Mediterranean / European region. Grasspea has strong root
system hence can be grown on wide range of soil types. This
hardiness with its ability to fix atmospheric nitrogen makes
the crop highly adaptive to grow under adverse conditions
(Campbell et al. 1994, Kumar et al. 2011). Grass pea is adapted
to both drought and flooded lands (Kaul 1986, Campbell et al.
1994). It is also resistant to many pests and insects, including
storage insects (Palmer et al. 1989). The farmers adopt different
strategies to avoid the problem of lathyrism such as avoiding
consumption of grass pea in the form that they suspect to
cause the problem, blending/mixing with other crops, applying
different processing/detoxification methods (Girma et al. 2011).
Grasspea is an annual Rabi pulse crop in India
occupying an area of about 0.45 million ha, production of 0.31
m tones and productivity of 698 kg/ha (Anonymous, 2011).
Traditionally, it is cultivated for human consumption as dal or
besan as well as forage purposes in mainly marginal
environment of Eastern India and the Bundelkhand region of
the central part of India. The seeds of grasspea contain 31 %
protein, 41% carbohydrate, 17% total dietary fiber (2 % soluble
and 15% insoluble), 2 % fat and 2 % ash, on a dry matter basis
(Akalu et al. 1998). One of the major drawbacks of grasspea is
the presence of a major anti-nutritional compound of â-Noxalyl-L-á, â-diaminopropionic acid (â-ODAP) in the seeds
(Padmanabh 1980, Wang et al. 2000, Zhao et al. 1999).
Therefore, the cultivation and marketing of grasspea was
banned in India as well as in many parts of the world (Roy and
Spencer 1991). In view of this, isolation of high yielding lines
with low seed neurotoxin, ODAP is one of the prime objectives
for improvement of this crop. Therefore, present study was
planned to collect a wider base of exotic germplasm, their
characterization and clustering/grouping for utilization in
improvement of grasspea.
MATERIALS AND METHODS
In present study, 15 low ODAP exotic accessions of
Lathyrus sativus collected from International Livestock
Research Institute (ILRI), Ethiopia were used. These
accessions were evaluated for years 2008-09 and 2009-2010 in
randomised block design (RBD) at Crop Research Farm of
Indian Grassland and Fodder Research Institute, Jhansi (UP).
Each accession was grown in four rows plot of 3 meters. Row
to row and plant to plant spacing was 30 cm and 15 cm,
respectively. Data were recorded on five randomly chosen
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plants for days to flowering, plant height, primary branches,
secondary branches, number of pods per plant, seeds per
pod, 100-seed weight, seed yield per plant, forage crude
protein, plant fresh weight and dry weight of plant.
Data were subjected to statistical analysis following
the SAS 9.2 statistical tool for assessing the genetic variability
among the accessions for forage and grain yielding traits using
PCA and cluster analysis. An analysis of variance (ANOVA)
procedure was conducted for variables. Principal Component
Analysis (PCA) was performed on mean data for each trait
through PROC PRINCOMP procedure of the Software. The
sum of first two components was used in subsequent analysis.
Cluster analysis was performed through PROC CLUSTER
option and the accessions were clustered using Ward’s
minimum-variance method (SAS institute 1987) and the
corresponding tree diagram was produced using TREE
procedure.
RESULTS AND DISCUSSION
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principal component and the cumulative per cent of the Eigen
values indicating percentage contribution to the total variance
attributable to each principal component are given in table 2.
The first three Principal Components with greater that unity
explained > 98 % of the total variation among 15 accessions
and for 11 traits. The first principal component accounted for
94.17% of variation reflected maximum influence on pods per
plant followed by the plant fresh weight, because these traits
had highest standard deviation. The second component traits
were plant height and pods per plant which accounted 2.4 %
of the variance. However, plant fresh weight with the largest
coefficient was more important in third principal component.
The third component traits were plant fresh weight, seed yield
per plant and days to flowering that indicated > 1.8 % of
variation. It is interesting to note that yield and some yield
component traits appear strongly in the first two components.
Earlier, similar findings have been reported in Lathyrus sativus
by Tavoletti and Capitani (2000) and Polignano et al. (2005).

Mean value over the years for different forage and grain
yielding traits is given in Table 1. Analysis of Variance
(ANOVA) revealed significant variability among genotypes
for the characters namely days to flowering, plant height, dry
weight, secondary branches, pods per plant, seeds per pod,
100- seed weight, seed yield per plant and forage crude protein.
Simple statistics suggested that the character pods/plant
showed maximum variation (6.17 %) followed by seed yield
per plant (3.76 %) and primary branches (3.54 %). Besides,
pods/plant has the highest standard deviation (1.23) amongst
other characters. In contrast, days to flowering (0.22 %) and
forage crude protein (0.34 %) had lowest variation (CV).
However, plant fresh weight (2.70 %), secondary branches
(2.58 %), seeds per pod (2.52 %) and plant height (2.27 %)
exhibited moderate variation.

Figure 1 and 2 representing the graphical results of PCA
discriminated EC539013, EC539020, EC539021, EC539023,
EC539025, and EC539026 accessions from the others in PCA.
The component pattern profile depicted the correlation of
different characters with PC1, PC2 and PC3 (Fig 2). The first
principal component was a contrast between plant height and
pods per plant and, between 100-seed weight and secondary
branches per plant. However, dry weight per plant showed
very low effect and forage crude protein exhibited no effect
on variation. Negative values and positive values of exotic
accessions reflected a high and low frequency of plant height
and pods per plant, respectively. Intermediate values for this
component were found for fresh plant weight, primary
branches and secondary branches per plant. Polignano et al.
(2005) have also reported similar kind of findings in Lathyrus
sativus.

The PCA analysis revealed a difference among the
accessions studied. Thumb rule as suggested by Johnson
and Wichern (1988) was used to decide the importance of
characters in different principal components which suggested
use of square root of the standard deviation of the Eigen
value for the respective principal component as significant or
important. The Eigen values representing the variance of the

Cluster analysis : Clustering the accessions based on
similarity of the first three principal components, the
accessions of present study were clustered into two large
groups accounting for a 98 % share of variance. Cluster I
included 11 accessions while 4 accessions were in cluster II.
The cluster I consists of EC539025, EC539026, EC 539030, EC
539031, EC 539020, EC 539023, EC 539032, EC 539038, EC

Table 1. Mean range, standard deviation and CV in accessions of L. sativus L.
S. No.
1
2
3
4
5
6
7
8
9
10
11

Characters
Plant height (cm)
Plant fresh weight (g)
Dry weight of plant (g)
Primary branches
Secondary branches
Pods/plant
Seeds/pod
100-seed weight (g)
Seed yield/ plant (g)
Days to flowering
Forage crude protein (%)

Mean
41.91
9.19
1.59
3.85
5.69
19.96
3.68
12.31
3.12
60.74
10.29

Std. dev.
0.95
0.25
0.03
0.14
0.15
1.23
0.093
0.23
0.12
0.14
0.04

Minimum
40.21
8.74
1.54
3.65
5.48
18.13
3.51
11.93
2.99
60.39
10.24

Maximum
43.44
9.46
1.63
4.04
5.92
21.63
3.80
12.70
3.32
60.92
10.34

CV (%)
2.27
2.70
1.67
3.54
2.58
6.17
2.52
1.85
3.76
0.22
0.34
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Eigen values, total variance, cumulative variance and Eigen vectors for 11 quantitative characters in Lathyrus sativus L.
exotic germplasm

Traits
Plant height
Plant fresh weight
Dry weight of plant
Pri. branches
Sec. branches
Pods/plant
Seeds/pod
100-seed weight
Seed yield per plant
Days to flowering
Forage crude protein

Eigen value
2.46601304
0.06307565
0.04611014
0.03300997
0.00648382
0.00188125
0.00129715
0.00040238
0.00020117
0.00008141
0.00002059

Difference
2.40293739
0.01696551
0.01310017
0.02652615
0.00460257
0.00058411
0.00089476
0.00020121
0.00011975
0.00006083
--

Variation
Eigenvectors
Proportion Cumula- tive
PC1
0.9417
0.9417
-.593689
0.0241
0.9658
0.115645
0.0176
0.9834
0.007951
0.0126
0.9960
0.081955
0.0025
0.9985
0.084820
0.0007
0.9992
0.777913
0.0005
0.9997
0.056999
0.0002
0.9999
-.097868
0.0001
1.0000
-.018878
0.0000
1.0000
0.043056
0.0000
1.0000
-.000150

PC2
0.759908
-.084965
0.002849
0.010702
-.010730
0.564394
-.055770
-.268781
-.120994
-.080724
-.005737

PC3
0.204559
0.761963
0.103418
0.113543
0.153876
0.003157
0.062842
0.025318
0.441713
0.347025
0.100823

per plant and 100-seed weight than the accessions of cluster
II where plant height and pods per plant showed maximum
variation.
Accession
539013
539036
539021
539037
539020
539023
539025
539026
539034

Fig 1. Distribution of 15 accessions of grasspea based on PCA
results

539027
539030
539031
539032
539038
539035
1.0

0.8

0.6

0.4

0.2

0.0

R-Squared

Fig. 3. Dendrogram showing clustering pattern of exotic
accessions of Lathyrus sativus L

Fig 2. Correlation of traits with
Components

first three Principal

539027, EC 539034 and EC 539035 and cluster II consists of 4
accessions EC 539021,EC539036 EC 539037, and EC 539013. It
was also observed that the accessions of cluster I exhibited
more variation for plant height, secondary branches, pods

Fig. 3 showed the grouping of accessions on the basis
of mainly pods per plant and seed yield per plant. The
accessions of Cluster I have more number of pods than the
accessions of cluster II. For some traits it was impossible to
clearly differentiate the phenotypic diversity among clusters,
such as the forage crude protein, seeds per pod and dry weight
per plant. Polignano et al. (2005) have also reported similar
kind of findings in Lathyrus sativus germplasms.
The results suggest variation in adaptive characters
like plant height, days to flower, secondary branches and seeds
per pod of different accessions of cultivated Lathyrus sativus
in Ethiopia. Similar to present findings, Stemler et al. (1977)
also found that the Lathyrus sativus accessions collected
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from Ethiopia were less variable and clustered in only two
clusters differing on the basis of number of pods per plant.
This could be due to limited gene flow between the collections
or accessions which might be collected from one small region.
Therefore, crossing between accessions belonging to different
clusters could maximize opportunities for transgressive
segregation because there is higher probability that unrelated
genotypes would contribute unique desirable alleles at
different loci (Kanwal et al. 1993).
Therefore, the grouping of accessions by multivariate
methods would be of practical value to Lathyrus breeders as
representative accessions may be chosen from different
clusters for crossing programmes. Further, future germplasm
collection strategies should aim to explore as many
geographically and climatically different areas, which will be
helpful in improving the grain and forage yield of Lathyrus
sativus in the Bundelkhand region of Central India.
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ABSTRACT
A field experiment was conducted in a mungbean/urdbean-wheat
cropping system for two consecutive years (2004-06) to assess
the effect of different methods of legume residues management
along with fertilizer N on succeeding wheat yield and soil
properties. Despite environmental aberrations as a result of
abrupt increase in air temperature during reproductive stages
causing relatively lower yields during second year (2005-06),
the extent of wheat yield reduction was less evident in residues
incorporated plots over that in control. Grain yield of wheat
was increased by 12.7-38.0% with incorporation of legume
residues over the control during both the years. There was
significant improvement in the number of panicles per unit
area with different residues management (10.2-20.9%) over
residues removal. Irrigating plots after incorporation of chopped
residues increased soil microbial biomass carbon by 156% over
control. Direct incorporation of urdbean residues raised soil
organic carbon by 35.5% over control. Residues incorporation
also led to higher soil available major nutrients viz., N by
24.6%, P by 11.5% and K by 18.5% over initial levels. Soil
physical properties such as bulk density, particle density, percent
pore space and water holding capacity (WHC) were also improved
in residues incorporated plots over residues removal plots.
Application of 120 kg N/ha to wheat improved different soil
properties besides increased wheat yield (by 8%).
Key words:

Legume - wheat rotation, Residues incorporation, Seed
yield, Soil properties

The Indo-Gangetic Plains (IGP) covering large tract of
India, Pakistan, Nepal and Bangladesh is the ‘bread basket’
for many living in these regions of Southern Asia. Rice and
wheat, the major cereals of India, are grown in 41.85 m ha and
28.46 m ha producing 89.13 m tonnes and 80.80 m tonnes,
respectively (Anonymous 2012). Over the years, production
of this magnitude from soil without adequate nurishment
caused wide scale soil fertility problems. Thus, soil quality
deterioration due to modern agriculture pose a major limiting
factor for improving yields and productivity of many field
crops (Aggarwal et al. 2004). Soil organic C and N content are
also important indicators of soil quality and are essential for
sustaining agricultural production (Doran et al. 1994). Changes
in these parameters over time due to modification in soil and
crop management practices such as cultivation, crop rotation,

residues management or fertilization can also influence longterm sustainability of cropping system. Since pulses play an
important role in different cropping systems as they enrich
soil through fixation of atmospheric nitrogen, it could have
tremendous potential for improvement in soil quality on longterm basis. Pulses also improve nutrient availability and
microbial activity which can be assessed quantitatively
through soil microbial biomass carbon (SMBC) and N content
of soil (Yusuf et al. 2009).
Urdbean and mungbean are important pulse crops and
both can fit well in diverse cropping systems with wheat
(Lathwal et al. 2009). Short duration legumes like urdbean and
mungbean with profuse growth may offer opportunities to
diversify various cropping system (Singh et al. 2009). Generally
crop residues of urdbean and mungbean is available at the
time of crop harvest and is often left on the road side or on
threshing floor without further use and are thus, subjected to
biomass loss through wind or rain. Moreover, there is sufficient
turn around time available between legume harvest and sowing
of succeeding wheat. The residues of these two pulse crops
also contain a significant amount of nutrients and have a
narrow C: N ratio base leading to faster decomposition rate
over other cereal crops. Thus, the common problem of nutrients
immobilization following cereal residues incorporation does
not happen in the case of pulses and the succeeding crop
(cereal or oilseed) might be benefited by assimilation of mineral
nutrients from decomposing plant residues. Therefore, the
present investigation was carried out to evaluate appropriate
legume residues incorporation along with fertilizer nitrogen
on growth and yield of succeeding wheat and soil properties.
MATERIALS AND METHODS
A field experiment was carried out during 2004-05 and
2005-06 at Indian Institute of Pulses Research, Kanpur on a
Typic Ustochrept soil. The soil was neutral in reaction (pH
7.3), low in organic C (0.28%), N (190.5 kg/ha) and K2O (121
kg/ha) and medium in available P2O5 (16 kg/ha). The treatments
consisted of 4 methods of residues management each for
mungbean and urdbean viz., 1) incorporation, 2) incorporation
+ irrigation, 3) chopping + incorporation and 4) chopping +
incorporation + irrigation along with a control (residues
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removal). These main plot treatments (9) were further
subdivided into two sub plots with 120 and 90 kg N/ha to
succeeding wheat crop. The experiment was laid out in a split
plot with 3 replications. In residues removal plots, all the
above ground residues of mungbean and urdbean were
removed. Both urdbean and mungbean crops were grown in
the same field in monsoon season to obtain its crop residues
and were incorporated in situ as per treatments after picking
of pods. In the year 2004-05, immediately after incorporation
of crop residues, the soil received 15 mm of rainfall. Total
amount of N added to the soil during two years through
mungbean and urdbean crop residues were 60.1 kg and 56.2
kg N, respectively while similar quantities of P (9.7 kg each)
and K (81.7 kg each) were added by both the crops.
Urdbean and mungbean crop were fertilized with 18 kg
N and 46 kg P2O5/ha. Wheat crop was uniformly applied with
60 kg P2O5, 40 kg K2O and 20 kg S/ha through DAP, MOP and
elemental sulphur in all the plots. N was applied through urea
as per the treatments. Full doses of P, K and S and 50% of N
were applied at the time of sowing while the rest of N was
applied after first irrigation. Mungbean and urdbean crop were
sown in the second fortnight of July during both years. After
picking of pods, mungbean and urdbean residues were
incorporated as per treatments in October. Sowing of wheat

Fig. 1 Weather parameters during wheat growth period
Table 1.
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was carried out in November and the crop was harvested in
March. The rainfall and temperature recorded during the month
of October to April in both the years (Fig 1) revealed that
there was an unprecedented increase in both minimum and
maximum temperature during January and February 2006 which
adversely affected on wheat yield.
Soil sampling and analysis: Five soil samples from each
experimental plot were taken randomly at 0-15 cm depth using
core sampler of 8 cm diameter. The samples were thoroughly
mixed and bulked, and a representative sample was drawn for
initial biological and chemical analysis. After incorporation of
crop residues during second year, soil samples from 3 places
in each plot were taken at a week interval to find out the
biological changes. After harvest of wheat crop, soil samples
from three places in each plot were taken to find out the changes
after completion of the experiment/cropping cycle. Bulk
density was determined from oven dried undisturbed cores
as mass per volume of oven dried soil. However, particle
density was estimated by the procedure given by Jury and
Horton (2004). The soil porosity was calculated using equation
and relationship developed by Danielson and Sutherland
(1986).
Microbial biomass carbon: Soil microbial biomass C was
measured by the fumigation-extraction method (Vance et al.
1987). Thrice replicated 50 g portions of each soil were weighed
into petriplates and fumigated with ethanol free chloroform
for 24 h at 25°C. After fumigant removal, the soil was extracted
with 100 ml 0.5M K2SO4 for 30 min. Three replicates of unfumigated soil were extracted similarly at the time of fumigation
commenced. Organic C in soil (SOC) extracts was measured
by dichromate oxidation and soil microbial biomass C (SMBC)
was calculated as ‘Ec/0.25’, where EC = (organic C extracted
from fumigated soils) - (organic C extracted from non-fumigated
soils) and 0.25 is kEC (Voroney et al. 1993).The results were
analyzed using the SPSS package version 11 for LSD at
P = 0.05. Data was subjected to F test for testing the equality

Yield attributes and yields of wheat as influenced by different pulse residue treatments

Treatment
2004-05
Residues management
Mungbean1
207.33
Urdbean1
203.33
Mungbean2
203.66
Urdbean2
224.33
Mungbean3
195.33
Urdbean3
209.66
Mungbean4
200.66
Urdbean4
217.0
Control
181
CD (P=0.05)
25.65
N dose (kg/ha)
120
212
90
197.62
CD (P=0.05)
8.64
Note: 1- Incorporation; 2-

Ears/m2
2005-06

Mean

2004-05

Seeds/ears
2005-06

Mean

182.0
200.3
185.33
191.66
183.66
191.66
180.99
193.66
162.99
23.48

194.6
201.8
194.5
207.9
189.4
200.66
190.82
205.33
171.9
26.72

51.40
48.16
51.83
51.00
51.80
53.00
51.83
52.16
51.33
NS

47.25
43.16
46.20
46.75
47.30
47.81
46.22
48.11
47.92
NS

49.33
45.66
49.02
48.88
49.55
50.41
49.03
50.13
49.62
NS

Grain yield (kg/ha)
2004-05 2005-06
Mean
4806
4673
4718
4888
4938
5080
5058
5221
4147
466

4004
3864
4136
3824
4324
4125
4495
4338
3256
858

4405
4269
4427
4356
4631
4603
4777
4780
3702
703

Straw yield (102 kg/ha)
2004-05 2005-06
Mean
69.16
67.50
65.16
73.27
68.67
71.67
70.98
75.00
59.30
5.52

103.70
104.41
107.25
104.81
106.76
103.88
108.52
104.53
107.02
NS

86.43
85.96
86.21
89.04
87.72
87.78
89.75
89.77
83.16
NS

199.17
205.59
53.59
51.16
52.38
5023
4287
4655
74.33
108.21
172.43
185.03
49.21
42.33
45.77
4646
3800
4223
63.13
103.04
9.08
11.63
NS
3.58
3.89
202
278
246
2.66
NS
Incorporation + irrigation; 3- Chopping + incorporation; 4- Chopping + incorporation + irrigation

91.27
83.09
4.50
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of variance. The error variance for growth and yield parameters
of respective treatments during 2 years were found
homogenous, hence the results were pooled. Interaction
effects were found to be not significant.
RESULTS AND DISCUSSION
Physical properties of soil: Soil physical properties improved
significantly due to residues management practices (Table 2).
A decrease in bulk density was observed in plots where
chopped crop residues were incorporated along with irrigation.
Particle density in the surface layer was also significantly
lowered under chopping + incorporation of crop (urdbean/
mungbean) residues + irrigation. It also increased pore space
and WHC by 28.9% and 38.9%, respectively. However,
application of N had no influence on any of the physical
parameters measured. Crop residues are being reported to
decrease bulk density, improve pore space and water holding
capacity (Bellakki et al. 1998).
Available NPK and SOC: All the residues incorporation
treatments gave significantly higher soil available NPK
content over control (Table 2). Among crop residues
treatments, incorporation of chopped straw + irrigation proved
most beneficial in raising soil available N. The plots under
crop residues removal (control) gave the lowest soil available
N (196.8 kg/ha). Similarly, available P and K content in soil
also increased in the range of 4-11.5 and 8.1-18.1%, respectively
due to different methods of residues incorporation over
control. Application of 120 kg N/ha also resulted in 4.9%
increase in soil available N over the lower dose (90 kg/ha). P
and K being relatively less mobile and stable in soil, no such
improvements in its availability were observed.
Different methods of residues management had also
significant effect on final status of soil organic matter quantified
through SOC. All the residues management treatments
including control gave significantly higher SOC over its initial
value of 0.28%. But the highest increase in SOC (35.48 %)
was recorded in direct incorporation of urdbean residues over
Table 2.

control. Application of 120 kg N/ha significantly increased
SOC (by 5.5%) over 90 kg N/ha (Table 3). Since crop residues
were recycled in incorporation treatments, an increase in soil
available N, P, K and SOC were also evident (Singh et al.
2008). The increase in SOC over its initial value in a control
(crop residues removal) plot could be attributed to the
contribution from root biomass.
Dynamics of SMBC: Crop residue incorporation resulted in
significantly higher SMBC over control. All the crop residues
management plots were having similar SMBC values except
that in urdbean crop residues where significantly lower SMBC
values were observed over the rest of crop residues
incorporation treatments. Highest SMBC values were evident
in the treatments with incorporation of chopped straw of
urdbean/mungbean residues + irrigation (Table 3). Application
of 120 kg N/ha also gave significantly higher SMBC (by 38.5%)
over 90 kg N/ha. All the residues management treatments were
also superior on ratios of microbial carbon to soil organic
carbon. But there was a drastic reduction in the ratio when
urdbean residues were incorporated without irrigation in spite
of the fact that this had highest SOC (Table 3).
Periodic changes in SMBC monitored at four stages,
starting from day 7 to day 56 reveled that irrespective of the
residues management its values increased up to 56 days. The
increase in SMBC was more in mungbean than urdbean plots.
On day 14, the differences in SMBC values due to different
residues management were not similar. In direct incorporation
and incorporation + irrigation treatments, there was also a
wide variation in SMBC status while the differences in SMBC
between different crop residues were less in chopping +
incorporation and chopping + incorporation + irrigation. But
no such improvement was recorded in control plot except at
33 days stage when an increase to the extent of 10.74% in
SMBC was recorded. Incorporation of chopped straw +
irrigation generally had more SMBC than rest of the
management treatments up to the harvest of wheat crop.
Application of higher doses of N (120 kg/ha) not only gave

Effect of crop residues incorporation and fertilizer on soil physic-chemical properties

Treatment
Bulk density
(g/cc)

Soil physical properties
Pore space
Particle density
(g/cc)
(%)

Residue management
Mungbean1
1.38
Urdbean1
1.39
Mungbean2
1.38
Urdbean2
1.38
Mungbean3
1.34
Urdbean3
1.35
4
Mungbean
1.32
Urdbean4
1.33
Control
1.44
CD (P=0.05)
0.05
N dose (kg/ha)
120
1.37
90
1.38
CD (P=0.05)
NS
Note: 1- Incorporation; 2- Incorporation +

2.42
2.39
2.38
2.40
2.38
2.39
2.36
2.35
2.50
0.10

45.5
44.7
46.8
47.0
47.3
48.2
49.6
48.2
38.2
3.5

Available nutrient (kg/ha)
Water holding
capacity (%)

N

P

K

37.3
38.3
38.3
41.6
42.5
45.1
46.4
45.9
33.4
3.8

228.2
222.1
237.8
235.7
240.4
241.1
245.3
246.1
196.8
14.9

18.72
18.16
19.58
17.84
18.91
17.32
17.46
18.02
16.65
0.78

146.4
154.2
152.1
149.2
148.7
147.6
145.7
141.1
130.5
9.6

2.39
46.6
45.5
238.2
18.29
2.42
44.7
43.2
227.0
17.85
NS
NS
NS
NS
NS
irrigation; 3- Chopping + incorporation; 4- Chopping + incorporation + irrigation

143.8
148.5
NS
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Effect of residues incorporation and fertilizer on periodic changes in microbial biomass carbon and organic carbon
content in soil

Treatment

Residues management
Mungbean 1
Urdbean1
Mungbean 2
Urdbean2
Mungbean 3
Urdbean3
Mungbean 4
Urdbean4
Control
CD (P=0.05)
N dose (kg/ha)
120
90
CD (P=0.05)

Periodic (days) changes in SMBC after residues
incorporation (µg/100 g)

After wheat harvest

7

14

33

56

SMBC
(µg/100 g)

SOC
(g/kg)

Ratio of SMBC to
SOC (%)

335
270
345
230
348
330
355
320
240
4.78

347
178
351
237
369
351
395
359
242
4.81

345
282
358
237
363
343
377
375
268
5.16

351
264
367
230
378
351
391
327
248
4.96

262
222
322
312
327
337
320
347
132
39.8

3.9
4.2
3.9
4.1
3.6
3.7
3.5
3.7
3.1
0.29

6.71
5.28
8.25
7.60
9.08
9.10
9.14
9.37
4.25
NS

322
299
2.32

329
300
2.48

340
315
3.57

342
317
3.41

353
222
15.9

3.96
3.52
0.14

8.91
6.30
NS

Note: 1- Incorporation; 2- Incorporation + irrigation; 3- Chopping + incorporation; 4- Chopping + incorporation + irrigation

significantly higher SMBC over 90 kg N but also maintained
higher level of SMBC even up to harvesting stage. Higher
SMBC in residues incorporation treatment may be due to the
enhancement of the pool sizes of microbial biomass (Roy et
al. 2006). Increase in SMBC at 33 days stage in control plots
and higher SMBC in other treatments at 56 days stage may be
due to basal application of fertilizers and top dressing of urea
after 1st irrigation respectively, in wheat.

treatments, and therefore no differences among residue
management practices could be observed. However, it was
pertinent during 2nd year and there was a reduction in grain
yield in all the treatments during second year. This decrease
in grain yield was however, more evident in control plots
(21.5%) over the residues incorporation plots (11.1- 21.8%).
Extent of increase in grain yield in different residues
management treatments over control was less in first year
(12.7-25.9%) than in second year (17.4-38.1%). Sudden increase
in temperature (Fig. 1) during 2005-06 reduced grain yield of
wheat as higher temperature is known to reduce wheat yield.
Yet, the adverse impact of increased temperature was less
pronounced under residues incorporation over removal plots
due to improved soil quality (Singh et al. 2005).

Yield attributes: During both the years, significantly higher
number of panicles per unit area was recorded by different
residues management practices over control (Table 1). On
pooled data, higher number of ears per unit area was recorded
under urdbean incorporation + irrigation (224.3) but none of
the residues incorporation treatments differ significantly
among themselves. Nitrogen application brought about
significant change in the number of ears per unit area as it was
increased to the tune of 7.2, 15.5 and 11.1% with 120 kg N
during 1st, 2nd year and in pooled data, respectively over 90 kg
N/ha. Number of seeds per ear however, was not affected by
any of the crop residues treatment. Application of 120 kg N/
ha gave 20.85% higher number of seeds per year in 2005-06
but no such improvement was noticed during 2004-05. Modern
high yielding varieties of wheat responded to more than 150
kg/N ha (Sharma et al. 2007). Therefore, in this experiment
higher yield of wheat at 120 kg N application over 90 kg was
evident.

Application of N at 120 kg/ha gave significantly higher
grain yield (8.1%) over 90 kg N/ha. Straw yield however,
showed the reverse trend as that of grain yield. Straw yield in
general was higher during 2005-06 in comparison to 2004-05.
All the residues incorporation treatments gave significantly
higher straw yield in the range of 9.9-26.5% over control during
2004-05 while the difference was not pertinent during 2005-06.
Application of 120 kg N/ha proved superior over 90 kg N/ha
(by 17.7%) in terms of straw yield during 2004-05 only (Table
1). On pooled data also application of 120 kg N/ha gave 10%
and 9.8% higher grain and straw yield, respectively, over 90
kg N/ha.

Grain and straw yield: On comparison with the control, grain
yield of wheat varied from 4673 to 5221 kg/ha and 3824 to 4495
kg/ha in first and second year, respectively, in different
residues management treatments (Table 1). Crop residues of
two pulses along with the different methods of residues
management behaved differently in both the years. In the first
year due to heavy rain just after residues incorporation brought
about sufficient moisture to all residues management

It can be inferred from the above study that
incorporation of easily decomposable mungbean and urdbean
crop residues may improve the soil properties as these act as
supplemental source of nutrients to succeeding wheat.
Incorporation of chopped residues followed by irrigation has
beneficial effects on wheat yield. Wheat productivity can also
be maintained even under climatic aberrations through
residues incorporations.
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ABSTRACT
A field experiment was carried out during rabi 2007 - 09 at
Agricultural Research Farm, Institutes of Agricultural Sciences,
Banaras Hindu University, Varanasi, Uttar Pradesh to evaluate
the effect of biofertilizers, inorganic fertilizers and
vermicompost on field pea. Application of 50% N through
vermicompost (1.33 t/ha) along with recommended inorganic
nutrients (40:17:16:20 kg of N:P:K:S/ha) to field pea resulted
in higher number of branches (5.34/plant), dry matter at
maturity (34.87g/plant), seeds/pod (5.46), 100 seed weight
(20.52g), seed yield (1717 kg/ha), straw yield (2430 kg/ha) and
harvest index (41.37%). Net return (Rs. 45358/ha) and B: C
ratio (2.21) were also higher with the above treatment. In
addition, organic carbon, available N, P, K, S and Zn status in
soil improved significantly at this fertility level. Seed
inoculation with biofertilizers (Rhizobium +PSB+PGPR) along
with 5 kg Zn/ha markedly enhanced crop growth and yield
attributes, seed (1498 kg/ha) and straw (2184 kg/ha) yield of
field pea and soil fertility status. Net return and B: C ratios
were also higher with biofertilizers + zinc. Combined
application of inorganic nutrients, 50% N through
vermicompost, biofertilizers and Zn produced the highest seed
yield (1873 kg/ha) of field pea and was 38.74% higher over
recommended inorganic nutrients.
Key words:

Bio-fertilizers, Field pea, Inorganic nutrient, Organic
nitrogen, Vermicompost

Field pea (Pisum sativum L.) is an important rabi pulse
crop grown in Indian subcontinent. It is one of the main sources
of dietary protein for the majority of Indians. The productivity
(1356 kg/ha) of this crop is highest among the pulses.
Moreover, its high yield potential (3.5 tonnes/ha) through
balanced fertilization envisages ample scope to increase its
yields further (Anonymous 2009). Moreover, a number of
investigations have convincingly proved that field pea
invariably responds to a high level of improved production
technology including application of phosphate (Yadav et
al.1992) and sulphur (Scherer et al. 2006). In intensive
agriculture, integrated nutrient management takes care of both
crop nutritional needs as well as soil fertility considerations
leading to increased yield through judicious consumption of

inorganic nutrients in the system. Now-a-days, organic
farming is also becoming an important component of
environmentally sound sustainable agriculture. The beneficial
effect of enriched compost such as vermicompost in improving
both soil fertility and productivity is well documented.
However, the information on the requirements for an
appropriate combination of nutrients through various sources
viz., biofertilizers, inorganic fertilizers and organics in field
pea is meager. Hence, the present investigation was conducted
to assess the response of field pea to integrated crop nutrition
viz., biofertilizers (Rhizobium+PSB+PGPR), vermicompost and
inorganic fertilizers under irrigated condition.
MATERIALS AND METHODS
A field experiment was conducted at Agricultural
Research Farm, Institute of Agricultural Sciences, Banaras
Hindu University, Varanasi, Uttar Pradesh during rabi 200708 and 2008-09 (25018' N, 8303' E and 128.93 m above mean sea
level ).The sandy loam soil of the experimental field was low in
organic carbon (0.35%), available N (197.02 kg/ha) and S (17.5
kg/ha), medium in available P (19.07 kg/ha) and K (210.2 kg/
ha) with pH 7.42. The experiment was laid out in split plot
design with five fertility levels viz., control, IN (recommended
dose of N,P,K and S @40:17:16:20 kg/ha) , ON (recommended
dose of N @ 40 kg/ha through 2.66 t/ha of vermicompost), IN
+ 50% ON and ON + 50% IN in main plot and four combinations
of biofertilizers (Rhizobium + PSB + PGPR) and micronutrient
(zinc @ 5 kg/ha) viz., control, biofertilizers, zinc and
biofertilizers + zinc in sub plot and was replicated three times.
All the treatments were applied at the time of planting.
Vermicompost was applied as per treatment on the basis of N
content only. Pea seeds were inoculated with Rhizobium
leguminosarum, Bacillus polymixa (PSB) and Pseudomonas
fluorescence (PGPR)@ 20 g/kg seed as per treatment. The
field pea ‘HUDP 15’ of 110-120 days duration was sown in line
at a row spacing of 30 cm at the seed rate of 80 kg/ha. The
crop was planted on November 7 and 10 during 2007-08 and
2008-09, respectively and harvested on March 21 during both
the years. The crop was raised under irrigated condition with
recommended package of practices. The data on all growth
and yield attributes viz., plant height, number of branches,
dry matter accumulation, pods per plant and yields were

*Based on Ph.D. Dissertation work submitted to Department of Agronomy, Institutes of Agricultural Sciences, B.H.U. Varanai-221005, India.
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recorded at maturity and analyzed as per split-plot design.
Since similar trend was noticed during both the years, the
data pertaining to both the years were pooled. Soil samples
were analyzed for available N, P and K as per standard methods.
S and Zn content in soil was analyzed as per standard
turbidometric method (Chesin and Yien 1950) and extraction
with DTPA Solution (Lindsay & Norvell 1978).
RESULTS AND DISCUSSION
Growth characters: Plant growth parameters such as branches
and dry matter per plant at maturity increased significantly
with IN + 50% ON (Table 1). Higher values of these growth
parameters at this integrated level were the result of better
supply of all the essential mineral nutrients in a balanced
amount that resulted in better crop growth and development
(Khan et al. 2009). The lowest values of these attributes were,
however, recorded under control and ON owing to inadequate
nutrient availability. Significant variations in growth attributes
due to application of vermicompost with inorganic fertilizers
were also attributed to both (higher) availability and absorption
of nutrients (Hegde and Dwivedi 1993). Seed inoculation with
biofertilizers and zinc alone also showed significant
advantages in the form of branches and dry weight per plant
at maturity over control. This might be due to the beneficial
effect of Rhizobium, Bacillus and Pseudomonas strains in
enhancing the nutrient supply to the plants (Srivastava and
Ahlawat 1995). Application of zinc alone also improved growth
attributes over control which was mainly due to their direct
and indirect role in many physiological activities in plant. In
addition, a synergistic effect of zinc with biofertilizers was
evident since it was involved in many enzymatic activities
(Vairavan et al. 1997).
Yield attributes: Pods per plant increased significantly with
the superimposition of 50% ON with IN over rest of the
treatments envisaging it as an important harvest attribute
Table 1.

contributing towards realization of higher seed yield. Similarly,
seeds/pod and 100 seed weight also showed significant
improvement with variation in fertility levels due to above
factors over control (Table 1). As field pea is mainly grown
under irrigated condition, the beneficial effect of vermicompost
with inorganic fertilizers is envisaged by a greater and longer
availability of nutrients as per crop demand (Khanda and
Mohapatra 2003). Pods/plant and seeds/pod were also
influenced significantly following seed inoculation over
control except 100 seed weight. This might be attributed to
increased nodulation and biological N fixation, more
solubilization of native P and production of secondary
metabolites by the bacteria (Srivastava and Ahlawat 1995).
Zinc application although improved yield attributes, yet it
was on par with application of biofertilizers alone.
Seed Yield: Both seed and straw yield increased significantly
following integrated nutrient management with IN + 50% ON
(Table 1). The trend observed for yield attributes perpetuated
to build up the final outcome in terms of seed yield. Further,
the same fertility level also facilitated a greater economic sink
capacity as the yield had a highly significant correlation with
yield attributes (Kushwaha 1994). Even though the dose of
applied N was same in both IN and ON applied plots, yet
lower seed yields were recorded in ON applied plots. It was
because of the fact that vermicompost (ON) alone probably
could not provide all the necessary nutrients in adequate
quantities at critical stages for proper growth and development
of field peas. On the contrary, the above INM did provide.
Even harvest index was found significant over control with
maximum value of 41.37% at IN + 50% ON. This envisages
similar rate of partitioning of dry matter under different fertility
levels (Bansal 2009). Application of both biofertilizers and
zinc significantly increased seed and straw yield over control.
Combined application of biofertilizers and zinc might have a
synergistic effect which enhanced nitrogenase activity and

Growth, yield attributes, seed yield and harvest index of field pea as influenced by integrated nutrient management
(Pooled for 2 years)
Height (cm)

Treatments

Growth and yield attributes
Branches/ Dry matter Pods/
Seeds/
/plant (g)
plant
pod
plant

100-seed
weight (g)

Seed
yield/
plant (g)

Yield and harvest index
Straw
Seed
Straw
Harvest
yield
yield
yield index (%)
/plant (g) (kg/ha) (kg/ha)

Fertility level
Control
45.31
IN
49.04
ON
48.12
IN + 50% ON
51.88
ON + 50% IN
51.39
SEm (±)
1.12
CD (P=0.05)
NS
Biofertilizers + micronutrient
Control
47.39
Biofertilizers
49.86
Zn (5 kg/ha)
48.24
Biofertilizers+Zn
51.1
SEm (±)
2.18
CD (P=0.05)
NS

3.22
4.73
3.97
5.34
4.78
0.018
0.06

25.15
30.61
27.14
34.87
31.68
0.327
0.98

8.41
11.86
10.76
15.26
12.67
0.315
0.95

3.90
5.29
4.08
5.46
5.08
0.08
0.24

18.79
20.07
19.51
20.52
19.94
0.101
0.30

6.81
11.19
9.37
12.81
11.25
0.13
0.39

16.94
19.44
17.73
22.12
20.43
0.14
0.43

889
1510
1340
1717
1540
14
43

1514
2231
1999
2430
2263
15.3
46

37.01
40.36
40.13
41.37
40.49
0.217
0.65

4.26
4.40
4.40
4.56
0.008
0.024

28.24
30.22
29.10
32.00
0.113
0.32

10.44
11.72
11.51
13.49
0.134
0.38

4.25
4.91
4.79
5.10
0.10
0.29

19.69
19.94
19.46
19.99
0.12
0.34

9.32
10.29
10.30
11.23
0.059
0.17

17.95
19.35
19.36
20.67
0.128
0.36

1304
1387
1408
1498
6.5
18

1978
2081
2107
2184
9.4
26

39.53
39.75
39.81
40.38
0.141
0.40

IN= NPK through inorganic fertilizers; ON= N through Vermicompost; Biofertilizers= Rhizobium + PSB +PGPR
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Table 2: Interaction effects of integrated nutrient management on field pea seed yield (kg/ha) (Pooled for 2 years)
Biofertilizers + micronutrient

Fertility level

IN + 50% ON
1596
1705
1694
1873
SE m (±)
Two sub plot mean at the same main plot
13.5
Two main plot means at same or different sub plot
15.8
IN= NPK through inorganic fertilizers; ON= N through Vermicompost; Biofertilizers= Rhizobium + PSB +PGPR
Control
Biofertilizer
Zn (5 kg/ha)
Biofertilizer+Zn

Control
858
878
882
939

IN
1350
1484
1584
1622

ON
1243
1326
1362
1431

in turn supplied more N by fixation for better growth and
increased yield in the field pea. Application of Zinc also
increased seed yield probably due to its influence on auxin
synthesis, nodulation and N fixation (Sinha et al. 2001).
Interaction effects of fertility level (vermicompost and
inorganic nutrient) with biofertilizers and zinc on seed yield of
field pea were significant (Table 2). It was evident that
application of 50% ON (50 % N through vermicompost)
integrated with IN (recommended inorganic fertilizers),
biofertlizers and zinc increased seed yield by 38.74% over
application of IN alone. Higher microbial population under
vermicompost, in addition to the specific role of Rhizobium,
phosphorus solubilizing bacteria and pseudomonas could be
the possible reason for a favourable effect of integrated
application (of vermicompost, inorganic fertilizers, biofertilizers
and zinc) on seed yield of field pea (Singh and Rai 2004).
Similar results were also reported by Singh and Pareek (2003)
in mungbean.
Economics: Integrated fertility level viz., IN + 50% ON also
produced higher net return and B:C ratio over other fertility
levels (Table 3).This is in confirmity with the results obtained
by Khan et al. 2009. Similarly, biofertilizers + micronutrient
(Zinc) resulted in higher net return and B: C ratio. Thus,
integrated nutrient management involving IN and 50% ON
combined with biofertilizers + Zn was the most remunerative
for field pea.

ON +50% IN
1473
1544
1519
1627
CD (P=0.05)
39
46

Soil fertility: The treatment viz., IN+ 50% ON also showed
significantly higher soil organic carbon (SOC) after the harvest
when compared with IN alone (Table 3). This might be due to
direct addition of organic matter from vermicompost (Ansari
and Kumar 2010). Application of IN + 50% ON was found
beneficial for improving organic carbon and NPKS and Zn
status of soil over the initial value. Highest available N in soil
at harvest was recorded with the treatment that received 100%
inorganic fertilizer along with 1.33 t/ha of vermicompost, which
was closely followed by the application of vermicompost (2.66
t/ha) along with 50% inorganic fertilizer (Table 3). The
favourable soil conditions in vermicompost plots might have
helped in the mineralization of soil nitrogen leading to build
up of higher available N (Ansari and Kumar 2010 and Ansari
and Jaikishun 2011). Similarly, significantly higher value of P,
K, S and Zn were analyzed with IN blended with 50 % ON
(1.33 t/ha of vermicompost) over their initial values. It is also
reported that vermicompost applied alone or in combination
with inorganic fertilizers also significantly increased available
K in soil (Vasanthi and Kumaraswamy 1999). Individual or
combined application of biofertilizer and micronutrient also
increased the nutrient availability in post-harvest soil when
compared to control. Moreover, in the presence of
vermicompost, the microorganisms in biofertilizer get enough
food and suitable media to proliferate both in terms of their
number and activity. Thus, the increase the organic status of
soil has also made nutrient available to growing plants.

Table 3. Net return, B: C ratio and soil nutrient status under integrated nutrient management (Pooled for 2 years)
Treatment
Fertility level
Control
IN
ON
IN + 50% ON
ON + 50% IN
SEm (±)
CD (P=0.05)

Net return
(Rs/ha)

B:C ratio

23742
39978
35506
45358
40770
834
1923

1.25
2.12
1.68
2.21
1.84
0.04
0.09

SOC
(%)
0.405
0.445
0.482
0.491
0.481
0.002
0.004

N
195.88
205.35
199.70
211.88
207.34
0.111
0.365

Available nutrient (kg/ha)
P2O5
K2O
S
19.52
22.18
20.97
24.49
22.71
0.07
0.24

Zn (ppm)

200.43
207.65
203.50
215.66
209.56
0.103
0.337

17.61
18.67
18.25
20.33
18.91
0.021
0.067

0.602
0.649
0.650
0.711
0.666
0.002
0.005

Biofertilizers + micronutrient
Control
22047
1.73
0.438
198.54
20.44
202.8
Biofertilizers
24027
1.86
0.458
204.74
22.12
207.23
Zn (5 kg/ha)
23980
1.78
0.447
202.29
21.60
204.64
Biofertilizers+Zn
26112
1.91
0.499
210.52
23.73
214.73
SEm (±)
677
0.03
0.002
0.09
0.062
0.084
CD (P=0.05)
1383
0.07
0.004
0.28
0.178
0.244
Initial Value
0.440
199.18
20.64
211.0
IN=NPK through inorganic fertilizers; ON = N through Vermicompost; Biofertilizers= Rhizobium + PSB + PGPR

18.63
18.73
18.78
18.86
0.02
0.060
17.59

0.635
0.659
0.662
0.666
0.001
0.003
0.52
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Thus, the study suggests that combined application of
various nutrient sources viz., inorganic fertilizer, 50% N
through vermicompost, biofertilizers and Zn is beneficial in
terms of soil fertility and crop productivity.

Uttar Pradesh. Current Advances in Agricultural Sciences 1: 91- 93.
Kushwaha BL. 1994. Response of French bean to nitrogen application
in north Indian plains. Indian Journal of Agronomy 39: 34-37.

REFERENCES

Lindsay WL and Norvell WA. 1978. Development of DTPA soil test
for zinc, iron, manganese and copper. Soil Science Society of
American Journal 42: 421-448.

Anonymous. 2009. Project Co-ordinator’s Report, All India Co-ordinated
Research Project on MULLaRP. Pp 16.

Scherer HW, Pacyna S, Manthey N and Schulz M. 2006. Sulphur
supply to peas (Pisum sativum) influences symbiotic N 2 fixation.
Plant Soil Environment 52: 72-77.

Ansari Abdullah Adil and Jaikishun Sirpaul. 2011. Vermicomposting of
sugarcane bagase and rice straw and its effect on Phaseolus vulgaris
in Guyana. Current Advances in Agricultural Sciences 3: 20-30.

Singh B and Pareek RG. 2003. Effect of phosphorus and biofertilizers
on growth and yield of mungbean. Indian Journal of Pulses Research
16: 31-33

Ansari Abdullah Adil and Kumar Sukhraj. 2010. Effect of vermiwash
and vermicompost on soil parameters and productivity of okra
(Abelmoschus esculentus) in Guyana. Current Advances in
Agricultural Sciences 2:1-4.

Singh R and Rai RK. 2004. Yield attributes, yield and quality of soybean
(Glycine max) as influenced by integrated nutrient management.
Indian Journal of Agronomy 46: 141-144.

Bansal RK. 2009. Synergistic effect of Rhizobium, PSB and PGPR on
nodulation and seed yield of mungbean. Journal of Food Legumes
22: 37-39.

Sinha BK, Hemantranjan A and Chhabra, M L.2001. Yield and yield
component of pea (Pisum sativum L.) as affected by zinc nutrition.
Annals of Biology 17: 157-158.

Chesnin L and Yien CH. 1950. Turbidmetric determination of available
sulphur. Proceedings of Soil Science Society 15: 149-151.

Srivastava TK and Ahlawat IPS. 1995. Response of pea (Pisum sativum
L.) to phosphorus, molybdenum and biofertilizers. Indian Journal
of Agronomy 40: 630-635.

Hedge DM and Dwivedi BS. 1993. Integrated nutrient supply and
management as a strategy to meet nutrient demand. Fertilizers
News 38: 49-59.

Vairavan K, Ramasamy M and Srinivasan K. 1997. Studies on the effect
of micronutrients in urd bean. Indian Journal of Pulses Research
10: 252-253.

Kanda CM and Mohapatra BK. 2003. Effects of farmyard manure and
inorganic fertilizers on yield and nutrient uptake of seed amaranth
(Amaranthus hypochondricus L.). Indian Journal of Agronomy
48: 142-144.

Vasanthi D and Kumaraswamy K. 1999. Efficiency of vermicompost
to improve soil fertility and rice yield. Journal of Indian Society of
soil science 47: 268-72.

Khan Naushad, Tripathi AK and Dubey AP. 2009. Effect of integrated
nutrient management on productivity and profitability of garden
pea (Pisum sativum L. subsp. hortense) in cereal plain zone of

Yadav RP, Chauhan DVS and Kushwaha HS. 1992. Effect of irrigation
phosphorus and row spacing on yield contributing characters of pea
(Pisum sativum L.). Indian Journal of Agronomy 37: 617-618.

Journal of Food Legumes 25(2): 125-127, 2011

Effect of time of planting on nodulation, growth and seed yield of kharif urdbean
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ABSTRACT
A field investigation was carried out at the Punjab Agricultural
University, Ludhiana during kharif 2005 and 2006 to study the
effect of time of planting (July 5, 15, 25 and August 5) on growth,
nodulation and seed yield of three urdbean genotypes (‘KUG
114’, ‘KUG 173’ and ‘Mash 338’). Results revealed that planting
urdbean during July 15-25 was optimum under the existing
situation. Delayed planting on August 5 resulted in drastic
reduction in seed yield. Nodulation and pods/plant were also
higher in case of July 15 and July 25 planting over the other
dates of planting. Accumulated growing degree days (GDD)
and accumulated photothermal units (PTU) for 50% flowering
as well as maturity were highest in July 5 planted crop and
decreased further with delayed planting. Genotype ‘KUG 114’
produced 5.9 and 22.2% higher yield over ‘KUG 173’ and ‘Mash
338’, respectively. It had also more nodules/plant, dry weight of
nodules/plant and pods/plant over the other two. ‘KUG 114’
required more or less higher GDD and PTU over the other two
genotypes to attain 50% flowering and physiological maturity.
Key words:

Genotypes, Nodulation, Planting time, Seed yield,
Urdbean

Urdbean [Vigna mungo (L.) Hepper] is an important
kharif pulse crop in India. Being a leguminous crop, its dual
role in providing protein-rich seeds and improving soil fertility
by adding nitrogen in the soil is well known. Urdbean is highly
sensitive to abiotic stresses and thus, its yield levels are
usually low. Time of planting is one of the most important
non-monetary agronomic factors for realizing the yield potential
of improved varieties as it helps in achieving complete
harmony between vegetative and reproductive growth stages
of the crop. Planting the crop at optimum time therefore, plays
a key role in obtaining high seed yields (Ihsanullah et al.
2002, Dubey and Singh 2006, Rathore et al. 2010). Since
genotypes of pulse crops do differ in productivity (Rathore et
al. 2010), genetic enhancement is a pre-requisite for improving
productivity of these pulses.
Growing degree days and heat unit requirement are
often used for characterizing thermal responses in crops. In
India, this concept is being applied to various crops as these
simplify growth and yield prediction models, needing less
input data. Temperature along with photoperiod affects
flowering time but temperature along with humidity affects

initiation and normal pod development. It is reported that
initiation of flowering and start of pod development stage
were influenced by variations in photoperiod (Bhatia et al.
1997).
The optimum planting time for urdbean is the first
fortnight of July for central districts and July 15-25 for submountainous districts of Punjab, India (PAU 2010). Though
lots of data are available on time of planting of urdbean yet
information is lacking on new and improved genotypes under
Punjab conditions. Therefore, the present study was carried
out to assess the effect of time of planting on growth,
nodulation, thermal requirement and yield of urdbean
genotypes.
MATERIALS AND METHODS
A field study was conducted at the research farm of
Punjab Agricultural University, Ludhiana during Kharif 2005
and 2006 on a loamy sand soil under irrigated conditions. The
experiment was laid out in thrice replicated split plot design
by assigning four dates of planting (July 5, 15, 25 and August
5) in main plot and three genotypes (‘KUG 114’, ‘KUG 173’
and ‘Mash 338’) in sub plot. The soil of the experimental field
was low in organic carbon (0.3%), medium in available
phosphorus (16-18 kg P/ha) and available potash (302 kg K/
ha). The crop was sown at 30 cm row spacing using a seed
rate of 20 kg/ha. A common fertilizer dose of 12.5 kg N and 25.0
kg P2O5/ha was applied at planting. The crop received one
irrigation during the growing season in both the years. The
weeds were managed using pendimethalin @ 0.75 kg/ha as
pre-emergence. The crop was harvested with sickle and
threshed manually. A rainfall of 399.9 and 446.1 mm were
received during kharif 2005 and 2006 crop season, respectively.
The data on nodulation were recorded 35 days after planting
(DAS). The observations on 50% flowering, days to maturity,
plant height, branches/plant, pods/plant, seeds/pod, 100-seed
weight and seed yield were also recorded.
Agroclimatic indices viz., growing degree days (GDD)
and photothermal units (PTU) were accumulated from the date
of planting to 50% flowering and physiological maturity during
2005 (Nuttonson 1955) to calculate accumulated indices for
GDD (AGDD) and PTU (APTU), respectively.
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RESULTS AND DISCUSSION
Effect of planting dates: Plant height, an index of plant
growth, was significantly influenced by planting dates (Table
1). Significantly taller plants were recorded in July 5 planted
crop over all other planting dates. A drastic reduction in plant
height was recorded in August 5 planted crop. It was mainly
attributed to a short growth period as temperature as well as
day length declined during September and October. Similarly,
branches/plant were on par in three earlier dates of planting
(July 5, 15 and 25) and was reduced substantially in August 5
planted crop. As a result, one of the major yield attributes viz.,
pods/plant was significantly influenced by dates of planting
although it was on par only in July 5,15 and 25 planted crop.
Seeds/pod was not influenced by planting dates. Planting
dates significantly influenced 100-seed weight as July 25
planted crop recorded the highest 100-seed weight which was
however, on par with July 15 and August 5.
During both the years, nodule number and its dry
weight/plant were the highest in case of July 15 planting date
(Table 2). Moreover, bold and pink coloured nodules were
indicative of higher leghaemoglobin pigments accompanied
with higher N-fixation activity. Nodulation was reduced
significantly following delayed planting. During 2005,
although maximum seed yield was obtained in the case of July
25 planting yet it was similar at July 15 planting. Planting on
July 5 also produced significantly lower yield than in July 15
and 25 while there was a drastic reduction in yield when crop
was sown beyond it (August 5). During 2006, seed yields
Table 1.

Accumulated agroclimatic indices i.e. growing degree
days and photothermal units computed for urdbean genotypes
under different dates of planting also indicated that days taken
to 50% flowering and physiological maturity, in general,
decreased as the planting was delayed (Table 3). Ihsanullah
et al. (2002) also observed similar effects on mungbean
maturity by different dates of sowing. In early sown (July 5)
crop, higher agroclimatic indices (AGDD and APTU) were
required for the crop to attain 50% flowering and maturity.
Similarly when planting was delayed further (Aug 5),
comparatively lower agroclimatic indices were calculated.
Performance of genotypes: Genotype ‘KUG 114’ was tallest
of all the genotypes (Table 1) although these genotypes did
not differ in branching habit. However, pods/plant were
significantly higher in ‘KUG 114’ than in ‘Mash 338’ whereas

Effect of planting dates and genotypes on growth and yield attributes of urdbean (mean of 2 years)

Treatment
Dates of planting
July 5
July 15
July 25
August 5
CD (P=0.05)
Genotypes
KUG 114
KUG 173
Mash 338
CD (P=0.05)

Table 2.

were similar when urdbean was sown on July 5, 15 or 25 and
planting beyond July (August 5) yielded the minimum. On an
average (for two years), planting on August 5 yielded 33.5%
lower yield than that on July 15 and 25. Higher seed yields
realized in case of July 15 and 25 planted crops were because
of higher number of pods/plant and 100-seed weight
associated with a more stronger sink during this period. Under
late sown conditions of August 5, the plant however, could
not accumulate sufficient photosynthates due to poor
vegetative growth. Higher yields of existing varieties when
planted during July were also reported by Singh and Singh
2000, Ihsanullah et al. 2002, Dubey and Singh 2006 and Rathore
et al. 2010.

Plant height (cm)

Branches/plant

Pods/ plant

Seeds/pod

100-seed weight (g)

45.9
43.0
36.9
27.5
2.7

6.5
7.2
6.8
3.4
0.9

22.9
23.7
23.9
13.5
3.1

6.4
6.4
6.2
6.2
NS

3.51
3.68
3.80
3.74
0.23

40.2
36.4
38.3
2.0

6.1
5.7
6.1
NS

22.5
20.6
19.9
2.1

6.5
6.3
6.3
0.1

3.66
3.78
3.62
0.14
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Treatment
2005
Dates of planting
July 5
July 15
July 25
August 5
CD (P=0.05)
Genotypes
KUG 114
KUG 173
Mash 338
CD (P=0.05)
*Not recorded

Nodules/plant
2006

Mean

Nodule dry weight (mg)/plant
2005
2006
Mean

2005

Seed yield (kg/ha)
2006
Mean

27.5
28.7
NR*
13.4
1.2

26.0
29.3
20.3
12.0
3.1

26.8
29.0
20.3
12.7

98.3
119.4
NR*
58.3
28.9

92.4
111.3
84.5
73.7
4.1

95.4
115.4
84.5
66.0

1079
1246
1287
866
97

1412
1463
1421
936
256

1246
1355
1354
901

23.7
23.6
21.8
1.2

24.0
21.2
20.5
1.7

23.9
22.4
21.2
-

102.0
93.8
80
9.5

96.3
91.7
83.5
4.5

99.2
92.8
81.8

1239
1090
1029
76

1396
1398
1127
121

1318
1244
1078
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Table 3.
Genotype

AGDD and APTU for various genotypes of urdbean sown on different dates during 2005
Date of planting
DAS

KUG 114

KUG 173

Mash 338
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5 July
15 July
25 July
5 August
5 July
15 July
25 July
5 August
5 July
15 July
25 July
5 August

45
43
42
37
46
43
40
37
43
43
40
36

50% flowering
AGDD
APTU
o
( C day)
(oC day hour)
925
12666
899
12138
876
11613
755
9832
947
12950
899
12138
835
11091
755
9832
885
12138
899
12138
835
11091
736
9596

‘KUG 114’ recorded significantly higher seeds/pod over other
two genotypes. ‘KUG 173’ recorded the highest 100-seed
weight which was significantly higher than in ‘Mash 338’.
Nodule number and its dry weight/plant were
significantly higher in ‘KUG 114’ than in ‘Mash 338’ (Table 2).
During 2005, the highest seed yield was recorded in ‘KUG
114’ and was significantly superior to ‘KUG 173’ and ‘Mash
338’. However, during 2006, ‘KUG 114’ and ‘KUG 173’ were on
par with respect to seed yield; yet were significantly higher
over ‘Mash 338’. On an average (for two years), ‘KUG 114’
gave 22.2 and 5.9% higher seed yield than ‘Mash 338’ and
‘KUG 173’, respectively. Urdbean genotypes do differ in plant
traits and productivity (Dubey and Singh 2006, Rathore et al.
2010) and higher yields could be due to better agronomic
traits and/or resistance to diseases (Kaur et al. 2010).
Interaction effect between dates of planting and genotype
was non-significant in respect of seed yield.
Among the genotypes, ‘KUG 114’ required higher
agroclimatic indices over ‘KUG 173’ and ‘Mash 338’ to attain
50% flowering and physiological maturity. At physiological
maturity, in general, earlier sown crop had more AGDD and
recorded more APTU than that in late sown crop for all the
genotypes.
It can be inferred from this two-year study that under
Punjab conditions the optimum time of planting of urdbean
during kharif season is July 15-25. Improved urdbean
genotypes ‘KUG 114’ and ‘KUG 173’ were found promising
over ‘Mash 338’.

DAS
80
78
70
71
79
76
72
71
76
74
70
73

Physiological maturity
AGDD
APTU
(oC day)
(oC day hour)
1593
21106
1548
20183
1379
17763
1341
16830
1575
20885
1513
19763
1413
18164
1341
16830
1517
20189
1476
19323
1379
17763
1371
17178
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ABSTRACT
An investigation was carried out during kharif 2010-11 under
rainfed condition to study the feasibility of transplanting of
varying age pigeonpea seedling under sole and intercropping
with direct sown soybean (6:1) at Pulses Research Unit, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola. Individual
pigeonpea seedling transplanted under sole as well as
intercropped with soybean showed positive effect on various
agronomic traits such as stem diameter, number of branches,
biomass, pods and grain weight/plant over direct sown plants.
Sole transplanting of varying age pigeonpea seedling recorded
significantly higher pigeonpea equivalent yield (2206 kg/ha)
over direct sown sole crop (1747 kg/ha). However, higher net
return was recorded with direct sown sole pigeonpea (Rs 50737/
ha) with B:C ratio 3.92 over sole transplanting of varying age
of pigeonpea seedling (Rs 35159/ha with B:C ratio 1.69).
Soybean + transplanted pigeonpea (6:1) with varying age of
seedling produced significantly higher pigeonpea equivalent
yield (2153 kg/ha) compared to direct sown soybean+ pigeonpea
(1614 kg/ha). Soybean + transplanted pigeonpea with varying
age gave higher returns (55765 kg/ha) over direct sown
pigeonpea + soybean (Rs 49259/ha). Highest land equivalent
ratio was recorded with transplanting varying age of pigeonpea
seedling intercropped with soybean. Transplanting varying age
of pigeonpea seedling also found more competitive than soybean
as evident from aggressivity and competitive ratio. Soil fertility
status after harvest of transplanted pigeonpea intercropped with
soybean and their sole cropping did not show depletion from
initial status.
Key words:

Competitive indices, Economics, Land equivalent
ratio, Nutrient uptake, Pigeonpea transplanting, Soil
fertility, Soybean

Pigeonpea with soybean intercropping system is
dominant in Maharashtra. However, soybean reduces growth
and yield of pigeonpea in intercropping system because of
higher competitive ability of soybean over pigeonpea as the
former has a faster vegetative growth during early stage (Billore
et al. 2009). Moreover, terminal moisture stress during
reproductive stage further declines pigeonpea productivity.
In order to ensure timely sowing due to late onset of monsoon,
transplanting of pigeonpea seedlings may be one of the
agronomic measures to overcome delayed sowing. This
technique involves raising of seedlings in the polythene bags
in nursery and transplanting these seedlings in the main field

after certain age. As established seedlings, these pick up
growth quickly under field condition and can be more
competitive. Keeping above in view, a trial was carried out to
study the feasibility and economics of transplanted pigeonpea
under standard field condition.
MATERIALS AND METHODS
A field experiment was conducted at Pulses Research
Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola during
kharif 2010-11 to evaluate the performance of transplanted
pigeonpea, PKV TARA (TAT-9629) with varying age of
seedling under both sole and intercropping with soybean.
The medium clayey soil was alkaline (pH 8.11), medium in
organic carbon (0.44%), available N (235 kg/ha), available P
(18.88 kg/ha) and available K (383 kg/ha). Nine treatments
viz., transplanting 2 week old pigeonpea seedling (WOPS) as
an intercrop in soybean, transplanting 3 and 4 WOPS in
soybean + pigeonpea, direct sowing of pigeonpea in soybean
+ pigeonpea, transplanting 2, 3 and 4 WOPS as a sole crop,
direct sowing of sole pigeonpea and sole soybean were taken
in a randomized block design with four replications. Seeds of
pigeonpea were sown on 17 June, 24 June and 30 June 2010 in
polythene bags of 6 x 8”, 7 x 12” and 7 x 16” size, respectively,
with 3/4th portion of bags filled with soil and transplanted on
10 July 2010. After germination, only one seedling per bag
was maintained by thinning at 10 days after sowing (DAS).
On the day of transplanting, varying age of pigeonpea
seedlings were transplanted and seeds were also directly sown
at 5 cm depth at 90 x 20 cm. Amongst pigeonpea + soybean
systems, both the crops was sown at a row spacing of 45 cm
while plant to plant spacing was maintained at 20 cm for
pigeonpea and 10 cm for soybean (JS-335). The row ratio for
soybean + pigeonpea intercropping is 6:1. Recommended dose
of fertilizers for pigeonpea (N:P2O5::25:50 kg/ha) and soybean
(N:P2O5::30:75 kg/ha) were applied at sowing. Normal
agronomic practices recommended for the crop and plant
protection measures were adopted as and when needed. The
total rainfall received during the crop growth was 100.65 cm in
43 rainy days. Growth and yield components were recorded in
the five randomly selected plants. Net returns were calculated
by deducting cost of cultivation from gross returns. The B:C
ratio was worked out as a ratio of gross returns to cost of
cultivation. Competitive indices, nutrient uptake and soil
fertility status were also taken following standard procedures.
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RESULTS AND DISCUSSION

Comparison made amongst varying age pigeonpea
seedling revealed numerically higher net return and BCR were
obtained with either transplanting of 2 WOPS (Rs 56595/ha
and 3.05) or 3 WOPS (Rs 56259/ha and 3.00) over 4 WOPS (Rs
54441/ha and 2.89). However, direct sowing of sole crop of
pigeonpea recorded significantly higher net return and BCR
(Rs 50737/ha and 3.92) over sole crop of transplanted
pigeonpea (Rs 35159/ha and 1.69). Similar result was obtained
by Pavan et al. (2009).

Seed yield and economics: In the present investigation,
growth and yield parameters of transplanted pigeonpea such
as per plant dry matter accumulation, branches, stem girth,
pods/plant, seed weight/plant and 100-seed weight were
influenced significantly over direct sowing due to enhanced
photosynthetic activity and efficient transfer of metabolites
in the seed with the resultant increase in 100-seed weight
(Table 1).
Table 1.
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soybean + pigeonpea intercropping system

Gross
Pigeonpea growth traits
Pigeonpea yield traits Soybean Pigeonpea Pigeonpea
CC
yield
yield
equivalent (Rs/ha) monetary
branch Plant
Stem pods/ Seed 100Dry
return
(kg/ha)
yield
es/ height at diameter plant weight/ seed (kg/ha)
Treatment
matter
(Rs/ha)
(kg/ha)
plant branch
(mm)
plant
wt.
accumul
initiation
(g)
(g)
ation (g)
(cm)
TP 2 WOPS as sole crop
138.7
21.9
29.6
41.8
133
31.5
9.3
-2080
2080
48887 81120
TP 3 WOPS as sole crop
149.7
24.2
25.9
44.6
156
34.3
9.4
-2256
2256
50601 87984
TP 4 WOPS as sole crop
198.0
26.0
19.5
47.4
164
35.1
9.6
-2281
2281
53088 88959
Direct sown sole pigeonpea
88.2
18.2
31.5
36.2
121
25.9
8.9
-1747
1747
17396 68133
TP 2 WOPS + soybean (6:1) 132.4
20.5
26.5
40.7
156
34.2 10.3
2541
660
2159
27606 84201
TP 3 WOPS + soybean (6:1) 140.4
22.4
25.6
40.7
175
37.3 10.3
2470
707
2163
28098 84357
TP 4 WOPS + soybean (6:1) 172.6
25.3
16.6
42.2
184
39.8 10.0
2319
769
2136
28863 83304
Direct sown soybean+
82.9
15.3
36.1
36.2
80
15.6
9.5
2227
301
1614
13687 62946
pigeonpea
Sole sown soybean
-------2635
-1554
16500 60606
S.Em (+)
3.09
0.2
0.5
0.5
4.4
1.6
0.1
115
74
67
-3302
CD (P = 0.05)
9.09
0.7
1.5
1.5
13.4
4.8
0.35
NS
222
196
-9637
CV%
5.6
7.7
3.2
3.2
5.3
8.6
2.4
9.4
9.4
7.0
-13.3

Net
return
(Rs/ha)

B:C
ratio

32233
37383
35871
50737
56595
56259
54441

1.66
1.74
1.68
3.92
3.05
3.00
2.89

49259

4.60

44106
3302
9637
13.3

3.67
----

TP- Transplanting; WOPS-Week old pigeonpea seedling

Table 2. Competition functions in soybean + pigeonpea intercropping system
Treatment

LER

TP 2 WOPS + Soybean (1:6)
TP 3 WOPS + Soybean (1:6)
TP 4 WOPS + Soybean (1:6)
Direct sown soybean +
pigeonpea
Direct sown sole pigeonpea
Sole sown soybean
TP- Transplanting; WOPS-Week

1.28
1.25
1.22
1.02

Relative crowding coefficient (RCC)
Pigeon
Soy
System
pea (Kh)
bean (Ki) (K=Kh x Ki)
2.64
4.76
12.57
2.58
2.63
6.79
2.88
1.29
3.72
1.18

1.00
-1.00
-old pigeonpea seedling

Competitive ratio
Pigeonpea
Soybean

Aggressivity
Pigeon pea
0.98
0.99
1.21

Soy bean
-0.98
-0.99
-1.21

1.87
1.89
2.17

0.54
0.53
0.46

0.96

1.13

0.16

-0.16

1.16

0.86

---

---

---

---

---

---

Pigeonpea equivalent yield (PEY) was influenced
significantly with respect to transplanting of pigeonpea
seedlings in sole and intercropping system. Transplanting
varying age pigeonpea seedling intercropped with soybean
(6:1) and their sole cropping recorded significantly higher PEY
over direct sowing both under intercropping and sole
cropping situations. Transplanting varying age pigeonpea
seedling as an intercrop and their sole crop recorded 25 and
21% increased in PEY respectively, over direct sowing.
However, significantly higher net return was recorded with
transplanting varying age pigeonpea seedling intercropped
with soybean (Rs 55765/ ha) over direct sowing (Rs 49259/ha)
although benefit cost ratio (BCR) was higher with the latter
(4.60) over the former due to high transplanting cost of
pigeonpea.

Land equivalent ratio: Biological efficiency of land in
intercropping system measured through land equivalent ratio
(LER) varied from 1.02 to 1.28 due to varying age of pigeonpea
seedling. Thus, production efficiency of intercropping was
higher as compared to sole soybean/pigeonpea and direct
sowing of pigeonpea intercropped with soybean.
Transplanting of varying age pigeonpea seedling intercropped
with soybean also recorded superiority over direct sowing of
pigeonpea intercropped with soybean and their sole cropping
in terms of LER. As the highest LER was obtained with
transplanting varying age of pigeonpea seedling intercropped
with soybean (1.25) and the lowest one with direct sowing of
pigeonpea + soybean (1.02), it was inferred that for the same
seed yield, 25% more area would be required under solitary
system compared to intercropping situation.
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Table 3. Total nutrient uptake and soil properties after harvest of pigeonpea as influenced by different treatments
Treatment

Nutrient uptake (kg/ha)

N
P
TP 2 WOPS as sole crop
94.5
17.6
TP 3 WOPS as sole crop
110.5
19.9
TP 4 WOPS as sole crop
119.1
20.6
Direct sown sole pigeonpea
77.2
15.4
TP 2 WOPS + soybean (6:1)
34.8
7.2
TP 3 WOPS + soybean (6:1)
43.7
8.9
TP 4 WOPS + soybean (6:1)
50.5
9.6
Direct sown soybean+ pigeonpea
17.7
4.2
Sole sown soybean
--SEm (±)
3.61
0.73
CD (P = 0.05)
10.63
2.17
Initial status
--TP- Transplanting; WOPS-Week old pigeonpea seedling

K
43.6
49.1
50.8
38.3
18.0
21.9
23.7
10.7
-1.71
5.04
--

Competition functions: The values of relative crowding
coefficient (RCC) for the component crops were higher than
unity indicating yield advantages under intercropping except
in direct sown pigeonpea intercropped with soybean (Table
2). Similarly, the product of relative crowding coefficient of
component crops was more than unity in all intercropping
treatments revealing non-competitive interference than the
competitive one. The highest value of system RCC obtained
under transplanting of 2 WOPS + soybean (12.57) followed
by that of 3 WOPS + soybean (6.79) indicated better
compatibility of both the crops and higher yields. The lowest
RCC recorded with direct sowing of pigeonpea + soybean
(1.13) showed more competition for nutrients between crops
resulting in lower yields. RCC values also decreased with
increase in age of pigeonpea seedling transplanted. Thus,
transplanting either of 2 or 3 WOPS + soybean should be
preferred over rest of the two intercropping systems.
Aggressivity values of intercropping were also greater than
zero indicating yield advantage over sole cropping. Negative
values of aggressivity under soybean showed dominance of
pigeonpea over soybean. Transplanting of varying age
pigeonpea seedling as an intercrop with soybean showed
dominance of pigeonpea over direct sown crop and was more
evident in transplanting of 4 weeks old seedling. Thus,
transplanted pigeonpea was more competitive than soybean
under both intercropping and sole cropping over direct sown
pigeonpea intercropped with soybean as was evident with
higher values of competitive ratio (CR) and positive
aggressivity. The competitive ability of pigeonpea was highest
with transplanting of 4 weeks old seedling as an intercrop
with soybean (2.17) over that of 2 and 3 WOPS. In all the
intercropping treatments, higher CR in pigeonpea showed its
dominance over soybean. These results confirmed the
findings of Padhi et al. (2010) and Maitra et al. (2001).
Nutrient Uptake: Transplanting varying age of pigeonpea
seedling intercropped with soybean and their sole cropping
recorded significantly higher uptake of N, P and K over their
respective direct sown crop. Among intercropping, varying
age of pigeonpea seedling with soybean recorded higher
nutrient uptake with 4 WOPS both as a sole crop or
intercropped with soybean, and the trend increased with

pH

EC
(dSm-1)

O C (%)

8.18
8.25
8.30
8.12
8.17
8.22
8.27
8.17
8.20
0.03
N.S.
8.11

0.42
0.41
0.42
0.43
0.42
0.42
0.41
0.42
0.42
0.004
N.S.
0.41

0.52
0.53
0.54
0.52
0.55
0.56
0.57
0.54
0.55
0.005
0.015
0.44

Available nutrients
(kg/ha)
N
P
K
241
20.5
394
243
21.1
395
245
21.3
397
238
20.0
393
250
20.7
401
254
20.9
403
257
21.1
404
245
20.6
400
252
20.5
399
3.91
0.03
0.31
11.41
0.11
0.92
235
18.8
383

increasing age of seedling. Nutrient uptake also increased
with increasing age of transplanted pigeonpea intercropped
with soybean. Transplanting 3 and 4 WOPS as an intercrop
with soybean and their sole cropping recorded significantly
higher uptake of nutrients over direct sown soybean +
pigeonpea and sole direct sown pigeonpea, respectively.
Soil fertility status: Significant differences were observed in
soil chemical properties except for soil pH. Soil organic carbon
(SOC) had shown a significant improvement under
transplanting varying age of pigeonpea seedling grown as
sole and intercrop with soybean over their direct sown
counterparts. Transplanting 4 WOPS under both sole and
intercropping recorded significantly higher SOC over the rest
of treatments. Similar was the trend for soil available N, P and
K. Numerically higher soil available N, P and K were recorded
under transplanting 4 WOPS in sole and intercropping over
their respective direct sown treatments.
From the above it was inferred that performance of
transplanted pigeonpea seedling was superior when
intercropped with soybean and their sole cropping as
compared to direct sown crop under rainfed condition.
However, on economic front direct sown pigeonpea under
sole and intercropping with soybean proved advantageous
over transplanted pigeonpea.
REFERENCES
Billore SD, Vyas AK and Joshi OP. 2009. Effect of integrated nutrient
management in soybean (Glycine max L.) and pigeonpea (Cajanus
cajan L.) intercropping on productivity, energy budgeting and
competition functions. Journal of Food legumes 22: 124-126.
Maitra S, Ghosh D, Sounda G and Jana PK. 2001. Performance of
intercropping legumes in finger millet (Eleusine coracana) at varying
fertility levels. Indian Journal of Agronomy 46: 38-44
Padhi AK, Panigrahi RK and Jena BK. 2010. Effect of planting geometry
and duration of intercrops on performance of pigeonpea
+fingermillet intercropping systems. Indian Journal of Agriculture
Research 44: 43-47.
Pavan AS, Nagalikar VP, Halepyati AS and Pujari BT 2009. Effect of
planting on the yield, yield components and economics of
transplanted pigeonpea. Karnataka Journal of Agriculture Science
22: 433-434.

Journal of Food Legumes 25(2): 131-134, 2012

Performance evaluation of mechanical planters for planting of chickpea and
pigeonpea
M.K. SINGH, NARENDRA KUMAR, PRASOON VERMA and S.K. GARG
Division of Crop Production, Indian Institute of Pulses Research, Kanpur - 208 024, Uttar Pradesh, India; E-mail:
mksinghars@gmail.com
(Received: February 8, 2012; Accepted: May 29, 2012)
ABSTRACT
Pulse productivity is significantly affected by poor emergence,
lack of uniformity and difficulty in achieving target population
and weed infestation. Commercial sowing equipments such as
seed drill and seed-cum-fertilizer drill operated by animal,
power tiller and tractor, meter high and non-uniform seed rate
causing thinning as an extra operation. Under this situation, a
commercial bed planter and CIAE inclined plate planter were
evaluated for planting of chickpea and pigeonpea to assess their
suitability. The commercial and CIAE incline plate planter
have resulted in a mean plant spacing of 115 mm and 136 mm,
respectively for Kabuli chickpea against the set spacing of 100
mm. The missing and multiple seed percentage were 15.3%
and 7.7% for commercial bed planter as compared to 27.2% and
9.1% in CIAE inclined plate planter, respectively. Uniform depth
of seed placement was obtained for both the planters which
were within the permissible range of 50-60 mm for chickpea
and pigeonpea.
Key words:

Broadcasting, Dibbling, Planter, Seed drill, Sowing
equipment

Mechanization in pulses helps timely completion of field
operations, adds to the efficiency of the farmers in performing
field operations and economizes cost of cultivation. Dubey
et al. (2011) revealed that there was increasing trends in the
productivity and profitability of pulses due to various
technological interventions. Use of animal or tractor drawn
seed drill for pulses has enabled farmers to cover large areas
in a short period very economically. However, the seed rate in
sowing with the seed drill is quite high and thinning becomes
essential to maintain the optimum plant stand and to ensure
each plant get the desired quantity of sunlight, water and
nutrients. This could be achieved by planting of different
sizes of seeds with the help of appropriate planters (Kepner
et al. 1987). It has been reported that planters provide desired
plant population with uniform plant spacing and depth of
operation, which results in uniform crop stand and hence,
reduced cost of cultivation is achieved due to elimination of
thinning operation as well as savings of seed and fertilizer
(Pandey 2009).
A tractor-drawn pneumatic precision planter developed
at CIAE Bhopal has worked satisfactorily for singulation of
different types of seed with the help of aspirator blower which
provided the negative pressure in the seed metering disc,

which has cell to pick up and release the seed at predetermined
position in the field (Yadav and Yadav 1987). Kathirvel et al.
(2001, 2005) have evaluated the planters for cotton crop. They
observed that the planting operation with ridger seeder,
pneumatic planter and cultivator seeder resulted 44.00, 42.85
and 41.64% saving in cost, respectively, when compared to
conventional method. Singh et al. (2005) evaluated a tractor
operated pneumatic planter for planting cotton, groundnut
and mustard seeds in black soil using metering disc with 120
degrees entry cone angle on 2.5 mm seed hole for cotton, 120
degrees entry cone angle on 4.5 mm seed hole for groundnut
and 90 degrees entry cone angle on 1.5 mm seed hole for
mustard seed, respectively. They found that the variability in
seeds/plant spacing for cottonseeds (25.07 and 29.82 cm),
groundnut seeds (10.05 and 12.36 cm) and mustard seeds
(10.91 and 13.58 cm) obtained in the laboratory and field
conditions, respectively, could not be compared as the
variability in field condition included variation in plant spacing
due to vibration of machine and seed viability. Keeping in
view of these developments, CIAE inclined plate planter and
a commercial bed planter were field evaluated for their
suitability to pulse crops viz., pigeonpea and chickpea.
MATERIALS AND METHODS
Two available models of tractor drawn planters, namely,
bed planter (ASS model) and inclined plate planter (CIAE
model) were used for planting of pulses. These two implements
were selected for the field performance evaluation. Description
and specification of the planters are as under:
a. Bed planter (ASS model): The tractor drawn bed planter
from ASS Foundry and Agricultural Works, Amritsar was
developed for tractor of 35 to 45 hp range. The unit consisted
of a raised bed forming mechanism and a planter (Fig. 1A) to
place two rows of seeds on a bed in one pass. Seeds sown on
the raised bed facilitate better root growth and yield
enhancement. The furrows formed are used for irrigation
purpose and removal of excess water. The planter consisted
of inclined disc type seed metering mechanism, three ridgers,
ground wheel, chain and sprocket drive for transmitting power
from ground wheel to the seed metering and placement device.
A separate fertilizer box with fertilizer metering mechanism
and drive from ground wheel is provided. It is suitable for
sowing of maize, peas, pulses, groundnut etc. The
specifications of the unit are shown in Table 1.
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assemblies are adjustable for row-to-row spacing and work as
a modular unit for sowing of each row. The drive to seed
metering mechanism is transmitted from ground drive wheel
through chain and sprockets. The ground drive wheel and
power transmission system are fixed on the main frame. It is
suitable for planting groundnut, gram, soybean, mustered etc.
Row-to-row distance can be adjusted and planting of different
seeds in different rows is also possible. The effective field
capacity and field efficiency were 0.45- 0.65 ha/h and 70-75%,
respectively (CIAE 2010). The specifications of the unit are
shown in Table 2.
Table 2.

A

Specification of tractor drawn CIAE Inclined Plate
Planter

Particulars
Over all dimensions (LxBxH),
mm
Weight, kg
Source of power
Row spacing, mm
Plant spacing in rows, mm
Field capacity, h/ha
Type of seeds used
Nominal working width, mm
Depth of planting, mm
Type of seed metering
mechanism
Furrow opener and closer

B
Fig 1. (A) ASS Bed planter, (B) CIAE Inclined plate planter
Table 1. Specification of tractor drawn Bed planter (ASS model)
Particulars
Over all dimensions (LxBxH), mm
Weight, kg
Source of power
Row spacing, mm
Plant spacing in rows, mm
Field capacity, h/ha
Type of seeds used
Nominal working width, mm
Depth of planting, mm
Type of seed metering mechanism

Furrow opener and closer

Specification
2400x1750x1100
260
35-45hp tractor
6 rows, 250-450 (Adjustable)
150-300 (Adjustable)
2 - 2.5
Small and bold seeds
1350-1800 (Adjustable)
30-150 (Adjustable)
Inclined disc driven by ground
wheel through chain-sprocket and
bevel gears
Shovel type furrow openers, plastic
tubes convey the seeds to the boot

b. Inclined plate planter (CIAE model): A tractor mounted
six row inclined plate type planter was developed at CIAE,
Bhopal (Fig. 1B). It consists of a main frame with tool bar, seed
boxes, furrow openers and ground drive wheel system. The
planter is provided with six seed boxes of modular design
with independent inclined plate type seed metering
mechanism. The shoe type furrow openers are mounted on
tool bar of main frame through clamps. The seed boxes are
bolted to the furrow openers and seed box-furrow opener

Specification
2500x1215x1010
210
35 hp or above, Tractor
6 rows, 250-450 (Adjustable)
150-300 (Adjustable)
2 - 2.5
Small and bold seeds
1350-1800 (Adjustable)
30-150 (Adjustable)
Inclined plate, spiked ground wheel
drives the seed plates through chainsprocket and bevel gears
Shoe type furrow opener, plastic tubes
convey the seeds to the boot

The field evaluation of the planters was done at the
Main Research Farm of Indian Institute of Pulses Research,
Kanpur, India during 2010-11. The climate is tropical subhumid, receives annual rainfall of 722 mm and mean annual
maximum and minimum temperature is 33.0 and 20.00C
respectively. The soils of experimental site comes under
taxonomical class Typic ustochrept with sandy loam texture
Table 3. Field conditions under which performance tests
conducted
Test condition
(a) Condition of seed
Name of seed
Shape of seed
Weight of 100 grains, gm
(b) Condition of field
Location
Length of field, m
Width of field, m
Type of soil
Method of preparation of field
(c) Operational parameters of machine
Row spacing, mm
Plant spacing, mm
Depth of seed placement, mm
(d) Specification of power source
Make and model
Rated power hp
Control: Manual dibbling

Particulars
Chickpea (‘IPCK-02’ & ‘IPC-984’) and Pigeonpea (‘IPA 203’)
Spherical
(55, 22) and 12

IIPR, Main Farm
20
9
Sandy loam
Cultivator twice and harrow once

250 (Adjustable)
100
50 (Adjustable)
Swaraj 855
45

Singh et al.: Evaluation of mechanical planters for chickpea and pigeonpea

having pH 8.1, bulk density 1.43 g/cc and with low organic
carbon content (2.8 g/kg). The field condition under which
performance test was conducted is given in Table 3. The seeds
of pigeonpea genotype 'IPA-203' and chickpea variety 'IPCK02' and genotype 'IPC-98-4' were field tested and germination
of these breeder seeds, were more than 98%. These seeds
were obtained from the institute farm. Plant stand and
associated plant spacing distribution in the field were recorded
up to 20 days after sowing in all the crops.
The measurements for evaluation of planters were depth
of seed placement, seed spacing and plant stand. The data
measured were used to calculate the following indices of
planter performance.
1.

Mean seed spacing

Mean seed spacing (S) is the mean of total number of
spacing measured.

N
S   xi / N
i 1
Where, N is the total number of spacing measured; xi is
the distance between seed/plant i and the next seed/plant.
2.

Miss Index

The missing percentage is represented by an index
called the Miss Index (MI) which is the percentage of spacings
greater than 1.5 times the set spacing (X) (Katchman and Smith
1995, Bracy et al. 1999).
M = n1/N
Where, n1 = number of spacing > 1.5 X.
3.

Multiple Index

The multiple, more than one seed, percentage is
represented by an index called Multiple Index (DI) which is
the percentage of spacings that are less than or equal to half
of the set spacing (X) (Katchman and Smith 1995).
DI = n2 /N
Where, n2 = number of spacing < 0.5 X.
4.

Quality of feed index

The quality of feed index is an alternate way to present
the performance as a result of combined effect of misses and
multiples. The quality of feed index (A) is the percentage of
spacings that are more than half but not more than 11/2 times
the set spacing.
Quality of feed index = 100 - (miss index + multiple
index)
RESULTS AND DISCUSSION
During the field evaluation both planters were operated
for planting of chickpea and pigeonpea. The following
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performance parameters were measured and calculated. The
salient results are presented below.
Planting depth: The depths of chickpea seeds placement are
shown in Table 4. The average value of Kabuli chickpea (IPCK02) seed placement depths with manual, inclined plate planter
and bed planter were calculated and found to be 28, 53 and 46
mm, respectively. This indicates that seed placement with
manual sowing was not within the range of target depth of 5060 mm whereas the seeds placed with both the planters were
very close to the target depth. Also, more uniform depth of
seed placement was obtained with the planters. The similar
trends of seed placement depths were observed for other
variety of chickpea and pigeonpea seeds with both the
planters.
Table 4. Depth of seed placement, mm
S.N.

1
2
3
4
5
6
7
8
9
10
Average

Manual

Inclined plate
Bed planter
planter
IPCK-02 IPC-98-4 IPCK-02 IPC-98-4 IPCK-02 IPC-98-4
30
30
50
45
55
45
25
25
50
35
50
40
40
35
45
50
45
35
35
20
60
45
45
50
25
25
50
50
55
45
30
35
45
65
35
40
35
15
55
60
40
35
20
20
70
45
50
50
15
20
55
35
45
45
20
30
50
50
35
40
27.5
25.5
53
48
45.5
42.5

Mean seed spacing: The mean value of the Kabuli chickpea
(IPCK-02) seed spacing measured along each planted row
was about 87, 115 and 136 mm with manual, bed planter and
inclined plate planter, respectively (Table 5). Hence the mean
seed spacing is within range of the optimal seed spacing of
100 mm. The mean seed spacing of chickpea (IPC-98-4) seeds
were found as 125 and 100 mm with bed planter and inclined
plate planter, respectively. The mean seed spacing of
pigeonpea was observed similar as chickpea (IPC-98-4) seed
spacing and was observed in the very optimal range of 100
mm with both planters.
Miss Index (MI): The average miss index of the Kabuli chickpea
(IPCK-02) seed for the data taken along the planted rows were
15.3% and 27.2% with bed planter and inclined plate planter,
respectively whereas in case of chickpea (IPC-98-4) seeds the
average miss index were 31.2% and 20.0% with bed planter
and inclined plate planter, respectively (Table 5). The miss
index trend for pigeonpea seeds was similar as chickpea (IPC98-4) seeds for both the planters. This level of miss index
could be due to a number of factors including the design of
seed plate, failure of the metering plate to be filled with seeds,
failure in dropping seed holes and any possible clogging of
seeds along the boot and/or drop tube.
Multiple Index (DI): The average multiple index of the Kabuli
chickpea (IPCK-02) seed for the data taken along the planted
rows were 7.7% and 9.1% with bed planter and inclined plate
planter, respectively whereas in case of chickpea (IPC-98-4)
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Table 5. Results of field performance evaluation
Particulars
Seed placement depth, mm (average)
Mean seed spacing, mm (average)
Missing index
Multiple index
Quality of feed index
Row to row distance, mm

Manual
IPCK-02
28
87
1.5
5.6
93.8
250

IPC-98-4
26
70
1.3
10.5
88.2
250

seeds the average multiple index were 6.3% and 15.0% with
bed planter and inclined plate planter, respectively (Table 5).
The multiple index trends for pigeonpea seeds were similar as
chickpea (IPC-98-4) seeds for both the planters. This means
that the seeds viewed as "dropped at the same time" as the
previous seed were observed more in case of Kabuli chickpea
(IPCK-02) with inclined plate planter as compared to bed
planter. However, reverse trend was observed in case of
pigeonpea and chickpea (IPC-98-4) with both the planters.
This level of multiple indexes could be due to seed dropping
from the metering plates or from the drop tube.
Quality of feed index: The average feed index of the Kabuli
chickpea (IPCK-02) seed were 77.0% and 63.7% with bed
planter and inclined plate planter, respectively whereas in case
of chickpea (IPC-98-4) seeds the average feed index were 62.5%
and 65.0% with bed planter and inclined plate planter,
respectively (Table 5).
The above results show that the CIAE inclined plate
planter is performing better for small to medium size seeds
whereas the large seeds are better sown with the help of ASS
bed planter. This can be explained with the reference to the
design of the inclined plates of both the planters. The seed
metering plates of ASS bed planter are of oval shape instead
of flat as provided with inclined plate planter. This oval shape
and notching at edges, the plates of ASS bed planter hold and
guide the large size seeds to the seed dropping orifice in a
better way than flat one. However, for medium size seeds, the
support by inclined plates of bed Planter is not proper and
hence the seeds fall back easily. It can be concluded that the
both planters have shown promising benefits for pulse crops
at large.

Inclined plate planter
IPCK-02
IPC-98-4
53
48
136
100
27.2
20.0
9.1
15.0
63.7
65.0
250
250

Bed Planter
IPCK-02
IPC-98-4
46
43
115
125
15.3
31.2
7.7
6.3
77.0
62.5
250
250
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ABSTRACT
Among the major constraint in the successful cultivation of
mungbean is the occurrence of Mungbean yellow mosaic
virus(MYMV)/Mungbean yellow mosaic India virus (MYMIV).
The MYMV is transmitted easily by the whitefly Bemisia tabaci.
Transmission studies revealed that single whitefly of B-biotype
and indigenous B. tabaci was able to transmit MYMV. The Bbiotype had less acquisition access period and inoculation access
period to acquire and transmit the virus in comparison with
the indigenous whitefly. The latent period in the vector after
acquisition access period was found to be four and six hours in
B-biotype and indigenous whiteflies respectively. Active
transmission of virus was found to be 53.3 and 33.3% in case of
female and male of B-biotype respectively as compared to
indigenous whiteflies.
Key words: B-biotype, Mungbean, MYMV, Transmission, Whitefly

Mungbean [Vigna radiata (L.) Wilczek] is one of the
thirteen food legumes grown in India and the third most
important pulse crop of India after chickpea and pigeonpea.
Mungbean is grown principally for its high protein seeds that
are used in human diet, can be prepared by cooking,
fermenting, milling or sprouting. They are utilized in making
soups, curries, bread, sweets, noodles, salads, boiled dhal,
sprouts, bean cake, confectionery, to fortify wheat flour in
making vermicelli and many other culinary products like sabut
dhal, dhal, papad, namkeen, halwah, and vari etc. (Singh et al.
1988). The mungbean suffers from several diseases, major
ones being Cercospora leaf spot (Cercospora canescens, C.
cruenta), powdery mildew (Erysiphe polygoni) and root
disease complex (Pythium spp., Rhizoctonia solani, Fusarium
spp.). Moreover mungbean harbours different viruses namely,
Alfalfa mosaic virus, Urdbean leaf crinkle virus, Groundnut
bud necrosis virus, Mungbean yellow mosaic India virus;
Bean common mosaic virus, Cucumber mosaic virus, Mosaic
mottle virus and Mungbean yellow mosaic virus (Yadav et
al. 2011). Among all the viruses, Mungbean yellow mosaic
virus and Mungbean yellow mosaic India virus are more
destructive viruses. These viruses has been reported to infect
cowpea (Naimuddin and Akram 2010) and many wild
accessions of Vigna.
The introduction of B-biotype of B. tabaci in Kolar
district was responsible for the epidemics of Tomato leaf curl
virus in 1999 (Banks et al. 2001) and since then B-biotype has

spread to many other places in Karnataka (Rekha 2004). Singh
et al. (1997) observed highest incidence of MYMV in summersown mungbean as compared to the crop grown in kharif and
spring seasons. Since there is dearth of information pertaining
to transmission of MYMV by B-biotype whiteflies, the present
study was undertaken to study the transmission efficiency of
mungbean yellow mosaic virus by B-biotype and indigenous
whiteflies Bemisia tabaci.
MATERIALS AND METHODS
The experiment was carried out at the Plant Virology
Laboratory, Department of Plant Pathology, University of
Agricultural Sciences, Hebbal, Bangalore. The type culture of
B. tabaci used for inoculation was maintained on cotton,
Gossypium hirsutum cv. ‘Varalakshmi’ plants kept in insect
proof wooden cages. For transmission studies ‘China mung’
variety was used. Completely Randomized Design (CRD) was
employed in the present study. Healthy B-biotype and
indigenous whiteflies were separately allowed for 24 hrs of
acquisition access on MYMV infected mungbean plants. The
whiteflies were then transferred to young healthy seedlings
in batches of 1, 2, 3, 5, 10, 15, 20 and 25 separately. In each
case 15 plants were inoculated. Whiteflies were given
inoculation access period of 24 hrs. Similarly healthy whiteflies
of B-biotype and indigenous were separately allowed for
different acquisition and inoculation feeding periods viz., 2, 5,
10, 15, 30 minutes and 1, 4, 8, 12, 16 and 24 hrs on MYMV
infected mungbean plants. The viruliferous whiteflies were
released on to healthy mungbean seedlings at the rate of 1015 whiteflies per plant. The inoculated plants developed yellow
mosaic symptoms 12-15 days after inoculation. Per cent
transmission was calculated by using the following formula
Number of plants infected
Per cent transmission =

Total number of plants

x 100

The B-biotype and indigenous whiteflies were
separately given a minimum acquisition access period of 1 hr
on infected mungbean plant. Groups of 10-15 whiteflies were
released on the healthy mungbean seedlings after 1, 2, 4, 6, 8,
10, 12, 16, 20 and 24 hrs of inoculation access periods
separately. Both male and female of B-biotype and indigenous
whiteflies were allowed to feed on infected mungbean for 24
hrs as acquisition access period. The male and female B. tabaci
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of each biotype were separately inoculated to healthy
seedlings. In each case one whitefly per seedlings were used.
Ten to fifteen viruliferous whiteflies B-biotype and indigenous
whiteflies were separately inoculated to individual mungbean
plants of different stages viz., 8, 12, 16 and 20 days old
seedlings. For each treatment fifteen plants were inoculated
with 10-15 whiteflies per plant. The characters distinguishing
Table 1.

Comparison of Indigenous and B-biotype of Bemisia
tabaci

Character
Indigenous type
Developme Longer body length when
ntal stages reared on cotton
Pupae
Longer and wider are the wax
margins;
Anterior
sub
marginal setae pairs (ASMS4)
are present
Adults

Silvering
on squash
Esterase
pattern

B-biotype
Lesser body length when
reared on poinsettia
Smaller and wide are the
anterior and posterior wax
margins; ASMS4 are
absent

Indistinguishable,
less Morphologically
fecundity. Males will be distinguishable,
more
fecundity. Males will be
shorter than females
shorter than females
Does not produce
Produces
Yielded a single band
which migrated faster than
either of the two densely
staining bands of cotton
and pumpkin

2-6 bands depending on host.
Two bands in cotton which
were densely stained and
pumpkin showed 4 additional
band, which were genetically
faint

between indigenous and B- biotype whiteflies (Bethke et al.
1991, Perring et al. 1993, Bellows et al. 1994, Schuster et al.
1990, Yokomi et al. 1990, Costa and Brown 1991) are presented
in Table 1.
RESULTS AND DISCUSSION
Virus-vector relationship studies revealed that single
whitefly of B. tabaci B-biotype and indigenous were able to
transmit MYMV. Active transmission of 46.67% was obtained
when single B-biotype whiteflies were inoculated per plant
with 24 hrs of acquisition and inoculation access period
compared to the indigenous whiteflies (33.34%) (Table 2).
Ability of single whitefly to transmit the MYMV was reported
earlier by Rathi and Nene (1974), Murugesan and Chellaiah
(1997) and Chenulu et al. (1979) and also with other whitefly
borne viruses viz., Horsegram yellow mosaic virus
(Muniyappa et al. 1975), Croton yellow vein mosaic virus
Table 2.
Number of
whiteflies a

1
2
3
5
10
15
20
25
a

Effect of number of whiteflies (Bemisia tabaci) of Bbiotype and indigenous on transmission of MYMV
B-biotype
No. of plants
Infected/ Transmission
Inoculated b
(%)
7/15
46.67
9/15
60.00
11/15
73.34
13/15
86.67
15/15
100.00
15/15
100.00
15/15
100.00
15/15
100.00

Indigenous
No. of plants
Infected/
Transmission
Inoculated b
(%)
5/15
33.34
7/15
46.67
8/15
53.34
10/15
66.67
12/15
80.00
15/15
100
15/15
100
15/15
100
b

Acquisition and Inoculation access periods- 24 hrs, 8 days old mungbean seedlings
were used

(Mandal 1989) and Pumpkin yellow vein mosaic virus (Babitha
1996).
The studies also showed that the minimum 10
viruliferous B-biotype were required per plant to obtain 100
per cent infection whereas in case of indigenous it was with
15 viruliferous B. tabaci. Similar observation was earlier
reported by Murugesan and Chellaiah (1977), Chenulu et al.
(1979) with indigenous whitefly with other whitefly borne
viruses viz., Croton yellow vein mosaic virus (Mandal 1989)
and Cotton leaf curl virus (Nateshan 1992).
Table 3.

Effect of Acquisition access period (AAP) on
transmission of MYMV by B-biotype and indigenous
whitefly (Bemisia tabaci)

Acquisiti
on Access
Period

B-biotype
Indigenous
No. of plants
No. of plants
Transmission
Infected / Transmission Infected/
Inoculated a,b
(%)
Inoculated a,b
(%)
2 min
0/15
0.00
0/15
0.00
5 min
0/15
0.00
0/15
0.00
10 min
1/15
6.67
0/15
0.00
15 min
2/15
13.33
1/15
6.67
30 min
4/15
26.60
2/15
13.33
1 hour
5/15
33.30
3/15
20.00
4 hours
7/15
46.60
5/15
33.30
8 hours
9/15
60.00
7/15
46.67
12 hours
12/15
85.71
8/13
61.53
16 hours
15/15
100.00
12/15
80.00
24 hours
15/15
100.00
15/15
100.00
a
Inoculation access period of 24 hrs; b Group of 10-15 adult whiteflies

It was found that the minimum time period required by
B. tabaci B-biotype to acquire virus from infected mungbean
was 10 min and inoculation access period was 10 min also.
The B-biotype of B. tabaci in both the cases has less IAP
and AAP required to transmit the virus in comparison with
the indigenous whitefly whereas B. tabaci indigenous
required 15 min of AAP and IAP (Table 3 and 4). Similar
observation was reported by Nair and Nene (1974).
Table 4.

Effect of Inoculation access period (AAP) on
transmission of MYMV by B-biotype and indigenous
whitefly (Bemisia tabaci)

B-biotype
Indigenous
No. of plants
No. of plants
Infected/
Transmission Infected/ Transmission
Inoculated a,b
(%)
Inoculated a,b
(%)
2 min
0/15
0.00
0/15
0.00
5 min
0/15
0.00
0/15
0.00
10 min
1/14
7.14
0/15
0.00
15 min
3/15
20.00
1/15
6.67
30 min
5/15
33.33
2/15
13.33
1 hour
7/15
46.67
4/15
26.67
4 hours
10/15
66.60
7/15
46.67
8 hours
11/15
73.30
8/15
53.30
12 hours
12/15
80.00
10/15
66.60
16 hours
14/15
100.00
13/15
86.67
24 hours
15/15
100.00
15/15
100.00
a
Acquisition access period of 24 hrs; b Group of 10-15 adult whiteflies
Inoculati
on Access
Period

The latent period in the vector after acquisition access
period was found to be 4 hrs in B. tabaci B-biotype whereas
in indigenous whiteflies it was 6 hrs (Table 5). This is in close
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Table 5.

Incubation period of MYMV in B-biotype and
indigenous whitefly (Bemisia tabaci)

B-biotype
Indigenous
No. of plants
No. of plants
Infected/ Transmission Infected/ Transmission
Inoculated a,b
(%)
Inoculated a,b
(%)
1
0/15
0.00
0/15
0.00
2
0/15
0.00
0/15
0.00
4
1/15
6.67
0/15
0.00
6
3/15
20.00
1/15
6.67
8
4/15
26.67
2/15
13.33
10
5/15
33.30
4/15
26.67
12
7/15
46.67
5/15
33.30
16
8/15
53.30
7/15
46.67
20
8/15
53.30
7/15
46.67
24
10/15
66.67
8/15
53.30
Acquisition access period-1 hr; b Group of 10-15 adult whiteflies

Incubation
Period
(Hours)

a

agreement with the reports made by Chenulu et al. (1979) in
case of indigenous whiteflies and also with other
geminiviruses (Muniyappa et al. 1975, Nateshan 1992).
Different age group seedlings of mungbean for their
susceptibility using B. Tabaci B-biotype and indigenous
revealed that 8-12 days old seedlings were found most
susceptible for infection (Table 6). However per cent
transmission was higher in B-biotype in twelve days old
seedlings compared to the indigenous. Similar observation
were reported by Chenulu et al. (1979) in MYMV and also in
other whitefly borne viruses viz., Euphorbia mosaic virus
and Cotton leaf curl virus (Costa and Benett 1950).
Table 6.

Age of the
seedlings
8 days
12 days
16 days
20 days

Effect of age of the seedlings on transmission of
MYMV by B-biotype and indigenous whitefly
(Bemisia tabaci)
B-biotype
Indigenous
No. of plants
No. of plants
Infected/
Transmission
Infected/
Transmission
Inoculated a,b
(%)
Inoculated a,b
(%)
15/15
100.00
15/15
100.00
12/15
80.00
10/15
66.60
7/15
46.67
6/15
40.00
6/15
40.00
5/15
33.33

a

Acquisition and inoculation access period- 24 hrs; b Group of 10-15
adult whiteflies

Table 7.

Effect of sex of whitefly, Bemisia tabaci (B-biotype
and indigenous) on transmission of MYMV

Experi- Sex of
ment B. tabaci a
1
2
a

Female
Male
Female
Male

B-biotype
Indigenous
No.of plants
No.of plants
Infected/ Transmission Infected/
TransInoculated a,b
(%)
Inoculated a,b mission
(%)
6/15
40.00
4/15
26.60
3/15
20.00
2/15
13.33
8/15
53.30
6/15
40.00
5/15
33.30
3/15
20.00

Acquisition and inoculation access period- 24 hrs;
whiteflies

b

Group of 10-15 adult

The results also indicated that the transmission
obtained from female and male B. tabaci B-biotype when single
whitefly per plant was used and survived for 24 hrs after
inoculation (Table 7). From this study it is evident that B-
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biotype female and male was more efficient in transmission of
MYMV in comparison with indigenous whitefly. A similar
observation was reported earlier by Rathi and Nene (1974).
The results are similar to those reported by Mandal (1989)
where females (52%) were more efficient when compared to
males (27%) in transmitting Croton yellow vein mosaic virus.
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ABSTRACT
One hundred seventy chickpea genotypes procured from
AICRP-Chickpea Unit, NBPGR and ICRISAT were evaluated
for locating new and 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. The
susceptible cultivar BG 212 showed 100 per cent mortality i.e.
rating 9 in 1-9 scale. The studies led to conclusion that out of
170 accessions, 68 genotypes exhibited resistant reaction (<10%
mortality), out of which 26 are the promising lines namely (JG
1-14, 2-125, 2-4-110, 14-11, 14-10, 2001-13, 2001-13, 2001-18,
2001-80, 2001-115, 2002-20, 2003-95, 2003-14-16, 2004-110, 210,
9605, 1-9, 99-115, 2001-04, 2003-14-2, JG 2000-07, JSC 37, MPJG
89-11551,MPJG 89-9023, CSJ 592 and Rajas) from JNKVV,
Jabalpur. These lines further evaluated for their performance
in sick field for three consecutive years and revealed six lines
viz., JG 2000-07, JSC 37, MPJG 89-11551,MPJG 89-9023, CSJ
592 and Rajas as resistant exhibiting <10 per cent mortality,
however 14 lines showed moderately resistance reaction.
Resistant genotypes had white healthy root system with greater
number of lateral roots. All other lines having >20% mortality
showed necrotic root lesions leading to extensive root rotting.
The genotypes identified as resistant are of great value and
may be exploited in breeding programme for developing high
yielding resistant varieties.
Key words:

Cicer arietinum, Dry root rot, Resistance, Rhizoctonia
bataticola

Chickpea (Cicer arietinum L.) is the world’s third most
important food legume after soybean and pea. Out of total
production of pulses, chickpea accounts for 37 per cent and
area wise 28.28 per cent. India contributes the major share to
the global chickpea area (about 65%) and production (68%).
In India, it is grown in 8.75 mha area with a production of 8.25
mt (DAC 2011). Among states, Madhya Pradesh (3.09 mt) and
Maharashtra (1.11 mt) contribute maximum to the total
production (Agricultural Statistics at a Glance 2011) during
2009-2010. Chickpea is prone to several fungal diseases,
among them dry root rot caused by Rhizoctonia bataticola
(Taub.) Butler is one of the major production constraints that
cause 10-20 per cent annual loss (Vishwadhar and Chaudhary
2001). Looking at present expanding area in South zone,
cropping system and the changing climatic scenario, dry root
rot is becoming more severe in the central and southern parts
of India. Gupta et al. (1983) reported the incidence of dry root

rot ranging from 3.2 to 20.6 per cent in 30 villages of northern
Madhya Pradesh. Nene et al. (1984) also recorded heavy
losses to chickpea crop due to this disease.
Combining useful economic traits with multiple disease
resistance and wider adoptability is the demand of the day
particularly in soybean-chickpea based cropping system as
this pathogen survives in the soil year after year. Sources of
resistance to vascular wilt have been reported from different
part of the country but only a few moderate resistant lines/
germplasms to dry root rot are available. Therefore, commercial
cultivars with genetic resistance to the disease have not yet
been developed (Pande et al. 2004). Keeping the above facts
in view, an investigation was undertaken with an objective to
identify the sources of resistance in different genotypes of
desi and kabuli chickpea.
MATERIALS AND METHODS
Chickpea dry root rot infected plants were collected
from field of JNKVV, Jabalpur and the isolations were made
from roots showing characteristics symptoms of disease. The
purified culture of Rhizoctonia bataticola was maintained on
PDA slants for screening the germplasms line. In preliminary
screening, 170 accessions of the desi and kabuli chickpea
genotypes were evaluated against dry root rot by using blotter
paper technique (Nene et al. 1981). Promising lines exhibiting
resistant /moderately resistant reactions under blotter paper
technique were further screened to see their performance
under multiple disease sick fields for three years.
Blotter paper screening technique: A 5mm disc of the culture
was placed on PDA poured Petri-plates and incubated at 25±1oC
for five days. A mycelial disc from this culture was transferred
to 250ml flasks each containing 100ml of sterilized PDB. After
five days of incubation at 25±1oC mycelial mats were removed
from the flask, were added to 100 ml sterilized distilled water in
a beaker after its proper crushing for one minute in the blender.
Five-days old chickpea seedlings of each genotypes
were surface sterilized with 2.5% sodium hypochlorite for 5
min of each genotype, alongwith susceptible check BG 212
grown on plastic trays containing sterilized soil + sand (1:1)
and were uprooted carefully and washed in running water.
Roots of 20 seedlings of each test line dipped at a time in the
freshly prepared inoculum for 30 seconds. Inoculated
seedlings were placed in folded, moist blotting paper (size
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45cm x 25cm with one fold), so that the cotyledons and roots
were covered, while the green tops remain exposed. Each
plastic tray contained heaps of ten blotters with seedlings
and an inoculated susceptible check BG 212 was kept in each
heap. The seedlings inoculated with the culture of R.
bataticola were kept into trays in an Environmental Test
Chamber (ETC) at 300C with 12 h artificial light/day for 8 days.
The blotter paper was moistened adequately with sterilized
distilled water on alternate day. Individual seedlings were
scored for the extent of root infection eight days after
incubation on the basis of 1-9 rating scale (Nene et al.1981).
Field screening: Promising lines exhibiting resistant and
moderately resistant reaction were further screened in the
consecutive years (2007-2010) in the multiple disease sick
fields at Seed Breeding Farm, JNKVV, Jabalpur. Each test entry
was sown in a plot of two rows of 5 meter length at 30 cm apart
with one row of susceptible check BG 212 after every two test
entry and replicated twice in randomized block design.
Observations on emergence count were recorded at 20 DAS
and per cent mortality due to R. bataticola recorded at 20
days interval upto maturity of the crop plant and finally
computed as follows:
Number of diseased plants
Per cent mortality =

X 100
Total number of plants

RESULTS AND DISCUSSION
The results of in-vitro screening indicated that out of
170 genotypes, 68 were found resistant (< 10 per cent mortality)
out of which 26 are promising lines viz., JG 1-14, 2-125, 2-4110, 14-11, 14-10, 2001-13, 2001-13, 2001-18, 2001-80, 2001-115,

2002-20, 2003-95, 2003-14-16, 2004-110, 210, 9605, 1-9, 99-115,
2001-04, 2003-14-2, JG 2000-07, JSC 37, MPJG 89-11551, MPJG
89-9023, CSJ 592 and Rajas) from JNKVV, Jabalpur. No
symptom of necrotic lesion on roots were observed in resistant
lines as the root system was quite healthy, completely
developed and exhibited white appearance. Seventy five
genotypes were found moderately resistant (>10.1 to 20%
mortality). In these lines the disease rating is recorded
1 (resistant) but the average per cent mortality due to root rot
has been observed in the range of 10-20 per cent, that’s why
they are scored as resistant to moderately resistant (Table 1).
Pande et al. (2004) evaluated 29 chickpea germplasm
accessions for resistance against dry root rot caused by R.
bataticola under in vitro conditions and 22 lines were either
susceptible or highly susceptible to dry root rot (0-100 per
cent mortality). While remaining 16, 4 and 7 germplasms were
tolerant, moderately susceptible and susceptible, respectively
(Table 1). Many lesions on roots were seen in moderately
susceptible and susceptible genotypes though the new roots
were generally free from these lesions. The roots were
completely discoloured and rotten in highly susceptible
genotype BG 212 (check) which had a disease rating of 9 at
eight days after incubation at 300C. Chickpea genotypes have
been screened and identified as resistant to dry root rot by
various workers on the basis of in vitro and field conditions
(Nene et al. 1981, Anand Rao and Haware, 1987, Reddy et al.,
1990, Bhatt, 1993, Gupta, 1997, Khalid and Ilyas, 2000 and
Gupta et al., 2003).
Among 170 chickpea germplasms lines evaluated
against R. Bataticola, 26 promising lines exhibiting resistance
were further evaluated under disease sick field for three
consecutive years. The data revealed that six lines viz., JG
2000-07, JSC 37, MPJG 89-11551, MPJG 89-9023, CSJ 592 and

Table 1: Reaction of chickpea entries/genotypes against dry root rot through blotter paper screening technique
Rating
1

Disease Reaction
Resistant

2-3

Moderately
Resistant

4-5

Tolerant

6-7

Entries/genotypes
BG 112, C2 14-83, 25, 25-1, CSJ 426, 427, 438, 440, CSJ 592, JSC 37, IC 269263, 327069, 327073,
327290, 327332, 327583, 327654, 327675, 327944, ICC 03104, 03105, 03106, 03112, 03205,
03206, 03207, 04107, 04109, 11322, 12467, 14374, 14376, 14391, 14432, 14433, 16124, 95010649P-BP, 950106-64P-BP, ICCV 87315, IPC 2000-6, 2004-54, 2004-68, 2005-68, 2005-74, JG 200007, MPJG 89-11551, MPJG 89-9023,1-14, 2-125, 2-4-110, 14-11, 14-10, 2001-13, 2001-18, 200180, 2001-115, 2002-20, 2003-95, 2004-110, 210, 9605, 1-9, 99-115, 2001-04, 2003-14-2, PG 00109,
Vishal, Rajas,
BCP 91, 114, C2 25(IPC), 1-41-32, CSJ 433, 437, 458, H 82-2, GJG 0205, 0312, GL 24080, 97016,
IC 269240, 322-16, 327056, 327116, 327673, 327703, 327821, 327829, 327933, 327960, 327968,
ICC 03111, 11324, 12233, 14344, 14404, 14409, 14434, 14436, 950102-43P-BP, ICCV 87316,
92944, 95992, IPC 9391, 98-58, 2005-34, 2005-36, 2005-41, 2005-59, JG 74, 63, 1-18, 1-55, 2-141, 2-14-115, 2002-108, 2003-210, 98003, 2-25, 2004-03, 2004-110, 2004-944, MPJGK3,
Simpleleaf, Compacta, Broad few leaflets, A3(MPxV1)xA6, Fasciated stem, Outward curved, JG
2003-14-16, JG 2001-12, JG 315, MPJG 2001-04, H02-14, CSJ 556, CSJ 558, GNG 1488 PG01108,
HK- 02-201, HK 03-45, HK 03113 WCG 2000-07, IPC 2005-28
BCP 17, JG 2003-95, C2-44, IC 327070, 327074, 327100, 327104, 327337, 327364, 327383,
327393, 327446, 527582, ICC 12450, IPC 98-22, 2004-77
Chaffa, JG 200-14, PG 9425-5, 9425-9

Total
68

75

16

Moderately
04
Susceptible
8-9
Susceptible
BCP 21, 49, BG 212, Cracked, C2-97, 2003-196, 2004-24, 99-213
07
Test lines showing ratings: 1-3 – Acceptable for the breeding programme, 4-5 – Acceptable if lines with rating 1-3 are not available, 6-9 – Not
acceptable.
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Rajas were resistant exhibiting <10 per cent mortality, however
14 lines showed moderately resistant reaction (JG 2003-14-16,
JG 2001-12, JG 315, MPJG 2001-04, H02-14, CSJ 556, CSJ 558,
GNG 1488, PG01108 , HK- 02-201, HK 03-45, HK 03113, WCG
2000-07 and IPC 2005-28) against R. bataticola during the
testing years under high disease pressure.
Gangwar et al. (2002) screened 35 chickpea cultivars for
resistance to dry root rot in a field experiment, only 10 cultivars
(ICC 2644, 10384, 10630, 112244, 11332, ICCL 81002, 810810,
ICC 12263, 12441 and ICCV 90254) were found resistant
however, Phule G 9504, 96020, 96105, 96313 and GL 91059 were
moderately resistant. Prajapati et al. (2003) and Gupta and
Babbar (2006) identified broad-based stable resistant lines to
wilt and root rots on the basis of multi-location evaluation. In
the present study, chickpea lines that possessed consistent
resistant reaction to dry root rot may be used in breeding
programme to incorporate the resistance to dry root rot in
high yielding varieties of chickpea.
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ABSTRACT
Ravages of Helicoverpa armigera (Hubner) throughout chickpea
growth period especially in reproductive phase is the major
bottle neck in attainment of desired productivity level of
chickpea, the most important rabi pulse crop of Maharashtra.
Present study was framed to devise farmer friendly module for
gram pod borer management by targeting pod borer abundance
with calendar based application approach on chickpea, grown
under residual moisture conditions during rabi 2009-10 and
2010-11 at Akola and Yavatmal in 2010-11. Evaluation of eleven
modules along with control categorically revealed superiority
of module comprised of spraying of deltamethrin 1EC +
triazophos 35EC ready mix formulation @ 2.5ml per litre of
water at 50% flowering stage of crop followed by a second spray
of emamectin benzoate 5SG @ 0.3g per litre of water at 15 day
after first application of insecticide as the most effective and
economic module for gram pod borer management. The module
also registered the highest yield (20.9 q/ha) and net profit (Rs.
16172/ ha) along with Incremental Cost Benefit Ratio of 1: 6.0
Key words:

Calendar based application, Chickpea, Gram pod
borer, Newer insecticides

India is a principal chickpea producing country. Though,
the present day potential of chickpea cultivars exceeds 2.0
tonnes/ha, average productivity is still about 0.8 tonnes/ ha
(Haware 1998). Amongst the insect pests, Gram pod borer,
Helicoverpa armigera (Hubner) is one of the major biotic
constraints for this disparity (Deepa and Srivastava 2011).
Even though, the pod borer larvae feed voraciously from early
vegetative to pod formation stage, it inflicts enormous losses
by virtue of its preference for reproductive organs in chickpea
(Fitt 1989). Single H. armigera larva per meter row length
especially during flowering and pod formation stage damages
7–10% pods translating into 5.4% yield loss of chickpea
(Chaudhary and Sharma 1982) and reports of 60–80% crop
losses in Maharashtra are common (Puri et al. 1998). Use of
chemical insecticides forms the first line of defense for pod
borer management in chickpea but intelligent use of
insecticides is the need of the day. The current pest
management strategy emphasize on application of insecticides
on the basis of attainment of ETL, which is seldom observed
by farmers, the major reason being the reluctance of farmers
for ETL based application of insecticide. Hence, present study

was carried out to evaluate the efficacy of insecticide modules
with a calendar based application approach to manage the
pod borer, which will not only be convenient but will also be
an ideal component to farmers for pest management.
MATERIALS AND METHODS
The present study was carried out at Pulses Research
Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola during
rabi 2009-10 and 2010-11 and at Zonal Agricultural Research
Station, Yavatmal during rabi 2010-11 to devise farmer friendly
pest management approach against gram pod borer in chickpea.
Twelve treatment comprising of calendar based application
of eleven insecticide module along with untreated control
(Table 1) were evaluated under residual moisture condition
with ‘JAKI 9218’ as test variety. Each treatment had gross
plot of 4.2 x 2.1m and net plot of 4.0 x 1.8 m, replicated thrice in
randomized block design (RBD). Calendar based application
of insecticides was decided on the basis of literature and
current recommendation of the university indicating higher
incidence of pod borer during flowering and pod formation
stage supported by review of Sharma (2005), signifying
targeting of pod borer at 50% flowering. First application of
insecticide of the module was made at 50% flowering phase;
whereas, second spray of insecticide of the module was
applied at 15 day after application of first treatment. Bio-efficacy
comparisons of modules were based on per cent larval
population reduction over control, per cent pod damage (pods
damaged by pod borer/total number of pods) from five
randomly selected plants at maturity and net plot seed yield,
extrapolated to per hectare.
RESULTS AND DISCUSSION
Seven days after first spray: All the treatments were
significantly superior in terms of larval population reduction
ability over control. Higher per cent reduction of 99.1 was
recorded due to application of deltamethrin + triazophos
2.5ml/lit (Module 10). It was followed by application of
deltamethrin + triazophos 2.5 ml/lit (Module 9), profenophos
2.5ml/lit (Module 8), deltamethrin + triazophos 2.5ml/lit
(Module 11) and profenophos 2.5ml/lit (Module 7) with 76.8,
73.3, 73.2 and 71.8% larval population reduction over control,
respectively (Table 1).
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Table 1.

Module
No.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
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Mean per cent reduction in Helicoverpa armigera larval population over control - 7 and 14 days after module component
application
Mean per cent reduction in Helicoverpa
larval population over control*
7 days after
14 days after
7 days after
14 days after
first
first
Second
Second
application
application
application
application

Module details

Azadirachtin 10000 PPM 1ml/lit (fb)HaNPV @250 LE/ha
Azadirachtin 10000 PPM 1ml/lit + Endosulfan 35 EC 1ml/lit (fb)
HaNPV @250 LE/ha + Endosulfan 35 EC 1ml/lit
Azadirachtin 10000 PPM 1ml/lit (fb) Spinosad 45 SC 0.22 ml/lit
Azadirachtin 10000 PPM 1ml/lit (fb) Indoxacarb 14.5 SC 0.55 ml/lit
Azadirachtin 10000 PPM 1ml/lit (fb) Emamectin benzoate 5 SG 0.3 g/lit
Profenophos 50 EC 2.5 ml/lit (fb) Spinosad 45 SC 0.22 ml/lit
Profenophos 50 EC 2.5 ml/lit (fb) Indoxacarb 14.5 SC 0.55 ml/lit
Profenophos 50 EC 2.5 ml/lit (fb) Emamectin benzoate 5 SG 0.3 g/lit
Deltamethrin 1 EC + Triazophos 35 EC 2.5 ml/lit (fb)
Spinosad 45 SC 0.22 ml/lit
Deltamethrin 1 EC + Triazophos 35 EC 2.5 ml/lit (fb)
Indoxacarb 14.5 SC 0.55 ml/lit
Deltamethrin 1 EC + Triazophos 35 EC 2.5 ml/lit (fb)
Emamectin benzoate 5 SG 0.3 g/lit Control

12.
SE(+m)
CD (P = 0.05)
CV %
Interaction (Season X Treatment) SE+m
CD (P = 0.05)

47.6 (43.6)

48.3 (44.0)

67.8 (55.4)

79.3 (62.9)

53.8 (47.2)

50.7 (45.4)

79.1 (62.8)

86.4 (68.4)

51.4 (45.8)
48.3 (44.0)
51.9 (46.1)
69.6 (56.5)
71.8 (57.9)
73.3 (58.9)

57.0 (49.0)
53.0 (46.7)
57.1 (49.1)
68.7 (56.0)
74.5 (59.7)
72.1 (58.1)

87.5 (69.3)
85.8 (67.9)
89.6 (71.2)
92.0 (73.6)
90.5 (72.0)
97.9 (81.7)

91.5 (73.0)
87.0 (68.9)
94.9 (76.9)
94.7 (76.7)
92.6 (74.2)
99.6 (86.4)

76.8 (61.2)

74.3 (59.5)

95.8 (78.2)

97.7 (81.3)

99.1 (84.6)

88.2 (69.9)

99.8 (87.4)

99.1 (84.6)

73.2 (58.8)

79.7 (63.2)

91.4 (72.9)

99.8 (87.4)

0.0 (0.6)
2.51
7.81
10.03
4.61
NS

0.0 (4.4)
3.90
11.14
22.97
5.30
NS

0.0 (0.6)
2.87
8.94
8.53
3.12
NS

0.0 (3.9)
2.63
7.71
11.06
3.91
NS

Pooled mean data of trial at Pulses Research Unit, Dr. PDKV, Akola (2009-10 & 2010-11 ) and Zonal Agriculture Research Station, Yavatmal
(2010-11)
*Data subjected to Arc sine transformation for the analysis. {0 values = 0 + (1/4)*n and 100 = 100 - (1/4)*n} where n = no. of larvae in control plot.
fb - followed by
l

Fourteen day after first spray: All the insecticides as first
spray of module were significantly superior over control.
Higher per cent reduction of 88.2, 79.7, 74.5, 74.3 and 72.1 was
observed in H. armigera larval population due to application
of deltamethrin + triazophos 2.5 ml/lit (Module 10), deltamethrin
+ triazophos 2.5 ml/lit (Module 11), profenophos 2.5 ml/lit
(Module 7), deltamethrin + triazophos 2.5 ml/lit (Module 9)
and profenophos 2.5 ml/lit (Module 8), respectively (Table 1).
Seven days after second spray: All the treatments had
significant superiority in larval population reduction over
control. Data revealed that higher per cent reduction of 99.8 in
larval population due to application of indoxacarb 0.55 ml/lit
(Module 10), which was at par with emamectin benzoate 0.3
ml/lit (Module 8), spinosad 0.22 ml/lit (Module 9), spinosad
0.22 ml/lit (Module 6) and emamectin benzoate 0.3 ml/lit
(Module 11) with 97.9, 95.8, 92.0 and 91.4% larval reduction
over control, respectively (Table 1).
Fourteen day after second spray: Higher efficacy of
treatments on larval population reduction to the extent of 99.8,
99.6 99.1, 97.7 and 94.9% over control was observed due to
application of emamectin benzoate 0.3 ml/lit (Module 11),
emamectin benzoate 0.3 ml/lit (Module 8), indoxacarb 0.55 ml/
lit (Module 10), spinosad 0.22 ml/lit (Module 9), emamectin
benzoate 0.3ml/lit (Module 5), respectively (Table 1). Other
treatments though lagging were significantly superior over
control.

Present findings of higher efficacy of deltamethrin +
triazophos (Pal et al. 1996, Barve and Patil 2000) and
profenophos (Ujagir et al. 1997, Chandrakar and Srivastava
2001) as initial spray for management of pod borer larval
population was well supported by the review. The application
of emamectin benzoate in second spray inflicting the highest
pod borer larval reduction in chickpea was supported by
findings of Ahmed and Ashraf (2004), Rahman et al. (2006).
Higher potency of emamectin benzoate as well as spinosad
inflicting high larval mortality at lower concentration was
evidenced in laboratory bioassays (Stanley et al. 2009,
Duraimurugan et al. 2007). Thus, insecticide like emamectin
benzoate will help in achieving pest management through
green chemistry (Stanley et al. 2009). The pod borer larval
reduction efficacy trends of spinosad and indoxacarb in
laboratory (Ahmed et al. 2004) and indoxacarb under field
condition on chickpea (Rahman et al., 2006) are in conformity
with the present experimental findings. Rashid et al. (2003)
observed that at pod formation stage application of spinosad
and indoxacarb were most effective in curbing the chickpea
losses supporting the hypothesis of present study.
Pod damage by Helicoverpa armigera: The final assessment
of pod damage at maturity revealed significant superiority
over control. Application of deltamethrin + triazophos 2.5 ml/
lit - emamectin benzoate 0.3 g/lit (Module 11) was the
statistically significant treatment in terms of the lowest per
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Table 2. Mean per cent pod damage and chickpea grain yield
Module

Treatment Details

1

Azadirachtin 10000 PPM 1ml/lit (fb) HaNPV @250 LE/ha

2

Azadirachtin 10000 PPM 1ml/lit + Endosulfan 35 EC 1ml/lit (fb)
HaNPV @250 LE/ha + Endosulfan 35 EC 1ml/lit

3

Azadirachtin 10000 PPM 1ml/lit (fb) Spinosad 45 SC 0.22 ml/lit

4

Azadirachtin 10000 PPM 1ml/lit (fb) Indoxacarb 14.5 SC 0.55 ml/lit

5

Azadirachtin 10000 PPM 1ml/lit (fb) Emamectin benzoate 5 SG 0.3
g/lit

6

Profenophos 50 EC 2.5 ml/lit (fb) Spinosad 45 SC 0.22 ml/lit

7

Profenophos 50 EC 2.5 ml/lit (fb) Indoxacarb 14.5 SC 0.55 ml/lit

8

Profenophos 50 EC 2.5 ml/lit (fb) Emamectin benzoate 5 SG 0.3 g/lit

9
10
11
12

Deltamethrin 1 EC + Triazophos 35 EC 2.5 ml/lit (fb)
Spinosad 45 SC 0.22 ml/lit
Deltamethrin 1 EC + Triazophos 35 EC 2.5 ml/lit (fb)
Indoxacarb 14.5 SC 0.55 ml/lit
Deltamethrin 1 EC + Triazophos 35 EC 2.5 ml/lit (fb)
Emamectin benzoate 5 SG 0.3 g/lit
Control

PRU
2009
19.1
(4.4)
12.3
(3.5)
9.8
(3.1)
11.1
(3.3)
8.5
(2.9)
8.1
(2.9)
8.3
(2.9)
3.3
(1.8)
3.7
(1.9)
3.8
(2.0)
1.9
(1.4)
21.8
(4.7)
0.09
0.28
9.77

Pod damage (%)
PRU
YTL
2010
2010
6.4
18.8
(2.5)
(4.3)
4.8
13.0
(2.2)
(3.6)
3.0
8.7
(1.7)
(3.0)
4.2
10.4
(2.0)
(3.2)
3.0
7.5
(1.7)
(2.7)
2.9
7.7
(1.7)
(2.8)
3.1
6.4
(1.7)
(2.5)
2.0
2.4
(1.4)
(1.6)
1.8
3.6
(1.4)
(1.9)
2.5
3.3
(1.6)
(1.8)
0.6
0.8
(0.8)
(0.9)
13.4
25.4
(3.7)
(5.0)
0.09
0.13
0.26
0.38
14.20
14.25

Pooled
Mean
14.7
(3.7)
10.0
(3.1)
7.2
(2.6)
8.5
(2.9)
6.3
(2.5)
6.2
(2.4)
5.9
(2.4)
2.6
(1.6)
3.0
(1.7)
3.2
(1.8)
1.1
(1.0)
20.2
(4.5)
0.13
0.38
15.60
0.95
2.79

PRU
2009

Yield q/ha
PRU
YTL
2010 2010

14.0

19.1

11.7

14.9

15.4

19.3

12.0

15.6

15.9

23.9

12.6

17.5

15.5

19.7

12.2

15.8

16.3

24.1

13.0

17.8

17.1

24.8

13.9

18.6

16.6

22.4

13.4

17.5

17.9

25.4

15.2

19.5

17.7

26.1

14.6

19.5

17.3

22.8

14.3

18.1

19.7

26.2

16.8

20.9

10.5

18.5

9.1

12.7

0.65
1.92
14.82

0.91
2.67
15.79
1.32
NS

0.71
0.94
SE(+m)
CD (P = 0.05)
2.08
2.74
CV %
13.13 12.36
Interaction (Season X Treatment) SE+m
CD (P = 0.05)
Data subjected to Square root transformations for the analysis
PRU - Pulses Research Unit, Dr. PDKV, Akola,
YTL - Zonal Agriculture Research Station, Yavatmal , fb - followed by

cent pod damage (1.1%). The descending bio-efficacy trend
of modules in terms of lower per cent pod damage by gram
pod borer was profenophos 2.5 ml/lit - emamectin benzoate
0.3 ml/lit (Module 8) with 2.6% pod damage and it was at par
with Module 9 (Deltamethrin + triazophos 2.5 ml/lit - spinosad
0.22 ml/lit) with 3.0% pod damage and Module 10 (Deltamethrin
+ triazophos 2.5 ml/lit - indoxacarb 0.55 ml/lit) with 3.2% pod
damage, respectively whereas, the untreated control plot had
pod damage of 20.2% (Table 2).
Reports of the lowest pod damage due to application of
emamectin benzoate (Ahmed and Ashraf 2004, Patil et al.
2007, Duraimurugan et al. 2007), spinosad (Ahmed et al. 2004)
and indoxacarb (Ahmed et al. 2004, Gowda et al. 2007, Singh
and Yadav (2007) in respective study on pod borer in chickpea
depicts the potency of these chemistries. The inferences of
the reviews about superiority trend of emamectin benzoate
followed by spinosad and indoxacarb were in line with the
findings of the present study.
Yield: The data on yield trends as a result of modules
intervention indicated highest yield due to application of
Module 11 (Deltamethrin + triazophos 2.5 ml/lit - emamectin
benzoate 0.3 g/lit) with yield level of 20.9 q/ha and was at par
with application of Module 8 (Profenophos 2.5 ml/lit emamectin benzoate 0.3 g/lit) with yield of 19.5 q/ha, Module

Pooled
Mean

9 (Deltamethrin + triazophos 2.5 ml/lit - spinosad 0.22 ml/lit)
with yield of 19.5 q/ha and Module 6 (Profenophos 2.5 ml/lit –
spinosad 0.22 ml/lit) with yield realization of 18.6 q/ha. Amongst
the treatments, the lowest yield was observed due to
application of Module 1 (Azadirachtin 10000 PPM 1ml/lit HaNPV @250 LE/ha) with 14.9 q/ha in turn significantly
superior over untreated control with 12.7 q/ha (Table 2).
Higher ability of emamectin benzoate to prevent crop
losses through lower pod damage and its translation into
realization of higher yield was evident in present study.
Findings of Ahmed and Ashraf (2004) and Patil et al. (2007)
corroborated the present findings. The next effective treatment
of spinosad (Ahmed et al. 2004) and indoxacarb (Ahmed et
al. 2004, Gowda et al. 2007, Singh and Yadav 2007) were also
well supported by the earlier workers.
Economics: The highest monetary return of Rs. 16172 / ha
was observed due to application of Module 11 (Deltamethrin
+ triazophos 2.5 ml/lit - emamectin benzoate 0.3g/lit).
Application of Module 8 (Profenophos 2.5 ml/lit - emamectin
benzoate 0.3 ml/lit), Module 9 (Deltamethrin + triazophos 2.5
ml/lit - spinosad 0.22 ml/lit), Module 6 (Profenophos 2.5 ml/lit
- spinosad 0.22 ml/lit), Module 10 (Deltamethrin + triazophos
2.5 ml/lit - indoxacarb 0.55 ml/lit) and Module 5 (Azadirachtin
10000 PPM 1ml/lit - emamectin benzoate 0.3 g/lit) also gave
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Table 3. Economics for different modules under evaluation (Pooled mean)
Module

Module 1
Module 2
Module 3
Module 4
Module 5
Module 6
Module 7
Module 8
Module 9
Module 10
Module 11
Module 12

Cost of
insecticide/
kg/l(Rs)

Cost of
insecticide
per ha (Rs)

420
1600

210
400

420+280
1600+280
420
12730
420
3360
420
7300
640
12730
640
3360
640
7300
480
12730
480
3360
480
7300
-

210+140
400+140
210
1400
210
924
210
1095
800
1400
800
924
800
1095
600
1400
600
924
600
1095
-

Cost of
Mean
Cost of
Module per Increase in
Increased yield
ha (Rs)
yield over
@ 2300 Rs/q
control (q)

Cost of
Insecticide
(Rs/ha)

Plant protection
application cost
(Rs/ha)

Net Profit
(Rs/Ha)

ICBR

610

2.2

5137

610

1603

3534

1 : 2.2

890

2.9

6593

890

1883

4710

1 : 2.5

1610

4.8

10963

1610

2603

8360

1 : 3.2

1134

3.1

7130

1134

2127

5003

1 : 2.4

1305

5.1

11730

1305

2298

9432

1 : 4.1

2200

5.9

13570

2200

3193

10377

1 : 3.2

1724

4.8

10963

1724

2717

8246

1 : 3.0

1895

6.8

15640

1895

2888

12752

1 : 4.4

2000

6.8

15563

2000

2993

12570

1 : 4.2

1524

5.4

12497

1524

2517

9980

1 : 4.0

1695

8.2

18860

1695

2688

16172

1 : 6.0

-

0.0

-

-

-

-

-

Standard spray volume
: 500 lit of water/ha * Average Market price of chickpea: Rs 2300 per quintal.
l
Labour charges for spraying : 4 labour @ Rs 80 per day (2009-10) and Rs 120 per day (2010-11).
l
Knapsack spray pump rent : @ Rs 20/day (2009-10) and Rs. 25/day (2010-11) * Application cost Rs. 760 (09-10) and 1110/ha (10-11).

l

higher monetary returns of Rs. 12752, 12570, 10377, 9980 and
9432/ha, respectively (Table 3).
Incremental Cost Benefit Ratio referring to economic
feasibility of module arranged in descending trend was Module
11 (Deltamethrin + triazophos 2.5 ml/lit - emamectin benzoate
0.3 g/lit) – 1 : 6.0 followed by Module 8 (Profenophos 2.5 ml/lit
- emamectin benzoate 0.3 g/lit) – 1 : 4.4, Module 9 (Deltamethrin
+ triazophos 2.5 ml/lit - spinosad 0.22 ml/lit) – 1 : 4.2, Module
5 (Azadirachtin 10000ppm 1ml/lit - emamectin benzoate 0.3 g/
lit) – 1 : 4.1 and Module 10 (Deltamethrin + triazophos 2.5 ml/
lit - indoxacarb 0.55 ml/lit) – 1 : 4.0 (Table 3).
Despite of the fact that for want of literature, present
findings could not be compared on application of insecticide
as a module that to on a calendar based approach, it is evident
from the present study that application of Module 11
(Deltamethrin + triazophos 2.5 ml/lit - emamectin benzoate 0.3
g/lit), Module 8 (Profenophos 2.5 ml/lit - emamectin benzoate
0.3 g/lit) and Module 9 (Deltamethrin + triazophos 2.5 ml/lit spinosad 0.22 ml/lit) were most economic and effective in terms
of higher larval reduction, lower pod damage translating into
higher yield and monetary returns.
REFERENCES
Abdullah K, Khattak MK and Munir W. 2001. Laboratory bioassay of
three doses of Deltamethrin + Triazophos (Detaphos 10 + 350 EC)
on field collected medium to large sized Helicoverpa sp. larvae
infesting gram pods. Online Journal of Biological Sciences 1: 155-157.

Ahmed S and Ashraf M. 2004. Comparative efficacy of Arrivo 10EC,
Lannate 40SP and Timer (Emmamectin benzoate) 1.9EC in
different doses against Helicoverpa armigera Hub. Pakistan
Entomologist 26: 95-99.
Ahmed S, Zia K and Shah NUR. 2004. Validation of chemical control
of gram pod borer, Helicoverpa armigera (Hub.) with new
insecticides. International Journal of Agriculture and Biology 6:
978-980.
Barve HS and Patil SK. 2000. Efficacy of sole, strip and staggered
sprays of some insecticides against gram pod borer, Helicoverpa
armigera (Hubner) on chickpea. Insect Environment 6: 119-120.
Chandrakar HK and Shrivastava SK. 2001. Effect of insecticides on
control of Helicoverpa armigera (Hubn.) and their subsequent
resurgence on chickpea. Environment and Ecology 19: 477-478.
Chaudhry JP and Sharma SK. 1982. Feeding behavior and larval
population levels of Helicoverpa armigera (Hb.) causing economic
threshold damage to the gram crop. Haryana Agricultural University
Journal of Research 12: 462–466.
Deepa M and Srivastava CP. 2011. Genetic diversity in Helicoverpa
armigera (Hubner) from different agroclimatic zones of India using
RAPD markers. Journal of Food Legumes 24: 313-316.
Deshmukh SG, Sureja BV, Jethva, DM and Chatar VP. 2010. Field efficacy
of different insecticides against Helicoverpa armigera (Hubner)
infesting chickpea. Legume Research 33: 269 – 273.
Duraimurugan P, Kanna SS, Chandrasekaran S and Regupathy A. 2007.
Field evaluation of emamectin 5SG against cotton bollworm,
Helicoverpa armigera (Hübner). Pesticide Research Journal 19:
186 -189.
Fitt GP. 1989. The ecology of Heliothis species in relation to
agroecosystems. Annual Review of Entomology 34: 17-52.

146

Journal of Food Legumes 25(2), 2012

Gowda, DKS, Patil, BV and Yelshetty S. 2007. Performance of different
sprayers against gram pod borer, Helicoverpa armigera (Hubner)
on chickpea. Karnataka Journal of Agriculture Sciences 20: 26126 4.
Haware MP, 1998. Diseases of chickpea. In: DJ Allen and JM Lenne
(Eds). The Pathology of Food and Pasture Legumes, CAB
International, Wallingford, UK. Pp 473-516.
Pal SK, Das VSR, and Armes NJ. 1996. Evaluation of insecticide mixtures
for controlling Helicoverpa armigera on chickpea. International
Chickpea and Pigeonpea Newsletter 3: 44-46.
Patil SK, Ingle MB and Jamadagni BM. 2007. Bio-efficacy and
economics of insecticides for management of Helicoverpa armigera
(Hubner) in chickpea. Annals of Plant Protection Science 15: 30731 1.
Puri SN, Murthy KS and Sharma OP. 1998. Integrated management of
insect pests in chickpea and pigeonpea. In: Proceedings of National
Symposium on Management of Biotic and Abiotic Stresses in Pulses
Crops, 26-28 June 1998, Kanpur, India.
Rahman AUS, Noora J and Ahmad M. 2006. Efficacy of some new
insecticides against gram pod borer Helicoverpa armigera (Hub.) in

Peshawar. Sarhad Journal of Agriculture 22: 293-295.
Rashid A, Saeed HA, Akhtar LH, Siddiqi SZ and Arshad M. 2003.
Comparative efficacy of various insecticides to control gram pod
borer Helicoverpa armigera (Hubner) on chickpea. Asian Journal
of Plant Sciences 2: 403-405
Sharma HC. 2005. Heliothis/Helicoverpa Management: Emerging
Trends and Strategies for Future Research. (ed. Sharma HC). Oxford
and IBH Publishers, New Delhi, India. Pp 469.
Singh SS and Yadav SK. 2007. Comparative efficacy of insecticides,
biopesticides and neem formulations against Helicoverpa armigera
(Hubner) on chickpea. Annals of Plant Protection Science 15:
299-302.
Stanley J, Chandrasekaran S and Regupathy A. 2009. Baseline toxicity
of emamectin and Spinosad to Helicoverpa armigera (Lepidoptera:
Noctuidae) for resistance monitoring. Entomological Research 39:
321–325.
Ujagir R, Chaubey AK, Sehgal VK, Saini GC and Singh JP. 1997.
Evaluation of some insecticides against Helicoverpa armigera on
chickpea at Badaun, Uttar Pradesh, India. International Chickpea
and Pigeonpea Newsletter 4: 22-24.

Journal of Food Legumes 25(2): 147-149, 2012

Short Communication

Genetic and molecular diversity analysis of chickpea (Cicer arietinum L.) genotypes
grown under rice fallow condition
A. SHRIVASTAVA, A. BABBAR, V. PRAKASH, N. TRIPATHI and M.A. IQUEBAL1
Department of Plant Breeding and Genetics, JNKVV, Jabalpur-482004 (MP), India; 1Indian Agricultural Statistical
Research Institute, New Delhi-110012; E-Mail: arpita_s2009@yahoo.com
(Received: November 30, 2011; Accepted : June 05, 2012)
ABSTRACT
Fifteen agro-morphological traits and seventeen SSR primers
were used in sixteen chickpea cultivars to study genetic
diversity among the accessions and their subsequent
classification. Sixteen genotypes were grouped into 5 clusters,
out of which cluster I was the largest comprising 11 genotypes.
Out of 17 primers screened, 15 showed polymorphism with an
average 0.16 hetrozygocity and 0.763 similarity coefficients.
Cluster analysis revealed two and five groups based on
morphological and molecular markers, respectively. Genetic
diversity assessment with different methods and their
comparison could provide complementary information for
improvement of chickpea.

assess the genetic variability and interrelationship of the traits
using morphological and molecular markers among chickpea
varieties/genotypes grown under rice fallow condition.

Chickpea is one of the most important pulse crop of
India grown in 7.89 million ha area with 7.06 million tonnes
production and 895kg per ha productivity (DAC 2011). A
substantial part of Kharif rice area remains fallow (11.65 m ha)
during the Rabi season in India. Of this 82% of the rice fallows
are located in the states viz., Bihar, Madhya Pradesh,
Chhattisgarh, Orissa and Assam (Subbarao et al. 2001).
Chickpea is most suitable crop that can be grown profitably
on residual soil moisture in rice fallow with minimum irrigation.
There is ample scope for expansion of high yielding, disease
resistant and short duration chickpea varieties in rice fallow
lands.

Sixteen genotypes including 12 cultivars of chickpea
recommended for central zone and 4 promising lines from
ICRISAT were evaluated in rice fallow fields in Randomized
Block Design (RBD) with three replications during Rabi 201011 at Seed Breeding Farm, JNKVV, Jabalpur (MP). Each
genotype was comprised of 12 rows plot of 4m length with
spacing of 30x10cm. The assessment of divergence for a set
of characters using multivariate analysis (D2) was done (Table
1). The intra cluster distance was higher in cluster I (11.40)
which is having the higher number of genotypes followed by
cluster II (9.00). The inter cluster distance is highest between
the cluster III and cluster IV (32.70) followed by between cluster
II and cluster III (28.57) and cluster III and cluster IV (27.83).
The lowest inter cluster distance were found in cluster I and
cluster III (15.83). Clustering pattern of chickpea genotypes
confirmed the quantum of diversity present in material. The
cluster I was the largest among all the clusters, consisting 11
genotypes. It was closest to cluster III followed by cluster II.
Cluster II comprised of 2 genotypes viz., ‘ICCV 05106’, ‘ICCV
06107’ and was nearest to cluster IV (‘AIG21’) followed by
cluster V. Cluster III consisting of one genotype ‘DCP 92-3’
was closest to cluster V which contained ‘Subhra’ (Table 2).
These results indicate existence of some homology between
closely situated clusters. Therefore, crossing genotypes from
different clusters would produce more genetic variability.

Knowledge of genetic variation is important to
understand the genetic variability available and its potential
use in breeding program. Morphological traits, despite the
problems associated with this method, continue to play a major
role in studying and characterizing germplasm since it requires
no complicated laboratory facilities and procedures. Molecular
analyses in conjunction with morphological and agronomic
evaluation of germplasm are recommended to increase the
resolving power of genetic diversity analyses and provide
complementary information (Singh et al. 1991). In recent years,
more sensitive DNA-based techniques like SSRs are developed
which are most suitable because of easy in handling,
reproducibility, multiallelic nature, co-dominant inheritance,
relative abundance and genomic wide coverage (Powell et al.,
1996). Therefore, present investigation was carried out to

Maximum contribution towards genetic divergence was
by 100 seed weight followed by harvest index, total pods per
plant, days to pod initiation, days to maturity and primary
branches per plant. However, seeds per pod did not show any
contribution towards genetic divergence (Table 3). The crosses
among genotypes of the cluster IV and V are likely to produce
desirable recombinants for phenological traits, while crossing
between cluster III (‘DCP 92-3’) and cluster IV (‘AIG 21’) might
provide more pods/plant and better seed traits. These results
are in conformity with the findings of Dwivedi and Gaibriyal
(2009). Different clusters have higher mean values for different
traits indicating that none of the cluster contained genotypes
with all the desirable characters, therefore recombination
breeding between genotypes of different clusters is
suggested.

Key words:

Chickpea, Cluster analysis, Genetic diversity,
Molecular markers
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For molecular characterization, DNA extraction was done
from young leaves collected from randomly sampled individual
plants of each cultivar. Total genomic DNA was isolated using
a modified cetyl trimethyl ammonium bromide (CTAB)
extraction technique (Borsch et al., 2003). Determination of
the quantity and quality of DNA was done by comparing
DNA samples with Lambda Hind III ladder. A total of 17 SSR
primers were used (Table 4). The optimum reaction components
were 6.5 ìl dH2O, 100 ìM of each dNTP 1 ìl of 10X Taq buffer,
0.5 U Taq polymerase, 5 pmol each forward and reverse primer
and 20 ng template DNA. The final reaction volume per sample
was 10 ìl. PCR amplification conditions were set as: Initial
denaturing at 94°C for 4 min followed by 40 cycles of 94°C for
30s, 45-60°C for 30s, and 72°C for 45s and ended with extension
phase of 72°C for 5 min. Amplification products of all the 17
SSR markers were denatured and resolved on 4% denatured
polyacrylamide gel as described by Chen et al. (1997).
Electrophoresis (PAGE) was run at 2000 V for about 2:00 hours
in 0.5X TBE buffer. The resultant gel was visualized after
staining with silver nitrate. The PCR products were scored
qualitatively by comparing with the 20bp ladder. Power Marker
version 3.25 (Liu & Muse, 2005) was used to calculate the
average number of alleles, gene diversity, and polymorphic
information content (PIC) values. Genetic similarities between
the genotypes were measured by Similarity Coefficient based
on the proportion of shared alleles using ‘simqual’ subprogram of NTSYS-PC version 1.8 (Exeter Software, Setauket,
NY, U.S.A.) software package (Rohlf, 1993). The resultant
similarity matrix data was used to construct dendrograms by
using the un-weighted pair-group method with an arithmetic
average (UPGMA) subprogram of NTSYS-PC. Based on
Table 1. Intra and inter distance of chickpea genotypes
Cluster
I
II
III
IV
V

Table 2.
Cluster
no
I

II
III
IV
V

I
11.40

II
18.89
9.00

III
15.83
28.57
0.00

IV
21.28
18.86
32.70
0.00

V
20.32
18.88
27.83
15.49
0.00

Distribution of chickpea genotypes in different
clusters based on morphological characters
No. of
Genotype
genotypes
11
Rajas, JG 14, JG 11, PUSA 547, Vaibhav, GCP
105, ICCV 07111, PG 186, PUSA 372, JAKI
9218, JG 16
2
ICCV 05106, ICCV 06107
1
DCP 92-3
1
AIG 21
1
Subhra

standardized morphological traits value, Euclidian distances
between chickpea genotypes were calculated. The Mantel
test of significance (Mantel, 1967) was also used to compare
the molecular and morphological traits matrices produced
above.

Table 3.

Contribution of different characters towards
clustering of chickpea

S.
Character
Time ranked Percentage contribution
No.
towards divergence (%)
1.
DFF
0
0.00
2.
DFI
0
0.00
3.
PI
0
0.00
4.
DM
0
0.00
5.
PH (cm)
1
0.83
6.
PB
0
0.00
7.
SB
1
0.83
8.
TP
17
14.17
9.
EP
1
0.83
10. 100SW (g)
59
49.17
11. S/P
0
0.00
12. SY/plant (g)
2
1.67
13. BY(g)
1
0.83
14. HI (%)
31
25.83
15. Seed yield (kg/ha)
7
5.83
DFI= Days to flower initiation, DFF= Days to 50% flowering, PI= Pod
Initiation
DM= Days to maturity, PH= Plant Height, PB= Primary Branches,
SB= Secondary Branches, TP= Total Pods/plant EP= Effective Pods/
plant, 100 SW= Hundred Seed Weight, S/P= Seeds/Pod, SY= Seed Yield/
plant, BY (g)= Biological Yield, HI (%)= Harvest Index

Table 4.

Details of SSR markers, number of bands, major
allele frequency, gene diversity, hetrozygocity, and
PIC values obtained using SSR markers

Total Polymor- Unique
allele phic allele allele
STMS 11
1
0
0
GAA 47
1
0
0
TA 72
8
8
3
TA 2
9
9
5
TA 146
8
8
1
TR 20
6
6
1
TS 72
6
6
2
TS 54
7
7
4
ICCM 0293 6
6
1
ICCM 0127 6
6
1
TA 103
7
7
1
TA 194
8
8
4
TA 200
6
6
4
TR 58
7
7
2
TA 96
7
7
1
GA 16
7
7
2
GA 20
7
7
4
Mean
6.294 6.176
2.117
Marker

Range
261-281
160186
259-292
140-176
143-195
156-169
288-315
267-320
278-320
320-375
196-225
120-169
389-421
248-280
264-300
238-267
167-187
160

Gene
diversity
0
0
0.843
0.851
0.835
0.767
0.734
0.773
0.83
0.818
0.82
0.82
0.742
0.835
0.843
0.828
0.812
0.714

Heteroz PIC
ygocity
0
0
0
0
0
0.825
0
0.835
0
0.814
0.312 0.73
0
0.702
0
0.741
0.062 0.809
0.062 0.792
0
0.796
0
0.799
0
0.713
0
0.814
0
0.823
0
0.805
0
0.789
0.025 0.693

Out of 17 SSR markers screened, fifteen markers were
found polymorphic and two monomorphic. The maximum
numbers of alleles (nine) were found in primer TA2 followed
by eight alleles by primers TA194 and TA72. The size of
amplified markers ranged from 120bp (TA194) to 421bp (TA200)
(Table 4). The average numbers of allele were 6.52 which is
similar to findings of Sethy et al. (2006). Besides, a very low
hetrozygocity was detected with an average of 0.025 which is
similar to findings of Chaudhary et al. (2009). The range of
polymorphic information content of SSR markers ranged
between 0.000 to 0.835 with an average 0.693 where the range
of PIC was 0.04 to 0.92 and the markers detected 71% gene
diversity in the investigated materials.
Some SSR markers were found to have higher
discriminating power for differentiation of genotypes, 36
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Table 5. SSR markers amplified specific alleles in chickpea
Primers
TA 103
TA 194

TA 200

TR 58
TR 96
GA 16

GA 20

TA 72

TA 2

TA 146
TR 20
TS 72

TS 54

ICCM 0293
ICCM 0127

Table 6.
Primers
TR 20

ICCM 0293
ICCM 0127

Genotypes
PUSA 372
JG 11
JAKI 9218
JG 14
Rajas
Rajas
JG 11
Vaibhav
AIG 21
DCP 92-3
AIG 21
Rajas
JG 11
PUSA 547
DCP 92-3
PUSA 547
Subhra
GCP 105
DCP 92-3
GCP 105
AIG 21
PUSA 547
AIG 21
PUSA 372
JG 14
GCP 105
JAKI 9218
Subhra
AIG 21
GCP 105
AIG 21
ICCV 07111
Vaibhav
GCP 105
Rajas
Rajas

Alleles
E
C
D
E
F
A
B
E
F
D
G
D
A
C
B
C
D
E
D
E
H
A
B
E
F
H
F
A
A
F
A
B
F
G
B
A

Size (bp)
218
139
149
152
154
389
393
407
421
262
280
276
238
248
169
173
178
180
271
275
292
140
142
160
162
172
180
156
288
315
267
280
312
320
285
320

SSR markers amplified multiple alleles in chickpea
Genotypes
JG 16
PG 186
DCP 92-3
PUSA 372
AIG 21
ICCV 06107
JG 16

Size (bp)
160/163
163/166
163/166
163/166
166/169
278/301
356/375

specific alleles (Table 5) were amplified by fifteen primers.
These primers separated specific chickpea genotype from
remainings which is similar to findings of Joshi et al., (2010).
Multiple alleles were amplified by three primers viz, TR20,
ICCM0127 and ICCM0293 (Table 6). Vurul and Akcin (2010)
also found multiple alleles in five primers. Based on banding
pattern of SSR markers, all the genotypes of chickpea were
grouped into two clusters. The first cluster consisted of four
genotypes namely Rajas, JG 14, JG 11 and GCP105. Second
cluster divided into four subgroups. Subgroup A contained
PUSA 372, DCP92-3, PG 186 and PUSA 547, whereas subgroup
B contained Vaibhav, ICCV06107, ICCV05106 and ICCV 07111
genotypes. Subgroup C consisted Subhra, JG 16 and JAKI
9218, whereas subgroup D contained a single genotype
namely AIG21. UPGMA cluster analysis showed all ICCV
genotypes in same subcluster that indicated higher genetic
similarity among them, similarly both PUSA genotypes were
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in same cluster and JG11 and JG14 were also together in another
cluster.
The correlation between morphological similarity matrix
and molecular similarity matrix (GS) were not significant
(Mantel test, r = -0.057; P = 0.2728). There was also no
correlation between dendrograms generated by morphological
and molecular data except that both the dendrogram placed
the two genotypes ICCV 05106 and ICCV 06107 in the same
group. The reason may be that the very few markers were
used in the present study. There was close relationship
between some of the genotypes, presumably they might have
been collected from similar locations. The present study
suggested that genotypes which were found to be diverse
based on both morphological and molecular diversity analysis
can be used for making crosses for getting better recombinants
to develop chickpea varieties suitable for rice fallow situation
of Madhya Pradesh, India.
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ABSTRACT
Assessment of genetic diversity existing in and between
germplasm groups for yield and its components is very
important for selecting parental combinations to obtain
superior recombinants which will help understanding pattern
of variation for planning future breeding programme. An
investigation was carried out among the 64 genotypes of
chickpea that included 60 interspecific derivatives, their parents
and two standard checks, to study the nature and magnitude of
genetic divergence using Mahalanobis D2 statistics. The data
were recorded on 11 morphological traits from the genotypes
raised in Simple Lattice Design having three replications. The
64 genotypes were grouped into 9 clusters. Cluster II was the
largest with 14 genotypes. Highest inter-cluster distance was
recorded between cluster VI and IX while highest intra cluster
distance was found among the genotypes of cluster VIII.
Characters like biological yield per plot, seed yield per plot
and days to 50 per cent flowering contributed maximum towards
the genetic diversity. The genotypes GL29009, GL29012,
GL29013, GL29017, GL29019, GL29034, GL29042, GL29046,
GL29069, GL29072 and GL29078 were identified as genetically
diverse parents which can be used for future crop improvement
programme.
Key words:

Chickpea, Genetic divergence, Interspecific
derivatives, Mahalanobis D2 statistics

Chickpea (Cicer arietinum L.) is third most important
grain legumes in the world cultivated on 11.55 million hectares
with production of 10.46 million tons (FAO STAT 2010). India
is the largest producer of chickpea in the world with a share of
about 72% of area and production (FAO STAT 2010). It is
cultivated on 8.75 million hectares with production of 8.25
million tons (Singh 2011). Due to limited genetic variability
within the primary gene pool, the genetic improvement of
chickpea by classical breeding involving inter-varietal crosses
has met with limited success (Singh and Ocampo 1993) and
thus, the use of interspecific hybridization was advocated to
broaden the genetic base of cultivated species (van Rheenen
et al 1993 and Singh et al 2005). Utilization of exotic germplasm
in breeding programmes is needed to enhance the productivity
and diversity of cultivars (Duvick 1995 and Cox et al 1988).
However, exploitation of wild species has remained confined
to major cereals and cash crops. Quantification of genetic
diversity in existing groups of germplasm for yield and its
components is very important in planning breeding programme

of crop plants. It not only helps in selection of parents to get
superior recombinants but also in understanding the pattern
of variation for different characters and hence improving
choices of selecting better segregants for various important
traits. Crosses involving genetically diverse parents are likely
to produce high variability in segregating generations. But,
no attempt has been made possibly to assess the genetic
divergence in interspecific derivatives. A number of techniques
such as Metroglyph analysis (Anderson 1957), Mahalanobis
D2 technique (Mahalanobis 1936) and Non hierarchial
Euclidian cluster analysis (Beale 1969) are in vogue for
assessing genetic diversity. The D2 statistics is a powerful
tool for quantifying the genetic divergence in the germplasm
(Rao 1952). Therefore, the present study was undertaken to
study genetic divergence among the interspecific derivatives
of chickpea and to identify potentially divergent parents for
future hybridization programmes for yield traits.
An interspecific cross involving ICCV96030 (Cicer
arietinum) and Acc. No. 188 (Cicer pinnatifidum) was
generated and advanced to isolate 193 derivatives. The female
parent ICCV96030 is an early maturing line, while male parent
Acc. No. 188 is derivative of cross with Cicer pinnatifidum
and possessing some desirable traits like higher number of
fruiting branches, pods per plant and high degree of resistance
to Botrytis grey mould and Ascochyta blight. These
derivatives were evaluated for various morphological traits
during rabi 2009-10. Sixty derivatives were short listed for the
assessment of genetic diversity. For the present study, the
experimental material comprised of 60 derivatives, their parents
and two standard checks PBG 1 and GPF 2. The material was
grown during rabi (winter) season 2010-11 in a Simple Lattice
Design with three replications at experimental field area of
Pulses Section, Department of Plant Breeding and Genetics,
Punjab Agricultural University, Ludhiana. All the genotypes
were sown in 30 cm wide paired rows of 1.5 m length. Standard
package of practices was followed to raise the crop. Data
were recorded for the morphological traits i.e. days to flowering,
days to maturity, seed yield per plot, biological yield per plot
and harvest index on whole plot basis whereas, five plants of
each genotype were randomly tagged for characters like
primary branches, secondary branches, plant height, pods
per plant, seeds per pod and 100-seed weight. Genetic diversity
was studied using D2 statistic proposed by Mahalanobis (1936)
and clustering of genotypes was done according to Tocher’s
method (Rao 1952).
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The pooled analysis of variance for the experimental
design showed highly significant differences among the
genotypes for all the characters studied indicating presence
of genetic variability that has been generated from an
interspecific cross. Based on D2 values, genotypes were
grouped into 9 clusters (Table 1). Cluster II contained maximum
number of genotypes (14) followed by cluster V and cluster
VII (9), cluster III (8), cluster I and cluster VIII (6), while cluster
IV, VI and IX each had four genotypes indicating greater
amount of diversity of the respective genotypes from the
others. Similar results for clustering of cultivated genotypes
were obtained by Dwevedi and Lal (2009) and Wadikar (2010).
Both the parents fell into different clusters suggesting that
they were diverse from each other, though the distance
between cluster V (ICCV96030) and VI (Acc. No. 188) was
moderate.
The intra cluster distance based on D2 values (Table 2)
was maximum in cluster VIII (60.89) and minimum in cluster III
(31.44) indicating that genotypes in cluster VIII were most
diverse. Regarding the inter-cluster distance, the maximum
divergence was noticed between cluster VI and IX (551.09)
followed by cluster V and IX (444.40), cluster VI and VII
(414.32), cluster VI and VIII (371.60), cluster I and IX (356.36),
cluster III and VI (327.24) and cluster V and VII (308.77). The
members of cluster II and III were least divergent as revealed
by their inter-cluster distance (74.87). Higher inter-cluster
distance between cluster VI and IX revealed the existence of
maximum diversity among the genotypes which can be used
in recombination breeding programme for obtaining desirable
segregants. Earlier, Lal et al (2001) and Lokare (2007) have
also conducted similar studies on cultivated chickpea
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genotypes and suggested to use diverse parents for
hybridization.
A perusal of Table 3 indicated considerable variation in
cluster mean values for all the 11 characters. Cluster III showed
highest mean performance for seeds per pod while genotypes
in cluster V were early in 50 per cent flowering and maturity.
Genotypes in cluster VI possessed the highest mean
performance for primary branches, whereas genotypes in
cluster VII showed high values for pods per plant, seed yield
per plot and harvest index. The tall genotypes were grouped
in cluster VIII whereas genotypes in cluster IX possessed
higher number of secondary branches, higher biological yield
and more 100-seed weight. With respect to the contribution
of individual character, biological yield per plot contributed
the maximum (82.19%) towards the observed diversity
followed by seed yield per plot (14.98%) and days to 50 per
cent flowering (1.93%). Characters like plant height (0.45%),
pods per plant (0.25%), days to maturity (0.15%) and 100seed weight (0.05%) had very little contribution towards the
divergence (Table 3).
On the basis of above observations, it is quite obvious
that clustering pattern should be utilized in identifying the
promising genotypes for different characters which will serve
as good donors for exploitation in further breeding programme.
The higher inter-cluster distances than intra-cluster distances
indicated wider genetic diversity between genotypes of
different clusters with respect to the traits studied. On the
basis of inter-cluster distances and cluster means in the present
study, genotypes GL29009, GL29012, GL29013, GL29017,
GL29019, GL29034, GL29042, GL29069, GL29248, GL29272,

Table 1. Grouping of 64 chickpea genotypes into different clusters on the basis of D2 analysis
S. No.
1

Cluster
number
I

2

II

3
4
5
6
7
8
9

III
IV
V
VI
VII
VIII
IX

Number of genotypes
Genotypes
in cluster
GL29004, GL29006, GL29008, GL29017, GL29063, GL29232
6
GL29013, GL29019, GL29026, GL29031, GL29039, GL29058, GL29076, GL29079, GL29083,
14
GL29243, GL29244, GL29267, GL29272, GPF 2
GL29012, GL29023, GL29036, GL29057, GL29080, GL29095, GL29099, GL29259
8
4
GL29068, GL29093, GL29096, GL29213
9
GL29009, GL29015, GL29059, GL29065, GL29066, GL29072, GL29088, GL29248, ICCV96030
4
GL29045, GL29061, GL29064, C. pinnatifidum Acc No. 188
9
GL29020, GL29022, GL29034, GL29042, GL29046, GL29047, GL29098, GL29221, GL29278
6
GL29067, GL29069, GL29071, GL29198, GL29206, PBG 1
4
GL29021, GL29052, GL29204, GL29224

Table 2. The Inter and Intra (underlined) cluster distances (vD2) among 64 chickpea genotypes
Cluster No.
Cluster I
Cluster II
Cluster III
Cluster IV
Cluster V
Cluster VI
Cluster VII
Cluster VIII
Cluster IX

Cluster I
49.34

Cluster II
76.53
37.99

Cluster III
137.01
74.87
31.44

Cluster IV
118.48
87.13
75.82
38.41

Cluster V
96.36
153.99
221.90
201.95
44.55

Cluster VI
199.56
258.47
327.24
306.33
114.96
45.51

Cluster VII
223.40
159.69
94.78
143.22
308.77
414.32
49.69

Cluster VIII
179.53
129.80
76.21
80.32
266.27
371.61
95.97
60.89

Cluster IX
356.36
299.25
231.32
251.36
444.40
551.09
155.18
184.93
56.75
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Mean performances of different clusters for different morphological traits of 64 chickpea genotypes and contribution of
different traits towards genetic divergence

Cluster No.

Days to 50 Days to
%
Maturity
flowering

Plant
height
(cm)

Primary
branches

Secondary
branches

Pods per
plant

Seeds
per
pod

Seed
Biological
Yield per Yield per
plot (g)
plot (g)

100-seed Harvest
weight (g) Index

Cluster I

89.67

146.67

49.89

1.89

7.94

17.50

1.22

91.32

274.39

16.81

0.35

Cluster II

92.88

146.64

44.86

2.00

10.23

22.59

1.43

135.29

322.62

14.88

0.43

Cluster III

100.91

146.37

52.16

2.00

8.83

22.00

1.58

158.15

387.91

15.60

0.42

Cluster IV

95.75

149.25

49.91

2.00

9.75

16.83

1.00

86.30

387.50

17.74

0.23

Cluster V

82.00

144.40

41.48

1.89

7.37

14.26

1.00

64.69

190.40

15.93

0.36

Cluster VI

95.16

150.41

33.83

2.08

9.25

15.50

1.00

30.32

89.00

13.18

0.34

Cluster VII

94.00

146.11

46.78

2.03

8.74

29.89

1.29

199.97

464.63

17.90

0.44

Cluster VIII

105.22

150.78

58.33

2.00

8.61

21.78

1.33

122.42

446.00

14.23

0.28

Cluster IX

97.91

147.75

52.58

2.00

11.50

26.00

1.16

185.14

616.67

20.44

0.30

Percent contribution
towards divergence

1.93

0.15

0.45

0.00

0.00

0.25

0.00

14.98

82.19

0.05

0.00

Table 4. Promising genotypes in each cluster for specific traits
Genotype
GL29017
GL29013, GL29019, GL29272
GL29012
GL29068
GL29009, ICCV 96030
GL29045
GL29034, GL29042, GL29278
GL29069
GL29021

Cluster No.
I
II
III
IV
V
VI
VII
VIII
IX

Trait for which it may be used
Moderately early to 50 percent flowering and maturity
Moderate to maturity, More number of primary branches
High number of seeds per pod
Moderate 100-seed weight
Early to 50 percent flowering and maturity
Highest number of primary branches
Higher seed yield and harvest index
Maximum plant height, More number of primary branches
Higher number of secondary branches, more pods per plant, higher biological yield
and high 100-seed weight

GL29278 and ICCV96030 were found to be suitable for
hybridization programme (Table 4). To create wide spectrum
of variability and to isolate desirable segregants, the
genotypes of clusters having moderate to high distances
should be intermated. A large amount of variability has been
generated among the progenies derived from one cross. These
results indicated that large amount of variability can be
generated by selecting diverse parents specially through prebreeding efforts by involving wild Cicer species in
hybridization. These types of efforts will not only generate
variability for yield components but may also contribute useful
traits for various biotic and abiotic stresses.

Duvick D. 1995. Security and long-term prospects for conservation of
genetic resources. Research Domes International Agribusiness
Manage 11: 33-45.
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ABSTRACT
A field experiment was carried out to study the effect of N
management on soil fertility and nutrient uptake in soybean.
The study revealed that both seed and straw yield were
significantly increased with increase in N dose with declining
yield response at higher level. However, NPK uptake by soybean
increased significantly with increasing levels of nitrogen.
Integration of chemical fertilizer with Rhizobium increased
seed yield and NPK uptake. Splitting half of N at 50 days after
sowing (DAS) was found significantly better over 80 DAS.
Key words: N management, NPK uptake, Soil fertility, Soybean

Soybean [Glycine max (L.) Merr] is an important
leguminous crop grown to augment protein and oil supply.
Being a leguminous crop it is expected to improve soil fertility
especially nitrogen status of soil through biological N fixation
(BNF). However, several studies have shown that the
symbiotic N-fixation is not able to meet out the high nitrogen
requirement in this crop due to its high yield potential and
high protein content in seeds. Application of excessive basal
N promotes vegetative growth that can lead to reduction in
development of nitrogen fixing nodules and BNF. To assure
continuous N supply to the crop and to improve its efficiency,
split application of N may be helpful for raising crop yield and
reduce soil and water pollution due to leaching. Soybean has
a relatively high N requirement, especially at later growth
stages for the formation of amino acids needed to produce
seeds with high protein content. Furthermore, supplementing
inorganic nitrogenous fertilizers with biofertilizers may sustain
soil fertility and crop productivity (Behera et al. 2007). Keeping
this in view, a field investigation was carried out to improve
production of soybean while maintaining soil fertility by way
of integrated N management.
A field experiment was conducted at Agronomy
Research Farm of Choudhary Charan Singh Haryana
Agricultural University, Hisar, India (290 10’N, 750 48’E and
215 M above mean sea level) during kharif 2009. The
experiment was laid out in randomized block design (RBD)
involving 17 treatments (Table 1) with three replications. The
slightly alkaline (pH 7.7) sandy loam soil of experimental field
was low in available N (155.4 kg/ha), medium in available P2O5
(20.3 kg/ha) and available K2O (254.8 kg/ha) and low in soil
organic carbon (0.40%). The seed was inoculated with

Rhizobium japonicum by adopting standard procedure as
per treatments. The recommended doses of P and Zn were
applied at 80 kg P2O5 and 25 kg ZnSO4 per hectare, respectively.
Full dose of P and Zn in form of single super phosphate (SSP)
and zinc sulphate (ZnSO4), respectively was furrow placed at
the time of sowing. The quantity of urea was calculated and
applied as per treatments. Yellow mosaic resistant and high
yielding soybean (yellow seeded) variety ‘JS-335’ of 120 days
duration released in 1994 by JNKVV, Jabalpur was sown in the
third week of July at a seed rate of 80 kg/ha at a row spacing of
30 cm in line. Thinning was made at 15 days of sowing to
maintain a uniform plant to plant spacing of 10 cm. The total
rainfall received during crop growing season at Hisar was
320.7 mm in 21 rainy days. The crop was raised with standard
agronomic practices. The crop was harvested on November
8, 2009. NPK analysis of plant and soil samples at harvest
were analysed following the standard procedures.
Study revealed that seed yield was increased with
increasing levels of nitrogen. Inoculation as well as its combined
application along with N also influenced seed yield of soybean
(Table 1). Seed yield was increased by 14.5, 23.1, 29.2 and
34.5% over control following application of 20, 40, 60 and 80
kg N/ha, respectively. It was further increased by 10.1, 5.3, 9.4
and 8.5% with inoculation alone and with combined
application of N @ 20, 40 and 60 kg/ha and inoculation over
uninoculated control and at their respective N levels applied
alone at sowing (20, 40 & 60 kg N/ha), respectively. Seed yield
was highest at 60 kg N/ha along with Rhizobium inoculation,
but it was statistically at par with 80kg N/ha alone applied
either in full as basal or in two splits (basal and at 50 or 80
DAS). This might be due to higher growth of the crop and
longer crop growth period. Inoculation provided favourable
conditions for the multiplication of nodule bacteria which in
turn produced more number of nodules and thereby more N
was fixed for use by the plants. All this enabled crop plants to
utilize sufficient N during its growth and development that
resulted in better fruiting (pods per plant) and higher seed
yield. These results were in conformity with the findings of
Shivakumar and Ahlawat (2008) on soybean.
N, P and K uptake by soybean also increased
significantly with increasing levels of N as all the N levels
recorded significantly higher N uptake over control. In
addition, both N and P content in soybean seed were 7.4 and
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Table 1. Effect of N management on soybean seed yield, NPK uptake and residual soil fertility
Treatments

Seed yield Straw yield
(kg/ha)
(kg/ha)

Total Uptake
(kg/ha)
N
P
K
Control
1405
4333
98.4
13.6
94.3
20 kg N/ha as basal
1610
4724
121.7
18.1
117.1
40 kg N/ha as basal
1730
4828
135.1
20.5
132.7
60 kg N/ha as basal
1813
4971
145.0
23.2
142.8
80 kg N/ha as basal
1891
5143
160.5
27.1
155.1
Rhizobium alone as basal
1547
4611
112.0
16.9
110.0
20 kg N + Rhizobium as basal
1696
4758
132.1
21.7
131.2
40 kg N + Rhizobium as basal
1893
4890
152.7
26.2
145.1
60 kg N + Rhizobium as basal
1968
5075
174.6
28.8
159.9
10+10 kg N/ha (basal & 50 DAS)
1620
4577
124.0
18.3
119.2
20+20 kg N/ha (basal & 50 DAS)
1735
4725
138.2
21.0
131.7
30+30 kg N/ha (basal & 50 DAS)
1843
4810
150.3
23.7
139.8
40+40 kg N/ha (basal & 50 DAS)
1915
4916
165.0
27.2
151.5
10+10 kg N/ha (basal & 80 DAS)
1548
4602
119.0
16.5
115.8
20+20 kg N/ha (basal & 80 DAS)
1656
4885
130.9
19.7
129.0
30 +30 kg N/ha (basal & 80 DAS)
1796
5103
146.6
23.0
140.3
40 +40 kg N/ha (basal & 80 DAS)
1880
5289
157.3
25.8
150.5
SE (±m)
39
85
3.4
0.5
3.6
CD (P = 0.05)
115
246
9.8
1.5
10.4
*Initial fertility status of soil: 155.4, 20.3, 254.8 kg N, P 2 O 5 and K2 O/ha, respectively

5.5 times higher than that in its straw, respectively (data not
given). But, K content was 1.7 times higher in straw than that
in seed. Higher N and P content in seed may be due to more N
accumulation as the constituent of protein, whereas higher K
content in straw was due to more K accumulation in the
formation of cell wall. The ratio of N, P and K content in seed
and straw of soybean also narrowed down at higher level of N
application. This was mainly attributed to the fact that higher
N availability reduced translocation of these nutrients due to
poor sink development under fertilized crop. These results
confirmed the findings of Vijayapriya et al. (2006).
Inoculation of seed also resulted in significant increase
in N, P and K content and uptake over uninoculation.
Combined application of N along with inoculation recorded
significantly higher uptake of N, P and K over their application
alone at all the N levels. It might be due to higher amount of N
was added to soil by fertilizer as well as by symbiotic N fixation
by these treatments that increased its availability to the plants.
Higher N availability at higher doses and responsiveness of
crop increased meristematic activities in different plant parts
which also required more P and K for fulfilling their energy
and tissue requirement. Tahir et al. (2009) also reported similar
results in soybean in the sub-humid hilly region of Pakistan.
Thus, N, P and K uptake was significantly higher with
increased dose of N either applied as basal dose or splitted or
integrated with Rhizobium due to significant increase in seed
and straw yield in these treatments (Table 1). The quantum of
uptake of these nutrients followed similar trend as those of
seed and straw yield. However, the uptake of N reduced with
each increase in N dose, whereas, P and K uptake increased
continuously at the same pace. N being an essential
constituent of chlorophyll, protoplasm and various enzymes,
it governs the utilization of P and K. Thus, ample availability

NPK status of soil at harvest (kg/ha)*
Available N
150.6
159.6
167.6
174.6
182.6
157.6
165.0
175.3
180.6
155.3
160.0
163.0
164.6
170.0
174.0
184.3
194.3
2.8
8.2

Available P2O5 Available K2O
20.3
265.3
19.0
261.0
16.6
255.3
17.6
253.0
14.3
239.6
19.0
262.3
18.6
259.0
18.0
254.6
17.6
249.0
19.0
261.0
16.6
255.3
17.6
251.6
14.3
239.6
20.6
264.0
19.6
258.6
17.6
253.0
16.6
242.6
0.7
2.7
2.1
8.0

of N in these treatments involving fertilizer and inoculation
resulted in increase in N content and uptake by crop; and this
in part was also attributed to higher biological yield in these
treatments. These results are in conformity with those reported
by Dashora and Solanki (2010).
Available N status of soil also increased with increasing
levels of N and the highest available N was found at highest
dose of N i.e., 80 kg/ha. However, available P and K status of
soil decreased non-significantly with increasing dose of N.
This may be due to fact that removal of nutrients from soil
was more in these treatments and higher amount of nutrients
were required to produce higher yield. Unfertilized control
recorded highest available P and K in soil, which were
significantly higher over those at 40 kg N/ha and above.
Inoculation as well as its combined application with N also
decreased available P and K status of soil but it was found at
par with both uninoculated control and with their respective
levels of N, respectively. For residual P and K status, splitting
of half of N to 50 or 80 DAS was also found at par with all the
N levels. Walia and Kler (2007) and Shivkumar and Ahlawat
(2008) too reported the positive non-significant balance of P
and K with inoculation and N application.
Thus, the status of available N, P and K in soil after
harvest of soybean was improved due to combined application
of N and inoculation; and also in part due to decaying roots
and leaf falls. The improvement in N status of soil with higher
N dose indicated that whole of N applied was not utilized by
crop as partial requirement might have been fulfilled by
Rhizobium inoculation. Hence, the decline in P and K status
under higher dose of N could have been because of higher
yield and higher uptake of these nutrients. These results were
in conformity with the findings of Vijayapriya et al. (2006) and
Tahir et al. (2009).

Rathod et al. : Effect of nitrogen management on soil fertility and NPK uptake in soybean

It is inferred from the above that increase in both seed
and straw yield was due to increase in N dose with declining
response at higher levels. Integration of chemical fertilizer
along with Rhizobium increased seed yield and NPK uptake.
Similarly split application of N (half as basal and half at 50
DAS) also increased NPK uptake.
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ABSTRACT
A pot experiment was conducted in fenugreek (Trigonella
foenum graecum L.) during Rabi to evaluate the effect of
different levels of residual sodium carbonate (RSC) water, zinc
and vermicompost at SKN College of Agriculture, Jobner,
Rajasthan. Four levels of RSC water (0, 2.5, 5.0 and 7.5 mmol L1
), three levels of zinc (0, 10 and 20 mg ZnSO4 kg-1 soil) and two
levels of vermicompost (0 and 1.25 g kg-1 soil) were taken up.
Study revealed that yield attributes, yield of seed and straw,
and zinc mobility ratios in seed and straw decreased
significantly with increasing level of RSC water, while
application of zinc and vermicompost significantly increased
the yield attributes, seed yield and zinc mobility ratio in seed
and straw.
Key wards:

Fenugreek, RSC water, Seed yield, Vermicompost,
Zn mobility ratio

Scarcity of good quality water in arid and semiarid region
often forces the farmers to use available poor quality water
for irrigation. Quality of irrigation water plays a vital role in
crop production. The use of sodic water for irrigation adversely
affects the crop productivity through influencing the uptake
of nutrients and soil properties (Chauhan et al. 1988). This
water is characterized by low total salt concentration and the
relative proportion of calcium and magnesium is much lower
as compared to sodium salt. Zinc deficiency generally occurs
in soil having poor fertility, high pH and low organic carbon
content (Sakal 2001). The increased exchangeable sodium
percentage (ESP) resulting from long term use of residual
sodium carbonate (RSC) rich water leads to breakdown of soil
structure due to swelling and dispersion of clay particles
which in turn reduces nutrient availability affecting crop
productivity in the long run.
As an organic fertilizer, vermicompost acts as a
substitute for chemical fertilizer. Vermicompost contains plant
growth regulators and nutrients in available form that results
in reduction in soil pH and ESP (More 1994). Zinc also helps
in inducing alkalinity tolerance in crop by enhancing its
efficiency in utilizing K, Ca and Mg. Therefore, the current
study was undertaken to optimize the dose of zinc and
vermicompost in fenugreek under irrigation with different RSC
water.

10 kg loamy sand soil was filled in ceramic pots. The
soil was alkaline (pH 8.4), low in organic carbon (0.18%),
medium in available P (13.25 kg/ha) and K (152 kg/ha). The pot
experiment was conducted with four levels of RSC water (7.5,
5.0, 2.5 and 0 mmol L-1), three levels of Zn (0, 10 and 20mg
ZnSO4 kg-1 soil) and two levels of vermicompost (0 and 1.25 g
kg-1) in a completely randomized block design with three
replications during Rabi 2007-08.
Ten seeds of fenugreek (variety RMt-1) were sown and
after germination, three plants per pots were maintained. RDF
of N at 9 mg kg-1 and P at 13.4 mg kg-1 were applied basally.
The different RSC water were artificially prepared by dissolving
required amount of different salt in base (control) water as
mentioned in Table 1. The tap water used for first irrigation in
all the pots and later on crop was irrigated 8 times with water
of varying RSC.
Table 1.

Composition of base water and synthetic irrigation
water

RSC
EC
-1
(mmol L-1) (dSm )
0*
1.31
2.5
3.2
5.0
3.2
7.5
3.2
*Base water

SAR
+

8.2
16.7
16.7
16.7

Na
10.0
26.4
26.4
26.4

Ionic composition (mmol L-1)
Ca2+ Mg2+ CO32- HCO3- Cl1.5 1.5
0.5
3.5 7.5
2.5 2.5
1.0
6.5 12.4
2.5 2.5
1.5
8.5 11.0
2.5 2.5
2.0 10.5 9.7

SO421.5
12.7
11.0
9.7

Study revealed that increased level of RSC in water
decreased plant height, pods per plant, seed index and seed
and straw yield significantly. It is well known fact that use of
high RSC water contains Na salts in relatively greater
proportion than Ca and Mg and prolonged use of such water
immobilizes soluble Ca and Mg by precipitating them. This
attributed to an increased sodicity in soil solution that
decreased plant height, pods per plant, seeds per pod, seed
index and seed and straw yield of fenugreek significantly
(Table 2).
Significant improvement was also recorded in plant
height, pods per plant, seed index, seed and straw yield by Zn
application. The favourable influence of applied Zn on these
characters may be explained to its catalytic or stimulating effect
on most of the physiological and metabolic processes in plant.
The increase in yield attributes might be due to its role in
initiation of primordial for reproductive parts and partitioning
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Table 2.

Effect of different RSC water, zinc and vermicompost levels on yield attributes and Zn mobility ratio in fenugreek seed
and straw

Treatments
RSC water
RSC0
RSC2.5
RSC5.0
RSC7.5
SEm+
CD (P=0.05)
Zinc levels
Zn0
Zn10
Zn20
SEm+
CD (P=0.05)
Vermicompost levels
VC0
VC1.25
SEm+
CD (P=0.05)

Table 3:
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Zn mobility ratio
Seed
Straw

Plant height (cm)

Pods/plant

Seed index

39.02
38.52
33.96
32.00
0.35
0.98

30.90
30.35
28.65
27.47
0.33
0.93

1.15
1.10
0.97
0.92
0.01
0.02

41.23
39.76
37.13
34.58
0.46
1.30

28.62
27.66
26.00
24.08
0.19
0.54

34.42
35.84
37.36
0.30
0.85

25.67
30.04
32.31
0.28
0.81

0.94
1.05
1.11
0.01
0.02

35.78
38.82
39.92
0.39
1.12

24.61
26.32
28.85
0.17
0.47

35.25
36.50
0.24
0.70

27.22
31.46
0.23
0.66

1.02
1.05
0.01
0.02

37.52
38.83
0.32
0.92

25.78
27.40
0.14
0.38

Interactive effect of different RSC water, zinc and vermicompost levels on fenugreek seed and straw yield (g pot-1)

Treatments

Seed yield
V0

RSC0
RSC2.5
RSC5.0
RSC7.5
Mean
SEm+
CD (P=0.05)
RSC0
RSC2.5
RSC5.0
RSC7.5
Mean
SEm+
CD (P=0.05)

Zn0
10.07
9.30
8.11
6.30
8.45
V
0.088
0.251

Zn10
13.65
13.58
10.76
7.37
11.34
Zn
0.108
0.308

Zn20
14.96
14.45
11.95
9.74
12.78
Zn X V
0.153
0.436

19.30
17.02
13.93
9.21
14.87
V
0.179
0.510

23.60
21.60
19.20
12.70
19.28
Zn
0.220
0.625

31.30
28.36
23.39
15.75
24.70
Zn X V
0.310
NS

Mean
12.89
12.44
10.27
7.80
RSC X Zn
0.216
0.616
Straw yield
24.73
22.33
18.84
12.55
RSC X Zn
0.439
1.249

Zn0
12.16
12.20
9.86
7.47
10.42
RSC X VC
0.176
0.503
23.40
20.83
17.06
11.71
18.25
RSC X V
0.358
NS

V1.25
Zn10
14.20
14.09
11.30
8.90
12.12

Zn20
15.55
14.88
12.60
10.27
13.33

Mean
13.97
13.72
11.25
8.88

26.60
24.86
21.16
14.89
21.88

33.60
29.83
25.56
17.11
26.53

24.73
22.33
18.84
12.55

NS = Non significant

of photosynthates towards them (Singh and Yadav 2006).
Besides this, Zn is also known to enhance the absorption of
essential nutrients by increasing the CEC of roots. The
interaction of RSC water and Zn on seed and straw yield was
significant (Table 3). This indicated that harmful effect of RSC
water can be mitigated by applying higher dose of Zn.
Addition of Zn increased the availability of Zn to plant. The
results of the present investigation are in agreement with Lal
and Lal (1980) and Pathan (2001).
Application of vermicompost had also a significant
effect on yield attributes (plant height and pod/plant) and
seed and straw yield of fenugreek. Vermicompost is a rich
source of available nutrients and contains certain growth
promoting substances like auxins and enzymes (produced by
microbes present in vermicompost) responsible for increase
in yield attributes and yield (Davidayal and Agarwal 1998).

Seed yield of fenugreek was significantly increased
under combined application of Zn at 20 mg kg-1 + 1.25 g kg-1
vermicompost (Table 3). Balanced supply of nutrients through
vermicompost and stimulating effect of zinc on most of the
physiological and metabolic processes of plant might have
caused higher nutrient uptake and better growth and
development of plant thereby resulting in higher seed yield
(Kumar et al. 2001 and Singh and Yadav 2008).
Increasing level of RSC in water also decreased Zn
mobility ratio in seed and straw significantly. The reduction
trend in this ratio indicated decreased translocation of Zn at
higher levels of RSC water in upper plant part due to
physiological disorder induced by excessive accumulation of
HCO3- in soil as a consequence of irrigation with high RSC
water (Singh and Mittal 1986). Application of Zn to soil also
significantly increased Zn mobility ratio both in seed and
straw. This could be explained on the basis of higher Zn
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concentration in seed and straw at higher level compared to
its lower level. Increased Zn mobility ratio in seed and straw
by the application of vermicompost could also be due to the
steady supply of essential nutrients for plant growth and
development and increased availability of nutrients on account
of enhanced level of enzymes in soil (Yadav and Jha 1988).
The magnitude of decrease in seed and straw yield of
fenugreek with increasing level of RSC water was less evident
following application of ZnSO4 and vermicompost. Thus, it is
inferred from the present study that seed yield of fenugreek
can be compensated to some extent by applying zinc and
vermicompost together under irrigation with high RSC water.
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ABSTRACT
Sixteen lentil genotypes including seven small seeded and nine
large seeded were evaluated for seed yield and its component
traits under two sowing dates (timely & late sown) and two
fertilizer (NP) levels (recommended & 33 percent higher dose)
during rabi 2007-08 and 2008-09. Results revealed that dates of
sowing (DOS), levels of fertilizers (LOF) and genotypes
interacted significantly with almost all the traits under study.
Timely sown crop increased fruiting branches per plant
(NFBPP), pods per plant (NPPP), biological yield (BY), seed
yield (SY), days to 50% flowering (DF) and maturity (DM),
whereas late sown crop increased HI significantly. Higher
fertilizer dose also significantly increased NFBPP, NPPP, BY
and SY, while DF, DM and HI remained unaffected. Genotypes
were least affected due to DOS or LOF.
Key words:

Fertilizer level, Harvest index, Lentil genotypes,
Sowing dates

Lentil (Lens culinaris Medikus) is an important Rabi
pulse crop grown primarily in central parts of India. It occupies
1.53 m ha in India with an average production of 0.95 m tonnes.
It has the ability to thrive well on relatively poor soils and
under adverse environmental conditions as it is relatively
tolerant to drought and harsh winters. Productivity potential
and protein content in lentil are important from commercial
point of view as higher yields give better returns to the farmer,
while higher seed protein content provides energy rich diet.
Seed yield is a complex trait as it is a combination of many
related traits.
Time of sowing exerts a considerable influence on plant
population, yield attributes and seed yield in lentil. Therefore,
the desirable yield level can be achieved even under late
planting by applying higher dose of fertilizers especially when
the genotype is input responsive. However, different
genotypes show variable responses to sowing dates and
fertilizer levels. Keeping these factors in view, the present
study was undertaken to study the yield response of different
genotypes of lentil under different planting dates and fertilizer
levels.
The treatments comprised of two dates of sowing (timely
sown, D1 and late sown, D2) and two levels of N and P (normal
fertility, N1 and high fertility, N2) in the main plots and sixteen

genetically diverse lentil genotypes in sub plots were laid out
in a Split Plot with three replications. Among the genotypes,
seven genotypes (‘LL 1020’, ‘LL 1023’, ‘LL 1024’, ‘LL 699’,
‘LL 147’, ‘PL 4’ and ‘L 4147’) were small seeded (100 seed
weight < 2.5 g) while nine genotypes (‘LL 986’, ‘LL 991’, ‘LL
992’, ‘LL 999’, ‘LL 921’, ‘LL 932’, ‘LL 1036’, ‘LL 1049’ and ‘LL
1031’) were large seeded (100 seed weight > 2.5 g). This
experiment was conducted in the experimental farm of Punjab
Agricultural University, Ludhiana during rabi 2007-08 (Y1)
and 2008-09 (YII). Each genotype was accommodated in a
plot of four rows of 3 m length, keeping row to row spacing of
22.5 cm. The experiment was planted during first week of
November (D1) and first week of December (D2) with
recommended dose of N and P (N1 at 12.5 and 20 kg/ha,
respectively) and with 33% more N and P (N2 at 16.6 and 26.6
kg/ha, respectively). Observations were recorded on five
random plants from each genotype in each environment on
fruiting branches per plant (NFBPP) and pods per plant (NPPP).
Data on days to 50% flowering (DF), biological yield (BY),
seed yield (SY) and harvest index (HI) was recorded on per
plot basis. The data was subjected to statistical analysis for
all parameters in each year following standard methods.
Results revealed that significant decrease (by 8 days)
was observed in average number of days to 50% flowering
under December planting (D2) as compared to November
planting (D1) (data not given) during both the years. Aziz
(1992) also observed that days to flowering declined linearly
following delayed sowing. Crop response to levels of fertilizer
was significant during both the years but the interaction
between dates of sowing and fertilizer level was significant
only during YI. Early flowering was also observed with higher
dose of phosphorus in lentil. Thus, overall, ‘LL 1031’ was the
earliest (89 days) and ‘LL 999’ was the latest (92.8 days)
genotype so far as days to 50% flowering was concerned
considering all the environments.
It was observed that timely sown crop grew taller and
had more number of fruiting branches and pods per plant as
compared to late sown crop as more time period was available
for vegetative growth of plants. Sepat et al (2006) recorded
increased number of fruiting branches per plant under normal
sowing. The number of fruiting branches per plant was
significantly higher in N2 as compared to N1 during both the
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Table 1.
Genotypes
LL1020
LL1023
LL1024
LL986
LL991
LL992
LL999
LL931
LL932
LL1036
LL1049
LL1031
PL4
L4147
LL147
LL699
MEAN
CD (5%)
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Performance of different lentil genotypes for number of fruiting branches and pods per plant in various environments
2007-08
D1
D2
17.77 15.40
16.91 13.57
18.47 15.57
13.01 13.20
15.31 17.30
19.06 16.15
15.14 14.60
15.69 14.88
15.14 14.95
18.01 14.53
19.54 15.75
17.44 15.13
19.04 15.50
17.84 15.13
18.21 16.20
16.54 16.48
17.07 15.27
0.93

Fruiting branches/plant
2008-09
2007-08
D1
D2
14.73
14.22
13.05
14.10
16.45
15.57
13.73
12.15
13.32
15.75
14.35
12.78
14.47
15.92
14.48
14.98
17.95
14.78
18.00
14.18
16.60
15.57
15.48
14.92
18.25
13.72
15.40
13.98
18.80
13.88
17.67
15.47
15.80
14.50
0.82

N1
15.40
14.93
15.80
13.07
14.07
16.38
15.07
15.08
14.62
14.62
18.08
16.18
15.57
16.23
16.67
15.70
15.47
1.01

N2
18.33
16.10
18.80
13.70
19.10
19.38
15.23
16.05
16.03
18.48
17.77
16.95
19.53
17.30
18.30
17.88
17.43

2008-09

2007-08

N1
N2
D1
14.23 14.72 79.23
13.20 13.95 79.13
14.98 17.03 91.63
12.22 13.67 79.25
14.13 14.93 82.47
12.73 14.40 85.40
14.55 15.83 85.30
15.13 14.33 74.17
15.25 17.48 82.75
15.63 16.55 78.85
14.93 17.23 85.38
14.23 16.17 76.63
14.18 17.78 82.65
14.68 14.70 74.22
15.02 17.68 85.33
15.50 17.63 88.70
14.41 15.88 81.94
0.82
3.32

D2
59.50
69.93
67.65
59.12
60.03
59.83
66.52
63.25
57.08
67.33
64.53
66.57
67.01
65.87
63.32
63.15
63.79

Pods/plant
2008-09
2007-08
D1
76.17
79.18
100.75
75.55
75.58
80.23
82.63
71.32
87.03
77.82
95.27
76.77
77.50
85.57
92.27
87.95
82.60
4.04

D2
62.28
64.35
69.28
58.38
65.40
59.93
63.55
71.07
58.50
68.45
70.20
66.88
56.78
68.80
62.83
60.60
64.21

N1
64.45
78.75
75.42
66.37
68.82
72.8
72.45
66.27
66.60
71.92
74.25
70.07
72.88
72.05
67.98
73.75
70.93
3.32

N2
74.28
70.32
83.87
72.01
73.65
72.43
79.37
71.15
73.23
74.27
75.67
73.13
76.77
68.03
80.67
78.10
74.81

2008-09
N1
64.05
69.37
78.53
66.83
69.80
70.02
70.95
70.40
64.70
71.83
80.58
70.77
66.27
75.52
70.13
70.38
70.63
4.04

N2
74.40
74.17
91.50
67.10
71.18
70.17
75.23
71.98
80.83
74.43
84.88
72.88
68.02
78.85
84.97
78.17
76.17

Table 2. Performance of different lentil genotypes for seed yield and biological yield in various environments
Genotypes
LL1020
LL1023
LL1024
LL986
LL991
LL992
LL999
LL931
LL932
LL1036
LL1049
LL1031
PL4
L4147
LL147
LL699
MEAN
CD (5%)

2007-08
D1
D2
10.97 6.61
11.35 7.95
9.85 8.77
9.10 9.04
11.27 9.77
11.43 8.01
11.71 9.32
9.54 9.28
9.90 7.82
11.56 9.06
11.40 10.17
12.24 8.11
10.15 6.84
9.43 7.88
10.17 8.02
11.40 7.99
10.72 8.42
0.36

Seed yield (x ’00 kg/ha)
2008-09
2007-08
D1
9.62
10.60
11.47
10.62
9.71
10.95
9.75
9.48
9.26
10.70
12.11
12.17
10.20
9.01
10.07
9.81
10.35
0.31

D2
8.83
9.18
8.14
8.62
7.36
6.89
7.25
7.07
7.64
7.33
7.57
7.70
8.95
7.37
7.28
8.67
7.87

N1
N2
8.68
8.90
10.20
9.1
9.07
9.54
8.39
9.75
10.73
10.31
9.30
10.14
10.56
10.47
9.28
9.54
7.89
9.82
10.24
10.37
10.25
11.33
9.74
10.61
7.48
9.51
7.35
9.96
8.10
10.09
9.58
9.82
9.18
9.95
0.36

2008-09

2007-08

N1
N2
8.92
9.52
10.03
9.75
9.54
10.07
9.09
10.16
8.28
8.78
9.06
8.78
7.68
9.32
6.92
9.63
7.60
9.30
8.17
9.86
8.94
10.74
9.37
10.50
8.81
10.34
7.72
8.66
7.99
9.37
8.36
10.13
8.53
9.68
0.31

D1
D2
35.25 21.48
35.71 24.54
31.33 27.81
30.31 25.93
37.90 30.37
36.70 24.94
37.62 27.72
31.94 27.50
31.70 23.30
36.79 28.21
37.13 30.28
40.62 26.51
32.28 21.11
29.63 23.73
29.91 25.02
35.99 25.03
34.43 25.84
0.76

years (Table 1). Zeidan (2007) also reported the similar trend.
These results suggest that fruiting branches per plant, a major
yield component can be increased by timely planting and
applying higher fertilizer dose for realizing higher yield. Under
normal sown conditions, the genotypes ‘LL 1049’ (19.54) and
‘LL 992’ (19.06) recorded maximum number of fruiting branches
during YI. However, under late sown conditions, the genotypes
‘LL 991’ (17.30) and ‘LL 999’ (15.92) recorded maximum number
of fruiting branches. Higher fertilizer dose (N 2) also
significantly increased number of fruiting branches as the
maximum number of these branches was observed in ‘PL 4’

Biological yield (x ’00 kg/ha)
2008-09
2007-08
D1
31.60
33.30
36.39
34.69
29.78
32.93
31.14
29.26
27.25
32.62
36.36
36.70
32.90
28.33
30.19
30.59
32.13

D2
28.80
27.62
24.78
24.65
22.98
20.46
22.56
20.71
23.73
22.41
23.49
21.70
25.83
22.24
22.19
26.20
23.77
0.95

N1
N2
27.7 29.02
31.05 29.20
28.33 30.80
25.86 30.37
33.77 34.51
29.54 32.1
33.67 31.67
27.62 31.82
25.25 29.75
32.16 32.84
32.50 34.91
32.31 34.81
23.70 29.69
23.24 30.12
24.91 30.01
29.97 31.05
28.85 31.42
0.76

2008-09
N1
N2
29.10 31.30
31.51 29.41
30.12 31.05
28.26 31.08
24.64 28.12
26.02 27.38
22.31 31.38
19.78 30.19
23.43 27.56
23.89 31.14
27.56 32.28
27.69 30.71
26.17 32.56
23.88 26.70
24.38 27.99
25.52 31.27
25.89 30.01
0.95

(19.53 and 17.78) during both the years, respectively
(Table 1). These results suggest that specific genotypes can
be recommended for normal and late planting. Accordingly,
fertilizer doses may vary for different genotypes.
The number of pods per plant was significantly higher
in D1 and N2 as compared to D2 and N1 during both the years
(Sepat et al. 2006). Increase in number of pods per plant
under higher fertilizer level was also observed by Zeidan
2007. The positive effect of N and P application on number of
pods per plant might be due to better enzymatic activities
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which controlled flowering and pod formation (Singh et al.
2011). A perusal of Table 1 also showed that the effect of DOS
was least in ‘LL 931’ in YII whereas, the effect of LOF was
least in ‘LL 992’ in YI and YII. The genotype ‘LL 1024’ recorded
the highest number of pods per plant (91.63 and 100.75) under
D1 (normal sowing) during both the years, respectively. Thus,
the number of pods per plant can be increased by timely
planting and by applying higher fertilizer dose.
Biological yield was significantly higher under D1 as
compared to D2 during both the years (Table 2). The decrease
in biological yield under late sowing could be attributed to a
shorter vegetative period as timely sowing possibly caused a
strong root system and vigorous plants (Kayan 2010).
Response to higher fertilizer dose was also significant during
both the years (Zeidan 2007). The genotype ‘LL 1031’ recorded
highest biological yield (4062 and 3670 kg/ha) in D1 during
both the years, while ‘LL 991’ had the highest value in D2
(3037 kg/ha) and N1 (3377 kg/ha) in YI. All the genotypes,
except ‘LL 999’ in YI and ‘LL 1023’ in YII, showed an increase
in biological yield under higher fertilizer dose during both the
years. After flowering, since N availability from soil to the
plant system decreases following degeneration of nodules,
application of N after flowering enhances crop growth and
biological yield. Thus, under late sown conditions, higher
fertilizer dose may be used to increase biological yield which
is also an important trait contributing towards seed yield.
The mean seed yield was significantly higher in D1 (1072
and 1035 kg/ha) as compared to D2 (842 and 787 kg/ha) as well
as in N2 (995 and 968 kg/ha) as compared to N1 (918 and 853
kg/ha) during both the years (Table 2). The increase in seed
yield might be due to higher number of fruiting branches,
pods per plant and biological yield as seed yield is known to
have positive association with these characters. Mishra and
Khan (2006) suggested that October 15 to November 15 as
the best time for sowing lentil in India. The increased seed
yield at higher N and P level was also reported by Samadi et al
(2001) and Sardana et al (2006). All the interactions except,
DOS x LOF in YII, were significant. It was also observed that
higher seed yield under late sown conditions can be realized
with high dose of N.
The genotype ‘LL 1031’ recorded highest seed yield
(1224 and 1217 kg/ha) in D1 during both the years, while, ‘LL
1049’ and ‘LL 1023’ were the best to yield higher (1017 and 918
kg/ha) in D2 during YI and YII, respectively (Table 2). ‘LL
1049’ also performed best in N2 during both the years. It
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indicates the fact that this genotype is responsive to fertilizer.
The effect of DOS was least in ‘LL 986’ in YI, whereas all the
genotypes were significantly influenced in YII. The effect of
LOF was least in ‘LL 999’ in YI and ‘LL 1023’ in YII. These
results suggest that maximum yield in lentil can be obtained
by timely sowing and applying an optimum dose of fertilizer.
However, under late planting, the yield losses can also be
compensated by giving higher doses of N and P. Samadi et al
(2001) reported that N and P at 50 kg/ha each were optimum
for lentil.
In comparison to seed yield, harvest index was
significantly higher in D2 as compared to D1 in YI only (data
not given). Effect of LOF was not significant during both the
years, while the interaction LOF x DOS was significant in YII.
Sepat et al (2006) also observed increase in harvest index
under higher N dose.
The results of the study suggested that different
genotypes should be recommended for different sowing
conditions with different levels of fertilizers. In case of late
planting, higher doses of fertilizers can be applied for
realization of optimum yield.
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ABSTRACT
Field evaluation of different doses of Rynaxypyr 20SC against
the pod borer complex (Helicoverpa armigera, Melangromyza
obtusa and Exelastis atmosa) of pigeonpea revealed significant
differences among the treatments and the higher doses of
Rynaxypyr 20SC (30 and 40 g a.i./ha) were found most effective
in reducing the pod damage as well as the pest population. As
far as the yield of pigeonpea was concerned, the conventional
insecticides were found at par with the higher doses of
Rynaxypyr 20SC.
Key words: Pigeonpea, Pod borer complex, Rynaxypyr

Pigeonpea is one of the major pulse crops of the tropics
and subtropics. Though India is largest producer of
pigeonpea, the productivity has always been a concern.
Pigeonpea yields have remained stagnant for the past 3 to 4
decades, largely due to insect pests’ damage (Basandrai et al.
2010). Although number of insect pests were reported to attack
this crop, the pod borer complex including Gram pod borer,
Helicoverpa armigera Hub., plume moth, Exelastis atmosa
Walshingham and pod fly, Melanagromyza obtusa Molloch
cause considerable losses in grain yield ranging 30 to 100%
by attacking the reproductive parts of the plant. The loss due
to H. armigera alone contributes up to 50% (Thakare 2001,
Dodia et al. 2009). Insecticide application has been one of the
most effective and quick method of reducing insect population
in the field. But due to the repeated use of conventional
insecticides, the results are not as per the expectations and
hence, there is always a need of a new insecticidal molecule
with a unique mode of action. Rynaxypyr chemically as
chlorantraniliprole is one such compound which can provide
an effective chemical treatment for the management of pod
borer complex in pigeonpea (Temple et al. 2009). As insect
pests of pigeonpea specially pod borer complex is the major
limiting factor in getting higher yield, it becomes very
important to study tactics dealing with management of pod
borer complex and therefore, the experiment was planned to
evaluate a new molecule with unique mode of action namely
Rynaxypyr 20SC against the pod borer complex of pigeonpea.
Field experiment was conducted at Research Farm,
Department of Entomology, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola during kharif 2007-08. Seven treatments
were studied for their efficacy against the pod borer complex

(Heliothis armigera, Exelastis atmosa and Melangromyza
obtusa) on pigeonpea variety ‘C-11’ in a Randomized Block
Design (RBD) with three replications. The seeds of ‘C-11’
were sown at a spacing of 60 x 30 cm and each net plot size
was 9.0 x 6.0 m2. Rynaxypyr was provided by E.I.DuPont India
Pvt. Ltd., Gurgaon which contained 20% active ingredient
weight/volume basis. Seven treatments were evaluated for
their efficacy which included four different doses of Rynaxypyr
20SC @ 10, 20, 30 and 40 g a.i./ha, Endosulfan 35EC @ 0.07%,
Quinalphos 25EC @ 0.04% and control (water spray). Five
plants were randomly selected for taking the observations
from each of the net plot. Three sprayings were undertaken
and the observations on larval count per five branches, per
cent pod damage at 10 days after each spraying along with
yield data were recorded.
The data on effect of Rynaxypyr 20SC against
Helicoverpa armigera revealed significant differences among
the treatments during all the three sprays (Table 1). After first
spray, lowest larval count was recorded in Rynaxypyr @ 40 g
a.i./ha followed by Rynaxypyr @ 30 g a.i./ha and Endosulfan
35 EC 0.07%, being at par with each other and superior over
rest of the treatments at 3 and 10 days after all the three
sprayings. Larval count of Melangromyza obtusa revealed
that the treatments Rynaxypyr @ 40 g a.i./ha, Endosulfan
0.07%, Rynaxypyr @ 30 g a.i./ha and Quinalphos 0.04% were
found at par with each other showing lower larval count and
were significantly superior over the lower doses of Rynaxypyr
and control at 3 days after first spray. Although, Endosulfan
showed good results after first spray, it could not match with
Rynaxypyr @ 30 and 40 g a.i./ha as far as efficacy was
concerned after second spray. Similar trend in the larval count
at 3 and 10 DAS after second and third spray was observed
where treatment, Rynaxypyr @ 40 g a.i./ha was found best
and was at par as compared to other treatments (Table 1). The
data on effect of Rynaxypyr 20SC against plume moth, Exelastis
atmosa revealed that the treatments, Rynaxypyr @ 30 g a.i./ha
and Rynaxypyr @ 40 g a.i./ha were found at par with the
conventional insecticides showing good control of plume
moth and were significantly superior over control (Table 2).
Results on pod borer damage due to pod borer complex
recorded significant differences among the treatments during
all the three sprays. Rynaxypyr 20SC @ 40 g a.i./ha was found
most effective showing lowest pod damage and was followed
by Rynaxypyr @ 30 g a.i./ha and Endosulfan 0.07%, being at
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Table 1. Efficacy of Rynaxypyr 20SC on Helicoverpa armigera and Melangromyza obtusa in pigeonpea
Treatments
Rynaxypyr 20SC
@ 10 g a.i./ha
Rynaxypyr 20SC
@ 20 g a.i./ha
Rynaxypyr 20SC
@ 30 g a.i./ha
Rynaxypyr 20SC
@ 40 g a.i./ha
Endosulfan 35EC
@ 0.07 %
Quinalphos 25EC
@ 0.04 %
Control
SEm (+)
CD (P = 0.05)

Helicoverpa armigera (larval count per five branches)
I spray
II spray
III spray
3 DAS 10 DAS 3 DAS 10 DAS 3 DAS 10 DAS
0.87
0.73
0.53
0.53
0.53
0.20
(1.17)
(1.10)
(1.01)
(1.01)
(1.01)
(0.83)
0.73
0.60
0.47
0.47
0.47
0.27
(1.10)
(1.04)
(0.98)
(0.98)
(0.98)
(0.87)
0.27
0.47
0.20
0.40
0.13
0.13
(0.87)
(0.98)
(0.83)
(0.94)
(0.79)
(0.79)
0.20
0.53
0.20
0.27
0.07
0.13
(0.83)
(1.01)
(0.83)
(0.87)
(0.79)
(0.79)
0.40
0.60
0.27
0.33
0.27
0.27
(0.94)
(1.04)
(0.87)
(0.91)
(0.87)
(0.87)
0.53
0.53
0.40
0.47
0.33
0.27
(1.01)
(1.01)
(0.94)
(0.98)
(0.91)
(0.87)
1.40
1.27
1.00
0.73
0.87
0.60
(1.37)
(1.33)
(1.22)
(1.10)
(1.17)
(1.04)
0.04
0.07
0.03
0.04
0.03
0.04
0.12
0.21
0.08
0.12
0.10
0.11

DAS – days after spraying

Melangromyza obtusa (larval count per five branches)
I spray
II spray
III spray
3 DAS
10 DAS
3 DAS
10 DAS
3 DAS
10 DAS
0.33
0.33
0.40
0.40
0.53
0.33
(0.91)
(0.91)
(0.94)
(0.94)
(1.01)
(0.91)
0.20
0.33
0.40
0.33
0.40
0.33
(0.83)
(0.91)
(0.94)
(0.91)
(0.94)
(0.91)
0.07
0.20
0.00
0.20
0.13
0.13
(0.75)
(0.83)
(0.70)
(0.83)
(0.79)
(0.79)
0.00
0.13
0.07
0.07
0.07
0.07
(0.70)
(0.79)
(0.75)
(0.75)
(0.75)
(0.75)
0.00
0.13
0.20
0.27
0.13
0.13
(0.70)
(0.79)
(0.83)
(0.87)
(0.79)
(0.79)
0.13
0.20
0.27
0.33
0.27
0.13
(0.79)
(0.83)
(0.87)
(0.91)
(0.87)
(0.79)
0.47
0.67
0.73
0.67
0.87
0.47
(0.98)
(1.08)
(1.10)
(1.08)
(1.17)
(0.98)
0.03
0.04
0.04
0.04
0.03
0.03
0.09
0.12
0.12
0.12
0.10
0.10

Note: Presently endosulfan has been banned

Table 2. Efficacy of Rynaxypyr 20SC on Exelastis atmosa, pod damage due to pod borer complex and yield in pigeonpea
Exelastis atmosa (larval count per five branches)
I spray
II spray
III spray
3 DAS
10 DAS
3 DAS
10 DAS
3 DAS
10 DAS
Rynaxypyr 20 SC @
0.27
0.27
0.27
0.27
0.13
0.07
10 g a.i./ha
(0.87)
(0.87)
(0.87)
(0.87)
(0.79)
(0.75)
0.20
0.20
0.20
0.27
0.13
0.07
Rynaxypyr 20 SC @
20 g a.i./ha
(0.83)
(0.83)
(0.83)
(0.87)
(0.79)
(0.75)
Rynaxypyr 20 SC @
0.13
0.13
0.13
0.13
0.07
0.07
30 g a.i./ha
(0.79)
(0.79)
(0.79)
(0.79)
(0.75)
(0.75)
Rynaxypyr 20 SC @
0.00
0.20
0.07
0.13
0.00
0.00
40 g a.i./ha
(0.70)
(0.83)
(0.75)
(0.79)
(0.70)
(0.70)
0.07
0.13
0.00
0.13
0.00
0.07
Endosulfan 35 EC @
0.07 %
(0.75)
(0.79)
(0.70)
(0.79)
(0.70)
(0.75)
0.20
0.27
0.13
0.27
0.00
0.00
Quinalphos25 EC @
0.04 %
(0.83)
(0.87)
(0.79)
(0.87)
(0.70)
(0.70)
Control
0.40
0.67
0.53
0.33
0.27
0.13
(0.94)
(1.08)
(1.01)
(0.91)
(0.87)
(0.91)
SEm (±)
0.03
0.04
0.05
0.04
0.03
0.03
CD (P = 0.05)
0.11
0.11
0.14
N. S.
0.09
0.09
DAS – days after spraying Note: Presently endosulfan has been banned
Treatments

par with each other. As far as yield of pigeonpea grains was
concerned, Rynaxypyr 20SC @ 40 g a.i./ha was found to be
the best showing maximum grain yield of 17.52 q/ha. The grain
yield in the conventional insecticides viz., Endosulfan 35EC
and Quinalphos 25EC were found at par with the higher doses
of Rynaxypyr 20SC (Table 2). The superior efficacy of
Rynaxypyr over the conventional insecticides may be
attributed to the unique mode of action of this molecule and
also the rapid cessation of feeding and strong residual activity
(DuPont 2007). These results are in close agreement with that
of Hardke et al. (2006), who reported that the Rynaxypyr
performed statistically better than traditional insecticides for
controlling Heliothines in conventional non-Bt as regard to
seasonal total damage and seasonal total larvae. Thus, from
the above study it can be inferred that application of
Rynaxypyr 20SC (30 and 40 g a.i./ha) will be helpful in reducing
the pod damage as well as the pest population of pod borer
complex in pigeonpea.

% Pod damage at 10 DAS
I spray

II spray

III spray

16.53
(23.97)
15.47
(23.11)
12.30
(20.53)
10.67
(19.00)
10.90
(19.28)
14.47
(22.13)
21.36
(27.49)
0.82
2.31

17.27
(24.50)
17.00
(24.35)
11.23
(19.55)
10.60
(19.00)
14.83
(22.63)
15.30
(23.03)
33.90
(35.61)
1.95
5.49

21.77
(27.76)
20.53
(26.92)
9.57
(17.95)
9.40
(17.85)
12.17
(20.36)
15.60
(23.26)
30.50
(33.52)
0.91
2.65

Yield
(q/ha)
8.71
10.40
16.15
17.52
16.84
15.44
8.02
1.75
4.91
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