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Castor (Ricinus communis L.) is an
important non-edible oilseed crop (Euphorbiaceae
family) of the arid and semi-arid region of India. India
is the world’s principal producer of castor. Gujarat is
the leading castor growing state in India having
maximum area of about 2.88 lakh ha. with production
of 4.90 lakh tones and productivity of 1701 kg ha-1

(2006-07). The critical assessment of nature and
magnitude of genetic variability, heritability and
genetic advance is one of the important prerequisites
of plant breeding. The estimates of variability
parameters for seed yield and its components in
castor could help in planning successful breeding
programme. Variability parameters for various
characters in castor have been studied by various
castor breeders (Muthian et. al., 1982; Patel et. al.,
1985; Patel et. al., 1991 and Lakshmamma et al., 2005)
under single environment. However, it has been well
established fact that the yield and its contributing
characters are significantly influenced by the
environmental fluctuations. Comstock and Moll
(1963) have emphasized the importance of the
interaction between genotype and environment, and
their contribution to “genetic slippage” in selection
for quantitative characters. It is, therefore, important
to study the variability parameters under varying
environmental conditions. Hence, present
investigation was undertaken to estimate the genetic
variability, heritability and genetic advance for seed
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ABSTRACT

Genetic variability, heritability and genetic advance of seed yield and ten component traits for 29 castor
genotypes were studied under two environments i.e., Kharif  2007-08 and 2008-09 at Pearl Millet Research
Station, Jamnagar. The analysis of variance revealed highly significant differences among the genotypes for all the
eleven characters studied. The characters, namely, leaf length, days to 50 per cent flowering, number of nodes,
internode length, number of lobes leaf-1, petiole length, capsule length, length of primary spike, plant height and
100-seed weight were less affected by environment showing close correspondence between genotypic
co-efficient of variation and phenotypic co-efficient of variation. The variability analysis revealed that plant
height, length of primary spike, internode length, number of nodes and leaf length depicted higher magnitude of
phenotypic range, genotypic co-efficient of variation, phenotypic co-efficient of variation, heritability and
genetic advance expressed as percentage of mean thereby suggesting the importance of additive gene action.
Hence, these characters can be improved through simple selection process.
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yield and ten components in castor under two
environments (Kharif 2007-08 and 2008-09) under
irrigated condition.

MATERIAL AND METHODS

The experimental material consisted of 29
diverse castor genotypes comprising six varieties,
10 hybrids and 13 parental lines of different hybrids.
The material was evaluated in randomized block
design with three replications at Pearl Millet Research
Station, Jamnagar, Gujarat during Kharif seasons
(2007-08 and 2008-09) under irrigated condition. Each
plot consisted of 10 rows of 6 m length
accommodating 100 plants. The row-to-row and
plant-to-plant spacing was 90 cm and 60 cm,
respectively. All the recommended package of
practices was adopted including plant protection
measures to raise healthy crop. Observations were
recorded on 11 characters viz., days to 50 per cent
flowering, number of nodes upto primary spike,
average internode length (cm), fourth leaf from top
was observed for recording observation related to
leaf i. e. leaf length (cm), number of lobes leaf-1 and
petiole length (cm), capsule length (cm), length of
primary spike (cm), plant height (cm) upto primary
spike, 100-seed weight (g) and seed yield  plant-1 (g).
Average values of two years were subjected to
standard statistical analysis of variance (Panse and
Sukhatme, 1961), genotypic and phenotypic co-
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efficient of variations (Burton, 1952) and heritability
and genetic advance (Johnson et al., 1955).

RESULTS AND DISCUSSION

The analysis of variance (Table 1) revealed
highly significant differences among the genotypes
for all the eleven characters studied; it indicated that
vast genetic variability existed among the genotypes
for different characters studied. Present findings are
in accordance with those of Muthian et al., (1982),
Patel et. al., (1985), Patel et. al., (1991) and
Lakshmamma et. al., (2005). The range of phenotypic
variability depicted wide phenotypic variation for
plant height, length of primary spike, leaf length,
number of nodes and internode length. The under
range recorded possibility of effective selection for
these traits. On the other hand, capsule length,
number of lobes leaf-1 and petiole length exhibited
narrow range of phenotypic variability. The
remaining characters showed moderate magnitude
of phenotypic variability. In the present study, the
higher estimates of genotypic variance over
environmental variance in all the characters except
seed yield plant-1 revealed that the variation among
the genotypes had a genetic basis. The estimates of
phenotypic and genotypic variances were higher for
plant height, length of primary spike and leaf length.
The phenotypic and genotypic variances were
moderate for 100-seed weight, days to 50 per cent
flowering and number of nodes; while, they were
low for the remaining characters. This was in line
with the findings of Lakshmamma et. al., (2005).

The relative amount of variation expressed
by different traits was judged through estimates of
phenotypic and genotypic co-efficient of variation.
In the present study, phenotypic co-efficient of
variation (PCV) was higher than the corresponding
genotypic co-efficient of variation (GCV) for most of
the characters, which showed prominent effect of
environmental factors. The characters like plant
height, seed yield, internode length, length of primary
spike, number of nodes and leaf length exhibited
high magnitude of GCV and PCV indicating the
presence of wide genetic variability for these traits
and fairly high chances for improvement in these
characters. The moderate values of GCV and PCV
were observed for 100-seed weight and capsule
length. The remaining characters showed low
magnitude of GCV and PCV under studiy. These

results are in agreement with the results reported by
Patel et. al., (1985), Patel and Jaimini (1988) and Patel
et. al., (1991).

Partitioning of total phenotypic variation
into heritable and non-heritable components is very
useful because only heritable portion of variation is
exploitable through selection. In present
investigation, high heritability (Broad senses)
estimates were recorded for the traits viz., plant
height, internode length, 100-seed weight, leaf
length, number of nodes, length of primary spike
and days to 50 per cent flowering thereby suggesting
the usefulness of making selection based on
phenotypic observations. The high heritability
observed may be due to additive gene effects hence
these traits are likely to respond to direct selection
for improvement of these traits. Moderate heritability
estimates was observed for the remaining four
characters studied. Genotypic coefficient of
variability along with heritability estimates provides
a better picture for the amount of genetic gain
expected to be obtained from phenotypic selection
(Burton, 1952). It was interesting to note that high
GCV was accompanied with high heritability
estimates for plant height, internode length, length
of primary spike, number of nodes and leaf length in
the present material which further supports the
effectiveness of selection for the improvement of
these traits.

Heritability in conjunction with genetic gain
was more useful than the heritability values alone in
the prediction of the resultant effect for selecting
the best individual genotypes (Johnson et. al.,
1955). Genetic gain gives an indication of expected
genetic progress for a particular trait under suitable
selection pressure. In the present study, the
characters like plant height, length of primary spike,
internode length, number of nodes and leaf length
exhibited high heritability coupled with high genetic
advance expressed as percentage of mean indicating
the predominance of additive gene action in
governing these traits. The yield attributing
characters having predominance of additive gene
action can easily improved through selection. These
results are in accordance with those of Patel et. al.,
(1991) and Lakshmamma et. al., (2005). High to
moderate heritability estimates and genetic gain
expressed as genetic advance in percentage of mean
was observed for seed yield, 100-seed weight and
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capsule length indicating the involvement of both
additive and non-additive gene action with more
influence of environment. These results are akin to
the reports of Patel and Jaimini (1988) and Patel et
al., (1991). Moderate heritability estimates with low
genetic gain was manifested for days to 50 per cent
flowering, number of lobes leaf-1 and petiole length
which might be due to preponderance of non-
additive gene effects. It suggested that improvement
of these characters might be difficult through
selection.

Thus, in the present study, the characters
like plant height, length of primary spike, internode
length, number of nodes and leaf length had higher
magnitude of phenotypic range, heritability, PCV,
GCV, genetic advance and genetic advance expressed
as percentage of mean. It indicated that selection for
these traits could be effective to increase castor seed
yield through improvement of yield contributing
characters.
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Number of varieties / hybrids of various
crops have been released. It is essential to record
the morphological characteristics of most of the
released varieties as per DUS Test Guidelines.
Documentation of morphological characteristics of
any crop is of prime importance, which will be helpful
to the seed growers or officers who are engaged in
seed production programme to identify off- types
from the seed plots. As such it is difficult to identify
the off- types in seed production. Identification of
off types mostly depends on morphological
characteristics, hence, proper documentation of
morphological characteristics is very essential.
However, the information on descriptors/
characteristics of varieties for characterization of
cultivars is meagre. Thus, it is essential to study key
characteristics of the crops and utilize these
characteristics for distinguishing the varieties from
each other. Seed Production system, all over the
world, are still based on visual differences and petal
spot in cotton can, therefore, be used by the breeders
and seed producers as identification marker

Varietal Identification of Wheat Through Morphological Descriptors

R. S. Shaikh1, V. R. Shelar2, V. A. Chavan3 and M. R. Manjare4

ABSTRACT

Twelve varieties of wheat viz; HD 2189, LOK 45, NIAW 15, NIAW 34, NIAW 295, NIAW 301, NI 5439,
NI 9947, MACS 2446, MACS 3125, MACS 1967 and MACS 2496 were studied for their morphological
characteristics, which were found to be important diagnostic characteristics in  identification of wheat varieties
except, the flag anthocyanin colouration of auricles, flag leaf hairs on auricles and awn presence since these
characteristics didn’t show any kind of variation among all the varieties. Twenty five to twenty nine days after
sowing , the varieties could be differentiated on the basis of their plant growth habit. At early boot stage variation
in the foliage colour was observed among the varieties. Varieties viz; NIAW 15, NI 5439, MACS 2446 and
MACS 1967 had green colur whereas rest of the varieties had dark green colour. The characteristic flag leaf
attitude showed variations among the varieties viz; HD 2189, LOK 45, NIAW 34, NIAW 295 and NI 9947 had
semi-erect attitude whereas rest of the varieties had erect attitude. At anthesis , the varieties could be differentiated
on the basis of characteristics viz; flag leaf waxiness of sheath, flag leaf waxiness of blade, ear waxiness and culm
waxiness of neck. Distinct variations were observed among the varieties at dough and ripening stages. At dough
development and ripening stages varieties could be differentiated on the basis of characteristics viz; straw pitch
in cross section, ear shape profile view, ear density, awn colour, awn attitude and ear colour. The varieties could
be very well distinguished at maturity on the basis of grain colour and grain shape. From the results, it is
concluded that the morphological characteristics exhibited by the different wheat varieties are similar in respect
of three characteristics viz; flag leaf antthocyanin colouration of auricles, flag leaf hairs on auricles and awn
presence however, can be distinguished from each other on the basis of remaining morphological characteristics.

1. Senior Res. Asstt. 2. Seed Research Officer 3. Asstt. Seed Production Officer and 4. Chief Scientist (Seeds),
Seed Cell, MPKV, Rahuri

(Anonymous, 1996). Similarly, Protection of Plant
Varieties and Farmer’s Rights Act, 2001 have been
enacted in India. Distinctness, Uniformity and
Stability are the criteria of PPV and FRA for the
registration and protection of the varieties. Thus
proper documentation and characterization of all the
notified / extant varieties of the crops is essential for
all the organizations/institutions.  In view of this,
the present study was undertaken to characterize
twelve wheat varieties that are active in seed
multiplication chain on the basis of qualitative and
quantitative characters (Anonymous, 2003).

MATERIAL AND METHODS

The genetically pure seeds of twelve wheat
varieties were obtained from the Agricultural
Research Station, Niphad. The seed material was
raised at Seed Technology Research Unit farm during
2004 and 2005. The crop was grown in six rows with
4.0 m length in two replications. Row to row and
plant to plant spacing were maintained at 30 x 5 cm.
The recommended agronomic practice2s were

PKV Res. J. Vol. 35 (1) : 2011
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followed properly to raise the healthy crop. The
observations were recorded as per DUS Test
Guidelines for wheat during different growth stages.
Ten randomly selected plants were examined for each
characteristic from each variety in each replication.
Plant growth habit was recorded at tillering stage.
Foliage colour was observed at early boot stage.
Observations viz; Flag leaf anthocyanin colouration
of auricles, flag leaf hairs on auricles and flag leaf
attitude were recorded at first spikelet of
inflorescence just visible stage. Observations viz;.
flag leaf waxiness of sheath, flag leaf waxiness of
blade, ear waxiness and culm waxiness of neck, etc.,
were recorded during the anthesis. Straw pitch was
recorded at dough development stage by taking
cross section between base of ear and stem node. It
was categorized as thin, thick and medium. The
panicle characteristics viz; ear shape in profile, ear
density, awn presence, awn colour, awn attitude and
ear colour were recorded from dough development
to spike let ripening stages.

RESULTS AND DISCUSSION

In the present investigation, twelve
varieties of wheat were explored for sixteen
morphological traits and presented in Table 1. Out
of sixteen characteristics, thirteen characteristics
were found polymorphic and three were
monomorphic. Morphological features of seed and
plant parts are major components of cultivar
identification because they provide dependable data
for identification. Joshi et. al.,(2007) reported that
the polymorphic nature of characteristics indicates
their potential for varietal identification.

At tillering stage, varieties could be
differentiated on the basis of plant growth habit and
categorized as erect, semi-erect and intermediate.
Varieties viz; LOK 45, NIAW 15 and NIAW 34 had
erect growth habit, whereas varieties NIAW 295, NI
5439, NI 9947, MACS 2446 and MACS 3125 had semi-
erect growth habit The varieties viz; HD 2189, NIAW
301, MACS 1967 and MACS 2496 had intermediate
growth habit. Singhal and Prakash (1989) also
reported early growth habit of Indian bread wheat
cultivars for description and identification.

Among the varieties studied, NIAW 15, NI
5439, MACS 2446 and MACS 1967 had green foliage
colour while, rest of the varieties had dark green

foliage  colour. Shiv Kumar et. al., (2000) studied
plant morphological characteristics viz; leaf shape,
intensity of leaf colour, etc., of rapseed and mustard
and reported significant differences among the
varieties for their morphological characteristics.

The flag leaf attitude of the varieties viz;
HD 2189, LOK 45. NIAW 34, NIAW 295 and NI 9947
had semi-erect attitude, whereas NIAW 15, NIAW
301, NI 5439, MACS 2446, MACS 3125, MACS 1967
and MACS 2496 had erect attitude. While
distinguishing the wheat varieties on the basis of
flag leaf waxiness of sheath, varieties were
categorized into two sub groups viz; strong and very
strong. Waxiness of flag leaf sheath was strong in
the varieties viz; HD 2189, LOK 45, NIAW 34, NIAW
301, NI 5439, NI 9947, MACS 2446, MACS 1967 and
MACS 2496 whereas, it was very strong in NIAW
15, NIAW 295 and MACS 3125. The waxiness of flag
leaf blade was weak in LOK 45 and MACS 1967,
whereas it was strong in varieties HD 2189 and MACS
2496. The waxiness was medium in rest of the
varieties.

The wheat varieties could be identified on
the basis of ear waxiness and waxiness on neck of
the culm at anthesis. The varieties viz;  LOK 45 and
NI 5439 had weak wax on ear whereas, the varieties
viz  ; NIAW 34, NIAW 301, NI 9947, MACS 2446,
MACS 3125 and MACS 2496 had medium ear
waxiness. The varieties viz; HD 2189 ans MACS 1967
had strong ear waxiness, whereas the varieties NIAW
15 and NIAW 295 had very strong ear waxiness. On
the basis of waxiness on neck of the culm, the
varieties could be differentiated into three categories
viz; medium, strong and very strong. The waxiness
on the neck of culm was medium in NI 5439 and
MACS 3125 whereas, it was very strong in NIAW
295, while in remaining varieties it was strong.

Distinct variation was observed among the
varieties at dough development and ripening stages.
At dough development stage the varieties could be
differentiated on the basis of pithiness in the wheat
straw. The varieties viz; HD 2189, NIAW 34, NIAW
301, NI 5439, NI 9947 and MACS 2496 had thin
pithiness whereas, the rest of the varieties had
medium pithiness. At ripening stage, varieties could
be differentiated on the basis of characteristics viz;
ear shape in profile, ear density, awn colour, awn
attitude and ear colour. These are the most

PKV Res. J. Vol. 35 (1) : 2011
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distinguishable characteristics and are helpful in
maintaining the identity. Singhal and Prakash (1989)
described ear characters of wheat plant i.e. angle of
ear, ear colour, ear shape, ear density, ear length and
reported which are necessary to ascertain the
cultivars characteristics. The varieties viz; HD 2189
and LOK 45 had fusiform ear shape. Varieties viz;
NIAW 15, NIAW 295, NI 5439, MACS 2446, MACS
3125 and MACS 2496 had tapering ear shape and
rest of the varieties had parallel sided ear shape. On
the basis of ear density the varieties could be
grouped in to three groups viz; medium, dense and
very dense. The varieties viz; HD 2189, MACS 1967
and MACS 2496 had dense ear whereas, the varieties
viz; NIAW 15, NIAW 295, MACS 2446 and MACS
3125 had very dense ear. Rest of the varieties had
medium ear density. Based on the variations
observed in awn colour, varieties could be classified
in to white, black and brown colour. The varieties
HD 2189 and MACS 1967 had white awn colour,
black awn colour was noticed in the varieties NIAW
295, MACS 2446 and MACS 3125, whereas the rest
of the varieties had brown awn colour. The variety
MACS 1967 had appressed awn attitude which is
the distinct character of this variety. Rest of the
varieties classified into spreading type awn attitude.
The ear colour of the wheat varieties was categorized
into two groups viz; white, light brown and dark
brown. Variety LOK 45 had white ear colour and
NIAW 15 had dark brown ear colour.

Development of key characters

Varieties can be distinguished individually
by preparing schematic diagram (Fig. 1). This may
facilitate to the seed growers/ seed certification
agencies for identification of varieties during the
seed production. While preparing the key
characteristics of plant morphology, varieties were
divided into three groups of plant growth habit i.e.
erect, semi-erect and intermediate. Varieties within
that group further divided into two groups of foliage
colour i.e. green and dark green. Varieties within each
group further divided into different groups on the
basis of flag leaf anthocyanin colouration of auricles,
flag leaf hairs on auricles, flag leaf attitude, flag leaf
waxiness of sheath, flag leaf waxiness of blade and
ear waxiness.

Thus, the wheat varieties under present
investigation could be distinguished from each other
on the basis of plant morphological characteristics.
This documentation of morphological characteristics
also helpful in seed production programme as well
as registration of cultivars under Plant Variety
Protection and Farmers Rights Act, 2001. Similar
attempts have also been reported in rice by Joshi et.
al., (2007), pea by Surendra Prakash and Singhal
(1997), pearl millet by Arunkumar (2004) and forage
sorghum by Sangwan et. al., (2005).
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Safflower is an important oilseed crop.
Safflower seed oil is rich in polyunsaturated fatty
acids (Linoleic acid, 78%) which play an important
role in reducing blood cholesterol level and is
considered as a healthy cooking medium. Safflower
is predominantly self-pollinated crop. Safflower
improvement programme in India was started in 1931
and N-630, the first variety was released in 1940.
Also N-7 was released for commercial cultivation
from Nagpur in 1945. Since then so many varieties
and hybrids were released.

These varieties have the genetic potential
to give yield of 15 to 20 q ha-1 with oil content about
30 per cent under optimal conditions. However,
attempts to further improve the yield and oil content
were not successful even after release of three
safflower hybrid varieties with use of genetic male
sterility viz., DSH-129, MKH-11 and NARI-NH-1
which have 20-22 per cent yield advantage over
existing national check variety, A1. Infact, these
hybrids are not popular for commercial cultivation
due to difficulties in seed production and limited
extent of useful heterosis. The genetic male-sterility
is useful in safflower for development of safflower
hybrid varieties and for the development of random-
mating population for recurrent selection programme.
Several genetic male-sterile lines have been identified
and reported in safflower (Ramchandram and
Sujatha, 1991; Singh, 1996 and Ghorpade, 1999). Some
of these GMS lines have been used directly for the
development of safflower hybrid varieties viz., DSH-
129, MKH-11 and NARI-NH-1. However, direct
utilization of GMS lines will be undesirable. The

Combining Ability and Heterosis Analysis of Newly Developed Genetic
Male Sterile Lines in Safflower

R. L. Bhakre1
 and P.B. Ghorpade2

ABSTRACT
Four newly developed genetic male sterile (GMS) lines of safflower were used to evaluate the combining

ability, identify the most promising GMS line for its utilization in hybrid breeding and recurrent selection
programme and estimate the useful heterosis for economic traits. The forty crosses and two check varieties
(Bhima and A1) were grown in a randomized complete block design with two replications and data were recorded
and analyzed for eight agronomic characters. HUS-305MS-2 x AKS-152 exhibited significant useful heterosis
(46.08 %). Among male parents, AKS-152, PH-39 and AKS-207 were good general combiners for yield and its
components. These parents may be utilized in synthesis of random mating population. The GMS lines,
HUS-305MS-2 and HUS-305MS-3 were average combiner for seed yield plant -1. Therefore, GMS lines
HUS-305MS-2 and HUS-305MS-3 may be utilized in recurrent selection programme for development of superior
varieties.

1. Ph.D.Scholer and  2.  Professor and Head of Section, Section of Agril. Botany, College of Agriculture Nagpur

AKSMS-1 GMS line was poor combiner for number
of capitula plant-1 resulting reduction in yield of 26
experimental hybrids under study (Naoghare and
Ghorpade, 2001). Therefore, it is essential to transfer
male sterility into agronomically superior varieties
like Bhima, A1 before its utilization in hybrid breeding
programme.  New GMS lines viz., HUS-MS-1, HUS-
MS-2 and HUS-MS-3 were the spontaneous mutants
from HUS-305, a national check for high oil content
were identified and maintained at College of
Agriculture, Nagpur (Ghorpade, 1999). These male-
sterile lines are agronomically superior and segregate
in the ratio of 3 fertile: 1 sterile (Poornima,
2002).Therfore, it is essential to evaluate different
types of male sterile lines for segregation pattern,
marker gene association with male sterility,
agronomic performance, genetic diversity, combining
ability before its utilization in hybrid breeding and
recurrent selection programme. The present
investigation was, therefore, aimed to evaluation of
combining ability of newly developed GMS lines of
safflower, to identify the most promising genetic male
sterile line for its utilization in hybrid breeding and
recurrent selection programme and to estimate the
useful heterosis for economic traits.

MATERIAL AND METHODS
The present study was conducted during

Rabi 2004 at the research farm of Department of
Agricultural Botany, College of Agriculture, Nagpur.
Four GMS viz., HUS-305MS-1, HUS-305MS-2, HUS-
305MS-3 and MS(0)9 were crossed with 10 elite
parents of safflower viz. Bhima, A1, AKS-152, AKS-
207, N-7, BLY- 652, Sharda, JLSF-88, S-25 and PH-39.

PKV Res. J. Vol. 35 (1) : 2011
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Resulting 40 crosses alongwith check varieties,
Bhima and A1 were grown in randomized complete
block design with two replications. The plants were
spaced at a distance of 45 cm in a rows and row to
row distance was 45 cm.  Each row consisted of 20
plants. Border rows were grown on two sides to avoid
border effect. Recommended package of practices
were followed to raise a good crop. The observations
were recorded on plant height (cm), number of
primary branches plant-1, number of capitula plant-1,
number of seeds capitulum-1, seed yield plant-1 (g),
100 seed weight (g) on five randomly selected
competitive plants per replication of each genotype.
However, data for days to 50 per cent flowering and
days to maturity were recorded on plot basis.
Combining ability analysis was carried out as per
procedure given by Kempthorne (1957) with effect
model (Model I) of Eisenhart (1947).

RESULTS AND DISCUSSION

Analysis of variance revealed significant
genotypic variances for all the characters studied

except for number of seeds capitulum-1 indicating
substantial genetic variability for these traits except
number of seeds capitulum-1. The variation due to
crosses was partitioned into different components
represented by mean squares due to males, females
and male x female interactions. The mean squares
due to male were significant for all the characters
except plant height. The mean squares due to female
was significant only for five characters viz., days to
50 per cent flowering, plant height, days to maturity,
number of primary branches plant-1 and number of
capitula plant-1. However, the mean squares due to
male x female interaction were significant for all the
characters except plant height (Table 1).

In the present study, the GMS line HUS-
305 MS-1 was good general combiner for number of
primary branches, HUS-305 MS-2 was good general
combiner for days to 50 per cent flowering and days
to maturity. HUS-305 MS -3 was good general
combiner for number of capitula plant-1. MS (09) was
poor combiner for plant height, days to maturity,
number of primary branches plant-1 and number of

Table 1: Estimates of useful heterosis over Bhima for different characters.

S.N.            Crosses Days to Plant Days to No. of No. of 100 Seed Seed yield
50 % height maturity primary capitula weight plant-1

flowering (cm)  branches    plant-1 (g) (g)
plant-1

1 HUS-305 MS-1 X Bhima -1.87** - - - - - -
2 HUS-305 MS-1 X AKS-152 - - - 24.7 - - -
3 HUS-305 MS-1X BLY-652 - - -0.95 - - - -
4 HUS-305 MS-1X Sharda - 11.46* - - - - -
5 HUS-305 MS-1X JLSF-88 -1.87** - - 33.8 - - -
6 HUS-305 MS-1X PH-39 -1.0 - - - - - -
7 HUS-305 MS-1X A 1 -1.5** - - - - - -
8 HUS-305 MS-2X AKS-152 - - - 24.7 61.56* 46.08*
9 HUS-305 MS-2X AKS-207 - - - - - 19.64 -
10 HUS-305 MS-2X Sharda -1.31** - - - - - -
11 HUS-305 MS-2X S-251 -1.19** - - - - - -
12 HUS-305 MS-3X N-7 - - - 43.64 - -
13 HUS-305 MS-3X S-251 -0.75 - - - - - -
14 HUS-305 MS-3X PH-39 - 6.55 -0.83 70.81* - 34.80
15 HUS-305 MS (0)9X AKS-207 -0.62 - - - - - -
16 HUS-305 MS (0)9X S-251 -0.75 - - - - - -

SE ± (D) 0.25 3.12 0.53 1.52 6.93 0.41 8.27
CD at 5% level 0.71 8.92 1.51 4.35 19.80 1.17 23.63
CD at 1% level 0.95 11.92 2.02 5.81 26.49 1.57 31.61

*, ** Significant at 5 per cent, 1 per cent level, respectively.

PKV Res. J. Vol. 35 (1) : 2011
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capitula plant-1 (Table 3). None of the GMS line was
good general combiner for seed yield plant -1.
Naoghare and Ghorpade, (2001) reported that GMS
line AKSMS-1 was poor combiner, resulting
reduction in yield of experimental hybrids. However,
HUS-305 MS-2 and HUS - 305 MS-3 were average
combiner for seed yield plant-1.

Among male parents, AKS-152, PH-39 and
AKS-207 were good general combiners for yield and

Table 2: Analysis of variance for combining ability.

Source of variation d.f.                    Mean squares
Days to Plant Days to No. of No. of 100 seed Seed
50 % height maturity primary capitula weight yield

flowering   (cm) branches  plant-1 (g)  plant-1

plant-1  (g)

Replication 1 0.1053 0.97 8.74 2.66 1070.19 0.80 845.01
Crosses 39 1.17** 70.33** 6.65** 7.26** 101.6** 0.64** 187.40**
      Males  (M) 9 0.74** 105.76 6.62** 4.49** 102.98* 0.92** 267.03**
     Females (F) 3 0.45** 225.51* 7.29** 15.31** 128.02* 0.30 91.77
Males Vs Females (M x F) 27 1.39** 41.29 6.59** 7.29** 98.22 0.58 171.48**
Error 39 0.066 96.11 0.29 2.41 49.66 0.18 69.96
* - P < 0.05, ** - P < 0.01, NS – Non-significant

its components. These parents may be utilized in
synthesis of random-mating population. The cross
combination, HUS-305 MS-2 x AKS-152 exhibited
significant useful heterosis (46.08 %) (Table 1) and
positive significant SCA effect for seed yield plant-1

(17.98) and number of capitula plant-1 (10.46) (Table
4) indicating significant contribution of dominance
and dominance x dominance component to heterosis.
Virmani and Maruyama (1995) indicated that there

Table 3: Estimates of general combining ability effects of the parents.
Parents Days to Plant Days to No. of No. of 100 Seed

50 % height  maturity primary capitula seed yield
flowering  (cm)  branches plant-1 weight plant-1

plant-1 (g)    (g)
Females
HUS-305 MS-1 -0.07 1.13 -0.17 1.06** 1.68 0.06 -1.69
HUS-305 MS-2 -0.2** 0.72 -0.76** 0.09 -2.19 -0.18* 2.27
HUS-305 MS-3 0.20** 2.97 0.46** -0.06 3.68** 0.09 1.51
MS (0)9 0.07 -4.82* 0.46** -1.09** -3.17* 0.03 -2.09
(SE gi) ± 0.05 2.19 0.12 0.35 1.57 0.09 1.87
Males
Bhima 0.29** -1.7 0.5** 0.04 -0.71 -0.09 2.79
A 1 0.26** 1.68 -0.22 -0.13 -2.31 0.03 -5.46
AKS-152 0.14 1.13 0.78** 1.82** 8.82** 0.32* 8.01**
AKS-207 -0.05 1.31 1.65** -0.11 -0.63 0.71** 3.04
N-7 0.06 1.57 -0.22 -0.46 1.14 -0.49* -2.12
BLY-652 0.31** -1.65 -1.62** -0.43 -1.69 -0.11 1.24
Sharda 0.2* 2.85 0.24 0.37 -1.43 0.09 -3.59
S-251 -0.55** -9.14** -0.77** -1.03 -5.81* 0.09 -6.66*
JLSF-88 -0.42** 0.28 0.4* -0.31 2.62 -0.21 -6.31*
PH-39 -0.24** 3.67 -0.065** 0.24 3.75 -0.34* 9.06**
(SE gj) ± 0.09 3.47 0.19 0.55 2.49 0.15 2.96
* - P < 0.05,                        ** - P < 0.01.

Combining Ability and Heterosis Analysis of Newly Developed Genetic Male Sterile Lines in Safflower
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Table 4: Estimates of specific combining ability effects of the crosses for different characters.

S,N. Crosses Days to Plant Days to No. of No. of No. of 100
50 % height  maturity primary capitula seed Seed

plant-1 capitulumt-1 Weight
   (g)

1 HUS305 MS-1 X Bhima -1.78** -1.78 0.41 -0.63 3.66 0.07 17.26**
2 HUS305 MS-1 XA 1 0.46 -6.75 -1.99** 0.24 -0.85 0.46 4.19
3 HUS305 MS-1 X AKS-152 0.58* -4.79 -1.36** -0.01 -2.2 0.37 -7.79*
4 HUS305 MS-1X AKS-207 0.76** -4.08 1.96** -0.18 -1.63 -0.63* -0.41
5 HUS305 MS-1X N-7 -0.15 -0.76 1.58** -0.13 0.51 -0.56* 0.44
6 HUS305 MS-1X BLY-652 0.2 -0.74 -1.92** -1.46* -0.58 0.69* -2.01
7 HUS305 MS-1X Sharda 0.51* 11.74** 0.68* -0.56 2.77 0.19 -5.08
8 HUS305 MS-1X S-251 1.05** 6.37 1.68** -0.06 0.76 0.59* -3.11
9 HUS305 MS-1X JLSF-88 -1.08** 2.05 -2.59** 3.22** 3.9 -1.11** 3.94
10 HUS305 MS-1X PH-39 -0.55* -1.26 1.55** -0.43 -6.33* -0.08 -7.43*
11 HUS305 MS-2X Bhima 0.85** 2.44 0 0.74 5.72* -1.22** 1.51
12 HUS305 MS-2X A 1 -1.39** -0.35 -1.39** -0.49 -1.39 -0.49 -0.45
13 HUS305 MS-2X AKS-152 -0.4 1.02 0.13 0.96 10.46** 0.51 17.98**
14 HUS305 MS-2X AKS-207 0.38 -0.28 -3.76** 0.29 -1.07 0.71* 8.65**
15 HUS305 MS-2X N-7 0.58* 1.47 -1.39** 1.24* 5.66* 0.31 3.90
16 HUS305 MS-2X BLY-652 -0.17 2.29 1.02** 1.71** 1.08 -0.37 -1.25
17 HUS305 MS-2X Sharda -1.21** -0.22 0.17 0.31 1.83 -0.37 4.18
18 HUS305 MS-2X S-251 -0.37 -3.69 0.17 2.41** 6.72* 0.13 -10.05**
19 HUS305 MS-2 X JLSF-88 1.05** 0.96 3.5** -5.31** -19.74** 0.63* -18.20
20 HUS305 MS-2X PH-39 0.68** -3.64 1.55** -1.86** -9.27** 0.16 -6.27*
21 HUS305 MS-3X Bhima -0.24 -0.53 -1.23** 0.29 -1.95 -0.06 -3.64
22 HUS305 MS-3X A 1 -0.21 1.91 1.07** -1.04 0.36 -0.26 -3.89
23 HUS305 MS-3X AKS-152 0.32 -1.05 1.88** -1.09 -9.7 -0.56* -5.66
24 HUS305 MS-3X AKS-207 -0.51* 1.48 1.9** 1.64** 2.68 0.24 -7.29*
25 HUS305 MS-3X N-7 -0.21 4.21 0.32 1.59** 4.7 0.24 -4.34
26 HUS305 MS-3X BLY-652 0.55* 2.33 0.72* -1.74** -4.48 -0.34 -0.59
27 HUS305 MS-3X Sharda 0.86** -5.07 0.12 -0.54 -7.23** 0.33 7.84*
28 HUS305 MS-3X S-251 -0.31 -3.58 -0.88** -2.64** -8.25** -0.24 5.02
29 HUS305 MS-3X JLSF-88 -0.14 -3.81 -0.38 1.34* 13** -0.44 0.76
30 HUS305 MS-3X PH-39 -0.11 4.11 -3.7** 2.19** 10.87** 0.99** 11.79**
31 MS(0)9 X Bhima 1.19** -0.15 1.07** -0.39 -7.41** 0.6* -15.36**
32 MS(0)9 X A 1 1.14** 5.2 1.69** 1.28* 1.89 0.3 -0.11
33 MS(0)9 X AKS-152 0.56* 4.85 -0.68* 0.13 1.45 -0.21 -4.78
34 MS(0)9 X AKS-207 0.58* 2.87 0.02 -1.74** 0.01 0 1.29
35 MS(0)9 XN-7 -0.1 -4.9 -0.43 -2.69** -10.86** 0.2 -0.26
36 MS(0)9 X BLY-652 -0.63* -3.89 0.19 1.48* 3.96 0.02 3.59
37 MS(0)9 X Sharda -0.22 -6.48 -0.88** 0.78 2.62 0.02 -7.18*
38 MS(0)9 X S-251 -0.44 0.91 -0.96** 0.28 0.79 -0.39 7.89*
39 MS(0)9 X JLSF-88 0.19 0.79 -0.55 0.76 2.84 0.32 13.24**
40 MS(0)9 X PH-39 0.07 0.8 0.52 0.11 4.71 -0.86** 1.68

SE ± (sij) 0.24 3.47 0.29 0.59 2.50 0.27 2.96

* - P < 0.05,                        ** - P < 0.01.
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was no evidence in rice that significant dominance
effects cause heterosis. Mostly heterosis was due
to additive effects and linkage disequilibrium of
genes in the parents.

The GMS lines, HUS-305 MS-2 and HUS-
305 MS-3 may be utilized in recurrent selection
programme for development of superior varieties.
The predominance of additive genetic variation in
safflower (Janolkar and Ghorpade, 1991) and
random-mating population (Panchabhai, 2004)
suggest that recurrent selection is effective in
utilization of additive genetic variation. Naole (2004)
reported 23.87 per cent increase in yield over Bhima
by utilizing half-sib recurrent selection scheme in a
random-mating population segregating for genetic
male sterility.

On the basis of the results obtained in this
study, only one cross viz., HUS-305 MS-2 x AKS-152
(46.08%) showed significant increase over Bhima for
seed yield plant-1 (Table 1 ).  Many workers reported
useful heterosis which ranged from 42 to 177 per
cent for yield over check variety (Pandya et. al., 1990;
Deshmukh, 1991; Wandhare, 1997). The release of
three GMS based safflower hybrid varieties indicated
that genetic male sterility can be exploited
successfully for commercial exploitation of hybrid
vigour in safflower. However, these hybrids are not
cultivated on commercial scale due to inherent seed
production problems. The identification and removal
of 50 per cent heterozygous fertile plants at flowering
stage is tedious and impractical in commercial seed
production plots. There is no marker gene available
in safflower, which is associated with male sterile
gene. Therefore, the use of genetic male sterility for
exploitation of heterosis at commercial level in
safflower has limited application. The hybrid
varieties in safflower will become reality when CMS
lines become available. Under such circumstances,
potential GMS lines may be utilized for development
of random-mating population for recurrent selection
programme.
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Chickpea (Cicer arietinum L.), the world’s
third most important winter season food legume, is a
self pollinated diploid legume. It belongs to family
leguminoceae and sub-family papilionoideae
Goodwin (2003). It is valued for its nutritive seeds
with high protein content (25.3-28.9 %), and vitamin
C content after dehulling. Chickpea is currently
grown on about 11 m ha area worldwide. India’s share
in global chickpea production is 67 per cent. In India,
chickpea is being grown in 7.10 m ha area, with
production 5.65 mt and productivity 795 kg ha-1.
Madhya Pradesh, Uttar Pradesh, Maharashtra,
Rajasthan, Gujarat and Andhra Pradesh are the major
chickpea growing states sharing 85 per cent area.
Madhya Pradesh covers 2.8 m ha area with
production 2.6 mt and productivity 931 kgha-1,
Chickpea use for making ‘Chana dal’ (milling), Besan,
parching, table purpose, vegetable, salad bars,
vegetable mixes, or ground into humus, etc.
(Goodwin, 2003).

Genetic improvement in chickpea though
started since its domestication but progress has not
been made up to the satisfaction. Breeding efforts
for high yield potential have been based on either
selection for yield selection-1 or indirect selection
for yield components in early segregating
generation. To improve the production potential of
this crop, breeding programme should be aimed at
development of high yielding varieties by combining
genes from various sources which require precise
information on the nature and degree of genetic
variability present in the crop. These breeding
strategies may be effective if there is adequate
information on genetic inheritance and linkage.
Breeders have to formulate criteria for isolating

Studies on Inheritance of Morphological Traits in Chickpea

S. R. Patil1,  Anita Babbar2  and A. R. Bhuyar 3

ABSTRACT

Investigation was carried out during Rabi season 2008-09 under All India Coordinated Research Project on
Chickpea in the experimental field of Seed Breeding Farm, College of Agriculture, Jawaharlal Nehru Krishi
Vishwa Vidyalaya Jabalpur, (MP). The F2 population derived from sixteen crosses of twenty parents. The
genetic inheritance of different morphological traits is essential for selection of superior and desirable transgressive
segregants for genetic improvement of the crop.

superior  genotypes from early segregating
populations.

MATERIAL AND METHODS

Jabalpur is situated at 23.9°N latitude and
79.58°E longitude at an altitude of 411.87m above
the mean sea level. This region has subtropical, semi-
arid climate. The main features are hot and dry
summer and cold winter with occasional showers in
Rabi and Summer season. The average rainfall is
about 1400 mm, which is received mostly during July
to September temperature vary from 8°C being
minimum into January and 45°C being maximum in
May. The crop was grown under normal crop season.
The germination was excellent in Desi chickpea type
in comparison to Kabuli.

In the present investigation required seeds
were procured from All India Coordinated Research
Project on Chickpea, Jawaharlal Nehru Krishi Vishwa
Vidyalaya Jabalpur, (M.P.). Crosses were made during
2006-07 (Rabi season) and their F1 seeds were grown
in 2007-08 (Rabi season).In 2008-09 all four
generations viz. P1, P2, F1 and F2  Seeds of each
crosses were grown in experimental plot in lines with
row length of 4m, row to row distance of 30 cm and
plant to plant spacing 10 cm. for Desi crosses and
row to row distance of 45 cm and plant to plant
spacing 12-15 cm. for Kabuli chickpea crosses.
Parents of each cross were grown in single row and
F1 in two rows. Segregating population (F2) was
grown in fifteen rows plot-1. To avoid border effect
one border row is sown both side of the plot.
Standard agronomic practices and plant protection
methods were taken up as and when required.

1. & 3. M.Sc. Students and 2. Professoer and Senior  Scientist, Deptt. of Plant Breeding and Genetics, JNKVV,
Jabalpur (MP)
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The objectives to study inheritance of
morphological traits in chickpea viz. growth vigour,
days to flowering, foliage colour, leaf type, leaflet
size, flower colour, pods peduncle-1, branching habit,
seed surface, seed size, seed colour and seed shape.
The F2 population derived from sixteen crosses of
twenty parents involving ten Desi, five Kabuli, one
Gulabi, two mutant and two wild parents with eight
Desi  x Desi, three Kabuli  x Desi, one Desi x Gulabi,
one Kabuli x Kabuli, one Desi x mutant, one mutant
x Kabuli and one wild x wild. Here investigate twelve
contrasting characters as growth vigour early - late,
days to initial flowering early - late, foliage colour
light green - dark green, leaf type imperipinnate leaf
- simple leaf, pod peduncle-1 single - double, flower
colour pink - white - purple, growth habit erect -
spreading, seed surface rough - smooth, seed size
large - small, seed colour orange – yellow - beige,
leaf size broad - small, seed shape angular - round.

The F2 segregation analysis was performed
using the computer programme linkage–1 developed
by Suiter et al. (1983). This programme tested
monogenic inheritance using goodness of fit c2

(Chi2) tests and calculate its standard error (SE) using
the maximum likelihood formulae suggested by Allard
(1956). The c2 (Chi2) test for homogeneity of data for
different F2 families was calculated according to
Mather (1951).

RESULTS AND DISCUSSION

Among pulses, chickpea (Cicer arietinum
L.) is the crop on which detail research work with
respect to some important qualitative characters has
been carried out. However, its production is less per
unit area as compared to cereals and millets.
Therefore, considerable attention should be given
for its genetic improvement. The P1, P2, F1 and F2

populations of sixteen crosses including twenty
parents were used for inheritance study.

Growth Vigour

The slow growth vigour character is
recessive over normal and controlled by duplicate
gene action. The F2 segregation ratio of 15 normal : 1
slow growth was in agreement with the finding of
Sabaghpour et. al., (2003). On the other hand, Dahiya
et al. (1994) observed a monogenic segregation for
3 normal : 1 slow growth vigour in F2 and 1 normal :
1 slow growth vigour in back cross. But, Waldia et

al. (1992) reported the inheritance of root length and
speed of radical emergence was additive and additive
x additive gene effects were important for the
expression of these characters.

Leaf type

Simple leaf mutant has been the trait of
common interest, the earlier studies revealed that it
is governed by single recessive gene (Rao et. al.,
1980, Gowda 1981, Pandey and Tiwari 1981, Pundir
and reddy,  1998 and Jain, 2003). The result of this
study also supports the previous findings in the
cross between simple leaf and imperipinnate-leaf.
The F1 of this cross showed imperipinnate leaf and
in F2 segregating ratio was 3:1 (3 imperipinnate leaf :
1 simple leaf).

Srinivasan et. al., (2006) concluded the
results of their study and stated another negative
effect of simple leaf trait, the reduction in seed yield
plant-1. Thus it is recommended that selections
should be practiced for imperipinnate leaves plants
in crosses involving simple leaves and imperipinnate
leaves type.

Leaf Foliage Colour

Light green colour was found to be
recessive to dark green foliage. The F2 segregation
ratio of 3 green : 1 light green foliage was in agreement
with the finding of Jain (2003), also found that other
colours were found to be recessive to normal green
foliage.

In other case cross between purple flower
Desi mutant with white flower kabuli shows all purple
flower plants in F1 and  its F2 segregating population
shows the inhibitory gene action, which is supported
by Sandhu et. al., (1993) in a cross between purple
pigment of whole plant and normal foliage colour
plant. On the other hand Rao et. al., (1980) revealed
that the purple and light green foliage colours were
found to be recessive to normal green foliage;
inheritance of purple foliage colour is reported first
time, i.e. the purple green foliage colour is monogenic
recessive in nature over light green foliage.

Days to Initial Flowering

In the crosses between Desi x Desi, Desi x
Gulabi and Desi x mutant lines and their pooled data
suggesting that the early flowering was recessive
over late and early flowering was controlled by

Studies on Inheritance of Morphological Traits in Chickpea
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Table 1: Characteristics showing dominant and recessive inheritance in Chickpea

S.N. Characters Inheritance Dominant Recessive

1. Growth Vigour Duplicate High Low
2. Days to Initial Flowering

2a.   Desi x desi, gulabi x desi Duplicate Late Early
and mutant x desi crosses
2b.   Kabuli x desi cross Monogenic Late Early

3. Foliage Colour
3a.   Desi x Desi crosses Monogenic Dull Green Light Green
3b.   Mutant x mutant cross Inhibitory Purple Green Normal Green

4. Leaf Type Monogenic Imperipinnate  leaf Simple
5. Pod per Peduncle Monogenic Single Pod Double Pod
6. Flower Colour

6a.   Gulabi x Desi cross Monogenic Pink White
6b.   Kabuli x Desi cross Supplementary 9 (Pink) : 3 (Blue) : 4 (White)

7. Growth Habit Monogenic Spreading Erect
8. Seed Surface Monogenic Rough Smooth
9. Seed Size Monogenic Large Small
10. Seed Colour

10a.   Gulabi x Desi Crosses Monogenic Orange Brown
10b.   Kabuli x Desi Crosses Monogenic Brown White

11. Seed Shape Monogenic Angular Pea shape

duplicate gene action. This data are supported by
the result of Anbessa et. al., (2006). In other three
Desi  x Kabuli crosses  for days to initial flowering
gave a good fit to 3 late flowering : 1 early flowering
suggesting that the early flowering time characters
was recessive and monogenic in nature. Similarly Or
et. al., (1999) also suggested that F2 populations
derived from crosses between an early-flowering
breeding line (Desi) with weak photoperiodic
response and a late-flowering high yielding (kabuli)
cultivar with a strong photoperiod response, a 3 : 1
ratio of late flowering : early flowering types was
observed. Here in Desi x Kabuli crosses are differing
from suggestion of Gumber et. al., (1996) and
Anbessa et. al., (2006) in chickpea.

Flower Colour

Inheritance of flower colour in three type
of crosses i.e. Desi x Gulabi, Desi x Kabuli and
mutant x Kabuli exhibited that in desi x gulabi
crosses, white flower colour trait was recessive over
pink and governed monogenically. On the other hand
Desi x Kabuli and mutant x Kabuli (Pink x White)

crosses show supplementary gene action, give a
good fit to 9:3:4 (9 Pink : 3 Purple : 4 White). This
trait has been widely used. Many workers have
observed a monogenic segregation for pink vs. white
petal colour. (Ghatge, 1994 and Jain, 2003). This data
also support the revelation of Kumar et. al., (2000)
i.e. Pink x White crosses show supplementary gene
action.  However, the basic idea behind using known
traits was to search linkage if any between the new
traits involved in the study.

Pods Peduncle-1

The inheritance of pods peduncle-1 trait
was studied in ten crosses between single podded
and double podded parents revealed that all of these
crosses  gave a good fit to 3:1 (Single pod : double
pod) ratio in a c2 contingency table.  This data  also
support to the revelation of Maesen et. al., (1980),
Pawar and Patil (1983), Rao and Pundir (1983), Singh
and Van Rheenen (1994),  Babbar et. al., (2005) and
Srinivasan et. al., (2006) i.e. single recessive gene
has been reported to govern double flowered double
podded-1 trait over single flower-1single podded trait.

PKV Res. J. Vol. 35 (1) : 2011



19

The results of this study will help in
development of breeding strategies for exploitation
of these flowering and podding traits in chickpea
improvement.

Growth Habit

The genetic inheritance of growth habit
was studied in F2 generation of three crosses, in
which two crosses gave a good fit to 3 erect : 1
spreading and one cross was distorted to 3 spreading
: 1 erect type suggesting that spreading growth habit
characters was recessive and controlled
monogenically. Similarly Ghatge  (1994) also showed
3 erect : 1 spreading.

Seed Size

Seven crosses were made for the study of
seed size (mm), small seed size was found to be
recessive to large seed size. The F2 segregation ratio
of  3 large : 1 small seed size was found. This data
borrow  support from the finding of Upadhyaya et.
al., (2006). On the other hand this data fails with the
suggestion of Kumar and Singh (1995) and Malhotra,
et. al., (1997) both suggested that small seed size
was partially dominant over large seed size.

Seed Surface

The rough seed surface revealed
monogenic dominant behaviour over smooth seed
surface. Jain (2003) and Meena et. al. , (2005) reported
that the rough seed surface was controlled by single
dominant gene.

Seed Colour

The four crosses were made of contrasting
trait for the study of seed colour. In Gulabi (orange
colour) x Desi (yellow colour) orange colour was
found to be dominant over yellow colour. The F2

segregation ratio of 3:1 (3 Orange : 1 brown) seed
colour was found. In second cross, cross between
Desi mutant (yellow seed colour) and Kabuli mutant
(beige seed colour), beige seed colour was found to
be monogenic recessive to yellow and in case of
brown verses beige seed coat colour, beige  seed
coat colour controlled by monogenic inheritance.

Ghatge and Kolhe (2008) also concluded
that seed colour was controlled by single gene.
Meena et. al., (2004) studied inheritance of seed
colour in chickpea and concluded that different seed
colour combination were governed by different

genes i.e. simple dihybrid, supplementary gene
action.

Seed Shape

The genetic inheritance of seed shape was
studied in F2 generation of two crosses. In these
crosses and their pooled data gave a good fit to 3
angular : 1 round suggesting that the round seed
shape trait character was recessive over angular seed
shape and controlled monogenically. Ghatge and
Kolhe  (2008) also supported to round seed shape
trait character recessive over angular seed shape
and controlled monogenically. On the other hand
Meena et. al., (2004) reported inheritance of seed
shape in chickpea show segregation in F2. Their
studies revealed that Desi types are dominant over
both Kabuli and pea types while pea types are
dominant over Kabuli type indicated the digenic
control of seed shape in chickpea.
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India is one of the largest growers of durum
wheat in the world. Since the Indian durum is of very
high standards and meets the export standards, it
will be possible for the country to export it on a large
scale. So it seems essential to develop quality durum
wheat varieties with improved yield potential in order
to get more returns to the farmers . The improvement
in yield potential is the basic criterion, which a plant
breeder has always to keep in view in his attempts to
evolve a new variety. However, yield itself as is well
known, is not a unitary character but is the result of
interactions of number  of factors inherent both  in
plant as well as in the environment in which the plant
grows.

Therefore, selection for such characters
based on phenotypic expression is likely to be less
efficient. Under such condition knowledge of
interrelationship among its different components is
necessary for  effective selection and for
simultaneous improvement of yield components.
Such information can be obtained by studying the
correlation between yield and its components.
Though correlation studies provide information on
nature, extent and direction of selection, but still it
becomes difficult to understand the exact cause and
effect relationship between two characters. Path
coefficient analysis at this juncture helps in
understanding the direct and indirect contribution
of each character on yield. Hence, correlation studies
aided by path coefficient analysis will be a powerful
tool in selecting the plants for desired characters.

Correlation and Path Analysis in Durum Wheat

S. B. Sakhare1 and N. P. Ghawat2

ABSTRACT

The present investigation was conducted with a view to determine association between yield and yield
components and thereby to assess the direct and indirect effects of yield components on yield. The genotypic
correlations between yield plot-1 and grain weight ear-1, number of ears  meter-1, seed index, number of grains
ear-1, plant height at maturity and days to 50 per cent flowering indicated the direct contribution of these
characters for improvement of yield. The character grain weight ear-1 (0.405) had the largest direct effect on yield
plot-1, followed by number of ears meter-1 (0.285), seed index (0.253), number of grains ear-1 (0.189), plant height
at maturity (0.174), days to 50 per cent flowering (0.138) and length of ear (0.019). This indicated the direct
contribution of these characters for improvement of yield. Indirect effect via grain weight ear-1 was found to be
maximum for most of the traits like seed index, length of ear, plant height at maturity and number of ears
meter-1. Thus, grain weight ear-1 was found to be promising character for enhancing yield.

1. Associate Prof. and 2. M.Sc., Department of Agril. Botany, Dr. PDKV, Akola

Upon these considerations, the present investigation
was aimed to study the correlation and path analysis
for various yield and yield attributes in durum wheat.

MATERIAL  AND  METHODS

The present investigation was carried out
with fifty genotypes of durum wheat (Triticum durum
L.) in the field of Regional Research Centre, Amravati
of Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola
in Randomized Block Design with three replications.
Observations were recorded in each replication for
each genotype on eleven different characters namely,
days to 50 per cent flowering, length of ear, plant
height at maturity, days to maturity, number of ears
meter-1, number of grains ear-1, seed index, grain
weight ear-1, grain yield meter-1 row, b-carotene
content and  yield  plot-1. The data obtained in respect
of all the characters have been subjected to statistical
analysis. The simple genotypic, phenotypic and
environmental  correlation coefficients were worked
out as per the formulae suggested by Hayes, et. al.,
(1955) and there by the  path coefficients were
calculated by the method of Dewey and Lu (1959).

RESULTS AND DISCUSSION

Correlation studies

In order to find out the degree of
association of yield with yield contributing traits and
among themselves, genotypic and phenotypic
correlation coefficients were worked out and are
presented in Table 1. It is revealed that the genotypic

PKV Res. J. Vol. 35 (1) : 2011
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correlations between yield  plot-1 and grain weight
ear-1, number of ears meter-1, seed index and plant
height at maturity were positive and significant. This
indicated a strong association of these traits with
yield which could be fruitfully exploited for
enhancing yield potential. Similar findings were
reported by Waldron (1928), Lebsock and Arnoldo
(1969) for seed index and grain weight ear-1, Bhullar
and Nijjar (1984), Bangarwa   et. al., (1987), Bakhet
et. al., (1989) and Dechev (1990) for number of ears
meter-1 and Kaltsikes and Larter (1970), Quick (1980)
for plant height at maturity. The character days to
maturity showed negative and significant association
with yield plot-1 indicated the fact that increase in
one trait in general may result corresponding
decrease in the other. This result is also in agreement
with the findings of Barriga (1974).

Among yield components, length of ear
showed positive and significant association with
plant height at maturity. Similar result was obtained
by Hirachand et. al., (1978). Positive and significant
association of length of ear with grain weight ear-1

was recorded. Similar result was obtained by Huang
et. al., (1989). Thus, selection for length of ear might
help in simultaneous improvement of plant height at
maturity and grain weight ear-1. Number of ears meter-

1 and grain weight ear -1 showed positive and
significant association with each other. Similarly,
grain weight ear-1 found positively and significantly
correlated with seed index, so selection for grain
weight ear-1 might be helpful for improvement of seed
index and number of ears meter-1.

The character, days to 50 per cent flowering
showed negative and significant association with
plant height at maturity and grain weight ear -1,
indicated direct selection for days to 50 per cent
flowering may result in decrease in height of plant
and grain weight ear-1 and may ultimately affect yield.
Negative and significant association of days to
maturity with grain weight ear-1 and number of ears
meter-1 was observed. Similarly, the negative and
significant correlation between seed index and
number of grains ear-1 will not have any advantage
in selection programme.

Path analysis

The over all correlation observed between
two attributes is a function of a series of direct and

indirect relationship between those attributes. In
order to know the specific forces in building up the
total correlation, it is essential to resort to path
coefficient analysis developed by Wright (1921). It
measures the direct influence of one component
upon the other and permits the partitioning of the
total correlation coefficients in to its components of
direct and indirect effects.

The Table 2 revealed that the character
grain weight ear-1 (0.405) had the largest direct effect
on yield plot-1, followed by number of ears meter-1

(0.285), seed index (0.253), number of grains ear-1

(0.189), plant height at maturity (0.174), days to 50per
cent flowering (0.138) and length of ear (0.019). This
indicated the direct contribution of these characters
for improvement of yield. Similar results were
recorded by Lungu et. al., (1990), Sheroran et. al.,
(1986) for grain weight ear-1 and Peterson (1984),
Shrivastava and Singh (1971), Shrivastava et. al.,
(1980) for number of ears  meter-1,  Ram et al. (1974),
Barriga (1974), for seed index, Sarkar et al. (1988),
Thakur et al. (1989) for number of grains ear-1 and
Bangarwa et. al., (1987) for length of ear. Negative
direct effect on yield plot -1 was observed for
character days to maturity (-0.242).

The maximum indirect effect of the trait seed
index was via grain weight ear-1 (0.310), followed by
grain weight ear-1 via seed index (0.193), length of
ear via grain weight ear-1 (0.189), plant height at
maturity via grain weight ear-1 (0.137), number of ears
meter-1 via grain weight ear-1  (0.124), number of ears
meter-1 via plant height at maturity (0.059), days to
50 per cent flowering via number of ears meter-1

(0.043) and days to maturity via days to 50 per cent
flowering (0.034). These characters can be exploited
for enhancing the yield.

From the present study, it can be concluded
that the character grain weight ear-1 can be fruitfully
exploited for the improvement of yield since it had
highest direct effect on yield plot-1. Similarly, it
exhibited a positive and significant association with
yield plot-1. Besides, indirect effect via grain weight
ear-1 was also found to be maximum for most of the
traits namely seed index, length of ear, plant height
at maturity and number of ears meter-1. Thus, grain
weight ear-1 was found to be a promising character
for enhancing yield.

PKV Res. J. Vol. 35 (1) : 2011
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Safflower (Carthamus tinctorus L.) is an
often cross pollinated crop and getting considerable
importance in recent past as it performs better under
limited moisture condition in different parts of the
country. The total area under safflower in the country
is around 3.2 Lakh ha with a production of about 2.4
lakh tonnes with a productivity of 637 kg ha -1

(Anonymous, 2008). The crop cultivated primarily
for its seeds, which yields oil. It is very necessary to
develop genotypes capable of high degree of
adaptability combined with superior productivity
levels over wide range of ecogeographical
conditions for successfully exploiting its inherent
potential. Genotype × Environment (G × E) interaction
is supposed to be one of the genetic parameters
responsible for phenotypic stability and adaptation.
In the present investigation, attempts were made to
estimate standard heterosis of newly developed
hybrids and also to identify stable hybrids for yield
and its components in safflower.

MATERIAL AND METHODS

Present investigation was carried out in
Mahyco research farms at Jalna (Maharashtra) and

Stability Parameter Analysis and Heterosis Estimation for Yield and
Yield Attributes in Safflower

R. A. Satpute1, A.N. Nimbalkar2, R.R. Mishra3 and C.B. Chaporkar4

ABSTRACT

Twelve Safflower hybrids were evaluated for yield and other traits along with six checks (three varieties
and three hybrids) to know the stability and standard heterosis over the best checks (MRSA-521 and PBNS-12).
Two hybrids, SA07003 and SA07008 exhibited significant standard heterosis over the best varietal and hybrid
check for seed yield. One hybrid (SA07011) for dwarfness, two hybrids (SA07008 and SA07010) for primary
branches, six hybrids for seeds capitula-1 and five hybrids for oil content were significantly heterotic over both
the best checks; while for no. of effective capitula 11 hybrids showed significant heterosis over the best varietal
check PBNS-12 and three hybrids showed significant superiority for test weight over the best hybrid check
MRSA-521. Significant Genotype × Environment (G × E) interaction for days to 50 per cent flowering, days to
maturity, seed yield and oil content and that to G × E (Linear) and pooled deviation (Non-linear) revealed
significance of both components accounted for G × E interaction for the traits effective capitula plant-1, oil
content and seed yield. The genotypes SA07001 and SA07005 for days to 50 per cent flowering, SA07003 and
SA07001 for days to maturity, three hybrids and two checks for plant height found more stable than other
entries. For yield and yield contributing traits different hybrids or checks viz. A-1 and SA07001 for primary
branches plant-1, SA07006 and MKH-9 for effective capitula plant-1, SA07007, SA07009 and A-1 for seeds
capitula-1, SA07011 for 100 seed weight, SA07003, SA07008 and MRSA-521 for seed yield and SA07008,
SA07009, SA07011 and MRSA-521 found more stable than other entries and checks for the trait oil content (%).

Gulbarga (Karnataka) during Rabi 2007-08 and 2008-
09. Experimental material consisted of 18 entries (12
test hybrids, 3 hybrid checks and 3 varietal checks).
Experiment was laid out in Randomized Complete
Block Design in three replications with protective
irrigation (2 irrigations, one at 30 days after sowing
(DAS) and another at 75 DAS). Each plot comprised
of six rows with 45 x 20 cm spacing. Five randomly
selected plants were tagged to record observations
for days to flower, days to maturity, plant height
(cm), number of primary branches plant-1 , number
of effective capitula plant -1, number of seeds
capitulam-1 , 100 seed weight (g), oil content (%),
seed yield plant-1 (g), seed yield ha-1 (kg) . The data
were analyzed for stability parameters using the model
proposed by Eberhart and Russell (1966).

RESULTS AND DISCUSSION

Heterosis
Analysis of variance showed highly

significant difference among the entries including
checks for all the characters under study (Table 1).
Results of standard heterosis are presented in Table
2, including per se performance of the entries and

1. Lecturer, Govt. Institute of Science, Aurangabad, 2. Assistant Res. Scientist, 3. Land Regulator Affairs and
4. Head, Cotton, Okra and Oilseed Research, Mahyco, Jalna.
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checks. Standard heterosis values were calculated
over best hybrid check (MRSA-521) and best varietal
check (PBNS-12), as they were best among all the
checks for most of the characters.

The range for days to 50 per cent flowering
was recorded from 72.67 to 81.00 days; while it was
71.83 and 81.75 days for MRSA-521 and PBNS-12,
respectively. None of the entry was early than the
check MRSA-521 but on the other side except
SA07006 all the other entries were significantly
earlier than the varietal check PBNS-12. For days to
maturity the range was between 113.08 to 118.83 days
for checks and it was 113.33 and 118.00 days for
MRSA-521 and PBNS-12, respectively. None of the
entry was significantly early than MRSA-521, on
the other hand SA07002, SA07011 and SA07012
were significantly early than PBNS-12.

Entries attained the plant height between
79.96 to 97.83 cm; while that of 85.00 and 86.50 for
checks MRSA-521 and PBNS-12, respectively.
SA07011 reflected standard heterosis for dwarfness
over both the checks. For number of primary
branches plant-1 trait only two entries SA07008 and
SA07010 had significant superiority over both the
checks.

Effective capitula for  entries ranged
between 32.16 to 47.22 and that to checks 42.32 and
31.96 for MRSA-521 and PBNS-12, respectively. Four
entries had positive significant superiority over
MRSA-521 for effective capitula plant-1 trait and that
to all the entries except SA07001 had positive
significant superiority over PBNS 12. For seeds
capitulam-1 the entries ranged between 33.04 to 54.17
and six out of twelve entries had significant
superiority over both checks. For 100 seed weight
only three entries viz. SA07008, SA07009 and
SA07012 had positive significant superiority over
MRSA-521 but none of the entry showed positive
significant superiority over the check PBNS-12. In
terms of oil content, five entries showed superiority
over MRSA-521 and all the twelve entries showed
significance over the check PBNS-12.

Seed yield plant-1 is most important trait and
the range for this trait was 33.12 g to 47.14 g and the
value for checks MRSA-521 and PBNS-12 were 43.94
g and 41.92 g, respectively. Entry SA07003 was
significantly superior over both checks while the
entries SA07008, SA07009 and SA07012 had

significant superiority over PBNS-12. For seed yield
ha-1 trait the entries ranged between 2412.82 to
3600.96 kg and for checks it was 3371.00 and 3002.53
kg, respectively. Entry SA07003 and SA07008 were
significantly superior over both checks. Hill (1989)
mentioned the superiority of CMS hybrids over the
best varieties in California (USA). GMS based hybrids
MKH-11 and DSH-129 had superiority for seed yield
over the best varieties (Anonymous, 1998).

Stability

The analysis of variance for stability (Table
3) showed highly significant mean sum of squares
for genotypes and environments for all traits studied
except number of primary branches for environment.
This revealed significant difference among
genotypes and diversity of environments.
Significant G × E interaction for days to 50 per cent
flowering, days to maturity, seed yield and oil content
(%) showed that the genotype responded differently
relative to each other to change in environment for
the above mentioned traits. Further partitioning of G
× E interaction into G × E (Linear) and pooled
deviation (Non-linear) revealed significance of both
components accounted for G × E interaction for the
traits effective capitula plant-1, oil content (%) and
seed yield. This indicated presence of both
predictable and non predictable components. The
importance of both linear and non-linear sensitivity
for the expression of these traits was also evident;
however linear component was significantly higher
than the non linear portion of the G × E interaction.

Among all the genotypes SA07001 had
above average stability and SA07005 had below
average stability for days to 50 per cent flowering.
For days to maturity character the hybrids SA07003
(bi=1.04) and SA07001 (bi=1.2) possessed high mean
value and non significant regression coefficient
approaching unity with non significant deviation
from regression and hence were most stable across
the environment for this trait.

Out of all the test entries SA07004 (bi=1.03),
SA07008(bi=0.94) and SA07009 (bi=0.93) were more
stable for plant height trait, among the checks
MRSA-521 (bi=0.93) and Bhima (bi=0.94) were more
stable for plant height.

For number of primary branches plant-1, the
genotype A-1 was more stable among all entries,
followed by SA07001 with non significant regression

PKV Res. J. Vol. 35 (1) : 2011
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coefficient approaching unity with non significant
deviation from regression. The genotypes SA07006
(bi=1.08) and MKH-9 (bi=1.11) having non
significant regression coefficient approaching unity
with non significant deviation from regression and
hence were most stable across the environment for
the trait effective capitula plant-1.

The genotype SA07007 and SA07009
among test entries and A-1 amongst check were more
stable than others for seeds per capitula trait, they
had high mean for hybrids and low mean value for
checks with non significant regression coefficient
approaching unity with non significant deviation
from regression. For 100 seed weight (g) only one
entry SA07011 was most stable among all entries
and checks possessing average mean value and non
significant regression coefficient approaching unity
with non significant deviation from regression.

For seed yield plant-1 SA07003, SA07008,
Bhima and MRSA-521 possessed high mean value
and non significant regression coefficient
approaching unity with non significant deviation
from regression and hence were most stable across
the environments for this trait. Similar genotypes
showed stability for seed yield ha-1 trait. These
findings resemble to that of Patil et. al., (1992), Patil
and Zope (1997) for the cultivar Bhima. Rudra Naik
et. al., (2005) reported stable genotypes for seed
yield in safflower.

The genotypes SA07008 (bi=1.19),
SA07009 (bi=1.03), SA07011 (bi=1.06) and MRSA-
521 (bi=1.04) having average mean values and non
significant regression coefficient approaching unity

with non significant deviation from regression and
hence were most stable across the environments for
the trait oil content (%).

On the basis of standard heterosis and
stability analysis the test hybrids SA07003 and
SA07008 were found promising for seed yield and
majority of traits with high mean performance across
the environments.
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