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Area under soybean [Glycine max (L.) Merrill]
cultivation is rapidly expanding partly due to its high
nutritional value as food for both humans and livestock
and as an important industrial crop. It is considered as a
‘Golden bean’ due to its dual qualities viz., high protein
(40per cent) and oil (18–20per cent) content. India with an
area of 12.03 million ha and a production of 12.98 million
tonnes, during 2013–2014 is among top four soybean
producing countries (Anonymous 2013).

In recent years soybean has been devastated by
an unknown floral bud distortion. The symptoms produced
did not resemble any of the documented disorders of
soybean and were inconsistent in their distribution across
locations. The research community has no information
about its cause or control. Therefore, cytological
examination of plant reproductive organs (viz. anther,
pollen and stigma) needs to be done to understand their
factual structural and functional disability associated with
the disorder.

Recently, cDNA-RAPD technique has been
successfully used for determining differentially expressed

TDFs in sugarcane (Pagaria et al., 2010), chickpea
(Nimbalkar et al., 2006) and Phalaenopsis orchids (Chen
et al. 2005). It proved a cost-effective technique that
provides information on complex phenotype reûecting
changes in the abundance of hundreds of RNAs under
various conditions and does not require specialized
expertise to handle as in the other sophisticated technical
activities. Accordingly, the objective of this study was to
assess the cytological behavior of floral reproductive
organs and molecular alterations associated with the
disorder to identify the key genes that were differentially
expressed in symptomatic soybean plants using cDNA-
RAPD technique. Similarly, the differentially expressed-
transcript derived fragments (TDFs) were characterized
using in-silico tools.

MATERIAL AND METHODS

Survey, symptomatology and diagnosis
The comprehensive random roving survey was

conducted to estimate the incidence of floral bud distortion
in the major soybean growing areas of Madhya Pradesh,
Maharashtra and adjoining parts of Karnataka state. The
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Cytological studies showed significantly reduced number of pollen grains with high sterility in symptomatic plants. However,
stigma of both the sources found receptive. Biochemical analysis showed significant increase in carbohydrate, protein
along with chlorophyll content index in symptomatic plant. Molecular characterization based on cDNA-decamere profiling
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associated (FHA) domain, isoaspartyl peptidase/L-asparaginase protein (L-ASNase) and pentatricopeptide repeat-containing
protein (PPR), which are directly or indirectly involved in plant development. .
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survey was done at R7-R8th crop stage, 65-70 days after
sowing. Based on symptomatology, representative
samples were tested for four suspected causal agents viz.,
Tobacco streak virus (TSV), Groundnut bud necrosis
virus (GBNV),  Tobacco Ring spot Virus (TRSV) and
phytoplasma using ELISA and PCR respectively (Bhat et
al., 2002).

Reproductive Biology

Cytological study was carried out to determine
pollen germination, viability and stigma receptivity of
symptomatic and asymptomatic plant. Pollen viability test
was done by using 3 different dyes viz., acetocarmine
(Alexander, 1969; Kaur et al., 2005; Ling et al., 2012),
potassium iodide (I/KI) as reported by Djanaguiraman et
al., (2013) and vital dye solution (Johri and Vasil, 1961).

Further, pollen anatomy was studied by scanning
electron microscopy (SEM) as per the standard procedure
given by Kaur et al. (2005) using JSM 1100 JEOL. Pollen
germination percentage was estimated using an artificial
medium refined in this crop as per the procedure given by
Thomas (2000) and Jayaprakash and Sabesan (2013). The
stigma receptivity was evaluated and change in color with
the presence of peroxidases was recorded according to
Dafni and Motte-Moause in 1998.

Biochemical profiling

The biochemical characterization was carried out
to identify differential levels of metabolites in leaf, node
and root tissues of symptomatic and asymptomatic plants.
Standard methods were followed for estimation of various
components viz, carbohydrate (Anthron method), nitrogen
(per cent), chlorophyll, proline (mg), total protein content
(mg) and reagents were prepared as described by Zenoni
et al., (2011). High Performance Liquid Chromatography
(HPLC) and Fourier transmission infrared (FTIR) analysis
was carried out by using standard methods given by Cesar
et al. (2006) and Zenoni et al., (2011), respectively.

Molecular Attributes

cDNA synthesis and decamer profiling

Total RNA was isolated from the frozen bud,
node and leaf tissues of symptomatic and asymptomatic
plants at R5 stage using TriZol® (InVitrogen). Further,
the first strand DNA was synthesized by using kit (Thermo
Scientific, USA). Noemalization of synthesized cDNA was
done prior to PCR profiling PCR amplification of cDNA
from each tissue was achieved using decamer primers.

Amplicon generated were scored and data was analyzed
based on the consensus results of three independent runs.
Clearly resolved polymorphic bands (TDFs) of both plants
were scored manually considering the presence/absence
or differences in intensity derived values (IDV).

BLAST homology and Placement of TDFs in coding
regions

The differentially expressed TDFs were eluted
individually from the agaros gel (QIAEX II gel extraction
kit, Qiagen) (Eurofins MWG/Operon Inc., Banglore). The
sequences were analyzed using ChromasLite 2.01 software
for editing. The sequence homology was searched against
publically available database using BLAST algorithms
(http://www.ncbi.nlm.nih.gov/Blast.cgi) (Altschul et al.,
1997). Gene specific relatedness was established with the
FBD symptoms and published reports to annotate
pathways involved in development of floral abnormality.
The placement of TDFs in CDS regions of predicted gene
structure was done using FGENESH (http://
linux1.softberry.com/berry.phtml) an in-silico tool.

In silico protein Interaction and sub cellular localization

The available soybean databases (Phytozome,
SoyBase and NCBI) were used to anchor identified TDF
sequences generated on chromosomes of G. max. This was
done to identify their distribution, relative position and
abundance in the genome. The exact locations of TDFs
were determined using MegaBLAST tool producing at
least 80per cent identity (Soares-Cavalcanti et al., 2012).

RESULTS AND DISCUSSION

Survey, symptomatology and diagnosis
The floral bud distortion (FBD) is a peculiar

disorder occurring in soybean growing regions. The
symptoms of FBD does not resemble with any of the
documented soybean disease, pest or disorder. The
principal symptoms exhibited by symptomatic plant were
the normally growing plant without pod and prolonged
vegetative phase. Secondly these plants were found
randomly distributed in the field. The FBD exhibited
decreasing apical dominance and distorted floral organs
i.e. petals, stamens, carpel and ovary, leading to failure of
pod development on affected plants (Jadhav et al., 2013).

The average incidence was varied from 8.0 to
14.6per cent with severity of 2.0-90.0 per cent in different
parts of the states surveyed. During Kharif-2010, the
highest incidence of 80per cent was recorded in fields of
the village of Simriya and Karakbail located in Narsimhapur
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district of Madhya Pradesh. However, during Kharif-2011,
the entire field was severely affected in the village of
Hadgaon (>80%) in Akola district of Maharashtra, followed
by the village Borgaon Bujrug (>50%) of Pandana Tahasil
(MP). In adjoining parts of Karnataka, average incidence
was found in both the seasons. The incidence was
observed irrespective of soybean genotype grown under
surveyed regions.

Individual as well as mixed presence of TSV and
GBNV was found in symptomatic plants. However, two
samples were found positive for the presence of
phytoplasma in nested PCR reaction. Mixed infections
leads to more severe symptoms in the field samples
(Balogun et al. 2002). Further observations were clustered
according to the titer of virus (es) and PCR results were
correlated with the symptomatology. The symptomatic
plants were categorized in to four different group on the
basis of diagnosis as follows:

SN Presence of Major symptoms recorded
 pathogen

1 TSV Reduced plant height and less
number of necrotic pods along
with typical FBD symptoms

2 GBNV Thick green stem, plant height
along with typical FBD symptoms

3 TSV and GBNV Thick green stem, plant height
along with typical FBD symptoms

4 Phytoplasma Virescence, abnormal pods,
thickening and green stem
appearance

Reproductive Biology

Floral reproductive organs, pollen and stigma of
symptomatic and asymptomatic plants were evaluated for
their morphology, pollen count, vigor, viability,
germinability and receptivity. A significant difference was
observed in all the parameters studied. Pollen count per
microscopic field was significantly reduced in
symptomatic plants as compared to asymptomatic plant.
Interestingly, the pollen grains were structurally distorted
in symptomatic plants. Whilst in asymptomatic plants
relatively high number of spherical round pollens were
recorded. The pollen grains of symptomatic plants were
found structurally distorted as compare to asymptomatic
plants. It indicates pollen dysfunction is a prime cause
associated with the disorder in soybean, hindering
pollination and fertilization in symptomatic plants.

Fig. 1. Cytological behavior of FBD in symptomatic and
asymptomatic plant
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Fig. 2.  Tissue wise hierarchical clustering and distribution of TDFs

Similarly, reduced pollen viability (<34%) and
germinability (15.75%) along with abnormal exine was
found in symptomatic plant. However, stigmas were knob-
shaped and found receptive in both symptomatic and
asymptomatic plants (Figure 1).

Biochemical profiling

Two soybean genotypes, JS-335 and TAMS-38
were analyzed for biochemical profiling.  Significant
differences were observed in estimates of carbohydrate,
protein, proline and chlorophyll in symptomatic and
asymptomatic plants of both the genotypes.  The levels of
the biochemical parameters were found progressively
increased in  symptomatic plants as compare to
asymptomatic (Table 1). Excess protein, carbohydrate
content and total chlorophill pigments in symptomatic
plants may be due to one of three possible reasons i.e. i)
extended vegetative phase; ii) altered source: sink relation
(where no sink available to deposit); iii) and presence of
virus titer and / or combination of all of these factors.

Further, HPLC analysis revealed two prominent
peaks at 3.42 and 3.66 minutes in symptomatic tissue.
Whereas, FTIR produced additional spectra at 2973.98
cm-1 and 1654.71 cm-1 in case of symptomatic sample.
This represents differences in metabolites and hence,
differentially expressed molecules in the samples.

Molecular Attributes

cDNA synthesis and decamer profiling

The quantified cDNA of three tissues (leaf bud
and node) from symptomatic and asymptomatic plants was
profiled using 60 decamere primers.  Altogether, 47
primers produced reproducible and scorable profiles
yielding 197 scorable amplicons. Only 26 TDFs were
found differentially regulated, amongst them 15 were
found completely polymorphic and 11 showed differences
in their intensity derived values (IDV). Using Jaccards
Coefficient, tissues were distributed in 2 major groups (A
and B) as showed in dendrogram. Group ‘A’ represents
all 3 tissues (leaf, pod and node) of the asymptomatic plant
along with transcripts generated in leaf tissues of
symptomatic tissue. While group ‘B’ is made up of
remaining symptomatic tissues (pod and node) (Fig. 2).

Sequencing and BLAST homology

Sequenced data of 9 differentially expressed
TDFs (leaf, pod and node) generated was analyzed using
in silico tool for structural and functional characterization
(Table 2). The possible role of TDFs is discussed in
relation to FBD comparing with regulatory transcriptomes
available in database. Amongst nine, 4 sequences showed
homology with annotated proteins (Figure 3) and 5 were
found as uncharacterized proteins.

Table 1.  Biochemical contents in symptomatic and asymptomatic plants

Biochemical
component              TSS/ Carbohydrate                  Protein                          Proline                Total chlorophyll

Genotype TAMS 98-21 JS 335 TAMS 98-21 JS 335 TAMS 98-21 JS 335 TAMS 98-21 JS 335
Asymptomatic 1.06 1.11 6.13 6.71 0.298 0.297 1.59 1.46
Symptomatic 2.31 1.80 14.98 14.59 0.306 0.302 3.41 3.15
Fold increase 2.19 1.61 2.23 2.38 1.025 1.014 2.14 2.15

Note: Experimental valued are mean of three replications
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sequence at 5'-TGTCTC-3' located in the auxin-responsive
promoter elements (AuxREs). It is involved in overall plant
development, phase transition from vegetative to
reproductive and environmental signaling pathways. In
silico interactome studies explored its interaction with
other transcription factors like ARF6 (Auxin response
factor 6), TIR1 (Transport inhibitor response 1) and MP
(Monopteros).

In silico protein interaction

Deciphering the interaction links between
proteins is needed to understand their comprehensive role
in cellular mechanisms. Here, four characterized hits listed
involved in plant developmental processes are mentioned
in table Table 2, Figure 4 (Sr. No. 1, 3, 4, 7). i) The ARF9
(Auxin response factor 9; LOC 100799088) is a
transcriptional factor that binds specifically to the DNA

Fig. 3 : Prediction of location OPF19SyP_300 partial sequence on L-ASNase gene in Glycine max.In silico protein
interaction

Fig.  4. Network of Protein interaction between ARF09 with other plant proteins
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In silico interactome studies showed interaction
of DDL with “Dicer-Like 1” protein which is expressed in
flowers, seeds, ovule integuments, inflorescence and floral
meristems, stigma of flowers and embryo. Other interacting
protein “Hyponastic Leaves 1” (HYL1) is characterized
by shorter plant height, delayed flowering, leaf hyponasty,
reduced fertility, decreased rate of root growth, and an
altered root gravitropic response.

It also exhibits less sensitivity to auxin and
cytokinin. Amongst other interacting proteins, some are
with unknown functions but majority are having known
functions viz., DNA/RNA/protein/ion binding, splicing or
mRNA maturation, PTGS in circadian clock and flowering
time genes, protein folding and pathogen response.

L-Asparaginase type 2-like enzymes are
important for nitrogen remobilization and seed production.
Asparaginase has been shown to be important for stress
response in soybeans. In silico interactome of “L-
ASNase” protein revealed interactions with ubiquitin-
protein ligase activity, protein binding, zinc ion binding;
ubiquitin-dependent protein catabolic process and located
in nucleus. Few very recent articles described that, PPR
proteins act directly or indirectly on RNA. Most proteins
of this family localized in either mitochondria or plastids
(Lurin et al., 2004). Bentolila et al., (2002) reported PPR
containing gene restores fertility to cytoplasmic male-
sterile plants.

In Petunia fertility restorer gene product is
composed of 14 repeats of the 35-aa penta-tricopeptide
repeat motif. In silico interactome analysis of PPR with
other plant proteins revealed its role in DNA repair and in
cell-cycle control, heavy-metal-binding, stress response
and ion binding ability. Alterations in above said gene
expressions may leads to cause major morphological
alterations similar to that observed in FBD.

Sub cellular protein localization
Uncharacterized sequences from Table 2, Sr. No.

2, 5, 6, 8 and 9 were submitted to in silico tool for sub-
cellular localization and possible functional understanding
(Table 3).
 Amongst TDFs, OPA-16-AllAs Partial (down regulated)

derived un-annotated protein showed most relevant
hit with Glucose-6-phosphate isomerase. It is involved
in various pathways viz., Carbohydrate degradation;
glycolysis; D-glyceraldehyde 3-phosphate and
glycerone phosphate from D-glucose. Also found in
defense response to fungus, incompatible interaction

(Mukherjee, 2010). This may correlate with the
increased carbohydrate content in the symptomatic
plant found during biochemical investigation.

 The representative of “OPF-19-400-B-Partial” (up-
regulated) an un-annotated protein revealed its
possible localization in nuclear region. Most relevant
hit revealed its identity with ID: SPI7_SOLTU found as
a serine protease inhibitor-7 of Solanum tuberosum
(Potato). It acts as trypsin inhibitor (serine protease).
This protects the plant by inhibiting proteases of
invading organisms (Maganja, et al., 1992). Another
relevant ID GAS2_ARATH was found to be identical
with Gibberellin-regulated protein that have possible
role in signaling as well as hormone controlled
developmental processes such as seed germination,
flowering and seed maturation (Herzog et al., 1995).

 Protein representative of “OPD15-400-A-Partial” (down
regulated) found at nuclear region. This showed
relatedness with transcriptional repressor subunit
LEUNIG in Arabidopsis thaliana. This transcriptional
repressor is a subunit of the SEU-LUG is a
transcriptional co-repressor of the ‘C’ class floral
homeotic gene AGAMOUS act during the early stages
of floral meristem development. Also interact together
with APETALA2 and SEUSS to repress AGAMOUS
expression. It plays a role in ovule and pollen
development. Subunits interact with AGL24-AP1 and
SVP-AP1 dimers, and possibly with SEP3, especially
when composited with SEU. It also interacts with
MED14, HDA19 and CDKE-1 (Sridhar et al., 2004). This
is associated with symptoms like abnormal floral, pollen
and no ovule development in case of FBD.

 The “OPD12-A-250-Partial” and “OPD13 A-Partial”
TDF was found to be down regulated in the present
investigation. The in silico studies showed it’s
localization in Cytosol region. Most relevant hit was
found with ID: ALF_ORYSA reported as a Fructose-
bisphosphatealdolase cytoplasmic isozyme Oryza
sativa subsp. japonica (Rice). The isozyme is involved
in carbohydrate degradation; glycolysis; D-
glyceraldehyde 3-phosphate and glycerone phosphate
from D-glucose. Another candidate ID: FER_SOLAB
revealed relatedness with ferredoxins in Solanum
abutiloides which are iron-sulfur proteins that transfer
electrons in a wide variety of metabolic reactions (Mino
et al., 2003). In case of FBD plants, this links with
increased carbohydrate content than the asymptomatic
plant.
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Table  3. Predicted functions and localization of un-annotated sequences subjected to sub-cellular localization tool
SN TDF Regulation Homology In silico prediction- function/relevant hit Sub-cellular

localization

1 OPA-16-All Down Uncharacterized Glucose-6-phosphate isomerase and Cytosol

As Partial transcript Carbohydrate degradation

2 OPF-19-400- Up Hypothetical serine protease inhibitor-7and Nuclear
B-Partial protein Gibberellin-regulated protein

3 OPD15-400- Down Hypothetical SEU-LUG a transcriptional co-repressor of Nuclear

A-Partial protein the ‘C’ class floral homeotic gene and

reproductive development

4 OPD12- Down Hypothetical Fructose-bisphosphatealdolase cytoplasmic Cytosol

A-250-Partial protein isozyme and Carbohydrate degradation

5 OPD13 A- Down Uncharacterized Ferredoxins which are iron-sulfur Cytosol
Partial protein proteins that transfer electrons

Virtual Karyotyping of TDFs

Identified TDF sequences generated were anchored on G. max virtual chromosomes revealed their distribution, relative
position, and abundance (Soares-Cavalcanti et al., 2012). The generated virtual karyotype of TDFs sequence in 20
chromosomes is as depicted in Figure 5 and Table 4.

Table 4. Details of Virtual Karyotyping of TDFs

SN Name assigned Alleles found Chromosome no.

1 OPA-03-SyP_475_partial 3 1,7,18

2 OPA-16-AllAs_Partial 1 2

3 OPD-12_700B_partial 2 7,13

4 OPF-19SyC -300_Partial 2 4,6

5 OPF-19-400-B_Partial 2 4,6

6 OPD-15-400-A_Partial 5 2,5,10,15,18

7 OPF-12-400-A_S_Partial 3 6,11,13

8 OPD-12-A_250_Partial 11 3,4,5,6,7,8,10,12,13,17,19,20

9 OPD-13 A_Partial 6 1,2,6,10,11,14

CONCLUSION

Pollen grains in FBD were found reduced in
number, viability and germination ability along with
abnormal exine and wrinkled pollen shapes. Diagnosis
showed presence of TSV and GBNV and phytoplasma in
FBD plants. All biochemical tested (TSS, chlorophyll,
protein, proline) revealed increase their content in
symptomatic plants as compared to asymptomatic. Fourier
transform infrared spectroscopy (FTIR) analysis revealed

two prominent spectra at 2973.98 cm-1 and 1654.71 cm-1 in
symptomatic sample. Differential expression study
revealed five uncharacterized and four annotated
sequences. Annotated sequence (ARF9, FHA, L-ASNase
and PPR) were further analyzed for their interactions with
other plant proteins. These are involved in regulation of
overall plant development (ARF9), plant height, delayed
flowering, leaf hyponasty and reduced fertility (FHA),
Nitrogen remobilization and seed production, stress
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response (L-ASNase) and fertility (PPR) in soybean. Un-
annotated proteins also showed most relevant hit with
proteins involved in carbohydrate degradation and defense
response, reproductive development etc. These findings
successfully generated insights on morpho-cytological,
physiological, biochemical and molecular basis of FBD.
In this study, although limited numbers of TDFs were
obtained, interesting and relevant genes were derived
which showed their association with Floral Bud Distortion.
This information could provide a baseline for future
studies towards determination of functionally important
genes involved in floral development.
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Safflower (Carthamus tinctorius L.) is usually
considered to be a self-pollinated crop. Classen (1950),
however, reported cross pollination ranging from zero to
100 per cent although in most of the plants he used, the
detectable crossing ranged from 5 to 40 per cent. Safflower
is traditionally grown for its flowers which were used for
colouring, flavuoring and making dyes. The medicinal use
of flower in China has become known to the rest of the
world in last five years. Safflower has been gaining
importance in recent years, in several parts of the country,
because of its superior adaptability under drought
conditions. Besides, it contains 30per cent oil in Indian
varieties. Safflower oil is preliminary used for cooking.
The oil contain high amount of linoleic acid (76%), which
is very useful for patients suffering from heart diseases.
The unsaturated fatty acids of safflower lower the serum
cholesterol (Nimbkar, 2002)

India is one of the major safflower producers in the
world, contributing to as much as 68 and 60per cent of the
world’s acreage and production, respectively. However,
the average productivity of 579 kg ha-1 and oil content of
30-32 per cent could be considered quite low as compared
to the 1300 kg ha-1 seed yield and 40 per cent seed oil
obtained elsewhere. Safflower acreage and production
around the world has been witnessing wide fluctuations
since last two decades. The crop is grown in an area of
6.91 lakh ha, with a production of about 6.15 lakh tonnes
in more than 60 countries worldwide. The safflower

improvement programme in India was started in 1931 and
N-630, the first variety was released in 1940. In India 25
varieties and five safflower hybrids were released in last
four decades viz. DSH-129, MKH-11, NARINH-1, MRSA-
521 and NARI-H-15. These varieties have the genetic
potential to give yield of 15-20 q ha-1 with oil content of
about 30 per cent under optimal condition. However
attempts to further improve the yield and oil content were
not successful for the last four decades. Similarly there is
no breakthrough in the improvement of oil content in the
last seven decades. This is mainly due to the use of
pedigree selection technique in population derived from
two line crosses, negative correlation between seed yield
and oil content. The conventional breeding methods have
been very useful only for recombining simple inherited
characters. Therefore, these conventional breeding
methods have not been very efficient for improving
quantitatively inherited characters like seed yield, oil
content, tolerance to stresses and horizontal resistance
to diseases and insects. Moreover, the crossing and record
keeping procedure are often both money and time
consuming for the rate of progress attained. Conventional
method have several limitations such as limited use of
available genetic variability resulting in the development
of varieties with a narrow genetic base, successive loss
of genes in the segregating generation with no chance of
recombination for genes linked for yield and oil content
(Jensen, 1970). These limitations can be over come by

Genetic Studies of Half Sib Families in Random Mating Population of Safflower

G. M. Kurhade1, S. U. Charjan2 and B. H. V. Prasad3

ABSTRACT
The present study was undertaken to determine the expected genetic gain for seed yield and its components from

half-sib selection method, to assess the effect of intermating on genetic correlation and to assess the frequency of half-sib
families significantly superior over Bhima, A1, AKS-207 and AKS-68. The 105 half-sib families were evaluated in rabi
2011 along with four check varieties. Expected genetic advance was 42.48 per cent and 48.23 per cent at 10 per cent
selection intensity over population mean and Bhima respectively for the seed yield plant-1. Days to 50 per cent flowering
and maturity exhibited negative correlation with seed yield plant-1 indicating breaking of positive correlation to negative
correlation. Therefore, selection of high yielding families with early maturity is possible. Number of primary branches
plant-1, number of capitula plant-1 and number of seed capitulum-1 were positive and significantly correlated with seed yield
plant-1. This indicate that the half-sib recurrent selection is effective for increasing population mean and extraction of
superior recombinant lines better than check varieties. Fifteen half-sib families i.e. (HS-14, HS-25, HS-48, HS-62, HS-
63, HS-73, HS-76, HS-81, HS-82, HS-83, HS-85, HS-96, HS-97, HS-101 and HS-102) were identified as significantly
superior half-sibs over Bhima, A1, AKS-207 and AKS-68 based on seed yield plant-1 and number of capitula plant-1.

1& 3. P. G. Students  and  2.   Assistant Professor, Agril. Botany Section, College of Agriculture, Nagpur
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application of recurrent selection method in self pollinating
crops including Safflower. Considering the above facts
this study was taken with the objectives, to determine the
expected genetic gain for seed yield and its components
from half-sib selection method t o assess the effect of
intermating on genetic correlation and to asses frequency
of half-sib families significantly superior over check Bhima,
A1, AKS-207 and AKS-68.

MATERIAL AND METHODS

The experimental material consisted of Safflower
population developed by crossing HUS-MS-305 and 62
male parents out of which 25 crosses were developed at
AICRP, Akola, 25 crosses at AICRP, Solapur and 12
crosses were developed at Botany Section, College of
Agriculture, Nagpur during 2008.The F1s

 were raised in
2009 in respective research stations and equal amount of
F1s

 seeds were mixed and base population was constructed.
The base population was raised in 2010 and composited
to form random mating population. Half sib seed were
harvested from individual male sterile plants. 105 families
were developed from random mating population. These
105 half-sib families developed were grown in Rabi 2011
along with check viz. Bhima, A1, AKS-207 and AKS-68
for evaluation in augmented block design with five blocks.
Each block consisted of 21 half-sibs and 4 checks. Row
to row and plant to plant spacing was maintained as 45 x
20 cm. The recommended packages of practices were
followed to raise good crop. The data were recorded on
five competitive fertile plants from each family on seven
characters viz., plant height (cm), number of primary
branches plant-1, number of capitula plant-1, number of
seeds capitulum-1, 100 seed weight (g), oil content (per
cent) and seed yield plant-1 (g) except days to 50per cent
flowering and days to maturity for which data was
recorded on plot basis. The mean data of five observational
plants from each family were used for following statistical
analysis analysis of variance for experimental design as
suggested by Federer (1961) and estimation of family
components, estimation of heritability in narrow sense,
estimation of expected genetic advance and estimation of
simple correlation as suggested by Hallauer and Miranda
(1989).

RESULTS AND DISCUSSION

Analysis of variance and mean performance of
half-sib families: The analysis of variance for the half-sib
families were estimated for nine character viz. days to 50

per cent flowering, plant height, days to maturity, number
of primary branches plant-1, number of capitula   plant-1,
number of seed capitulum-1, 100 seed weight, oil content
and seed yield plant-1 and presented in Table 1. The mean
squares due to half-sib families were significant for all the
characters except days to maturity, number of primary
branches plant-1 and 100 seed weight indicating existence
of substantial genetic variability among half-sib families
for six characters i.e. days to 50per cent flowering, plant
height, number of capitula plant -1, number of seed
capitulum-1, oil content and seed yield plant-1 after one
cycle of recurrent selection. The basic objective of all
recurrent selection method is to increase the frequency of
favorable genes in a population so that the opportunities
to extract superior genotypes are enhanced.

Maximum, minimum, range and mean values of
agronomic characters were measured on 105 half-sib
families and presented in Table 2. In the present study,
the days to 50 per cent flowering ranged from 91 to 109
days with mean value of 96.60 days. Plant height ranged
from 88.8 to 144 cm with mean height of 113.37 cm.
Number of capitula plant-1 ranged from 17.8 to 80.2 with
mean of 39.22. Number of seeds capitulum-1 ranged from
20.0 to 57.8 with 38.86 mean. Seed yield plant-1 ranged
from 15.62 to 78.90 g with mean seed yield of 50.80 g.
Oil content ranged from 24.7 to 31.63 per cent with 28.33
per cent mean oil content. The maximum range was
recorded by seed yield plant-1 (63.28 g) followed by
number of capitula plant-1 (62.4), plant height (55.2 cm),
days to maturity (41), number of seeds capitulum-1(37.8),
days to 50per cent flowering (18), number of primary
branches plant-1 (10.4), oil content (6.93 per cent) and
100 seed weight (3.72 g) indicating considerable amount
of genetic variance in random mating population which
will facilitate selection of superior families. These results
revealed that characters like seed yield plant-1, number of
capitula plant-1 and plant height showing maximum range
in the 105 half-sib families studied can be considered as
traits for selecting superior families. In accordance to these
results Deshmukh (2009), Gawande (2010) and Awchar
(2011) also reported the importance of seed yield plant-1

and number of capitula plant -1 for selecting superior
families based on means and range. Mean values of half-
sib families when compared with check varieties, upper
limit values of half-sib families for all the nine characters
studies were found to be higher than the best check variety
for the respective characters. This indicates the availability
of promising half-sib families superior than check. Hence
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the half-sib families can be subjected to selection of
superior families for the above mentioned characters i.e.
seed yield plant-1, number of capitula plant-1 and plant
height if these traits also record a good extent of
heritability and genetic advance.

Half- sib family components of variance and
heritability: The estimates of half- sib family components
of variance and heritability for each agronomic trait were
calculated and presented in Table 3. For recurrent selection
programme, significant and large genetic variation among
half-sib families is prerequisite. The genetic variance
among half- sib families (2

A.) and additive variance (2
A.)

was high for seed yield plant-1 (219.95 and 879.80)
followed by number of capitula plant -1 (114.37 and
457.48), plant height (82.37 and 329.48), number of seeds
capitulum-1 (41.27 and 165.08), days to maturity (22.85
and 91.40), days to 50 per cent flowering (11.60 and
46.40), number of primary branches plant-1 (3.03 and
12.12), oil content (2.23 and 8.92) and 100 seed weight
(0.50 and 2.00) respectively. The high genetic variance
among half-sib families were also reported by Reddii
(2002), Mummaneni (2003), Naole (2004), Panchbhai
(2004), Goyal (2006), Metker (2008), Gawande (2010),
Chapade (2010) and Awchar (2011) in random mating
population of safflower. Estimates of heritability in
safflower populations segregating for genetic male sterility
are useful in determining the best method of selection to
improve the population for specific traits. The most
important function of heritability in determining the best
method of selection to improve population for specific
traits and the genetic study of quantitative traits in its
predictive role, expressing the reliability of the phenotypic
value as a guide to the breeding value. In the present study
the narrow sense heritability estimates on family mean
basis were high for oil content (0.99) followed by plant
height (0.88), number of capitula plant-1 (0.81), days to
50 per cent flowering (0.77), seed yield plant-1 (0.68),
number of seed capitulum-1 (0.65), number of primary
branches plant-1 (0.64), 100 seed weight (0.56) and days
to maturity (0.54) respectively. High estimates of
heritability were also reported in random mating
population of safflower for several agronomic traits like
days to 50 per cent flowering, plant height, days to
maturity, number of primary branches plant-1, number
capitula plant-1, number of seed capitulum-1 , 100 seed
weight and seed yield plant -1 by Reddii (2002),
Mummaneni (2003), Naole (2004), Goyal (2006),

Pavithran (2007), Metker (2008), Gawande (2010) Chapade
(2010) and Awchar (2011).

Expected genetic advance with half-sib selection: The
expected genetic advance per cycle from single trait
selection using half-sib family selection and expected
genetic advance expressed as per cent of population mean
are presented in Table 4. Genetic advance is a measure of
expected progress under selection and it depends on the
magnitude of genetic variance, heritability and selection
intensity. The information about magnitude of genetic
variance and heritability can be used in ascertaining the
possibility of extracting superior progenies for use in the
development of superior safflower varieties. The expected
genetic advance from single trait selection at 5 and 10
per cent of half-sib families was high for seed yield
plant-1 (25.26 and 21.58 respectively), followed by
number of capitula plant-1 (19.87 and 16.98), plant height
(17.62 and 15.05), number of seeds capitulum-1 (10.72
and 9.16), days to maturity (7.29  and 6.23), days to 50
per cent flowering (6.17 and 5.27), oil content (3.07 and
2.62), number of primary branches plant-1 (2.88 and 2.46)
and 100 seed weight (1.09 and 0.93). The expected genetic
advance expressed as per cent of population mean at 5
and 10               per cent was highest for number of capitula
plant-1 (50.66 and 43.29) followed by seed yield plant-1

(49.72 and 42.48), number of primary branches plant-1

(32.32 and 27.60), number of seeds capitulum-1 (27.58
and 23.57), 100 seed weight (20.52 and 17.51), plant
height (15.54 and 13.27), oil content (10.83 and 9.24),
days to 50per cent flowering (6.38 and 5.45) and days to
maturity (5.33 and 4.55).

The expected genetic advance expressed as per
cent over Bhima at 5 and 10 per cent selection intensity
was highest for seed yield plant -1 (56.45 and 48.23)
followed by number of capitula plant-1 (46.20 and 39.48),
number of primary branches plant-1 (30.18 and 25.78),
number of seed capitulum-1(30.01 and 25.64), 100 seed
weight (23.90 and 20.39), plant height (16.20 and 13.84),
oil content (10.56 and 9.01), days to 50 per cent flowering
(6.48 and 5.53) and days to maturity (5.35 and 4.57)
respectively. The expected genetic advance from single
trait selection, expressed as per cent of population mean
and over check Bhima revealed the importance of seed
yield plant-1 and number of capitula plant-1 as they
exhibited maximum genetic advance. The heritability in
narrow sense for these two characters was 68 per cent
and 81 per cent, respectively. Hence, selection of

Genetic Studies of Half Sib Families in Random Mating Population of Safflower
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5 per cent or 10 per cent superior half-sibs based on seed
yield plant-1 and number of capitula plant-1 will definitely
result in improved performance in the next cycle.

In accordance to this study in safflower, Reddii
(2002) reported 11.51, 9.48 and 7.82 per cent genetic
advance in seed yield plant-1 and 13.45, 11.49 and 11.31
per cent genetic advance in number of capitula plant-1 at
5, 10 and 20 per cent selection intensity in random mating
population of safflower after one cycle of recurrent
selection. The expected genetic advance obtained from
second cycle of recurrent selection was 28.8, 23.99 and
19.08 per cent in seed yield plant-1 and 29.19, 24.94 and
19.83 in number of capitula plant-1 at 5, 10 and 20 per
cent selection intensity as reported by Naole (2004). In
third cycle Goyal (2006) reported 49.49, 42.29 and 33.64
per cent genetic advance in seed yield plant-1 and 30.67,
26.20 and 20.84 in number of seed capitulum-1 from 5, 10
and 20 per cent selection intensity. Deshmukh (2009)
reported expected genetic advance as 39.68 per cent and
45.68 per cent at 10 per cent selection intensity over
population mean and Bhima respectively for seed yield
plant-1 and 27.52 per cent and 28.02 per cent for capitula
plant-1 after one cycle of recurrent selection. Gawande
(2010) reported that expected genetic advance was 28.88
per cent and 22.78 per cent at 10 per cent selection
intensity over population mean and Bhima respectively
for seed yield plant-1 and 8.86 per cent and 8.37 per cent
for number of capitula plant-1 after third cycle of recurrent
selection. Awchar (2011) reported 60.95, 52.10 and 41.40
per cent genetic advance in seed yield plant-1 and 16.65,
14.24 and 11.33 per cent in number of capitula plant-1 at
5, 10 and 20 per cent selection intensity for mean
population. The genetic advance over Bhima at 5, 10 and
20 per cent selection intensity was 46.22, 39.51 and 31.40
respectively and for number of capitula plant-1 was 15.78,
13.51 and 10.74 respectively after third cycle of recurrent
selection. This clearly indicates the accumulation of
favourable genes for yield and important yield component
number of capitula plant-1. The present study on recurrent
selection in safflower population segregating for genetic
male sterility also indicated that the improvement in seed
yield and its components can be obtained by adopting half-
sib family testing and selection.

Simple correlations: The recurrent selection experiments
are mainly designed and conducted for improving seed
yield plant-1. However, this does not mean that other traits
are unimportant. The simple correlations among different

traits were estimated and presented in Table 5. In the
present study, days to 50 per cent flowering exhibited
significant and negative correlation with number of
capitula plant-1 (-0.26**), 100 seed weight (-0.21*) and
seed yield plant-1(-0.25**) and also exhibited significant
and positive correlation with plant height (0.30**). Plant
height exhibited significant and positive correlation with
days to maturity (0.22*) and oil content (0.26**). The
number of primary branches plant-1 exhibited significant
and positive correlation with number of capitula plant-1

(0.72**) and seed yield plant-1 (0.60**). Number of
capitula plant -1 exhibited significant and positive
correlation with seed yield plant-1 (0.78**). Number of
seed capitulum-1 showed that significant and negative
correlation with 100 seed weight (-0.40**) and exhibited
significant and positive correlation with seed yield plant-

1 (0.23*). 100 seed weight exhibited significant and
negative correlation with oil content (-0.28**). Days to
maturity (-0.17) and oil content (0.14) showed non
significant correlation with seed yield plant-1.

In the present study, days to 50 per cent
flowering and days to maturity exhibited negative
correlation with seed yield plant-1 indicating breaking of
positive correlation to negative correlation. Therefore,
selection of high yielding families with early maturity is
possible.

Mummaneni (2003) reported positive and
significant correlation for days to 50 per cent flowering
(0.875**), plant height (0.865**), days to maturity
(0.879**), number of primary branches plant-1 (0.672**)
and number of capitula plant-1 (0.802**). Naole (2004)
also reported significant and negative correlation between
seed yield plant-1 and days to maturity (-0.377**) showing
that unfavorable gene combination can be broken by
recurrent selection. Goyal (2006) reported in random-
mating population of safflower that seed yield plant-1

exhibited positive and significant correlation with days
to maturity (0.316**). Deshmukh (2009) reported that
days to 50 per cent flowering (-0.21**) and days to
maturity (-0.07) had negative correlation with seed yield
plant-1 indicating breaking of positive correlation to
negative correlation. This study on correlation and reports
mentioned above will facilitates selection of recombinant
lines with high yield and earliness.

Identification of promising half-sib families:- The
objective of any recurrent selection method is to increase
the frequency of desirable genes thereby increase the

Genetic Studies of Half Sib Families in Random Mating Population of Safflower
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frequency of lines than check varieties. In the present
study out of 105 half sib families eight half-sib families
(HS-14, HS-25, HS-40, HS-73, HS-81, HS-83, HS-96 and
HS-97) were significantly superior over check Bhima, A1,
AKS-207 and AKS-68 for seed yield plant-1 and ten half-
sib families (HS-62, HS-63, HS-73, HS-76, HS-81, HS-82,
HS-85, HS-96, HS-101, and HS-102) were significantly
superior over checks for number of capitula plant-1and are
presented in Table 6. Half-sib HS-96, HS-73 and HS-81
were observed to be significantly superior over check for
both the important character. The half-sibs which were
superior for number of capitula plant-1 alone also reported
seed yield plant-1 higher than the check though not
significant. Hence, the remnant seeds of    all the fifteen
selected half-sib families will be used for recombination
cycle in next season.
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Maize (Zea mays L.) is the third most important
cereal grain in the world after wheat and rice. Maize is of
American origin, particularly Mexico. Maize belongs to
family Poaceae also called as Graminae and subfamily
Panicoideae. Wild species of maize are Zea mexicana (2n
= 20), Zea perennis (2n = 40), Zea luxurians (2n = 20),
Zea diploperennis (2n = 20). Maize is monoecious plant,
highly cross pollinated species. It is also one of the first
plant species identified to photosynthesize by C4 path way
with high yield potential. (Dass et al., 2010) Maize kernel
contains about 77 per cent starch, 2 per cent sugar, 5  per
cent  protein, 2 per cent  ash  on a   water free basis, 5 per
cent  pentosan and 5 per cent oil. It has more than 1000
industrial uses and mainly used for production of starch
due to its high starch content (77 per cent). Maize is not
only  used  as  food,  feed  and  fodder  but  also  used  for
some five hundred different industrial  purposes for
manufacturing viz. starch, alcohol, acetic acid, glucose,
paper, furfural, rayon, dyes, synthetic rubber and resin
etc.

Maize being a cross-pollinated crop there is wide
scope for the development of single cross hybrids and
varieties.The invention of heterosis phenomenon, the
development of hybrid breeding technology and successful
commercial exploitation of heterosis in maize are
considered to be significant achievements and land marks
in the history of biological sciences in the present century.
Maize being a versatile crop, in order to harness its yield
potential several genetic and  agro-technique improvement
strategies have been used in the past and present viz., single
crosses, three way crosses, double crosses, varietal
hybrids, multiple hybrids, composites, synthetics and

populations etc. These techniques are feasible to maize
growing farmers for commercial cultivation by virtue of
the crop being a highly cross pollinated species.
Considering the above fact present investigation was
undertaken to study heterosis in maize.

MATERIAL AND METHODS

Four females were crossed with eight males to
produce 32 (4 females x 8 males) single crosses in rabi
2012-13. These 32 crosses along with twelve parents and
one check (Rajarshi) were grown in Kharif 2013 in
Randomized Complete Block design in two replications
with the spacing of 60 cm x 20 cm, accommodating 15
plants in each row for the estimation of heterosis.
Recommended package of practices were followed to raise
a good crop. The data were recorded on five randomly
selected plants from each genotype for the following
characters i.e days to 50 per cent tasseling, days to 50per
cent silking, days to maturity, plant height, length of
internode, cob length, number of grains cob-1, 100 grain
weight, grain yield plot-1 and fodder yield plot-1 . The
analysis of variance for experimental design was analysed
by the method given by Panse and Sukhatme (1954). The
magnitude of heterosis was calculated by mean
performance of F1 over the parent and useful heterosis
was calculated as the deviation of F1 over check variety
(Shull, 1908).

RESULTS AND DISCUSSION
Data regarding mean squares due to parents,

crosses and parents vs. crosses are presented in table 2.
Mean squares due to parents were found to be highly
significant for days to 50 per cent tasseling,  days to

Heterosis for Yield and Yield Contributing Characters in Maize

A. T. Nartam1, M. K. Moon2, S. A. Sapkal3, S. R. Patil4 and B. H. Dandade5

ABSTRACT

Thirty two F1 crosses obtained by crossing four females and eight males in a line x tester fashion were used to assess
the possibility of estimating the amount of heterosis for yield and yield components. Thirty two crosses and twelve parents
along with  check Rajarshi were raised in Kharif 2013-14 and observations on days to 50 per cent tasseling, days to 50 per
cent silking, days to maturity, plant height, lenght of internode, cob length, cob girth, number of grains cob-1,100 grain
weight, grain yield plant-1, grain yield plot-1 and fodder yield plot-1 were recorded. Heterosis was recorded for all the
characters studied. Among the crosses NM-32-1-1 x NM-62-4-1 and NM-32-1-1 x NM-60-4 were identified as best
crosses on the basis of high per se performance, high significant useful heterosis and high significant sca effect in the
desirable direction. Hence, these two crosses identified could be directly used for heterosis breeding in maize.
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50 per cent silking, days to maturity, cob length, number
of grains cob-1, 100 grain weight, grain yield plant-1 and
grain yield plot-1. This expressed the presence of significant
variability among the parents. Significant mean squares
for crosses were recorded for days to 50 per cent tasseling,
days to 50 per centsilking, days to maturity, length of
internode, cob length, number of grains   cob-1, 100 grain
weight, grain yield plant-1 and grain yield plot-1.. All the
characters studied except fodder plot-1 revealed significant
difference among the crosses. The presence of significant
difference among parents and crosses revealed the choice
of exploiting of heterosis for the above characters. The
mean squares due to interaction effects of parents vs.
crosses were found to be significant for days to 50
per cent tasseling,  days to 50 per cent silking, days to
maturity, plant height, length of internode, cob girth, 100
grain weight, grain yield plant-1 and grain yield plot-1 except
cob length, number of grain cob-1 and fodder yield plot-1.
This indicated that the parents chosen were diverse and
were with a different genetic background, and revealed
the presence of average heterosis due to the significant
differences in the mean performance of hybrids and
parents. This result also revealed the suitability of data
for estimation of heterosis. In accordance with these
results, Wali et al. (2010), Premlatha and Kalamani (2010)
and Patil (2011) has reported significant mean squares
for parent vs. crosses for all the characters studied
in maize.

The results on per se performance revealed that
the cross   NM-32-1-1 x NM-62-4-1 was found to be
significantly superior over  check Rajarshi for grain yield
plant-1, grain yield plot-1, numbers of grains cob-1, days to
maturity. Similarly the cross NM-32-1-1 x NM-60-4
performed significantly superior over check Rajarshi for
grain yield plant-1, grain yield plot-1 and 100 grain weight.
Another cross NM-32-1-1 x NM-78-1 showed significant
superiority over check Rajarshi for number of grains cob-

1, grain yield plot-1 and days to maturity. The mean
performance of thirty two crosses when compared with
the check hybrid Rajarshi, the crosses NM-32-1-1 x NM-
62-4-1, NM-32-1-1 x  NM-60-4 and NM-32-1-1 x NM-
78-1 were identified as superior crosses. Therefore these
three crosses were identified as potential crosses for
exploiting heterosis on the basis of per se performance.

The estimation of heterosis, useful heterosis over
check Rajarshi revealed the response of heterosis for all

the twelve characters studied. Useful heterosis over check
hybrid Rajarshi were found among the crosses for all the
characters except cob girth and fodder yield plot-1 in the
desirable direction. Highest magnitude of heterosis was
observed for grain yield plot-1 in the cross NM-32-1-1 x
NM-62-4-1 (81.97%) followed by grain yield plant -1

(81.86 per cent) in the same cross. The extent of heterosis
obtained for cob girth, cob length, 100 grain weight  and
plant height were low as compared to grain yield plot-1

and grain yield plant-1. The results of similar nature on
heterosis were also reported for maturity, plant height,
ear length, ear height, ear diameter, 100 kernel weight
and grain yield in maize by Ali et al. (2007), Bajaj et al.
(2007) and Patil (2011). The highest estimate for useful
heterosis over check Rajarshi were observed for grain
yield plot-1 and grain yield plant-1 in the cross NM-32-1-1
x NM-62-4-1, 32.21 per cent and 32.15 per cent
respectively. The extent of heterosis gives us an idea of
the genetic control of the trait. Heterosis by itself whether
over mid-parent or better parent can not predict us much
about the superiority of hybrid over the check which is
important and practical value for the plant breeding,
therefore, more emphasisis should be given on useful
heterosis. The cross NM-32-1-1 x NM-62-4-1 was
identified to exhibit high significant useful heterosis for
grain yield plot-1, grain yield plant-1, number of grains cob-

1,days to 50per cent silking and days to maturity over check
Rajarshi. Similarly the cross NM-32-1-1 x NM-60-4 was
also identified to exhibit significant useful heterosis for
grain yield plot-1, grain yield plant-1 and 100 grain weight,
days to 50per cent silking over check Rajarshi. These two
crosses were also found to have significant per se
performance for respective characters.

The level of heterosis observed in these two
crosses justified the development of commercial hybrids
in maize. Such potential of maize crosses for commercial
exploitation of heterosis were also reported by earlier
worker viz. Wani et al. (2007), Singh and Gupta (2009),
Dubey et al. (2009), Iqbal et al. (2010) , Wali et al., (2010)
and Patil (2011). This study on heterosis has clearly
indicated that heterotic response for yield and its
components resulted only in selected cross combinations,
indicating the pre-dominant role of non-fixable inter-
allelic interactions. The above two crosses NM-32-1-1 x
NM-62-4-1 and NM-32-1-1 x   NM-60-4, hold promise
for further evaluation and commercial exploitation of
heterosis, these hybrids by chain crossing may be

PKV Res. J. Vol. 39 (1&2), January & July 2015
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Table 3. Mean performance of parents and their crosses for different characters

S. N. Genotypes Days to Days to Days to Plant Lenght  of Cob
50% 50%  maturity height internode length

tasseling  silking  (cm) (cm) (cm)
1 NM-32-1-1 54.50 63.50 93.00 139.51 14.64 13.40
2 NM-44-3-1 55.00 63.00 98.00 129.28 14.32 14.90
3 NM-72-2 54.50 64.50 98.00 128.67 14.04 14.49
4 NM-2-1 58.00 67.00 95.00 140.86 14.47 13.96
5 NM-62-4-1 60.50 69.50 96.50 127.28 13.58 12.15
6 NM-60-4 60.50 69.00 97.50 127.95 14.48 12.25
7 NM-46-3-1 57.00 66.00 94.00 129.12 13.90 13.73
8 NM-26-1 58.00 66.50 98.00 132.75 13.97 11.87
9 NM-44-1 59.50 68.50 101.50 145.99 14.60 14.69
10 NM-36-5 59.50 68.50 99.00 145.31 14.50 12.91
11 NM-4-2 59.00 68.00 98.00 150.50 15.09 14.44
12 NM-78-1 58.50 67.00 98.00 137.03 15.35 13.99
13 NM-32-1-1xNM-62-4-155.50 63.50 92.50 143.76 13.53 14.17
14 NM-32-1-1xNM-60-4 55.00 63.00 96.00 141.19 15.21 13.49
15 NM-32-1-1xNM-46-3-156.50 64.00 98.00 127.51 13.89 12.26
16 NM-32-1-1xNM-26-1 52.00 61.50 94.50 151.51 15.12 14.06
17 NM-32-1-1xNM-44-1 51.50 60.00 98.50 148.02 15.87 14.40
18 NM-32-1-1xNM-36-5 53.00 61.50 98.00 177.16 16.90 15.00
19 NM-32-1-1xNM-4-2 54.00 62.50 92.50 167.03 16.11 13.23
20 NM-32-1-1xNM-78-1 56.00 64.00 95.00 166.53 15.59 14.07
21 NM-44-3-1xNM-62-4-157.00 66.50 94.00 146.33 14.56 14.45
22 NM-44-3-1xNM-60-4 52.50 61.50 95.50 152.45 15.80 14.24
23 NM-44-3-1xNM-46-3-156.00 65.00 98.50 149.81 14.68 10.68
24 NM-44-3-1xNM-26-1 58.50 67.50 97.00 139.40 14.55 11.65
25 NM-44-3-1xNM-44-1 53.50 62.50 93.50 131.47 14.63 12.30
26 NM-44-3-1xNM-36-5 56.00 65.00 92.50 145.74 15.24 14.40
27 NM-44-3-1xNM-4-2 55.50 63.50 97.00 131.85 14.05 13.16
28 NM-44-3-1xNM-78-1 58.00 66.50 95.00 130.52 15.09 13.75
29 NM-72-2xNM-62-4-1 54.50 63.50 96.00 127.32 14.69 14.81
30 NM-72-2xNM-60-4 56.00 65.00 93.00 123.32 15.15 15.13
31 NM-72-2xNM-46-3-1 52.00 60.50 95.00 132.22 13.75 12.20
32 NM-72-2xNM-26-1 57.00 65.00 93.50 146.29 14.26 13.27
33 NM-72-2xNM-44-1 53.00 60.50 97.00 141.04 14.04 14.03
34 NM-72-2xNM-36-5 52.50 62.00 92.50 145.80 15.54 12.76
35 NM-72-2xNM-4-2 56.00 65.50 96.00 132.72 13.61 13.59
36 NM-72-2xNM-78-1 57.00 66.00 93.00 143.93 12.91 15.21
37 NM-2-1xNM62-4-1 57.50 67.50 92.00 138.07 14.89 14.83
38 NM-2-1xNM60-4 54.00 63.00 99.00 145.64 14.33 12.54
39 NM-2-1xNM46-3-1 57.50 66.50 97.50 138.63 14.31 13.55
40 NM-2-1xNM-26-1 58.00 67.50 97.00 138.46 14.73 14.20
41 NM-2-1xNM-44-1 54.00 63.00 94.50 140.53 15.26 14.21
42 NM-2-1XNM-36-5 51.00 60.00 94.00 156.90 13.91 14.86
43 NM-2-1xNM-4-2 53.00 62.00 96.00 143.80 14.48 14.26
44 NM-2-1xNM-78-1 51.50 61.00 96.00 148.80 14.57 13.37
45 Rajarshi (Check) 55.00 65.50 95.50 128.51 15.46 14.28

SE(m) ± 0.51 0.66 0.75 9.39 0.44 0.64

Heterosis for Yield and Yield Contributing Charecter in Maize
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Table 3a. Mean performance of parents and their crosses for different characters

S. N. Genotypes Cob girth Number of 100 grain Grain yiel Grain yield Fodder yield
(cm) grainscob-1  wt.(g) dplant-1(g) plot-1(kg)  plot-1 (kg)

1 NM-32-1-1 11.45 200.20 23.40 47.40 0.71 1.35
2 NM-44-3-1 11.91 205.10 23.68 48.60 0.73 1.50
3 NM-72-2 12.04 228.90 24.47 54.10 0.77 1.25
4 NM-2-1 11.52 220.50 24.12 53.88 0.81 1.25
5 NM-62-4-1 11.40 161.30 22.72 32.82 0.49 1.28
6 NM-60-4 11.44 235.70 20.37 49.35 0.74 1.40
7 NM-46-3-1 11.67 231.90 23.15 50.15 0.75 1.30
8 NM-26-1 12.02 198.10 23.46 40.52 0.61 1.40
9 NM-44-1 11.20 236.50 22.65 44.51 0.67 1.25
10 NM-36-5 11.10 225.90 21.04 42.90 0.64 1.20
11 NM-4-2 11.29 279.50 23.87 59.14 0.89 1.38
12 NM-78-1 10.48 200.60 20.10 41.11 0.62 1.30
13 NM-32-1-1xNM-62-4-1 12.20 300.60 23.50 72.95 1.09 1.43
14 NM-32-1-1xNM-60-4 12.70 251.30 24.50 66.30 0.99 1.31
15 NM-32-1-1xNM-46-3-1 12.18 233.00 23.98 53.54 0.80 1.35
16 NM-32-1-1xNM-26-1 12.47 206.50 22.90 44.01 0.66 1.34
17 NM-32-1-1xNM-44-1 11.80 208.40 21.08 43.25 0.60 1.43
18 NM-32-1-1xNM-36-5 12.91 271.20 24.39 61.80 0.93 1.40
19 NM-32-1-1xNM-4-2 11.94 247.40 23.40 49.34 0.74 1.45
20 NM-32-1-1xNM-78-1 12.38 289.50 21.23 61.21 0.92 1.27
21 NM-44-3-1xNM-62-4-1 13.08 258.30 22.24 56.74 0.85 1.40
22 NM-44-3-1xNM-60-4 12.31 225.70 23.94 53.53 0.80 1.55
23 NM-44-3-1xNM-46-3-1 11.37 195.60 25.30 51.14 0.74 1.25
24 NM-44-3-1xNM-26-1 10.87 192.10 20.28 37.72 0.57 1.34
25 NM-44-3-1xNM-44-1 12.19 232.90 24.49 51.44 0.79 1.35
26 NM-44-3-1xNM-36-5 12.44 206.30 24.61 42.95 0.64 1.43
27 NM-44-3-1xNM-4-2 11.61 163.50 22.81 35.93 0.54 1.35
28 NM-44-3-1xNM-78-1 11.01 210.30 24.79 50.36 0.75 1.40
29 NM-72-2xNM-62-4-1 12.60 187.20 24.26 50.61 0.76 1.35
30 NM-72-2xNM-60-4 11.81 172.70 25.36 41.29 0.69 1.33
31 NM-72-2xNM-46-3-1 11.29 156.70 22.60 32.64 0.50 1.38
32 NM-72-2xNM-26-1 11.35 193.50 21.55 42.63 0.69 1.33
33 NM-72-2xNM-44-1 11.20 200.30 20.11 42.24 0.63 1.45
34 NM-72-2xNM-36-5 11.50 250.70 21.85 53.96 0.81 1.35
35 NM-72-2xNM-4-2 11.47 178.60 22.35 37.43 0.56 1.36
36 NM-72-2xNM-78-1 11.58 242.10 21.75 52.82 0.79 1.43
37 NM-2-1xNM62-4-1 12.82 215.00 22.49 48.11 0.72 1.32
38 NM-2-1xNM60-4 11.72 253.40 23.93 57.55 0.86 1.50
39 NM-2-1xNM46-3-1 11.69 236.60 24.14 59.12 0.89 1.58
40 NM-2-1xNM-26-1 12.78 224.20 23.45 52.68 0.79 1.40
41 NM-2-1xNM-44-1 11.73 243.80 24.66 58.69 0.88 1.40
42 NM-2-1XNM-36-5 10.85 191.60 22.69 43.81 0.69 1.33
43 NM-2-1xNM-4-2 11.51 195.30 23.57 45.86 0.69 1.35
44 NM-2-1xNM-78-1 12.64 223.10 22.85 48.57 0.73 1.03
45 Rajarshi (Check) 11.88 225.30 23.01 55.20 0.83 1.35

SE (m) ± 0.48 17.58 0.35 3.15 0.05 0.9
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Table 4. Heterosis (H1), Useful Heterosis over Rajarshi (H2)

S.N. Crosses                                      Days to 50 %          Days to 50%     Days to maturity         Plant height
                  tasseling                    silking

H1 H2 H1 H2 H1 H2 H1 H2

1 NM-32-1-1xNM-62-4-1 -3.48** 0.91 -4.51** -3.05* -2.37** -3.14** 7.77 11.87

2 NM-32-1-1xNM-60-4 -4.35** 0.00 -4.91** -3.82** 0.79 0.52 5.58 9.87

3 NM-32-1-1xNM-46-3-1 1.35 2.73** -1.16 -2.29 4.81** 2.62* -5.07 -0.78

4 NM-32-1-1xNM-26-1 -7.56** -5.45** -5.38** -6.11** -1.05 -1.05 11.30 17.90

5 NM-32-1-1xNM-44-1 -9.65** -6.36** -9.09** -8.40** 1.29 3.14** 3.69 15.18

6 NM-32-1-1xNM-36-5 -7.02** -3.64** -6.82** -6.11** 2.08* 2.62** 24.40** 37.86**

7 NM-32-1-1xNM-4-2 -4.85** -1.82 -4.94** -4.58** -3.14** -3.14** 15.19 29.97**

8 NM-32-1-1xNM-78-1 -0.88 1.82 -1.92 -2.29 -0.52 -0.52 20.44* 29.59**

9 NM-44-3-1xNM-62-4-1 -1.30 3.64** 0.38 1.53 -3.34** -1.57 14.07 13.87

10 NM-44-3-1xNM-60-4 -9.09** -4.55** -6.82** -6.11** -2.30* 0.00 18.53* 18.63

11 NM-44-3-1xNM-46-3-1 0.00 1.82 0.78 -0.76 2.60** 3.14** 15.95 16.57

12 NM-44-3-1xNM-26-1 3.54** 6.36** 4.25** 3.05* -1.02 1.57 6.40 8.47

13 NM-44-3-1xNM-44-1 -6.55** -2.73* -4.94** -4.58** -6.27** -2.09* -4.48 2.30

14 NM-44-3-1xNM-36-5 -2.18 1.82 -1.14 -0.76 -6.09** -3.14** 6.15 13.41

15 NM-44-3-1xNM-4-2 -2.63* 0.91 -3.05* -3.05* -1.02 1.57 -5.75 2.60

16 NM-44-3-1xNM-78-1 2.20 5.45** 2.31 1.53 -3.06** -0.52 -1.98 1.56

17 NM-72-2xNM-62-4-1 -5.22** -0.91 -5.22** -3.05* -1.29 0.52 -0.51 -0.93

18 NM-72-2xNM-60-4 -2.61* 1.82 -2.62* -0.76 -4.86** -2.62* -3.89 -4.04

19 NM-72-2xNM-46-3-1 -6.73** -5.45** -7.28** -7.63** -1.04 -0.52 2.58 2.89

20 NM-72-2xNM-26-1 1.33 3.64** -0.76 -0.76 -4.59** -2.09* 11.92 13.84

21 NM-72-2xNM-44-1 -7.02** -3.64** -9.02** -7.63** -2.76** 1.57 2.70 9.75

22 NM-72-2xNM-36-5 -7.89** -4.55** -6.77** -5.34** -6.09** -3.14** 6.43 13.45

23 NM-72-2xNM-4-2 -1.32 1.82 -1.13 0.00 -2.04* 0.52 -4.92 3.28

24 NM-72-2xNM-78-1 0.88 3.64** 0.38 0.76 -5.10** -2.62* 8.34 12.00

25 NM-2-1xNM62-4-1 -2.95** 4.55** -1.10 3.05* -3.92** -3.66** 2.98 7.44

26 NM-2-1xNM60-4 -8.86** -1.82 -7.35** -3.82** 2.86** 3.66** 8.36 13.33

27 NM-2-1xNM46-3-1 0.00 4.55** 0.00 1.53 3.17** 2.09* 2.70 7.87

28 NM-2-1xNM-26-1 0.00 5.45** 1.12 3.05* 0.52 1.57 1.21 7.74

29 NM-2-1xNM-44-1 -8.09** -1.82 -7.01** -3.82** -3.82** -1.05 -2.02 9.35

30 NM-2-1XNM-36-5 -13.19** -7.27** -11.44** -8.40** -3.09** -1.57 9.66 22.09*

31 NM-2-1xNM-4-2 -9.40** -3.64** -8.15** -5.34** -0.52 0.52 -1.29 11.90

32 NM-2-1xNM-78-1 -11.59** -6.36** -8.96** -6.87** -0.52 0.52 7.09 15.79

SE m (+) 0.63 0.51 0.80 0.92 0.92 1.06 11.63 13.43
*, **= Significant at 5% and 1% level, respectively                                                                                Continued...
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Table 4a. Heterosis (H1), Useful Heterosis over Rajarshi (H2)
S.N. Crosses                      Length of internode    Cob length              Cob girth            Number of

              grains  cob-1

H1 H2 H1 H2 H1 H2 H1 H2

1 NM-32-1-1xNM-62-4-1 -4.11 -12.46** 10.92 -0.77 6.78 2.69 66.31** 33.42**

2 NM-32-1-1xNM-60-4 4.46 -1.59 5.19 -5.53 10.97* 6.90 15.30 11.54

3 NM-32-1-1xNM-46-3-1 -2.70 -10.16* -9.62 -14.15* 5.36 2.53 7.85 3.42

4 NM-32-1-1xNM-26-1 5.70 -2.17 11.28 -1.54 6.26 4.97 3.69 -8.34

5 NM-32-1-1xNM-44-1 8.55* 2.69 2.53 0.84 4.19 -0.67 -4.56 -7.50

6 NM-32-1-1xNM-36-5 15.99** 9.35* 14.03* 5.04 14.50** 8.67 27.29** 20.37

7 NM-32-1-1xNM-4-2 8.38* 4.24 -4.96 -7.35 5.01 0.51 3.15 9.81

8 NM-32-1-1xNM-78-1 3.97 0.87 2.74 -1.47 12.90* 4.21 44.46** 28.50*

9 NM-44-3-1xNM-62-4-1 4.37 -5.79 6.84 1.19 12.23* 10.10 40.99** 14.65

10 NM-44-3-1xNM-60-4 9.72* 2.23 4.90 -0.28 5.44 3.62 2.40 0.18

11 NM-44-3-1xNM-46-3-1 4.04 -5.01 -25.39** -25.21** -3.56 -4.29 -10.48 -13.18

12 NM-44-3-1xNM-26-1 2.86 -5.86 -12.96* -18.42** -9.15 -8.50 -4.71 -14.74

13 NM-44-3-1xNM-44-1 1.18 -5.34 -16.86** -13.87 5.50 2.61 5.48 3.37

14 NM-44-3-1xNM-36-5 5.76 -1.39 3.56 0.84 8.13 4.71 -4.27 -8.43

15 NM-44-3-1xNM-4-2 -4.45 -9.09* -10.29 -7.84 0.09 -2.27 -32.52** -27.43*

16 NM-44-3-1xNM-78-1 1.72 -2.36 -4.81 -3.71 -1.65 -7.32 3.67 -6.66

17 NM-72-2xNM-62-4-1 6.37 -4.95 11.19 3.71 7.51 6.06 -4.05 -16.91

18 NM-72-2xNM-60-4 6.24 -1.97 13.16* 5.95 0.60 -0.59 -25.66** -23.35*

19 NM-72-2xNM-46-3-1 -1.57 -11.03** -13.54* -14.57* -4.77 -4.97 -31.99** -30.45**

20 NM-72-2xNM-26-1 1.82 -7.73 0.68 -7.07 -5.65 -4.46 -9.37 -14.11

21 NM-72-2xNM-44-1 -1.96 -9.16* -3.84 -1.75 -3.61 -5.72 -13.92 -11.10

22 NM-72-2xNM-36-5 8.90* 0.55 -6.86 -10.64 -0.61 -3.20 10.25 11.27

23 NM-72-2xNM-4-2 -6.56 -11.94** -6.05 -4.83 -1.67 -3.45 -29.74** -20.73*

24 NM-72-2xNM-78-1 -12.15** -16.47** 6.81 6.51 2.84 -2.53 12.74 7.46

25 NM-2-1xNM62-4-1 6.17 -3.66 13.60* 3.85 11.87* 7.91 12.62 -4.57

26 NM-2-1xNM60-4 -1.00 -7.28 -4.31 -12.18 2.09 -1.35 11.09 12.47

27 NM-2-1xNM46-3-1 0.88 -7.41 -2.13 -5.11 0.82 -1.60 4.60 5.02

28 NM-2-1xNM-26-1 3.59 -4.69 9.95 -0.56 8.58 7.58 7.12 -0.49

29 NM-2-1xNM-44-1 4.99 -1.26 -0.80 -0.49 3.26 -1.26 6.70 8.21

30 NM-2-1XNM-36-5 -3.97 -10.00* 10.61 4.06 -4.07 -8.67 -14.16 -14.96

31 NM-2-1xNM-4-2 -2.03 -6.31 0.42 -0.14 0.92 -3.11 -21.88* -13.32

32 NM-2-1xNM-78-1 -2.28 -5.73 -4.33 -6.37 14.91** 6.40 5.96 -0.98

SE m(+) 0.53 0.61 0.78 0.90 0.58 0.67 21.53 24.86

*, **= Significant at 5% and 1% level, respectively
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Table 4b. Heterosis (H1), Useful Heterosis over Rajarshi (H2)

S.N. Crosses                100 grain                 Grain yield           Grain yield           Fodder yield
               weight                      plant-1               plot-1                 plot-1

H1 H2 H1 H2 H1 H2 H1 H2

1 NM-32-1-1xNM-62-4-1 1.92 2.13 81.86** 32.15** 81.97** 32.21** 8.57 5.56

2 NM-32-1-1xNM-60-4 11.95** 6.45* 37.05** 20.11* 37.13** 20.18* -4.73 -2.96

3 NM-32-1-1xNM-46-3-1 3.03 4.19 9.77 -3.01 9.77 -3.02 1.89 0.00

4 NM-32-1-1xNM-26-1 -2.25 -0.48 0.12 -20.27* 0.15 -20.24* -2.91 -1.11

5 NM-32-1-1xNM-44-1 -8.46** -8.41** -5.89 -21.65* -13.10 -27.67** 9.62 5.56

6 NM-32-1-1xNM-36-5 9.79** 6.00* 36.88** 11.96 36.90** 11.96 9.80 3.70

7 NM-32-1-1xNM-4-2 -0.97 1.69 -7.38 -10.62 -7.45 -10.63 6.42 7.41

8 NM-32-1-1xNM-78-1 -2.37 -7.74** 38.31** 10.89 38.41** 10.94 -4.15 -5.93

9 NM-44-3-1xNM-62-4-1 -4.16 -3.37 39.38** 2.79 38.91** 2.48 0.90 3.70

10 NM-44-3-1xNM-60-4 8.71** 4.04 9.29 -3.03 9.26 -3.02 6.90 14.81

11 NM-44-3-1xNM-46-3-1 8.04** 9.93** 3.57 -7.36 -0.29 -10.79 -10.71 -7.41

12 NM-44-3-1xNM-26-1 -13.98** -11.89** -15.35 -31.67** -15.45 -31.72** -7.93 -1.11

13 NM-44-3-1xNM-44-1 5.70** 6.41* 10.49 -6.81 13.68 -4.11 -1.82 0.00

14 NM-44-3-1xNM-36-5 10.05** 6.93* -6.12 -22.19** -6.20 -22.24* 5.56 5.56

15 NM-44-3-1xNM-4-2 -4.07 -0.89 -33.30** -34.91** -33.37** -34.92** -6.09 0.00

16 NM-44-3-1xNM-78-1 13.24** 7.71** 12.27 -8.77 12.19 -8.82 0.00 3.70

17 NM-72-2xNM-62-4-1 2.80 5.41 16.45 -8.32 20.60* -8.34 6.93 0.00

18 NM-72-2xNM-60-4 13.13** 10.21** -20.17** -25.20** -7.83 -16.13 0.00 -1.85

19 NM-72-2xNM-46-3-1 -5.09** -1.80 -37.38** -40.87** -34.57** -40.00** 7.84 1.85

20 NM-72-2xNM-26-1 -10.08** -6.35* -9.89 -22.77** 0.32 -16.74 0.00 -1.85

21 NM-72-2xNM-44-1 -14.64** -12.60** -14.33 -23.48** -11.65 -23.50* 16.00 7.41

22 NM-72-2xNM-36-5 -3.99 -5.06 11.26 -2.25 14.83 -2.24 10.20 0.00

23 NM-72-2xNM-4-2 -7.52** -2.87 -33.89** -32.19** -32.14** -32.21** 3.24 0.37

24 NM-72-2xNM-78-1 -2.39 -5.48 10.95 -4.31 14.62 -4.29 11.76 5.56

25 NM-2-1xNM62-4-1 -3.99 -2.28 10.98 -12.84 10.92 -12.81 4.55 -2.22

26 NM-2-1xNM60-4 7.59** 4.00 11.50 4.26 11.37 4.23 13.21 11.11

27 NM-2-1xNM46-3-1 2.13 4.89 13.66 7.10 13.60 7.13 23.53 16.67

28 NM-2-1xNM-26-1 -1.43 1.91 11.62 -4.57 11.54 -4.53 5.66 3.70

29 NM-2-1xNM-44-1 5.45** 7.17* 19.30* 6.32 19.24* 6.34 12.00 3.70

30 NM-2-1XNM-36-5 0.50 -1.39 -9.46 -20.63* -5.17 -16.80 8.16 -1.85

31 NM-2-1xNM-4-2 -1.78 2.41 -18.86** -16.93* -18.95* -16.92 2.86 0.00

32 NM-2-1xNM-78-1 3.36 -0.70 2.26 -12.01 2.18 -12.02 -19.61* -24.07*

SE  m(+) 0.43 0.65 3.89 4.49 0.061 0.07 0.11 0.13
*, **= Significant at 5% and 1% level, respectively
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composited to make a gene pool. This pool may be
advanced for further generations to devise and isolate lines
with gene combinations for high grain yield (Saidaiah et
al., 2008)

LITERATURE CITED

Ali, G., A. Ishafaq, A. G. Rather, S. A. Wani, Gul Zaffer
and M. I. Makhdoomi, 2007. Heterosis and
combining ability for grain yield and its components
in high altitude maize inbreds (Zea mays L.), Indian
J. Genet. 67(1):81-82.

Bajaj, M., S. S. Verma, A. Kumar, M. K. Kabdal, J. P.
Aditya and A. Narayan, 2007. Combining ability
analysis and heterosis estimates in high quality protein
maize inbred line, Indian J.  agric. Res. 41(1):49-53.

Dass, S., A. Manivannan, J. Kaul, A. Singode, J. C. Sekhar
and G. K. Chikappa, 2010. Inbred – Hybrid
technology in maize, DMR Technical bulletin 1: 52.

Dubey, R. B., V. N. Joshi and M. Kumar, 2009. Heterosis
for nutritional quality and grain yield in conventional
and non conventional hybrids of maize, Indian J.
Genet. 69 (2): 109-114.

Iqbal, M., K. Khan, H. Rahman, I. H. Khalil, H.  Sher,
and J. Bakht, 2010. Heterosis for morphological traits
in subtropical maize (Zea mays L.), Maydica, 55: 41-
48.

Panse, V. G. and P. V. Sukhatme, 1954. Statistical methods

for agricultural workers. ICAR, New Delhi, : 54-57.

Patil, A. E. 2011. Studies on heterosis and combining
ability analysis in Maize, Unpublished M.Sc. thesis
submitted to Dr. P.D.K.V. Akola.

Premlatha, M. and A. Kalamani, 2010. Heterosis and
combining ability studies for grain yield and growth
characters in maize (Zea mays L.), Indian J. agric.
Res. 44 (1): 62 - 65.

Saidaiah, P. E. Satyanarayana, and S. S. Kumar, 2008.
Heterosis for yield and yield component characters
in maize (Zea mays L.), Agric. Sci. Digest, 28 (3):
201 - 203.

Singh, S. B. and B. B. Gupta, 2009. Heterotic expression
and combining ability analysis for yield and its
components in maize (Zea mays L.) inbreds, Prog.
Agri. 9 (2):184-191.

Wali, M. C., R. M. Kachapur, C. P. Chandrashekhar, V. R.
Kulkarni and S. B. Devaranavadagi, 2010. Gene
action and combining ability studies in single cross
hybrids of maize (Zea mays L.), Karnataka J. Agric.
Sci. 23(4):557-562.

Wani, S. A., A. Gowhar, A. Ishfaq, A. G. Rather, G. Zaffar
and M. I. Makhdoomi, 2007. Heterosis and
combining ability for grain yield and its components
in higher altitude maize inbreds (Zea mays L.), Indian
J. Genet. 67 (1): 81-82.



PKV Res. J. Vol. 39 (1&2), January & July 2015



30

In Rabi sorghum the grain and the fodder are of
equal importance. Dual purpose sorghum hybrid is the
one with high grain yield along with high fodder yield.
The fodder quality of post rainy genotypes is better than
Kharif genotypes and such good quality Rabi fodder has
good demand and fetches good price. In this study, an
effort was made to identify the high grain and fodder
yielding i.e. dual purpose hybrid cross combinations
produced by crossing newly developed parental lines of
Rabi sorghum.

MATERIAL AND METHODS

The experimental material comprised of three lines
viz.,  AKRMS 80A, AKRMS 80-1-1-1A, AKRMS 47A and
twenty-two  testers     viz., Rb-307-11, Rb-400, PKV kranti
as R, Rb-local 1-2, Rb-309, Rb-397-2, AKSV-47R, Rb-324,
(AKR-73 x 504-1), AKSV-70R, RS-585, AKSV-219R, G-45-
3-1-1, AKSV-205R, RL-5-1, RL-5-5, Rb-316-3, AKRb-356-
6-2, RL-5-3, AKSV-72R, (104B x Akent 8-1-3), (275 x 104B x
1201 x Ringini x 18551 x 89022 17-1-1). Twenty-five parents
and their resulting 66 hybrids along with one standard
check CSH-19R were sown at Sorghum Research Unit,
Dr. PDKV, Akola, during Rabi 2013-14 in randomized block
design with three replications. The observations were
recorded on five randomly selected plants plot -1

replication-1 for grain yield plant-1 (g) and fodder yield
plant-1 (g). The average heterosis and heterobeltiosis were
estimated as per cent increase or decrease of the mean of
F1 over its mid parent and better parent values, respectively
and  for over standard check for computation of standard
heterosis checks CSH 19 R was used.

RESULTS AND DISCUSSION
                   Analysis of variance revealed the significant

variation for both grain yield per plant and fodder yield
plant. To determine the heterotic potential of the hybrids,
average heterosis (over mid parent), heterobeltiosis (over
better parent) and standard heterosis (over standard check)
were calculated for grain yield plant-1 and fodder yield
plant-1. Top ranking crosses with positive standard
heterosis for grain yield are presented in Table 1. Out of
sixty six crosses under study, fifteen crosses exhibited
positive standard heterosis over the check CSH 19 R for
grain yield plant-1 and appeared best for development of
high yielding hybrids. But in sorghum high grain yield
alone is not sufficient. Along with high grain yield, the
fodder yield is also equally important character. Present
need is of development of dual purpose Rabi sorghum
hybrid with high grain yield along with high fodder yield
also. The best dual purpose cross combination was
AKRMS-80A X Rb-307-11 with the mean grain yield of
79.59 g. and fodder yield of 99.34 g. This cross
combination recorded the highest significant standard
heterosis of 28.99 per cent for grain yield per plant along
with the significant standard heterosis of 21.90 per cent
for fodder yield plant-1 (Table-2).

The second promising dual purpose cross
combination was AKRMS-47 A x AKSV 70 R   with the
mean grain yield of 71.42 g. and fodder yield of 104.57
g. This cross combination recorded the positive significant
standard heterosis of 15.76 per cent for grain yield
plant-1 along with the positive significant standard
heterosis of 28.32 per cent for fodder yield plant-1. Taking
in to consideration positive significant standard heterosis
for grain yield plant-1 along with positive significant
standard heterosis for fodder yield plant -1 these two
crosses need to be evaluated in the multilocation

Heterotic Dual Purpose Cross Combinations in Rabi Sorghum

 B. A. Sakhare1,  V. V. Kalpande2, R. B. Ghorade3 and A. P. Lad4

ABSTRACT

Three lines and twenty two  testers were crossed in line x tester design to produce 66 cross combinations In order to
indentify the dual purpose rabi sorghum hybrids, promising hybrids were sorted out based on positive significant standard
heterosis for grain yield along with fodder yield. Two crosses viz., AKRMS-80A X Rb-307-11 and AKRMS-47 A x AKSV
70 R exhibited positive significant standard heterosis for grain yield as well as fodder yield. The best dual purpose cross
combination was AKRMS-80A X Rb-307-11 with standard heterosis of 28.99 per cent for grain yield per plant along with
the standard heterosis of 21.90 per cent for fodder yield plant-1.
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multiseason trails to find out the most stable dual purpose
rabi sorghum hybrid.

                Besides these two crosses, the cross AKRMS-
80-1-1-1A X (275 x 104B x 1201 x Ringini x 18551 x
89022- 17-1-1) showed positive standard heterosis for grain
yield per plant (7.37 %) along with positive significant
standard heterosis for fodder yield per plant (24.28 %).

Similarly another cross AKRMS-47A X (104B x Akent 8-1-
3) also recorded positive standard heterosis for grain yield
plant-1 (6.30per cent) along with positive significant
standard heterosis for fodder yield plant-1 (24.18 %).
Taking in to consideration positive standard heterosis for
grain yield plant-1 along with positive significant standard
heterosis for fodder yield  plant-1, these two crosses can

Table 1. Heterotic cross combinations for grain and fodder yield per plant.

S N Crosses                 Per se (g) Heterosis for grain Heterosis for fodder
Grain  Fodder yield plant-1 over yield plant-1 over

yield yield MP BP SC MP BP SC
plant-1 plant-1

1 AKRMS-80A X Rb-307-11 79.59 99.34 120.01 ** 119.17 ** 28.99 ** 72.90** 62.25** 21.90**
2 AKRMS-47A X AKSV-70R 71.42 104.57 62.74 ** 48.14 ** 15.76 * 72.34** 63.18** 28.32**
3 AKRMS-80A X RS-585 70.83 85.86 66.18 ** 44.75 ** 14.80 * 56.92** 54.38** 5.11
4 AKRMS-47A X Rb local 1-2 67.70 82.68 83.54 ** 71.13 ** 9.72 47.41** 44.38 1.46
5 AKRMS-47A X  Rb-309 66.69 88.39 62.40 ** 56.66 ** 8.08 53.15** 51.98** 8.46
6 AKRMS-80-1-1-1A X Rb-307-11 66.52 92.61 75.38 ** 48.61 ** 7.82 72.62** 68.66** 13.64
7 AKRMS-80A X Rb-397-2 66.43 80.62 76.92 ** 71.29 ** 7.66 51.67* 50.17** -1.07
8 AKRMS-80-1-1-1A X (275 x 66.25 101.28 75.07 ** 48.60 ** 7.37 90.90** 84.45** 24.28**

104B x 1201 x Ringini x 18551 x
89022 17-1-1)

9 AKRMS-47A X (104B x 65.59 101.19 55.90 ** 47.12 ** 6.30 86.59** 76.71** 24.18**
Akent 8-1-3)

10 AKRMS-47A X AKSV-219R 65.29 69.71 67.39 ** 65.03 ** 5.81 17.99* 14.47 -14.46*
11 AKRMS-80-1-1-1A X Rb-324 64.77 86.64 75.86 ** 52.17 ** 4.98 53.26** 48.98** 6.32
12 AKRMS-47A X (AKR-73 x 504-1) 63.47 79.71 49.26 ** 39.55 ** 2.86 40.15** 39.19** -2.19
13 AKRMS-47A X  RS-585 63.44 65.73 64.89 ** 60.37 ** 2.83 16.14 14.78 -19.34**
14 AKRMS-80A X (104B x 63.27 86.70 54.97 ** 39.53 ** 2.55 54.61** 48.30** 6.39

Akent 8-1-3)
15 AKRMS-47A X Rb-316-3 61.71 74.64 46.98 ** 38.94 ** 0.02 34.79* 30.33** -8.41

MP- Mid Parent, BP-Better Parent, SC- Standard Check
 * - significant at 5% level of significance               ** - significant at 1% level of significance

Table 2. Promising dual purpose cross combinations

S.N. Crosses                        Per se (g)                           Standard heterosis (%)

Grain yield Fodder yield Grain yield Fodder yield

1 AKRMS-80A X Rb-307-11 79.59 99.34 28.99** 21.90**
2 AKRMS-47A X AKSV-70R 71.42 104.57 15.76** 28.32**
3 AKRMS-80-1-1-1A X  (275 x 104B x 66.25 101.28 7.37 24.28**

 1201 x Ringini x 18551 x 89022 17-1-1)
4 AKRMS-47A X (104BxAkent 8-1-3) 65.59 101.19 6.30 24.18**

* - significant at 5% level of significance               ** - significant at 1% level of significance
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also be tested in the trials to find out the good dual purpose
Rabi sorghum hybrid.

Thus it was concluded from the present study
that the two crosses viz., AKRMS-80A X Rb-307-11 and
AKRMS-47 A x AKSV 70 R   appeared best crosses for
development of dual purpose rabi sorghum hybrids and
need to be evaluated further by their testing on large scale
multilocation and multiseason trials to find out the most
stable dual purpose rabi sorghum genotype for further
exploitation.. Besides these two crosses, another two
crosses viz., AKRMS-80-1-1-1A X (275 x 104B x 1201
x Ringini x 18551 x 89022- 17-1-1) and AKRMS-47A X
(104B x Akent 8-1-3) need to be tested further. Rajguru
et al. 2005, Umakant et al. 2006, Jhansi Rani et al. 2008
and Ghorade et al. 2014 also reported high heterosis in
the top ranking crosses for both grain yield and fodder
yield.
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Brassicas collectively known as rapeseed mustard
are important oilseed crops of India and stands second
after soybean production among eight annual edible oil
seeds cultivated in our country. The current productivity
level of 1190 kg ha-1 in India is far below than that of
developed countries (2500 -3000 kg ha-1) as well as the
world average of about 1900 kg ha-1 (Yadava et al, 2011).
Though they have the varieties with high yield potential
(2000-2500 kg  ha-1) yet there is wide fluctuation in area,
production and productivity of this crop. This fluctuation
is mainly due to its cultivation on marginal lands either rainfed
or with limited irrigation facilities and non availability of biotic
and abiotic stress resistance / tolerant varieties for
different mustard growing regions of the country.

Rapeseed - mustard crops in India are grown in
diverse agro climatic conditions ranging from North
Eastern / North Western hills to South under irrigated / rainfed,
timely /late sown, saline soils and mixed cropping. Indian
mustard accounts for about 75 - 80 per cent of the 5.8 million
hectare under these crops in the country during 2009-10 crop
season. Globally India account for 21.7per cent and
10.7per cent of the total acreage and production
(Anonymous, 2010). Soybean, groundnut and rapeseed —
mustard are the major oilseed crops in India contributing
nearly 79 per cent and 88 per cent to its total acreage
and production, respectively. The contribution of rapeseed

- mustard to the total oilseed acreage and production is
23.7per cent and 26.0per cent, respectively. During 2009-10,
rapeseed -mustard contributed 25.9 per cent and 22.0 per
cent to the total oilseeds production and acreage
(Anonymous, 2010). In India, the area, production and
productivity was 6.69 million hectare, 6.60 million tonnes
and 1145 kg ha”1, respectively (Anonymous, 2011a). In
Maharashtra area, production and productivity were 1200
hectares, 4000 tonnes and 308 kg ha -1, respectively
(Anonymous, 201la). In Vidarbha area under mustard
cultivation was 865 hectares with the production of 330
tonnes and with an average productivity of 380 kg ha-1.
The districts in which mustard is grown were Chandrapur,
Gondia, Bhandara, Gadchiroli, Nagpur and Wardha
(Anonymous, 2011 b).

Main thrust in any crop improvement programme
is to enhance yield. As an established fact yield is a
complex trait and is dependent on many other ancillary
characters which are mostly inherited quantitatively. The
different traits vary in their relationship with yield in terms
of their nature as well as magnitude, though they show
continuous variation and are influenced by environment.
The knowledge of genetic parameters  of variation
provides an  idea  about the extent  of genet ic
improvement possible for different desirable and yield
contribution characters. Hence, in this study attempt was

Genetic Variability for Seed Yield and Yield Components in Land Races of
Mustard

Shanti R. Patil1, R. V. Chahande2, B. P. Wagh3 and P. N. Jogdande4

ABSTRACT

Genetic variability and correlation studies were carried out using 200 Individual plant selection (IPS) identified from
20 land races of mustard along with  10 varieties of mustard during Rabi 2012 at the farm of Agril. Botany Section, College
of Agriculture, Nagpur. The experiment was conducted in RBD replicated twice. Analysis of variance revealed the existence
of variation among 200 IPS progenies for all the seven traits studied and hence, are suitable for selections. The range of
variations was maximum for number of siliquae plant-1 followed by plant height, while it was lowest for 1000 seed weight
and number of branches plant-1. The magnitude of variation in terms of GCV and PCV was maximum for number of siliquae
plant-1 followed by seed yield plant-1 and 1000 seed weight. Narrow difference between PCV and GCV was observed for
the above three traits which implied that they were less influenced by environment.  High heritability estimates where
obtained for all the traits studied except for days to maturity for which heritability was moderate. Among the characters
studied seed yield plant-1, number of siliquae plant-1 and 1000 seed weight recorded high heritability coupled with high
genetic advance as per cent of mean. Genotypic correlation worked out revealed that seed yield plant-1 was significant and
positively correlated with number of siliquae plant-1, number of branches plant-1, plant height and days to maturity.
Simultaneous selection for these traits might bring improvement in seed yield. Considering GCV, PCV, heritability, genetic
advance as per cent of mean, seed yield plant-1 and number of siliquae plant-1 should alone be given emphasis for selecting
superior IPS progenies. Based on this criteria 38 lines for number of siliquae plant -1, 30 for seed yield plant-1 where
identified as promising lines out of which 11 lines where common for both the traits.
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made to estimate the variability parameters among the
Individual plant progenies developed from the 20 land races
collected from different places of Vidarbha.

MATERIAL AND METHODS
The present study was carried out during rabi 2012-

13 with 200 individual plant selections identified from 20
land races collected from different locations of Vidarbha
region of the Maharashtra along with 10 cultivated varieties
of mustard. The experimental material were planted in
Randomized block design replicated twice with row length
of 3m and spacing between 2 rows 45 cm. Five plants were
randomly selected from each genotype for recording
agronomical observations. Data on Seven characters viz.,
days to first flower, days to maturity, plant height, number of
branches plant-1, number of siliquae plant-1, 1000 seed weight
(g) and seed yield plant-1 (g) were recorded. The analysis of
variance for experimental design was performed to test the
significance of differences between the lines for all the
characters as per the methodology suggested by Panse and
Sukhatme (1954), the genotypic and phenotypic coefficients
of variations as per the method suggested by Burton and
DeVane (1953). Heritability and genetic advance were
calculated according to the method given by Burton (1952)
and Johnson et al. (1955) respectively. The different genetic
parameters ie. mean, GCV, PCV, heritability and genetic
advance were estimated by the method given by Allard (1960)
and Johanson et. al.  (1955). The genotypic correlation were
estimated following the method given by Singh and
Choudhari (1977).

RESULTS AND DISCUSSION
Analysis of variance (Table 1) revealed that the

mean squares due to progenies studied were highly significant
for all the 7 characters studied. ANOVA indicates that 200
IPS progenies have lot of variations among them selves and
hence, are suitable for selections. The estimates of parameter
of variability, heritability and genetic advance are presented
in table 2. The range of variations was maximum for number
of siliquae plant-1 followed by plant height, while it was lowest
for 1000 seed weight and number of branches plant-1. It
indicated that there is better scope for selection and
improvement for former characters and was confirmed
through phenotypic and genotypic coefficients of variations.
The magnitude of variation in terms of GCV and PCV was
maximum for number of siliquae plant-1 followed by seed
yield plant-1 and 1000 seed weight (Table 2). Higher estimates
of these coefficients indicated wider diversity for these
characters. Further narrow difference between PCV and GCV
was observed for the above three traits which implied that
they were less influenced by environment. High GCV & PCV
values for number of siliquae plant-1, 1000 seed weight and

seed yield plant-1 were also reported in mustard by Kumar
and Mishra (2007), Yadava et al.(2011) and Lende et. al.
(2014). The reason for high magnitude of variability may be
due to the fact that IPS were selected from land races
belonging to different regions with different soils and climatic
conditions of vidarbha.

The heritability estimates indicated the
effectiveness of the character in phenotypic selection. In the
present study high heritability estimates where obtained for
all the traits studied except for days to maturity for which
heritability was moderate. Johnson et al. (1955) reported that
heritability and genetic advance as per cent of mean together
where more useful for predicting the resultant effect of
selected genotypes rather than their heritability and genetic
advance as per cent of mean alone.

Among the characters studied seed yield plant-1,
number of siliquae plant-1 and 1000 seed weight recorded
high heritability coupled with high genetic advance as per
cent of mean. Similar to this results high heritability coupled
with high genetic advance as per cent of mean where also
reported by Gautami et. al.  2013. Therefore, selection for
the traits which possessed high PCV and GCV, high
heritability and genetic advance as per cent of mean is
expected to result in considerable genetic gain.

The genotypic correlation coefficient was worked
out among seed yield plant-1 and yield components and
presented in Table 3. Seed yield plant-1 was found to be
significant and  positively correlated with number of siliuae
plant-1, number of branches plant-1, plant height and days to
maturity. This indicated that simultaneous selection for these
traits might bring  improvement in seed yield. These results
are in conformation with Gautami et al. (2013), for number
of siliquae plant-1, number of branches plant-1 and plant height.
Further number of siliquae plant-1, recorded positive and
significant correlation with number of branches plant-1, plant
height, days to first flower and days to maturity in addition
to its association with seed yield plant-1. 1000 seed weight
which recorded high GCV, PCV, heritability and genetic
advance as per cent of mean was found record negative
significant association with number of siliquae  plant-1,
number of branches plant-1 and days to first flower and non-
significant positive association with seed yield plant-1.

It is therefore suggested from the study that seed
yield plant-1 and number of siliquae plant-1 should alone be
given emphasis for selecting superior IPS progenies.
Considering these two traits, significantly superior lines over
mean where selected and presented in Table 4.  Thirty eight
(38) lines for number of siliquae plant-1, 30 for seed yield
plant-1 where identified as promising lines out of which 11
lines where common for both the traits. It is therefore,

Genetic Variability for Seed Yield and Yield Components in Land Reces of Mustard
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Table 1. Analysis of variance for seven characters in Indian mustard

Sources of variation df Mean sum of squares

Days to Days to Plant No of No. of 1000 Seed
first maturity height branches siliquae seed yield

flower plant-1  plant-1  weight   plant-1

Replications 1 46.46 1480.31 1.43 0.31 14417.94 0.030 47.46

Genotypes 209 16.78** 49.94* 785.32** 2.01** 12577.29* 0.664** 12.31**

Error 209 5.69 29.95 125.63 0.55 1139.74 0.006 1.29

* Significant at 5% level ** Significant at 1 % level

Note : material used in this study consisted of local material immediately after collection, hence were not stable and
homozygous. Therefore the performance of same line in different replication showed high variation resulting in high
Replication Mean Squares.

Table 2. Mean and variability parameters for seven characters in mustard  IPS progenies

Characters Mean Range GCV(%) PCV(%) h2(BS) Genetic GA as %
(Max.-Min)  advance mean at

10% selection
intensity

Days to first flower 46.19 14.50 5.10 7.26 49.35 2.92 6.33

Days to maturity 109.15 23.30 2.90 5.97 25.02 2.80 2.56

Plant height 169.28 113.69 10.73 12.61 72.42 27.32 16.14

No of branches plant-1 4.92 6.00 17.38 23.01 57.03 1.14 23.20

No. of siliquae plant-1 207.65 401.80 36.42 39.88 83.38 122.09 58.80

1000 seed weight 2.17 2.90 26.44 26.68 98.21 1.00 46.32

Seed yield plant-1 6.67 17.71 35.21 39.11 81.03 3.74 56.03

Table 3. GenotypicCorrelation coefficients among seed yield and yield components in mustard

Characters Days to Plant No. of No. of 1000 seed Seed yield

maturity  height  branches plant-1 siliquae plant-1  weight  plant-1

Days to first flower 0.0639 0.2615** 0.5123** 0.4028** -0.4636** 0.0754

Days to maturity 0.3998** 0.1073 0.1533** 0.1573** 0.2577**

Plant height 0.3930** 0.5217** -0.0295 0.4735**

No of branches plant-1 0.7208** -0.3540** 0.4289**

No. of siliquae plant-1 -0.2173** 0.5567**

1000 seed weight 0.1087

concluded from the study that these promising 27 lines
should be raised and evaluated for their homozygosity and
stable performance for one more year before including them
in the yield trials.
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Table 4. Mean performance of no. of siliquae and
seed yield plant-1 of the promising lines
identified

S.N.      No. of siliquae plant-1    Seed yield plant-1 (g)
Lines Mean Lines Mean

selected performance  selected  performance
1 L65 425.7 L65 18.51
2 L66 409.4 L101 11.91
3 L19 406 L66 11.82
4 L96 399 L119 11.42
5 L32 387.2 L124 11.07
6 L72 383.7 L11 11.03
7 L20 363.8 L161 10.91
8 L61 363.3 L165 10.74
9 L98 358.7 L61 10.62
10 L139 352.2 L55 10.6
11 L14 350.2 L110 10.45
12 L67 350 L194 10.41
13 L117 344.9 L67 10.25
14 L127 337.7 L62 10.2
15 L95 329.4 L87 10.08
16 L37 323.4 L12 10.07
17 L62 322.4 L128 10.05
18 L63 319.7 L2 9.97
19 L143 319.6 L20 9.97
20 L38 317.7 L39 9.76
21 L9 316.7 L162 9.68
22 L69 314.1 L68 9.66
23 L116 312.2 L96 9.63
24 L129 311.2 L32 9.27
25 L70 310.1 L75 9.19
26 L64 303.5 L3 9.1
27 L54 302.3 L72 9.08
28 L71 300.4 L197 9.01
29 L13 296.5 L103 8.96
30 L97 291.2 L176 8.93
31 L36 288.2 Mean 6.67
32 L147 286.9 SE(m) + 0.8
33 L128 286.7 CD (5%) 2.23
34 L90 283
35 L112 281.7
36 L18 279.6
37 L34 278
38 L142 277.1

Mean 207.65
SE(m) + 23.87

CD (5%) 66.17
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Sorghum  ( Sorghum bicolour (L.)  Moench ) is
an important food and fodder crop of dry land agriculture.
It has wider adaptability to various agro-ecological
conditions especially in   sub-tropical region. It is grown
mainly for food and fodder purpose in Africa and India. It
is grown extensively for fodder in the countries like USA,
Australia and China etc. In Northern parts of India, the
sorghum is grown mainly for fodder production. In the
Central and Southern parts of India, it is grown as a source
of food and fodder. Forage Sorghum as cereal crop has
significance amongst the fodder. Sorghum is one of the
most widely adapted fodder crops in drought prone areas
because of its higher productivity per day coupled with
better palatability and digestibility. The fodder is used as
animal feed in the form of chop, hay, silage, pasture etc. It
has several industrial uses.   The grains are used for making
bread, pop and beer.

In forage sorghum breeding programme increase
in the productivity of green fodder yield is an important
objective. However, yield being a complex characters
govern by polygene. It will gives very little response to
the direct selection under such circumstances the breeder
has to modify the direction of selection after taking into
consideration the relative influence of different yield
contributing components of the yield.

Therefore, it becomes necessary to undertake
correlation studies between fodder yield and its
contributing characters. The importance of genotypic
(genetic) correlation  coefficients can be judge from the
fact that they provide the first hand information regarding

the heritable association between different yield
components. And secondly give the idea regarding the
importance of the character in a selection programme for
yield improvement.

MATERIAL AND METHODS

The present investigation was conducted at the
farm of Sorghum Research Unit, Dr. Panjabrao Deshmukh
Krishi Vidyapeeth, Akola. The 32 genotypes were grown
in randomized block design with three replications. The
genotypes were  grown in the plots consisted of 4 rows
with the row length of 4 meter and row to row distance 30
cm. The recommended cultural practices were followed
to raise a good and healthy crop. Observations were
recorded on plot basis for the three characters viz. days to
50per cent percent flowering, green fodder yield (t ha-1)
and dry fodder yield (t ha-1) and on five randomly selected
plants from each plot of each replication of the genotypes
for the seven characters viz. plant height (cm), number of
tillers per plant, leaf stem ratio (%), number of leaves per
plant, leaf length (cm), leaf breadth (cm), stem girth (cm)
and for two characters of fodder quality viz. TSS (per
cent) and protein content (%).The analysis of variance
was worked out as par  the standard method (Panse and
Sukhatme, 1954).The correlation were estimated from
respective variances and co-variances as  per the formulae
suggested by Burton (1951).

RESULTS AND DISCUSSION

The analysis of variance showed significant
differences for all the characters ( Table 1) indicating the
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presence of substantial variability for all  the characters
except number of tillers plant-1 under study. The correlation
coefficients were estimated among various characters at
phenotypic and genotypic levels. In general, The genotypic
correlation coefficient was observed to be higher than that
of phenotypic correlation coefficient, indicating the
existence of strong inherent association for the various
characters studied. (Table 2) Green fodder yield showed
positive and significant association with dry fodder yield,
followed by days to 50 per cent flowering, number of
leaves plant-1, stem girth, TSS, leaf breadth and protein
content. Thus it can be inferred that selection based on
any one of these trait either alone or in combination, will
result in identifying high forage yielding strains. In above
case, yield components will result in corresponding
increase in the green fodder yield. Therefore, the direct
selection for these characters is expected to better yield
results and should be given top priority in all improvement
programmes as revealed by their positive and highly
significant correlation coefficients. Some of the results
Similar findings were reported by  Singh et al. (2009),
Prakash et al. (2010),  and Shinde et al. (2010).

The characters leaf length showed positive and
significant association with fodder yield. The similar
findings were reported by Singh et al. (2009) and Prakash
et al. (2010). While, leaf stem ratio had negative but highly
significant association with green fodder yield. It
suggested that the contribution of those characters towards
the high green fodder yield is negligible and hence it has
comparatively very less importance in breeding
programme. The genotypic correlation coefficient is
greater than phenotypic correlation coefficient for most
of the characters under investigation. These results were
in agreement with findings of Sukhchain and Singh (2009),
Mahajan et al. (2011). All the characters under
investigation exhibited positive association with green
fodder yield at both genotypic and phenotypic level. Patel
et al. (2005).

              In the present studies the green fodder yield was
found to be positive and significantly correlated at
genotypic level with dry fodder yield, days to 50 per cent

flowering, number of leaves plant-1, stem girth, TSS, leaf
breadth and protein. Therefore, it is suggested that
selection of the genotypes based on these trait either
alone or in combination will result in increasing high forage
yield.
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Okra (Abelmoschus esculentus L. Moench) is one
of the most important vegetable crops grown for its
immature fruits in spring and rainy season from tropical
to subtropical regions of the country. Breeding for crop
improvement involves measures to boost yield potential,
maturity and quality. The possibility of improvement in
any crop is depended on variability available in the crop,
wider the genetic variability in trait, better the chances of
improvement of it through selection. An evaluation to
detect extent of variability available for the yield attributes
and their heritability values is of immense help to the
breeders to select the breeding methods for improvement
of that trait. Hence, an attempt was made to assess the
available genetic variability in okra by partitioning of
overall variability into its heritable and non-heritable
components based on genetic parameters likes genotypic
coefficient of variation, heritability and expected genetic
advance. Therefore, the present study was undertaken with
the objective of assessing the phenotypic and genotypic
variability, heritability and genetic advance for yield and
yield components.

MATERIAL AND METHODS

The present investigation was conducted on the
field of Chilli and Vegetable Research Unit (CVRU), Dr.
Panjabrao Deshmukh Krishi Vidyapeeth,  Akola,
Maharashtra state during the Kharif, 2011. The soil was
medium black, with clay, fairly leveled and uniform in
topography with appropriate drainage. The material under
study was constituted of 50 genotypes of okra obtained

from National Bureau of Plant Genetic Resources
(NBPGR), New Delhi, Chilli and Vegetable Research Unit
(CVRU); Dr. PDKV.; Akola, Marathwada Agriculture
University; Parbhani and local genotypes of Maharashtra,
Gadchiroli. The observations on various characters were
recorded on five competitive randomly selected plants in
each plot and were averaged.

Analysis of genotypic and phenotypic
coefficients of variations were estimated as per the formula
suggested by Burton and Devane (1953). Heritability in
broad sense and genetic advance calculated by formula
given by Lush (1949) and Johnson et al. (1955a).

RESULTS AND DISCUSSION

The analysis of variance revealed highly
significant differences among the genotypes for all the
traits under study (Table 1) which indicated that the
genotypes differ significantly for all the traits.

 The mean and range values for all the traits
evaluated are presented in Table 2. A wide range of
variation observed for plant height at the time of last
harvesting ranged from 111 .93 cm  (IC-117011) to 179.00
cm  (GO-2), number of primary branches ranged from
0.87 (IC-117034) to 6 (AKOV-103), number of fruiting
nodes plant-1 22.33 (IC-117034) to 59.53 (AKOV-103),
leaf area 143.58 cm2 (HRB-107-4) to 404.42 cm2  (IC-
90298), number of fruits plant-1 1.35 (IC-117034) to 25.97
(AKOV-106), average weight of fruit 8.87 g (IC-117034)
to 23.98 g (AKOV-103), length of fruit ranged from 7.80
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Table 1. Analysis of variance for various characters in okra.

S. N. Characters Replication    Treatment            Error

1 Degree of freedom 2 49 98
2 Days to 50% flowering 3.49 13.43** 2.26
3 Plant height(cm) 429.27 734.25** 143.09
4 No. of Primary Branches plant-1 1.02 3.00** 0.48
5 No. of Fruiting nodes plant-1 40.94 173.44** 22.28
6 Leaf area (cm2) 6860.38 9694.82** 1677.08
7 Days to first harvest 6.81 26.86** 6.74
8 No. of fruits plant-1 18.40 83.54** 10.22
9 Average  Fruit weight (g) 5.84 22.74** 3.41
10 Length of Fruit(cm) 6.98 4.32** 2.78
11 Diameter  Of Fruit 0.026 0.171** 0.027
12 Moisture content, % 25.84 35.44** 9.91
13 Protein content, % 0.04 103.21** 0.02
14 Yield plant-1 (gm) 2741.42 20677.90** 2103.98
15 Yield  ha-1 (q) 1139 6260.95** 703.76

cm (IC-117020) to 13.93 cm (IC-33332), diameter of fruit
ranged from 1.14 cm (Akola Bahar) to 2.39 cm (IC-
117020), yield per plant ranged from 26.48 g  (IC-117034)
to 405.58 g (AKOV-103). The range of mean values could
present a rough estimate about the variation of magnitude
of variability present among different genotypes. But the
estimates of genotypic and phenotypic coefficients are of

Table 2. Range, mean and estimates of genetic parameters in okra.

S. N. Character Range Mean GCV% PCV% h2% GA

1 Days to 50% to flowering 39.00-49.00 44.35 4.35 5.51 62.3 3.13
2 Plant height (cm) 111.93-179.00 145.75 9.63 12.65 57.9 22.01
3 Number of Primary 0.86-6.00 2.61 35.11 44.01 63.6 1.51

Branches plant-1

4 Number of Fruiting 22.33-61.53 39.42 18.00 21.63 69.3 12.18
nodes plant-1

5 Leaf area (cm2) 143.58-404.42 267.56 19.32 24.65 61.4 83.48
6 Days to first harvest 44.00-54.00 46.89 5.52 7.82 49.9 3.77
7 Number of fruits plant-1 1.35-25.97 15.99 30.92 36.83 70.5 8.55
8 Average fruit weight(g) 8.87-23.98 14.95 16.98 21.00 65.4 4.22
9 Length of fruit (cm) 7.80-13.93 10.95 6.55 16.58 15.6 0.58
10 Diameter Of fruit(cm) 1.14-2.39 1.42 15.50 19.33 64.3 0.36
11 Moisture content, % 76.85-105.86 88.29 3.30 4.86 46.2 4.08
12 Protein content, % 11.06-30.01 18.82 31.16 31.17 99.9 12.08
13 Yield  plant-1 (g) 26.48-405.58 232.47 33.85 39.18 74.6 140.03
14 Yield  ha-1 (q) 14.51-225.32 129.09 33.34 39.17 72.5 75.48

greater use in determining the content of variability present
within the material.

Estimates of variability and genetic parameters
are given in Table 2.  The number of primary branches
per plant had the highest GCV of (35.11%) followed by
yield per plant (33.85%), yield ha-1 (33.34%), protein
content (31.16%) and number of fruits plant-1 (30.92 %).
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