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Grain sorghum (Sorghum bicolor (L.) Moench)
is the best adapted Cereals to adverse conditions of
water, Salinity and low soil fertility. Evaluation of
genotypes under different environmental conditions and
genetic stability are important in plant breeding program.
Adaptability and stability performance of cultivars over
locations and years are important for national policy in
crop production, therefore, a grain producer is interested
primarily in growing a cultivar with high yield and
stability performance at a proper location.

Rao (1970) evaluated six sorghum genotypes
at 18 locations over a two years period in India and
revealed that genotype x location and genotype x
location × year interactions were highly significant, while
genotype × year interaction was not significant. Cowie
(1973) reported that nitrogen supply had major effects
on grain yield. Rao  (1972) and Kambal and Mahmoud
(1978) concluded that the interaction of genotypes with
locations was more numerous than that of genotypes x
years indicating that the genetic superiority of specific
genotypes over a large number of locations can help in
earlier release of a new hybrids or varieties resulting in
saving time and efforts. Desai et al., (1983) studied G x E
interaction in sorghum hybrid breeding and concluded
that the high yielding ability of hybrids was primarily
due to better management. Saeed et al., (1984) reported
that genotypes showed larger interaction with locations
within a year than that with years irrespective of maturity.
They revealed that testing genotypes at more locations
should be done rather than testing genotypes in more

years. Moreover, increasing number of replications per
test more than two, environments in a year more than
eight, and years of testing more than two, was not
effective in increasing efficiency in genotypes
evaluation, especially for early and medium maturing
genotypes. Eweis et al., (1992) indicated that yield and
yield components of Dorado variety were significantly
increased by increasing nitrogen fertilizer rates from 60
up to 100 kg N faddan-1. Bashir et al., (1994) found that
the average of grain yield was significantly increased
by 1.8 (ard fad-1) when raising nitrogen rate from 80 to
100 kg fad-1.

Eweis (1998) studied the yield stability of a
number of sorghum varieties across 14 different
environments at Middle and Upper Egypt. He found
that genotype x environment (GxE) interaction was
highly significant and played an important role in
determining yield stability. Ali (2000) reported that mean
square due to the linear interaction of crosses x
environments was highly significant for panicle weight
and grain yield plant-1. In this regards, Mourad et al
(2000) found that panicle weight, grain yield panicle-1,
1000-grain weight, green yield, total biomass and grain
yield significantly increased by increasing nitrogen
fertilizer rates from 80 to 100 kg fad-1. Mostafa, (2001)
studied performance and stability of some grain
sorghum genotypes (varieties and hybrids) over years.
He found that mean squares due to years, genotypes
and years x genotypes were significant in case of
number of days to 50 per cent flowering, plant height
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components was considerably small. Stability parameters across all environments indicated that all hybrids exhibited
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ICSB-20 and ICSB-155 showed stability in grain yield and other traits since they had high means and exhibited high
regression coefficient (approximately one).
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and grain yield. Moreover, the significancy of pooled
deviation for grain yield indicated that the genotypes
differed considerably with respect to their stability. Data
showed that the variety E 35-1 had a (bi) value (1.75)
and an average grain yield higher than the grand mean
and it seemed to be the most desirable and stable
genotype. Kheiralla, et al., (2004) reported that the
pooled deviation mean squares were significant for
Spike length and 1000-kernel weight indicating that the
non-linear component of genotypes x environment
interaction was operating.

The main objectives of this study were to
evaluate mean performance of twenty grain sorghum
genotypes under two dosages of nitrogen across two
years and two locations and to identify grain yield
stability of these genotypes over tested environments.

MATERIAL AND METHODS
Twenty grain sorghum genotypes (Sorghum

bicolor (L.) Moench) of diverse origin (Table 1) were
evaluated during 2008 and 2009 growing seasons under
two dosages of nitrogen fertilizer (50 and 100 kg N fad-1)
at two locations, i.e. Sohag and Assiut Agricultural
Research Stations (eight environments). Split plot design
with three replications was used in this investigation;
the main plots consisted of two dosages of nitrogen.
The twenty grain sorghum genotypes were randomly
assigned to the sub plots. Each genotype was sown in
one row 6.0 m. long and 60 cm. apart. Planting were
done in hills spaced 15 cm apart within row and seedling
were thinned to two plants hill-1. Planting dates were
June 22nd and 23rd and June 19th and 20th at Sohag and
Assiut in 2008 and 2009 growing seasons, respectively.

Data were recorded on days to 50 per cent
flowering, plant height (cm.), number of green leaves
plant-1, 1000-grain weight (g) and grain yield plant-1. The

grain moisture was adjusted to 14 per cent moisture. All
other agronomic practices were done as recommended
for grain sorghum.

Data for two years, two locations and two
fertilizer rates were considered as eight environments
(EV1 through EV8). The analysis of variance for each
environment was performed according to Steel and
Torrie, 1980. Critical Differences (CD) were used for
comparing means. Test of homogeneity of the error
mean squares across all environments was not
significant indicating that selection of these
environments was not biased. Hence, the combined
analysis was performed in this study. It is worth noting
that the environments used provided a wide range of
environments. The five studied traits were statistically
analyzed and combined. Stability analysis for these traits
across all environments was performed according to the
following model of Eberhart and Russel (1966):

Yij = Ui + biIj + sij

Where:
Yij = variety mean of the i th variety at the jth

environment (location).
Ui = mean of the ith variety over all environments.
si = regression coefficient that measures the

response of the i th variety to varying
environments.

bj = environmental index obtained as the mean of
all varieties at the environment jth minus the
grand mean.

sij = deviation from the regression of the ith variety
at the jth environment.

The stable variety is one that has three characteristics
as follows:
1 - Regression coefficient significantly different from

zero (bi=0) and not significantly different from unity
(bi = 1).

Table 1. Name and origin of the twenty grain sorghum genotypes.
Name of genotypes Origin Name of genotypes    Origin

  1. ICSB-81 ICRISAT 11. ICSB-88010 ICRISAT
  2. ICSB-79 ICRISAT 12. ICSB-1816 ICRISAT
  3. ICSB-10288 ICRISAT 13. ICSB-89002 ICRISAT
  4. BTX-629 ICRISAT 14. ICSB-1848 ICRISAT
  5. BTX-630 Texas- USA 15. ICSB-102 ICRISAT
  6. BN-96 USA 16. ICSB-93 ICRISAT
  7. ICSB-88005 ICRISAT 17. ICSB-20 ICRISAT
  8. ICSB-3047 Texas- USA 18. ICSB-95 ICRISAT
  9. ICSB-91003 ICRISAT 19. ICSB-1836 ICRISAT
10. ICSB-88003 ICRISAT 20. ICSB-155 ICRISAT
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2 - Minimum value of the deviation of regression,
S²di = 0.

3 - High performance with a reasonable range of
environmental variation.

RESULTS  AND  DISCUSSION
Data for separate trial were statistically analyzed

as usual. Test of homogeneity of the error mean squares
across all environments was done as described in Steel
and Torri (1982). It was not significant for all studied
traits indicating that selecting of these environments
was not biased and hence the combined analysis was
followed up in this investigation.

The combined analysis of variance (Table 2)
revealed that all environments differed significantly
regarding all studied traits. Also, for all studied traits,
the twenty tested sorghum varieties significantly
differed at different environments and when the data
were combined over all environments. The interaction
of genotypes by environments was significant for all
studied traits indicating that each genotype responded
differently under each environment.

Data in Tables 3 indicate that the average days
to 50 per cent flowering, plant height, number of green
leaves plant-1, 1000-grain weight and grain yield plant-1

for the 20 sorghum varieties differed greatly and
significantly from one environment to another. Based
on the combined data, it ranged from 69.6 – 73.9 days
for flowering date, 113.6 – 138.7 cm for plant height, 7.1
– 9.1 for number of green leaves plant-1, 19.8 – 24.0 g for
1000-grain weight and 27.9 – 54.6 g for grain yield.
Coefficient of variation (C.V. %) were below 10 per cent
for all experiments. Rao, (1970), Saeed, et al., (1984) and
Kheiralla et al., (1997) observed that the difference in
mean performance of a particular set of genotypes
(varieties) was due mainly to the use of that new
improved varieties and the differences among
environments can be mainly attributed to the farmer
factor as well as the variation in soil fertility and varied
cultural procedures practiced by the farmers. The
environmental index for all traits was calculated as the
difference between the environment mean and the mean
over-all environments. For the five studied characters,
the indices covered a wide range and displayed a good
distribution within this range. Therefore, the assumption
for stability analysis is fulfilled.

The 20 sorghum varieties differed significantly
with respect to all studied characters across all

environments (Table 2). On the basis of across all
environments mean, data in Table 3 showed that the
three sorghum genotypes BTX-629, ICSB-155, ICSB-20
were earlier in flowering date as compared to other
varieties. For plant height, the three varieties ICSB-3047,
ICSB-20 and BTX-629 were the shortest plants (113.6,
123.3 and 123.8 cm), respectively. The high values for
number of green leaves plant-1 were obtianed for the
three sorghum varieties, ICSB-88003, ICSB-88005, ICSB-
95 (9.1, 8.6 and 8.6 leaves plant-1), respectively. For 1000-
grain weight, the three varieties ICSB-3047, ICSB-102
and ICSB-88002 had the highest values (23.9, 23.9 and
23.8 g), respectievly. The highest grain yield plant-1 was
obtained by the three sorghum varieties ICSB-88003,
ICSB-88010 and ICSB-81 (59.8, 54.6 and 49.8 g plant-1),
respectively.

The analysis of variance presented in Table 4
revealed that highly significant mean squares due to
genotypes, environments and genotypes ×
environments interaction for all studied traits indicated
that genotype varied considerably across different
environments. Furthermore, environment + (genotype
× environment) interaction was partitioned into
environment (liner), genotype × environment interaction
(sum of squares due to regression, bi) and pooled
deviation mean squares, S2di

Moreover, most of the G x E interactions was a
linear function, which was highly significant for all
studied traits. For that reason, the regression coefficient
(bi) and deviation from regression (S²di) pooled over
the eight environments were calculated for each
genotype. Significant genotype × environment mean
squares for the days to 50 per cent flowering, plant
height, number of green leaves and grain yield plant-1

indicated that genotypes were genetically differed in
their response to different environments when tested
against pooled deviation. Moreover, the highly
significant pooled deviation for days to 50 per cent
flowering and 1000 grain weight indicated that the non
linear component of genotype × environment interaction
was operating. These findings are in agreement with
those obtained by Eweis (1998), Ali (2000) and Mostafa,
(2001). Meanwhile, it was clear from Table 4 that the
interaction of variety x environment for the five studied
characters was highly significant. Such significant
interactions encourage sorghum breeders to develop
high yielding and more uniform varieties under varied
environmental conditions. High yield potential and
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Table 2. Analysis of variance of separate environments and combined for grain yield and other agronomic traits
Source d. f. Flowering Plant height No green 1000-grain Grain

date leaves weight yield plant-1

Combined over 8 environments
Environments (Env) 7 466.176** 7314.047** 68.001** 323.324** 1769.378**
Rep (Env) 16     1.573     38.235   0.241     0.575       8.549
Genotypes (G) 19   33.531** 1318.432**   7.141**   39.464** 1841.249**
Een x G 133     8.533**     53.012**   0.817**     3.405**     10.779**
Pooled error 304     1.401     25.434   0.474     0.490       5.922
C.V. 1.65 3.98 8.75 3.13 5.781
Env-1 (YR=1 LOC=1 NF=1)
REP 2   2.150   65.000 0.017 0.126 12.491
GENO 19 13.260** 176.842** 1.628** 4.332** 271.270**
Error 38   0.904   17.632 0.736 0.699 11.569
C.V. 1.40 3.04 9.39 6.74
Env-2 (YR=1 LOC=1 NF=2)
REP 2 0.417     3.407 0.119 0.138     5.941
GENO 19 8.417** 205.726** 1.677** 5.321** 276.625**
Error 38 1.1545   12.613 0.366 0.511     6.768
C.V. 1.47 2.96 8.37 3.37 6.35
Env-3 (YR=1 LOC=2 NF=1)
REP 2 2.150   13.138 0.895 0.883   12.149
GENO 19 7.302** 185.370** 1.676** 3.273** 187.368**
Error 38 1.009   20.156 0.424 0.537     3.509
C.V. 1.41 3.34 8.50 3.15 4.41
Env-4 (YR=1 LOC=2 NF=2)
REP 2 3.217 152.807 0.482 1.239     3.947
GENO 19 9.413** 342.928** 2.423** 5.236** 308.771**
Error 38 1.761   40.039 0.405 0.400     5.940
C.V. 1.78 5.73 9.24 3.06 6.67
Env-5 (YR=2 LOC=1 NF=1)
REP 2 0.650 30.417 0.017 0.180   12.953
GENO 19 5.834** 211.404** 0.508 15.219** 181.632**
Error 38 1.018 26.469 0.561 0.606     4.931
C.V. 1.46  7.89 3.10 4.58
Env-6 (YR=2 LOC=1 NF=2)
REP 2   2.017   13.950   0.121 0.710     7.531
GENO 19 16.227** 163.027**   1.421 0.769 188.242**
Error 38   1.754   18.511 17.799 0.368     3.184
C.V. 1.79 3.51 8.72 2.99 4.65
Env-7 (YR=2 LOC=2 NF=1)
REP 2   1.217   19.117 0.178   0.879     9.750
GENO 19 10.705** 178.157** 1.869** 10.631** 266.427**
Error 38   0.866   12.783 0.548   0.442     8.733
C.V. 1.32 2.75 8.86 2.99 6.70
Env-8 (YR=2 LOC=2 NF=2)
REP 2   2.317   8.867 0.076 0.448     3.634
GENO 19 22.101 25.876 1.674** 9.518** 236.368**
Error 38   2.579 55.147 0.275 0.365     2.743
C.V. 2.13 6.38 8.13 3.06 4.69
*, ** significant and highly significant at 0.05 and 0.01 probability levels, respectively.
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Table  3. Continued . . . . . . .
Genotypes grain yield plant-1 (g)

EV1 EV2 EV3 EV4 EV5 EV6 EV7 EV8 Mean

ICSB-81 49.2 60.0 44.3 49.7 45.3 55.3 40.8 54.0 49.8
ICSB-79 44.6 56.5 37.9 46.6 43.3 54.8 36.8 48.0 46.1
ICSB-10288 29.0 39.2 23.8 33.4 30.2 40.8 24.7 32.2 31.7
ICSB-3047 25.8 35.9 22.5 34.7 27.5 38.2 25.0 31.2 30.1
BTX-630 36.0 45.0 30.6 36.0 33.9 42.4 28.8 38.3 36.4
BN-96 25.5 35.4 21.9 31.7 26.5 36.9 22.8 30.4 28.9
ICSB-88005 47.8 55.1 45.6 48.6 43.8 53.4 44.2 50.1 48.6
BTX-629 27.3 32.6 23.6 28.8 24.4 33.9 24.5 27.7 27.9
ICSB-91003 46.8 53.3 44.2 47.2 40.5 50.0 42.9 48.5 46.7
ICSB-1836 50.9 58.8 46.6 46.2 41.0 51.9 41.1 52.3 48.6
 ICSB-88010 54.7 60.8 51.4 54.8 49.5 59.6 50.5 55.9 54.6
ICSB-1816 43.3 54.2 37.7 44.1 40.6 50.7 35.3 47.1 44.1
ICSB-89002 35.0 47.3 29.0 38.2 34.0 46.0 28.2 39.2 37.1
ICSB-1848 42.6 56.1 35.4 43.6 40.0 52.6 33.2 46.6 43.8
ICSB-102 48.0 59.3 46.0 48.1 43.8 54.0 42.8 52.7 49.3
ICSB-93 40.4 51.8 34.0 41.5 38.5 49.4 32.3 43.5 41.4
ICSB-20 35.2 43.9 29.5 36.3 34.6 43.3 31.6 36.9 36.4
ICSB-95 42.1 53.3 36.7 44.1 40.0 50.7 34.8 46.4 43.5
ICSB-88003 59.2 66.5 57.5 59.0 56.4 63.4 54.9 61.8 59.8
ICSB-155 36.3 44.9 33.2 36.4 34.3 42.3 31.3 38.6 37.2
Means 41.0 50.5 36.6 42.5 38.4 48.5 35.3 44.1 42.1
CD. 0.05 4.2 5.4 3.9 3.0 2.9 3.5 2.7 4.7 3.9

average stability are due to most attributes involved in
determining the wide adaptation of a new variety or
hybrid (Eberhart and Russell, 1966).

Estimates of various stability parameters of the
20 grain sorghum varieties with respect to number of
days to 50 per cent flowering, plant height, number of
green leaves, 1000-grain weight and grain yield plant-1

are presented in Table 5. The stability parameters in this
table are: 1. the average ( x ) for different characters,
2.the regression coefficient (bi) of the performance on
environmental indices, and 3.the squared deviation (S2di)
from the regression. According to the definition of
Eberhart and Russell (1966), a stable preferred variety
would have approximately: 1. bi = 1, 2. S2di = 0 and 3.
High mean performance. However, Johnson et al., (1955),
Paroda et al (1971) and Lin (1986) considered the squared
deviation from regression as a measure of stability, while
the regression was regarded as a measure of response
of a particular variety to environmental indices.

For days to 50 per cent flowering, all sorghum
genotypes, except “ICSB-88010” were stable since it
exhibited insignificant deviation from regression (S2di)
and bi values equal approximately one. However, out of
the twenty sorghum varieties, ten exhibited bi values
more than one (bi > 1).

As for plant height, the stability parameters
(Table 5) indicated that all genotypes accept suitable
mean value of this trait. Eleven of them were considered
to be more adapted to favourable environments since
their regression coefficient values were more than unity
(bi > 1). On the other hand, the three sorghum
genotypes, ICSB-81, ICSB-79 and ICSB-88010 were
considered unstable since they had significant values
for deviation from regression (S2di)

The mean values of number of green leaves
plant-1 varied from 7.2 – 9.1 leaves plant-1. The bi values
for eleven sorghum varieties were above unity (bi > 1),
indicating that the non-linear portion of regression was
low and the linear regression play an important role in
the stability of these varieties under a wide range of
environments. On the other hand, five varieties, i.e.
ICSB-81,  ICSB-79,  ICSB-10288, ICSB-1848 and ICSB-93
were considered to be unstable, since they exhibited
significant deviation from regression (S²di).

Concerning of 1000 grain weight, the mean
values ranged from 19.8 – 23.9 g. It is worth noting that
the mean values of most studied varieties tended to be
high toward the upper limit of the mean range. Eleven
sorghum varieties were considered to be stable since
their mean values of the regression coefficient equal

Evaluation of Different Grain Sorghum Genotypes for Stability and Genotypes x Environment Interaction
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Table 4. Stability analysis of variance for grain yield and other agronomic traits of 20 sorghum varieties evaluated
under eight different environmental conditions.

S.O.V. d f Days to 50% Plant height Number of 1000-grain Grain
flowering leaves  plant-1 weight yield plant-1

Total 159     31.67**   523.89**     4.531** 21.798**   306.94**
Genotypes 19     33.54** 1318.43**     7.141** 39.464** 1841.25**
Env + (Geno x Env) 140       8.41**   138.65**     1.387**   6.467**     32.90**
Env (Linear) 1 1055.20** 1055.19** 157.781** 754.423** 4128.55**
Geno x Env (linear) 19   0.63   905.89**     0.445**   1.447**     10.83**
Pooled deviation 120       0.91**   9.53     0.233   1.0289**       2.27
ICSB-81 6   0.44     21.39*     0.722**   0.045 1.76
ICSB-79 6   0.76     34.52**     0.720**   1.792** 1.03
ICSB-10288 6   1.18       1.85     0.489**   4.123** 3.93
ICSB-3047 6   0.93       7.69     0.097   1.109** 7.75**
BTX-630 6   1.04       2.21     0.076   0.631** 0.57
BN-96 6   0.22       2.15     0.191   0.009 3.64
ICSB-88005 6   0.41       3.76     0.049   0.865** 1.01
BTX-629 6   0.16       5.36     0.069   2.011** 1.54
ICSB-91003 6   0.36     16.08     0.177   2.939** 3.08
ICSB-1836 6   0.09       3.07     0.205   0.273 10.42**
ICSB-88010 6       5.53**     34.2**     0.026   0.508** 1.37
ICSB-1816 6   0.16       6.72     0.255   0.416* 0.53
ICSB-89002 6   0.17       1.34     0.159   0.812** 0.96
ICSB-1848 6   0.51       8.26    0.555**   0.343* 0.66
ICSB-102 6   0.44       7.31    0.122   1.092** 3.03
ICSB-93 6   1.57       2.35    0.509**   0.016 0.67
ICSB-20 6   0.37       9.42    0.114   0.009 1.77
ICSB-95 6   1.16     13.07    0.041   1.599** 0.30
ICSB-88003 6   0.78       6.94    0.067   0.791** 0.99
ICSB-155 6   1.89       2.98    0.010   1.195** 0.36
Pooled error 320   0.47       8.69    0.154   0.165 2.02

1 -  **  & * indicate significant at P = 0.01 and 0.05, respectively.
2 – Mean squares of pooled error were divided by number of replications (6).

more than unity bi > 1). On the other hand, values of the
deviation from regression (S²di) were significant for 15
sorghum varieties. However, the five genotypes, ICSB-
81, BN-96, ICSB-1836, ICSB-93 and ICSB-20 were
considered to be stable since they had insignificant
deviation from regression (S²di) and also had high mean
values as compared to other varieties with bi values equal
approximately one.

Data in Table 5 indicate clearly that values of

grain yield plant-1 covered a wide range and ranged from
27.9 – 59.8 g plant-1. Fourteen varieties exhibited bi values
equal approximately one; therefore they considered to
be stable under a wide range of environments.  From
these varieties, only two, i.e., ICSB-3047, and ICSB-1836e
were unstable since they had significant deviation from
regression. On the other hand, all studied varieties except
the aforementioned ones were stable since they had
insignificant deviation from regression.

PKV Res. J. Vol. 36 (2), July 2012
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Generally, the stability parameters showed that
three genotypes, i.e. BN-96, ICSB-1836 and ICSB-20 were
considered to be stable for all the studied traits under
all environmental conditions as outlined by Eberhart
and Russell 1966. However, the sorghum variety ICSB-
88003 was considered better genotype since it produced
the highest grain yield per plant and had better
performance. Therefore, these genotypes may be
recommended as a breeding stock in any future breeding
program aiming for producing stable high yielding
hybrids for grain yields. These results are in harmony
with those obtained by Rao (1972) and Kambal and
Mahmoud (1978), Desi, et al. (1983), Saeed, et al. (1984),
Eweis (1998), Ali (2000) and Mostafa, (2001).
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                       The seed yield normally has low heritability
and is the result of interactions of number of factors
inherent both in plant as well as in the environment in
which plant grows. Therefore, selection for such
characters based on phenotypic expression is likely to
be less efficient. Under such circumstances, the breeder
has to take into consideration the relative influence of
different yield contributing characters on yield. The
information about association among different
components of yield is necessary for designing effective
plant breeding programme through selection and for
simultaneous improvement of yield components.
Therefore, such information can be obtained from
genotypic and phenotypic correlation coefficients
between yield and yield contributing characters.

                   Recurrent selection is a method of population
improvement which is used to increase the frequencies
of desirable alleles to maintain high genetic variability
and to break undesirable linkages. The improvement of
population through recurrent selection after constitution
of base population is suggested by Knowls (1958).

The improvement of population through
recurrent selection method helps to accumulate

Recurrent Selection in Safflower Population Segregating for
Genetic Male Sterility

S. S. Lande1, A. M. Apturkar2 and S. N. Deshmukh3

ABSTRACT

The present study was undertaken to determine extent of yield improvement expected after second cycle of
recurrent selection from random mating population of safflower, to estimate genotypic and phenotypic correlations
and to select the promising progenies significantly superior over checks AKS-207 and Bhima. Genotypic and phenotypic
coefficients of variation were high for seed yield per plant (33.31 and 34.17, respectively). The broad sense heritability
estimates were high for days to 50 per cent flowering (0.97), followed by seed yield per plant (0.95), number of seeds
per capitulum (0.89), number of capitulas plant -1 (0.87), and number of primary branches plant -1 (0.85).
The expected genetic advance for seed yield plant-1 was 45.46 per cent over population mean, 47.02 per cent over check
variety AKS-207 and 47.33 per cent over check variety Bhima at 20 per cent selection intensity. The seed yield
plant-1 was positively correlated with number of primary branches per plant (0.230**), number of capitula plant-1

(0.269**), and number of seeds capitulum-1  (0.170**). 100 seed weight had shown significant negative correlation
with number of seeds capitulum-1.The top 63 progenies significantly superior over checks AKS-207 and Bhima were
selected for next recombination cycle in safflower population improvement programme. The third cycle improved
population of RMP-I  realized 20.3 and 7.15 per cent increase seed yield over locally grown, most popular variety
Bhima and recently released safflower variety AKS-207, respectively. Out of 63 progenies, 12 progenies exhibited
significant increase for yield contributing characters besides seed yield over check Bhima and AKS-207. These progenies
should be utilized for next recombination cycle to improve seed yield and yield contributing characters in future
population improvement programme.

desirable genes and facilitates breakage of undesirable
linkages and is also effective in increasing the frequency
of desirable genes in selected population (Singh, 2005).
Therefore, the proposed study aims to explore the
possibility of achieving the improvement in yield and
yield contributing characters through population
improvement in safflower.

MATERIAL AND METHODS

The present study was conducted during Rabi
season of 2006-07, 2007-08 and 2008-2009 on the field of
Oilseeds Research Unit, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola. The experimental material was
derived from the safflower random mating population-I
(RMP-I) segregating for genetic male sterility. The
second cycle population was sown in isolation for
recombinations in open pollinated condition during Rabi
2006-07. Total 350 sterile plants were tagged at the time
of flowering and these plants were harvested
individually. Out of 350, the 315 progenies were grown
for evaluation in modified randomized block design as
suggested by Eckebil et.al.,(1977) in Rabi 2007-08 along
with two checks (AKS-207 and Bhima) in two
replications. The data were recorded on five randomly

1. Assistant Prof. , 2. PG Student  and  3. Senior Res. Sci., College of Agriculture, Dr.PDKV, Akola
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selected competitive fertile plants from each progeny
for days to 50 per cent flowering, days to maturity, 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 (%) and seed yield plant-1 (g).
The third cycle improved population of RMP-I was
evaluated with two checks during Rabi 2008-09. In
present study, the top 63 progenies were selected on
the basis of high seed yield plant-1 over checks AKS-
207 and Bhima. The remnant seed of these 63 selected
progenies were composited to constitute 3rd cycle
population. The 3rd cycle population was sown with
two checks AKS-207 and Bhima in five replications in
Rabi 2008-09 to realize the genetic gain.

              RESULTS AND DISCUSSION

Progeny components of variances

                    The significant and large genetic variation
among progenies is prerequisite of recurrent selection
programme. In the present study, the variability
parameters like, genotypic variance, phenotypic
variance, genotypic coefficients of variation (G.C.V.),
phenotypic coefficient of variation (P.C.V.) and
heritability estimates in broad sense (h2 b.s.)  were
estimated for all the nine characters and results obtained
have been presented in Table 1.

Estimates of genotypic coefficients of variation
were high for grain yield (33.31%), number of capitula
plant-1 (29.93), number of primary branches plant-1

(27.82) and number of seeds capitulum-1 (21.19). The
genotypic coefficients of variation were moderately high
for plant height (11.33), 100 seed weight (8.06) and days
to 50 per cent flowering (7.47). The estimates of
phenotypic coefficients of variation were high for
number of capitula (47.00)  plant-1 (32.00), number of
primary branches plant-1 (30.10) and number of seeds
capitulum-1 (22.43). The phenotypic coefficient of
variation values were moderately high for  plant height
(12.60) and 100 seed weight (10.64) whereas, the
magnitudes of phenotypic coefficient of variation were
comparatively low for days to 50 per cent flowering
(7.60), oil content (4.42) and  days to maturity (2.77).

Heritability estimates

Estimates of heritability in the selected
safflower progenies segregating for genetic male sterility
are useful in determining the method of selection to
improve population for specific traits. Genetic study of
quantitative traits in its predictive role, expressing the

reliability of the phenotypic value as guide to breeding
value.

The heritability values ranged from 0.41 for oil
content to 0.97 for days to flowering. The estimates of
heritability on progeny mean basis was high for  days
to 50 per cent flowering (0.97),  followed by seed yield
(0.95), number of seeds capitulum-1 (0.89) and  number
of capitula plant -1 (0.87). Heritability value was
moderately high for number of primary branches plant-1

(0.85) and plant height (0.80), while it was low for 100
seed weight (0.57) and oil content (0.41). In present study,
the minimum differences were noted between the GCV
and PCV values with high heritability estimates for
number of seeds capitulum-1, plant height and days to
50 per cent flowering  clearly indicates little share of
environmental component of variance suggestive of
negligible influence of environment on the   expression
of these characters. Hence, selection for seed yield, plant
height and 50 per cent flowering could prove effective
and improvement may be possible through recurrent
selection programme. High estimates of components of
variances and heritability have also been reported in
safflower for several yield contributing and quality traits
by Reddy (2002) and Mahajan (2007).

Genotypic and phenotypic correlations

The recurrent selection are mainly designed
and conducted primarily for improvement of seed yield.
However, it means that other yield contributing traits
are also equally important. The selection of yield
contributing characters should be correlated with seed
yield (Gardner, 1978). However, if selection is practiced
for high seed yield alone, undesirable correlated
response may occur in other traits as pointed out by
Doggett (1972). The genotypic and phenotypic
correlations between seed yield and yield contributing
characters obtained in the present study have been
presented in Table 2.

Days to 50 per cent flowering exhibited
significant positive genotypic and phenotypic
correlations with days to maturity and number of seeds
capitulum-1. However, it has shown significant negative
genotypic and phenotypic correlations with number of
primary branches plant-1, number of capitula plant-1, 100
seed weight and oil content.

            The genotypic and phenotypic correlations for
plant height showed significant positive correlation with
number of primary branches plant-1 and oil content. The
number of primary branches plant-1 showed significant

PKV Res. J. Vol. 36 (2), July 2012
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positive genotypic and phenotypic correlations with
number of capitula plant-1 and seed yield plant-1.
However, it has shown significant positive genotypic
correlations with oil content.

          Number of capitula plant-1 was found to have
significant positive genotypic and phenotypic
correlations with 100 seed weight and seed yield
plant-1. The number of seeds per capitulum showed
significant positive genotypic correlations with seed
yield plant-1 and oil content. In present study in safflower
random mating population segregating for genetic male
sterility, the seed yield plant-1 had positive and significant
genotypic and phenotypic correlations with number of
primary branches plant-1 (0.230**), number of capitula

plant-1 (0.269, 0.254**) & number of  seeds  capitulum-1

(0.170**, 0.159**).

Reddy (2002) and Nandhkhile et. al., (2008)
reported significant positive correlation between seed
yield and yield contributing characters.

Evaluation of improved population to realize genetic
gain:

              In safflower improvement programme, making
use of population improvement approach through
recurrent selection is expected to achieve the desired
results because the strategies envisage the possibility
of breaking undesirable linkages and accumulation of
desirable alleles in the population as a result of

Table 3 : Evaluation of improved population to realize genetic gain in safflower.

S.N. Treatments                              Third cycle population (2008-09)        Second cycle population (2006-07)
Seed yield  (kg ha-1) Per cent increase Seed yield (kg ha-1) Per cent decrease

1. Improved population 1347 - 1280
2. AKS-207 1119 20.7 1338 -
3. Bhima 1257 7.15 1389 -

SE (diff.)  ± 139.29 - 60.7 -
C.D. (5%) 276.64 - 170.7 -

Table 4. Promising  progenies for seed yield plant-1 and yield ‘contributing characters superior over    AKS-207
and Bhima

S.N. Progeny Seed yield Number of primary No. of capitula No. of seeds Plant height
number plant-1  (g) branches plant-1 plant-1  capitulum-1  (cm)

1 PI -102 92.80 22.99 47.66 46.03 90.20
2 PI -293 73.75 16.50 38.83 42.00 95.81
3 PI -255 69.78 16.49 39.33 54.33 88.27
4 PI -294 62.33 16.83 42..49 42.00 87.29
5 PI-121 55.71 16.83 47.00 39.83 89.83
6 PI -110 52.76 19.50 36..64 38.80 87.83
7 PI- 171 52.00 18.20 37.83 39.49 94.66
8 PI -265 51.70 18.50 37.16 50.00 90.22
9 PI -127 47.36 17.20 36.99 47.66 93.10
10 PI -182 45.58 19.42 36.76 44.00 88.33
11 PI -112 43.88 16.16 36.99 46.83 84.22
12 PI -79 43.09 18.83 38.00 39.83 97.16
13 AKS-207 31.35 11.97 28.64 31.90 75.78

Bhima 31.15 12.66 27.93 32.05 74.84
S.E.(M) 2.46 1.21 2.58 2.62 4.22
CD 5 % 6.86 3.37 7.18 7.29 11.75

PKV Res. J. Vol. 36 (2), July 2012
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intermating and recombination. The data (Table 3)
revealed that improved population exhibited 20.3 and
7.15 per cent increased seed yield over recently released
safflower variety AKS-207 and locally grown, most
popular variety Bhima, respectively as compared to 2nd

cycle population.

 Reddy et. al., (2008) evaluated three cycles of
recurrent selection for seed yield in genetically broad-
based population of safflower segregating for genetic
male sterility for development of safflower varieties with
broad genetic base.

Promising progenies on the basis of seed yield plant-1

coupled with yield contributing characters
               In the present study, 63 out of 315 progenies
recorded significant increase in seed yield over checks
Bhima and AKS-207. Out of 63 progenies, 12 progenies
exhibited significant increase for yield contributing traits
besides seed yield over check Bhima and AKS-207 and
presented in Table 4.

The progeny pl-102 recorded significantly
increase seed yield (92.80) with yield contributing
characters like number of primary branches plant-1

(22.99), number of capitula plant-1 (47.66), number of
seeds capitulum-1 (46.03) and plant height (90.20)
followed by the progeny PI-293 recorded increase seed
yield (73.75) with yield contributing characters like
number of primary branches plant-1 (16.50), number of
capitula plant-1 (38.83), number of seeds capitulum-1

(42.00) and plant height (95.81) besides seed yield (73.75)
over both the checks. Similarly, the progeny PI-121
recorded significant increase for number of primary
branch plant-1 (16.83), number of capitula plant-1 (47.00),
number of seeds capitulum-1 (39.83) and plant height
(89.83) besides seed yield (73.75) over both the checks.
Twelve progenies also recorded significant increase for
seed yield and yield contributing characters over both
checks.

Larger populations of these 12 progenies
should be exploited in future population improvement
programme as they showed significant superior

performance for seed yield and yield contributing traits
over both checks. These progenies will provide
opportunity for yield improvement in safflower breeding
programme through population improvement.
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Rabi sorghum cultivation is getting great
impetus because of its good grain quality and fodder
quality. In Maharashtra, it is being cultivated on an area
of 28.7 lakh hectares with an annual production of 21.1
lakh tonnes. In Vidarbha region of Maharashtra state, it
is being cultivated on a area of 39 thousand hectares
with an annual production of 30.5 thousand tonnes
(Anonymous, 2009). The low productivity of Rabi
sorghum as compared to Kharif sorghum in Maharashtra
state (735 kg  ha-1) and Vidarbha region (782 kg  ha-1)
evokes the scope to increase the crop productivity.

The crop breeding programme plays the vital
role in increasing the crop productivity. The crop
improvement work in Maharashtra state leads to
development of new genotypes such as Phule
Yesoda,Phule Chitra, Phule Mauli, Parbhani Joyti,
Parbhani Moti and PKV Kranti. The genotypes have
higher yield potential and possessed good quality
grains as that of well adopted genotypes Maldandi (M-
35 – 1). However, in case of Rabi sorghum, a significant
increase in productivity as much as happened in Kharif
sorghum could not be achieved. Therefore, there is a
need to strengthen a strong and diverse parental line
development programme along with its utilization in
hybrid development. On that basis, new diverse parental
lines have been chosen and tested in the said experiment.
In breeding programme the selection of parents is very
crucial factor and selection of parents on the basis of
mean performance may or may not be proved useful.
Indeed, there are several biometrical techniques which
can be used for selection of parents. Among them
combing ability analysis  ( Kempthorne, 1957) appeared
to be  useful tool for screening large number of lines
with rapidity and has practical utility in breeding
programme aimed at crop improvement.

Combining Ability Studies in Rabi Sorghum

D. T. Deshmukh1, S. A. Takalkar2,  R. B. Ghorade3 and P. R. Hasnale4

ABSTRACT
In the present studies the Rabi sorghum genotypes were assessed for combing ability effects and heterosis for

yield and yield contributing characters. The result revealed the importance of female parent, AKms -71 A and male
parent AKR – 354 as a good general combiner for number of grains per panicle and grain yield plant-1 (g) and can be used
in Rabi sorghum improvement programme. Moreover, the two crosses namely, AKms – 71 A x AKrb – 502 and ms 104
A x AKR – 354 recorded significant specific combing ability effect  in conjugation with  highest magnitude of standard
heterosis over check, PKV Kranti for the characters, number of grains panicle-1 and grain yield plant-1 (g). Hence these
crosses can be advocated for exploitation of heterosis.

1. Sorghum Breeder, 2 & 4. PG Students and 3. Senior Res. Sci., Sorghum Research Unit,  Dr. PDKV., Akola.

MATERIAL AND METHODS
The experimental material comprised of forty

genotypes which includes four cms lines viz., ms-104A,
Akms-75-1A, Akms-80A, Akms-71A and seven restorers
viz. RS-585, AKR 354, Akrb-387.2, Akrb-400, Akrb-501,
Akrb-502 and Akrb-503 and 28 hybrids along with check
PKV- Kranti. It was grown in randomized block design
with three replications at Sorghum Research Unit, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola, during
2009-10. The observations were recorded on five
randomly selected plants per plot for the characters such
as plant height (cm), panicle length (cm), number of
leaves plant-1, number of primaries per panicle, number
of grains per panicle, 1000 grains weight (g), grain yield
plant-1 (g) and fodder yield plant-1 (g) and for the
characters days to 50 per cent flowering and days to
maturity observations were recorded on plot basis. Data
were analyzed using line x tester analysis as per
methodology suggested by Kempthorne (1957).

RESULTS AND DISCUSSION
The analysis of variance for combining ability

(Table 1) indicated the significant mean sum of squares
for all the characters studied except panicle length (cm).
The variance component of crosses was portioned in to
different components representing the main effects of
females (lines), males (restorers) and their interactions.
These components had shown significant variations for
most of the characters studied. The male component
had shown significant variations for character number
of leaves per plant whereas, female component had
shown significant variations for days to maturity, plant
height and number of leaves per plant. The component
female vs male had shown significant variations for all
the characters except plant height.

PKV Res. J. Vol. 36 (2), July 2012
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The general combining ability effects (Table 2) revealed
that female parent Akms-71A had significant and
desirable gca effects for days to 50 per cent flowering,
days to maturity, number of leaves plant-1, primaries per
panicle, grains per panicle, 1000-grains weight and grain
yield plant-1. The male parent AKR-354 and AKrb – 502
showed significant and desirable gca effects for grain
yield plant-1. The former male parent also showed
significant and desirable gca effects for plant height,
number of grains per panicle and fodder yield per plant.
These lines can be identified as potential parents for
harvesting these traits in hybrids. Similar findings were
also recorded by Jagdeshwar and Shinde (1992) and
Gaikwad et. al., (2002) in their combining ability studies.

The specific combining ability effects (Table
3) revealed that the crosses namely, ms-104 A x AKR –
354, AKms –75–1 A x RS – 585, AKms- 18 A x Akrb –
387.2 and Akms-71A x Akrb-502 showed significant and
desirable sca effects for grain yield plant-1 and   number
of grains per panicle. Similar inferences were recorded
by Gaikwad et. al., (2002)) and Patil et. al., (2005) in their
combining ability studies.

The magnitude of standard heterosis (Table 4)
revealed  that the crosses namely, Akms-71A x Akbr-502
, Ms – 104 A x AKR – 354, Akms-71A x AKR – 354 and
exhibited highest standard heterosis over check, PKV
kranti for grain yield per plant (43.88%, 22.81%, and 17.16,
respectively) and number of grains per panicle (39.18%,
30.94%, and 21.44 %, respectively). The cross Akms-
71A x Akbr-502 also showed significant heterosis for
panicle length (15.40%) and number of primaries per
panicle (15.40%). Thawari et. al., (2000), Prabhakar (2001)
and Chaudhary et. al., (2006) also recorded significant
positive heterosis in desirable direction for number of
grains panicle-1 and grain yield plant-1.

The combining ability studies revealed the
importance of selection of female parent namely AKms
– 71 A and male parent AKR-354 as good combiner for
number of grains per panicle and grain yield. The
crosses AKms-71 A  x AKrb-502 and ms-104 x AKR-354
recorded significant specific combining ability effect in
conjugation with higher magnitude of standard
heterosis for the characters number of grains per panicle
(39.81% and 30.94%) and grain yield plant-1 (43.88% and
22.81%) indicating the presence of dominance

interaction component for this character in the aforesaid
crosses. The result of present study primarily revealed
the significance of female parent AKms – 71 A and male
parent AKR 354 as a potential parent for crop
improvement programme on the basis of general
combining ability. Secondly the crosses  AKms – 71 –A
x AKrb-502 and ms-104 x AKR-354 showed significant
specific combining ability effect and higher magnitude
of standard heterosis over best check variety PKV Kranti
for grain yield and yield contributing characters. These
crosses may prove useful for exploitation of heterosis.
Hence the large scale evaluation of these hybrids in
multilocation trials may prove useful for exploitation of
potential new Rabi hybrids.
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Legumes represent the third largest family of
higher plants and comprise more than 650 genera and
18,500 species.  Mungbean and Urdbean are two
important legumes in Phaseloid clade within
Papillionidae and occupy pivotal position in Indian
Agriculture. The productivity of pulses is very low as
compared to cereals, which have been selected for high
grain yield under high input conditions, while the
selection pressure in case of pulses have been focused
on the adaptation to both biotic and abiotic stresses.

Selection of genotypes based on yield as such
is difficult to the integrated structure of plant in which
most of the characters are inherited and being governed
by the large number of cumulative, duplicate and additive
genes. Urdbean breeding strategy for the improvement
involves generating genetic material, selection of
superior genotypes from the variable genetic material
to develop superior varieties. This necessitates a
thorough knowledge on the nature of relationship
prevalent between yield contributory characters and
grain yield and the extent of genetic variability. Therefore,
the present investigation aims to assess the variability
together with the relative contribution of different yield
attributes to grain yield and their interrelationship by
estimating correlation, path analysis and coefficient of
variability with heritability and genetic advance so as
to select superior genotypes.

MATERIAL AND METHODS

The material for this study consisted of 27
promising urdbean genotypes collected from IIPR,
Kanpur and Pulses Research Unit, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola. The field
experiment was conducted in Randomized block design

Genetic Variability Studies in Urdbean

M. P. Meshram1,  N. G. Sonone2 and A. N. Patil3

ABSTRACT
Genetic variability, correlation and path coefficient in 27 promising lines of urdbean were studied to find out

important traits contributing towards grain yield. Genetic variability study revealed that the characters viz., plant
height, number of pods plant-1, pod weight plant-1 and grain yield plant-1 exhibited high genotypic variance and
heritability coupled with genetic advance indicating the presence of high additive gene effects suggesting its utility for
direct selection. The correlation coefficient of grain yield was highly positive and significant with number of branches
plant-1, number of pods plant-1,  pod weight plant-1 at genotypic as well as phenotypic level.  Path analysis revealed
that pod weight plant-1, followed by number of pods plant-1, length of pod , number of branches plant-1 and number of
seeds pod-1 exhibited high direct effect in desirable direction.

with three replications at Pulses Research Unit,
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola
(M.S.) during Kharif  2010. Each plot consisted of four
rows of 4m length with a spacing of 30 cm between rows
and 10 cm between plants. One border row was planted
at both the side to reduce the border effect. The
recommended package of practices of crop production
and protection were followed for satisfactory crop
growth.

Observations on days to 50 per cent  flowering,
days to maturity were recorded on plot basis while other
yield determining attributes like plant height, no. of
branches plant-1, no. of pods plant-1, pod weight plant-1,
length of pod, no. of seeds pod-1 , 100 seed weight and
seed yield plant-1 were recorded on randomly selected
five competitive plants from each genotype in each
replication.

Genetic variability parameters were calculated
as proposed by Johnson et al (1955) and Dewey and Lu
(1959), Correlation coefficients by Singh and Choudhari
(1977) and Path analysis was done according to the
procedure suggested by Dewey and Lu (1959).

RESULTS AND DISCUSSION
Analysis of different genetic parameters are

presented in Table1. Grain yield plant-1 ranged from 3.40
to 13.40 g with a mean value of 8.16 g. It had a high
coefficient of variation at both the genotypic and
phenotypic level. The high magnitude of genotypic
coefficient of variation (GCV) revealed the presence of
high genetic variability in the population. The
phenotypic coefficient of variation was in general higher
than the genotypic coefficient of variation. This may be
due to the insertion of error variance in to phenotypic

1. Assistant Prof.,  2.  Research Associate, 3. Senior Res. Sci., Pulses Research Unit,  Dr. PDKV, Akola
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variation. The GCV was ranged from 2.32 for length of
pod to 35.44 for plant height which showed the existence
of sufficient diversity among the genotypes selected
for the present investigation.

Heritability values were high for all the
characters except number of seed pod-1 and length of
pod. Since, broad sense heritability includes both
additive and epistatic effect, it will be reliable only when
high heritability coupled with high genetic advance. Plant
height followed by number of pods plant-1, grain yield
plant-1, pod weight, 100 seed weight and branches plant-

1 showed high heritability coupled with high genetic
advance, which indicates the presence of high additive
gene effects (Panse, 1957) suggesting direct selection
for these traits would be fruitful. Similar findings of high
heritability coupled with high genetic advance were
reported by Chauhan et al. (2005), Gowda et al. (1997),
Kasundra et al., (1995) and Lakshmaiah et al., (1989).
High heritability coupled with moderate genetic advance
was observed for days to 50 per cent flowering and
days to maturity, suggesting the presence of additive
and non additive gene action for traits mentioned above.
The characters viz., plant height, number of pods
plant-1, pod weight and grain yield plant-1 exhibited high
genotypic variance and high heritability coupled with
high genetic advance which in turn would be useful for
selection for improvement of the crop.

Phenotypic and genotypic correlation
coefficients between yield and its components were
computed and are summarized in Table 2. The genotypic
correlation coefficients were higher in magnitude than
the corresponding phenotypic correlation coefficients
for most of the characters pair The correlation coefficient
of grain yield plant-1 was highly positive and significant

with number of branches plant1, number of pods plant1,
pod weight plant1 and length of pod at genotypic level
and branches plant1, number of pods plant1,  pod weight
plant1 at phenotypic level , indicating possibility of
improving these characters simultaneously. Lad et al
(2011) also reported positive and significant correlation
between number of pods plant1

, pod length, number of
branches plant1

. Similar results were also reported by
Amanullah and Mirhatam (2000), Sanjeev et al, (2001),
Srividhya et al (2005) , Makeen et al, (2009) for number
of pods, Sandhu et al., (1980) for number of pods and
pod length,  Chauhan et al, (2007) for number of pods
and number of branches plant1, Natarajan and
Rathinasamy (2000) for number of branches plant1

however, number of seeds pod-1 recorded positive but
non significant association with grain yield plant-1

conforming the earlier findings of Lad et al, (2011) and
Sanjeev et al , (2001). The association between grain
yield with days to 50 per cent flowering and days to
maturity was significant but negative at genotypic level.
Lad et al, 2011 reported negative but non significant
correlation between these characters. Plant height and
100 seed weight showed non significant and negative
association with grain yield plant-1 at both genotypic
and phenotypic level.

Association of various characters with the trait
of major interest like yield is the consequence of their
direct and indirect effect. A clear picture emerged when
correlation coefficients were partitioned into direct and
indirect effects by path analysis (Table 3). Results of
path analysis revealed that pod weight plant-1had
maximum direct effect on grain yield followed by days
to 50 per cent flowering. However days to 50  per cent
flowering showed significant but negative correlation

Table 1: Genetic parameters for 10 different characters in urdbean

Characters Mean Minimum Maximum GCV PCV H2  (%) Genetic
advance

Days to 50% flowering 36.57 34.00 46.67 5.95 9.47 39.47 7.70
Days to maturity 69.00 60.67 79.00 6.53 7.92 67.99 11.09
Plant Height (cm) 53.11 29.33 103.67 35.44 36.34 95.13 71.21
Branches plant-1 4.74 3.33 7.00 18.18 26.25 47.95 25.93
No. of pods plant-1 36.01 16.67 55.00 32.61 37.63 75.10 58.21
Pod weight plant-1 (g) 11.69 4.67 18.87 33.35 40.93 66.39 55.97
Length of pod (cm) 5.38 4.80 5.68 2.32 5.96 15.16 1.86
No. of seeds pod-1 6.20 5.33 7.00 3.67 11.92 9.48 2.33
100 seed weight (g) 4.17 3.13 6.77 18.11 18.61 94.69 36.31
Seed yield plant-1 (g) 8.16 3.40 13.40 31.91 40.41 62.34 51.90

Genetic Variability Studies in Urdbean
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with grain yield plant-1 may be due to the indirect effect
of all other characters except number of branches plant-

1 and number of seeds pod-1. Direct effect of number of
pods plant-1 and length of pod on grain yield was small
but great indirect effect via pod weight plant-1 resulted
in their highly significant correlation with grain yield
plant-1. These results were in agreement with the earlier
findings of Sandhu et al., (1980) and Lad et al., (2011)
for 50 per cent flowering and pod length, Issacs et al.,
(2000) for number of pods plant-1 and pod length,
Kingshlin and Vanniarajan (2000) for days to 50 per cent
flowering and number of pods plant-1 Chauhan et al.,
(2007) Srividhya et al. (2005), Mahmood-ul-Hassan et
al.(2003) for number of pods plant-1

The trait days to maturity had maximum
negative direct effect followed by plant height and
number of branches plant-1, days to maturity and plant
height also showed negative association with grain yield
plant-1, however number of branches plant-1 had positive
and significant association with grain yield due to
presence of higher positive indirect effect through pod
weight.  100 seed weight had positive direct effect on
grain yield plant-1; however negative indirect effect via
all the characters except length of pod had converted
the correlation coefficient into negative.  All the above
facts indicate clearly and emphatically that pod weight
plant-1 should be given maximum importance with close
consideration for number of pods, length of pod, number
of branches plant-1 and number of seed pod-1 during the
selection  procedure aimed at improvement of urdbean
crop.

Present investigation clearly reveals direct
selection of the traits viz., pod weight plant-1, number of
pods plant-1, pod length, number of branches plant-1

and plant height would be more effective to enhance
the breeding efficiency for seed yield in urdbean.
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Irrigation water is a critical scarce resource in
rainfed area of Maharashtra particularly semi-arid region.
Maharashtra state is endowed with suitable medium
black soils for the production of cotton but unfortunately
the potential of cotton production was not duly
recognised with the production challenges in this state
of India. Drip fertigation with soluble nutrients is an
option wherever water availability limits conventional
irrigation which reduces the risk of yield reduction. At
the same time, adoption of effective irrigation technique
economises water and fertiliser at substantial amount
and enhances input use efficiency (Mintesinot
et.al.,2004;Taisheng et.al., 2006). Out of total cotton area
in the country (10.17m ha), about one-third area (3.97m
ha) is in Maharashtra  alone and the farmers of this area
have been cultivating cotton under rainfed condition
for longer period and harvesting very low yield of 296
kg lint ha-1  as against the national average yield of 488
kg lint ha-1 (Anonymous 2010). The area of cotton under
drip in Maharashtra is less than 0.07lakh ha (Magar and
Nandgude, 2005). Under adverse circumstances of
limited and erratic distribution of rainfall in hot and semi-
arid region of the country where cotton is the main crop,
the yield is drastically reduced due to inadequate soil
moisture in root zone. Due to limited sources of water
for irrigation to cotton in rainfed region, drip system
may be a better strategy to save water and increase
fertilizer use efficiency. Considering these major
constraints of low productivity, field studies were
undertaken, involving irrigation and fertilizer through
drip to improve fertiliser and water use efficiency to

Drip Fertigation Effect on Yield, Water Use Efficiency and Economics of
Bt Cotton in Semi-arid Region

Jagvir Singh1, Shilpa Babar2, Rachana Deshmukh3, P. R. Bharambe4 and R. B. Singandhupe5

ABSTRACT
A field experiment was conducted at C.I.C.R., Nagpur during Kharif season of 2007, 2008 and 2009 to maximise

the yield of Bt cotton with irrigations and N K fertilizers through drip. The results revealed that irrigation at 0.8 ETc
had a significant effect on number of bolls and seed cotton yield as compared to drip and surface irrigation at 0.6 ETc.
The increase in number of bolls per m2 and yield in the former irrigation level was 19 and 16 per cent, respectively over
later irrigation. The water use efficiency (WUE) was found to be highest at 0.8 ETc (3.45 kg ha-1 mm) as compared to
1.0 ETc (3.13 kg ha-1 mm) which saved 20 per cent water. The mean highest seed cotton yield (2287 kg ha-1) as well as
WUE (3.19 kg ha-1 mm) was recorded with 100 per cent NK through drip followed by 100 per cent NPK fertilizer
(2044 kg ha-1) as soil application.

1, & 5. Principal Scientists, 2 & 3. Senior Research Fellows and 4. Ex Head, Crop Production  Division, Central
Institute for Cotton Research, Nagpur

achieve the maximum yield of Bt cotton in semi-arid
tropical regions.

MATERIAL AND METHODS

The field experiment on drip fertigation in Bt
cotton was conducted at C.I.C.R. Farm, Nagpur during
2007-08 to 2009-2010. The treatments consisted of four
irrigation schedules viz. I1- 0.6 ETc, I2- 0.8 ETc, I3- 1.0
ETc through drip and I4- surface irrigation at 0.6 ETc
(IW/CPE) in three splits manually and four fertigation
levels (Table 1). These treatment combinations were
tested in split plot design with three replications by
keeping irrigation regimes in main- plots and fertilizers
in sub- plots (Table 1).

Table 1. NPK fertilizers through drip and soil
application in sub- plots

Fertilizers Methods Fertilizer in splits

F1-  75% , F2- 100% by drip 6 splits
       and F3- 125% NK
F4- 100% NPK as soil 3 splits

In F1, F2 and F3, P was applied as basal in soil,
100 per cent NPK fertiliser was 120:27:53 kg ha-1 and the
discharge rate of dripper was 2.9 litres ha-1 measured at
frequent intervals to attain desired uniformity
coefficient.

The crop water demand (ETc) was calculated as

              ETc = Epan x Kp x Kc        ———     (1)

Where Epan: Pan evaporation (mm); Kp: pan-
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coefficient (0.75); Kc: crop coefficient which varies for
different growth stages of crop, as per FAO 56 (Allen et.
al., 1998). For cotton it was 0.45, 0.75, 1.15 and 0.70 for
initial (0- 25 days), active growth period (26-70 days),
boll development (71- 120 days) and maturity stage,
respectively. For different levels of ETc, before irrigation
the soil moisture content (0-30 cm soil depth) was
estimated gravimetrically. The soil of experimental site
was medium deep black (Vertisols) with clayey in texture,
low organic carbon (3.8 g kg-1), moderately alkaline in
reaction (pH 8.2), low in available N (110 kg ha-1) and P
(8.1 kg ha-1) and rich in K (526 kg ha-1). The water
retention at -33 kPa (field capacity) was 31. Seed cotton
yield of 3 pickings and number of bolls per m2 was
recorded. Water use efficiency in kg seed cotton yield
per unit of water used was estimated.

Table 2. Details of agronomic .and crop data

Variables 2007 2008 2009
Cotton variety NCS 145 Bt NCS 145 Bt NCS 145 Bt
Planting date 23 June 19 June 6 July
Spacing 90cm x 90cm x 90cm x
(R-R X P-P) 60cm 60cm 60cm
First irrigation 7 July 1 July 21 July
Last irrigation 15 October 25 October 30 October
No. of irrigations       31 36 34
First harvesting date 5 Nov. 15 Nov. 15 Nov.
LGP 165 days 170 days 166 days
CPE during season 723 793 769
Total rainfall in 934 mm 569 mm 707 mm
season
Erratic rainfall 600 mm 59% 25%
distribution in July defficient defficient
R-R: row to row,        P-P : plant to plant,
LGP: length of growing period

RESULTS AND DISCUSSION

Irrigation water

The water used during the crop growth period
is given in Table 3. The effective rainfall which was
computed based on storage capacity of soil (up to 60
cm depth) was found to be 607, 405 and 563 mm in 2007,
2008 and 2009, respectively. Mean of consumptive water
used by Bt cotton of three years indicated that the saving
of water in drip irrigation was 10.3, 7.7 and 3.8 per cent in
0.6, 0.8 and 1.0 ETc irrigation schedule, respectively;
over surface irrigation 0.6 ETc (I4) in which the total
water use was 728 mm. The irrigations provided through
surface method was 40 per cent less than 100 per cent
crop evaporative demand as this crop is moisture stress

tolerant and hence, the saving of water in drip irrigation
system was marginal in all drip irrigation levels (Stone
and Nofziger, 1993).

Table 3.  Amount of water applied through drip and total
consumptive water

Irrigation        Irrigation water   Total consumptive
regimes          through drip (mm) water (mm)

2007 2008 2009 2007 2008 2009

I1-  0.6 ETc 128 152 105 735 557 668
I2-  0.8ETc 141 160 140 748 565 703
I3- 1.0 ETc 174 178 175 781 583 738
I4- 0.6 ETc 190 223 202 791 628 765
     (IW/CPE)

Yield attributes
Irrigation and fertigation had a significant effect

on the number of opened bolls m-2 except in the year
2008 where fertigation levels were non-significant (Table
4). Significantly higher number of opened bolls m-2 was
recorded at 0.8 ETc (I2) as compared to 0.6 ETc (I1, I4)
irrigation regimes in all the three years which may be
due to sufficient moisture in cotton root zone as required
by plant. Significant increase in number of bolls was
recorded with 100 per cent fertilizer (F2) over to 75 per
cent fertiliser (F1) in 2007 and 2009. Pooled data of three
years indicated that treatment F2 (100% NK) through
drip registered significant increase in number of bolls
m-2 by 22.8, 29.8 and 21.1per cent in 2007, 2009 and mean
data, respectively, over F1.

Seed cotton yield
Irrigation regimes
                Seed cotton yield was significantly influenced
due to irrigation treatment I2 when it compared to I4 and
yield increase was 21 and 18 per cent in first and third
year, respectively (Table 4). Sampathkumar et. al., (2006)
reported similar results that under drip method water
delivered only at root zone ensured maximum yield than
surface irrigation. The yields obtained in treatment I2

was statistically at par with I3. Though cotton does not
require heavy irrigation but it respond to timely
irrigations on ET basis (Taisheng et. al., 2006). Pooled
yield of three years indicated similar effect of irrigations
through drip as compared to surface irrigation
(Veerputhrin et. al., 2002).

Water use efficiency
Maximum water use efficiency (WUE) was

observed at I2 irrigation treatment as compared to other

PKV Res. J. Vol. 36 (2), July 2012
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Table 4. Effect of irrigation and fertilizer levels on bolls, yield and WUE of Bt cotton

Treatments Total harvested bolls m-2 Seed cotton yield (Kg ha-1)      Water use efficiency
                         (kg ha-1mm)

2007 2008 2009 Pooled 2007 2008 2009 Pooled 2007 2008 2009 Pooled

Irrigation  regimes
I1-0.6 Etc 59. 5 58. 5 56.6 58.2 1991 1971 1937 1966 2.71 3.54 2.90 3.05
I2- 0.8Etc 73.4 70.0 70.2 71.2 2412 2211 2295 2306 3.22 3.91 3.26 3.45
I3-1.0 Etc 70.0 64.4 64.8 66.4 2300 2084 2122 2168 2.95 3.58 2.88 3.13
I4-0.6 ETc (IW/CPE) 62.5 58.8 58.5 59.9 2119 1957 1942 2006 2.68 3.12 2.54 2.78
SEm ± 2.26 1.74 1.84 1.22 136.3 94.5 108.6 45.6 0.14 0.18 0.12 0.14
CD at 5% Fertilizer 5.52 4.27 4.51 2.98 330.0 231.1 265.7 111.5 0.36 0.48 0.30 0.35
level
F1-75% NK 59.4 58.6 53.1 57.0 2016 1907 1901 1941 2.69 3.27 2.65 2.87
F2-100% NK 72.9 66.3 67.9 69.1 2330 2267 2263 2287 2.91 3.88 3.15 3.19
F3-125%NK 70.2 65.8 66.9 67.6 2101 2129 2173 2134 2.75 3.65 3.03 3.14
F4-100%NPK 62.9 61.9 61.6 62.1 2108 2074 1950 2044 2.76 3.56 2.72 3.07
SEm ± 1.50 2.92 2.15 1.49 106.3 108.9 91.0 47.7 0.16 0.19 0.18 0.19
CD at 5% 3.10 NS 4.44 3.08 219.5 224.9 187.8 98.4 NS 0.51 0.49 NS

Table 5.  Drip fertigation effect on economics of Bt cotton (mean of 3 years)

Treatments Pooled yield *Gross income Cost of Net income B:C ratio
(kg ha-1) (Rs ha-1) cultivation (Rs ha-1) (Rs ha-1)

Irrigation regimes
I1- 0.6 ETc 1966 55048 26500 28548 1.08
I2- 0.8ETc 2306 64568 27100 37468 1.35
I3-1.0 ETc 2168 60704 27700 33004 1.19
I4-0.6 ETc  (IW/CPE) 2006 56168 26800 29368 1.10
Fertilizer levels
F1-75 % NK 1941 54348 26650 27698 1.04
F2- 100% NK 2287 64036 27150 36886 1.36
F3-125% NK 2134 59752 27550 32202 1.17
F4-100% NPK 2044 57232 25450 31782 1.25

            * Considering price 28.00 Rs. kg1 seed cotton (average price of 3 years)

irrigation schedules in all the years and pooled mean
(Table 4). When WUE was assessed between the years,
maximum WUE was recorded in 2008 as compared to
2007 and 2009 at all irrigation schedule, might be due to
less loss of rain water during crop season of 2008.
Significantly higher WUE was recorded at I2 as compared
to surface irrigation (I4). It is thus, inferred that additional
amount of irrigation water lower than 0.8ETc and beyond
this level had no extra benefit as the increase in WUE
was not proportionate with increase or decrease in water

applied to this crop. Similar trend were also observed in
pooled analysis of three years data on WUE.

Fertilizers

Seed cotton yield

       Among the different fertilizer levels, seed cotton yield
significantly increased with treatment F2 as compared
to F1 treatment through drip. Similar trend was also
observed in mean seed cotton yield obtained with 100
per cent fertigation (F2). The results are in agreement

Drip Fertigation Effect on Yield, Water Use Efficiency and Economics of  Bt Cotton in Semi-arid Region
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Fig. 1. Weather records during crop season at research, Farm, Nagpur

with Veerputhrin et. al., 2002 and Kamilov et. al., 2003.
Interaction effect of irrigation and fertilizers was not
significant.

Water use efficiency

            Highest WUE was recorded in treatment F2

followed by F3 in 2008 and 2009. Pooled data also showed
similar trend like the trend of different years as I2

treatment resulted highest WUE followed by I4. Several
workers (Veerputhrin et. al., 2002, Stefanie et.al., 2004
and Hirwe and Jadhav, 2011) have reported significant
increase in water use efficiency and fertilizer use
efficiency under drip system.

Seed cotton yield response to water use

The response function was computed between
total water use as a independent variable (x) and crop
yield (Y) as a dependent variable by considering the
pooled data (replication wise). The yield response was
computed up to third degree polynomial (Y= a+bx+cx
2+dx3) as the R2 value was quite low in second degree
polynomial function. The relationship and coefficient
presented in equation 2 reveals that with application of
each amount of water beyond 653 mm has progressive
increase of seed cotton yield up to 703 mm water (Figure
2). Thereafter, the seed cotton yield has showed
decreasing trend. The response to applied water was

 Fig. 2. Response of water on seed cotton yield (pooled data)
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