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Wheat (Triticum aestivum L. emend. Fiori & Paol.) is
the second most important cereal crop for food and
nutritional security of India relative to rice. It is grown over
29.5 million hectares area with total production of 85.93
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ABSTRACT

A study was conducted for characterizing germplasm, estimating interrelationship of traits and clustering of wheat
genotypes in five environments covering salinity, waterlogging and neutral soils using, 100 elite but diverse genotypes
with eight checks of bread wheat (Triticum aestivum L.). These genotypes were planted under five distinct environments
during rabi 2009-10 under augmented design in four blocks wherein each check was repeated twice. The genetic
variance, correlation coefficients and cluster analysis were carried out for assessment of lines through seven metric
traits, namely, plant stand, plant height, days to heading, days to maturity, tillers/meter, 1000-grain weight and grain
yield. Analysis of variance revealed wide variability for most of the traits under study. The phenotypic coefficient of
variation (PCV) was high for tillers/meter and grain yield, while high heritability coupled with high genetic advance
were found for tillers/meter, 1000-grain weight and grain yield under all five environments. At phenotypic level,
positive and significant correlation coefficients revealed that under all the normal and stressed environments used
here, grain yield is directly influenced by plant stand, tillers/meter and thousand grain weights. Significant and positive
correlations were estimated between tillers/meter (r = 0.31 to 0.66), and 1000 grain weight (r = 0.24 to 0.61) with
grain yield under all five environments. Under waterlogged conditions there were significant negative correlations of
plant height to grain yield (r = –0.38 to –0.39) across two sites. These results, thereby suggests that yield improvement
in bread wheat could be possible by emphasizing these traits through selection in these diverse environments. On the
basis of D2 values of pooled data, 108 genotypes were grouped into four clusters. In all, only 26 lines were found
common in cluster III under two waterlogging environments (Faizabad and Karnal), while only 15 lines were common
in cluster I under non waterlogging (Faizabad, CSSRI and DWR) conditions. These results indicate different constraints
exist in waterlogged and non-waterlogged condition at these sites. Genetic diversity available for these traits may be
utilized for yield improvement in bread wheat under different soil conditions through planned hybridization and
selection in target environments.

Key words: Bread wheat, Correlation coefficient, Cluster analysis, Genetic variability, Salinity,
Waterlogging

million tonnes (2010-11) and average yield of 2.9 tonnes/ha
(Singh et al. 2011). Growth rate in wheat productivity has
come down to less than one per cent as compared to much
higher growth rate of 1.8 per cent in human population. For
achieving the projected demand of 100 million metric tonnes
of wheat by 2030, there is need to accelerate the overall
wheat production in the country annually by 3 per cent
(Anonymous 2011). This appears to be a difficult task but
not impossible to develop high yielding wheat varieties
utilizing the available useful variability in germplasm.
Among abiotic factors, salinity and waterlogging stresses
are the major yield limiting factors influencing wheat
production, especially in the eastern parts, central and
peninsular regions of India (Anonymous 2011). In view of
the changing climate, erratic distribution of rainfall, may
often lead to waterlogging, especially in alkaline soil where
there is low hydraulic conductivity. Therefore, it is necessary
to develop cultivars with high yield, disease resistance and
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tolerance to excessive moisture
conditions. This type of uncertainty of
waterlogging during the crop growth
period, calls for climate resilient
genotypes suitable for erratic water and
temperature conditions (Richards et al.
2002, Setter et al. 2011).

It is now well recognized that
wheat is very sensitive to waterlogging
particularly during seeding, flowering
and grain filling periods. The water-
logging for about 30 days during any
of these stages can cause 50-70% grain
yield loss due to poor seed set and less
effective tillers per unit area. The
decrease in yield supports the findings
of Setter et al. (2001) for wheat grown
in Australia. The impact of changing
climate is likely to affect abiotic stresses
(waterlogging and salinity) that will
become more important in many areas
because of variable rainfall (FAO
2000). The work being carried out on
multifactorial importance of crop
improvement, crop management and
physiological intervention to address
issues related to abiotic stresses
particularly waterlogging and salinity
in India and Australia is very relevant
to enhancing wheat production under a
changing climate (Setter et al. 2011)

Characterizing the germplasm and
modifying the selection criterion
particularly for suppressive soils
(waterlogging, element toxicity and
salinity tolerance) and widening the
adaptability in future wheat genotypes
is necessary for resilience to diverse
environments. The success of any
breeding programme will depend upon
the magnitude of genetic diversity
existing in germplasm, heritability
index and harnessing genetic advance
present in different yield associated
parameters.

The heritability index alone, that
also reflects transmissibility is not
enough for selection in advance
generations under stress conditions. It
must simultaneously be accompanied
with substantial amount of genetic
advance and interrelationship among
yield traits. Grain yield is a complex
trait and highly influenced by many
environmental factors, biotic and abiotic
stresses including waterlogging, salinity
etc. In any crop breeding programme,
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direct selection for yield under complex environments could
be misleading, and therefore, a successful selection will
depend upon the information on the genetic variability and
association of morpho-agronomic traits with grain yield is
a pre-requisite. Correlation coefficients provide a better
understanding of the association of different trait(s) with
grain yield. The study of associations among various traits
is useful to breeders in selecting genotypes possessing
groups of desired traits. Keeping all this in view, diverse
and elite genotypes (high yielding, disease resistant, abiotic
stress tolerant) were included to generate information on
genetic variability, relationships of yield and its components
and their implication in selection of better genotypes of
wheat for suppressive soils in India.

MATERIALS AND METHODS

The experimental material used here consists of 100
diverse but elite genotypes of wheat (high yielding, disease
resistant, abiotic stress tolerant) from India and Australia
and eight checks. These were planted in an augmented
design under five environments during rabi season of 2009-
2010. The experimental material was planted at two
locations, i.e. Karnal (Haryana) and Faizabad (Uttar
Pradesh), three sites namely, Narendra Dev University of
Agriculture & Technology (NDUA&T), Faizabad; Central
Soil Salinity Research Institute (CSSRI), Karnal and
Directorate of Wheat Research (DWR), Karnal. The
environments included two waterlogging (WL) and two
non-waterlogging (NWL) conditions at CSSRI-Karnal and
NDUA&T-Faizabad, while a fifth environment was under
neutral soil conditions at Directorate of Wheat Research
(DWR), Karnal. The distinctive features (latitude, longitude,
soil type, pH and date of sowing) of all five environments
along with duration for waterlogging at NDUA&T and

CSSRI are presented in Table 1. Each entry was planted in a
four-row plot of 2.5 m length with 23 cm row to row spacing
and 10 cm spacing between plants and within rows. The
experiments under five environments were laid out across
the three blocks following augmented design wherein the
eight checks were repeated twice to generate precise
information for economic traits. All the recommended cultural
practices were followed to raise normal crop and have proper
expression of genotypes. The following observations on seven
important metric traits, viz. plant stand, plant height, days to
50 per cent heading, days to maturity, tillers/meter, 1000-
grain weight (TGW) and grain yield/plot were recorded at
appropriate crop growth stage.

The adjusted mean values were subjected to analysis
of variance to test the level of significance. Analysis of
variance (ANOVA) for estimating phenotypic and genotypic
coefficient of variation, heritability and genetic advance as
per cent of mean for all seven traits was performed by
adjusted values as suggested by Panse and Sukhatme (1984)
and coefficient of variations, heritability, correlation
coefficient analysis and cluster analysis was done as per
latest available software (SAS version 9.2).

RESULTS AND DISCUSSION

The analysis of variance (ANOVA) for individual
environment and also on pooled data indicated significant
differences for all the traits except days to heading under
waterlogged condition at Faizabad and days to maturity
under waterlogged condition at CSSRI, Karnal and also
under neutral soils at DWR, Karnal (Table 2). The estimates
of genetic parameters, viz. mean, range, genotypic
coefficient of variation (GCV), phenotypic coefficient of
variation (PCV), heritability in broad sense and genetic
advance (GA%) are presented in Table 3.

Table 2 ANOVA for seven metric traits based on 108 entries under five environments in wheat

Environment Source of Mean sum of squares for seven metric traits

variation D F Plant Plant Days to Days to Tillers 1000-grain Grain yield/
stand height heading maturity /meter weight (g) plot (g)

Env.1 Total entries 107 49.6** 96.2** 7.2* 7.6* 242.7** 15.9** 1939.8**
Error 8 1.6 7.8 3.8 1.8 4.8 0.5 8.9

Env.2 Total entries 107 49.7** 114.5** 7.7* 9.1* 425.1** 12.8** 4377.8**
Error 8 8.4 7.2 0.3 1.7 17.1 0.5 18.2

Env.3 Total entries 107 935.4** 167.2** 8.1* 7.5* 13768.7** 19.6** 14278.9**
Error 8 5.2 6.9 2.7 7.1 14.3 0.3 16.7

Env.4 Total entries 107 379.7** 138.9** 25.5** 3.6* 14058.0** 17.3** 4896.8**
Error 8 3.6 1.8 1.9 0.6 27.4 0.1 17.3

Env.5 Total entries 107 120.7** 108.7** 8.1* 4. 5* 684.5** 26.6** 10062.4**
Error 8 3.4 3.6 0.9 3.1 4.7 0.9 29.2

Pooled Total entries 107 92.5** 93.2** 7.4* 2.8 2649.4** 11.5** 1810.4**
Error 8 0.3 0.8 0.3 1.1 2.5 0.1 5.4

Where, Env.1, Waterlogged condition at NDUA&T, Faizabad; Env.2, Non-waterlogged condition at NDUA&T, Faizabad; Env.3,
Waterlogged condition at CSSRI, Karnal; Env.4, Non-waterlogged condition at CSSRI, Karnal; Env.5, Normal conditions at DWR,
Karnal and Pooled=Data pooled over five environments. *,** Significant at 5% and 1% level, respectively. Table F value with 107 and
8 degree of freedom at 5% and 1% is 2.95 and 9.45
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Table 3 Estimates of mean, range, heritability, variability and genetic advance of bi-plot experiment under all five environments and
pooled data over location (108 entries)

 Trait Environment Estimate

Range Mean h2 PCV GCV G A

Plant stand Env.1(WL) 60-90 74.57 53 7.90 6.68 10.77
Env.2 59-90 73.13 51 8.21 6.09 7.89
Env.3 (WL) 40-90 49.13 58 44.87 42.63 14.18
Env.4 30-100 81.18 58 18.88 16.72 17.98
Env.5 22-62 42.80 54 19.15 17.64 11.34
Pooled 42-86 64.16 59 12.52 10.48 13.93

Plant height (cm) Env.1(WL) 48-102 76.06 75 11.20 10.06 12.63
Env.2 39-97 65.48 78 11.24 9.61 14.16
Env.3 (WL) 65-129 88.67 72 12.54 10.11 11.68
Env.4 75-140 98.14 71 10.67 8.30 16.09
Env.5 71-116 87.47 66 9.24 7.53 11.07
Pooled 69-113 83.17 68 9.23 8.16 13.89

Days to heading Env.1(WL) 73-85 79.34 61 1.81 1.58 15.52
Env.2 76-90 83.11 52 4.52 2.42 13.80
Env.3 (WL) 95-110 101.69 50 2.28 1.62 12.40
Env.4 85-105 95.65 56 5.87 3.60 16.57
Env.5 74-96 84.43 50 3.51 2.25 10.50
Pooled 83-97 88.84 52 3.21 2.13 11.74

Days to maturity Env.1(WL) 102-119 110.57 62 1.87 1.48 12.77
Env.2 110-129 115.04 68 2.09 1.73 13.27
Env.3 (WL) 136-149 142.60 62 1.89 1.32 15.16
Env.4 135-145 139.51 63 1.03 0.78 12.17
Env.5 110-126 119.55 59 2.63 1.72 12.79
Pooled 121-133 125.45 53 1.11 0.62 11.23

Tillers/meter Env.1(WL) 31-134 72.41 80 24.89 22.44 12.02
Env.2 18-111 47.87 88 20.60 19.79 28.26
Env.3 (WL) 103-276 131.38 83 30.77 30.33 24.63
Env.4 115-360 228.56 89 19.48 18.45 27.20
Env.5 186-241 196.36 88 14.93 13.83 27.72
Pooled 86-329 208.79 89 17.47 17.15 35.87

1000-grain weight Env.1(WL) 25-42 34.78 87 9.14 8.87 45.55
Env.2 21-40 31.34 92 7.39 7.12 24.92
Env.3 (WL) 19-43 33.32 91 9.47 9.44 46.31
Env.4 25-44 34.68 96 8.55 8.39 35.88
Env.5 26-40 28.49 93 12.99 12.57 37.15
Pooled 23-41 32.52 95 7.48 7.35 44.90

Grain yield Env.1(WL) 161-395 203.25 72 27.11 26.99 31.34
Env.2 141-238 199.33 79 24.24 23.15 35.78
Env.3 (WL) 90-275 175.81 71 27.69 26.66 47.75
Env.4 165-331 245.43 79 11.05 10.02 20.39
Env.5 214-581 416.41 89 18.09 17.04 34.48
Pooled 208-399 305.62 89 10.84 9.82 30.70

Where, h2, Heritability in broad sense; PCV, Phenotypic coefficient of variation; GCV, Genotypic coefficient of variation; GA,
Genetic advance as per cent of mean. Environments 1 to 5 as per Table 1.

Genetic variability
The results revealed that genotypic variability was

high (Table 3) and that prompted for further analysis. The
performance under waterlogged conditions for seven metric
traits revealed that tillers/meter ranged between 31-134
(with mean value of 72) at Faizabad environment; 106-552
(with average of 266) at CSSRI, Karnal soil conditions
(Table 3). While performance under drained conditions was

different as the range for tillers/meter varied from 18-111 at
Faizabad; 330-647 with 411 mean value at CSSRI, Karnal
conditions; and 186-241 with mean of 133 at DWR, Karnal
environment, respectively (Table 3). The range for thousand
kernel weight (g) under waterlogged conditions varied from
25-42 (with mean value of 34) at Faizabad location and
from 19-43 at CSSRI, Karnal location, while the range for
this trait under normal condition was 21-40 at Faizabad;

GERMPLASM CHARACTERIZATION AND CLUSTERING IN WHEAT
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25-44 at CSSRI and 26-40 (with mean value of 28) in
DWR, Karnal (Table 3). The grain yield widely fluctuated
over the five environments as evident by its range under
waterlogging conditions (Faizabad and CSSRI), with lowest
mean value of 203 for waterlogging condition at Faizabad
and 303 for waterlogging condition at CSSRI, Karnal. While,
values were much higher under normal condition with
mean value (491 and 416) at CSSRI, Karnal and at DWR,
Karnal locations respectively. It is clearly indicated that the
yield recorded in most of the genotypes was adversely
affected by waterlogging conditions (Table 3) at CSSRI,
Karnal, while at Faizabad the yield under waterlogged
conditions was numerically higher than the non-waterlogged
conditions.

The phenotypic coefficient of variation was higher
than genotypic coefficient of variation for all traits under
all five environments (Table 3). Higher phenotypic
coefficient of variation and genotypic coefficient of variation
indicate that high variability exists among the genotypes.

The PCV was higher for tillers/meter and grain yield
per plot than other seven studying traits under all five the
environments. The magnitude of phenotypic and genotypic
coefficient of variability (PCV and GCV) for different
parameters under stressed conditions (waterlogged) were
higher than their counterparts under normal, i.e. non-
waterlogged conditions, which indicated that wide variability
is manifested under waterlogged stress for exercising the
selection. The coefficient of variation estimated (PCV and
GCV) under neutral soil conditions and also of the pooled
data showed similar pattern thereby revealing opportunity
of improvement in these traits through direct selection
under normal, waterlogged and non-waterlogged (Sodic
and alkaline) soils conditions. A close observation of
estimates of GCV and PCV suggested that environment
had little role in the expression of traits like plant height,
day to maturity and thousand grain weight under normal
and waterlogged conditions based on two locations data.
Whereas, traits like plant stand, days to heading, tillers/
meter and grain yield were having moderate to high influence
of the environment (waterlogged, non-waterlogged and
neutral) at three locations.

High PCV (44.9%) and GCV (42.6 %) were observed
for plant stand under waterlogged conditions at CSSRI,
Karnal. Similarly, high PCV for tillers per meter and grain
yield (30.8%, 27.7 %) was recorded under waterlogged
conditions. Besides, moderate PCV (18.1%) and GCV (17.0
%) for grain yield under neutral soils conditions at DWR,
Karnal was observed which indicated that even under normal
conditions yield improvement is feasible putting due
emphasis on higher yield while selecting promising
genotypes. Higher PCV than GCV indicated that the visible
variation in the expression of traits was not only due to
genotypes alone but also due to varying influence of
environment.

Heritability and genetic advance
The estimates of high heritability (broad sense) and

high genetic advance (GA% of mean) indicate additive
gene action and hence improvement in these traits could be
possible by direct selection (Panse 1957). The traits included
grain yield and to some extent tillers/meter in both normal
and stressed (waterlogged) conditions and plant stand under
non-waterlogged and neutral conditions at Karnal. The
higher heritability (more than 70%) along with higher genetic
advance (more than 20%) was recorded for tillers/meter,
thousand kernel weight and grain yield/plot under all
environments. Moderate heritability with moderate genetic
advance was recorded for plant height under all the
environments. The heritability along with genetic advance
was lower under waterlogging conditions for tillers/meter,
thousand kernel weight and grain yield/plot comparable to
drained conditions (Table 3). Singh et al. (2006) however
reported high heritability under waterlogging for most of
the traits except days to maturity and grains/ear. This might
be due to different set of genotypes used in the study.

In general, plant height and thousand grain weight
across all environments and grain yield under stressed
environment and also under neutral soils conditions revealed
moderate estimates of heritability. Moderate to high
estimates of genetic advance were recorded for thousand
grain weight, grain yield and tillers/meter under normal as
well as stressed environment (waterlogged). Whereas, high
values of heritability coupled with moderate to low estimates
of genetic advance for traits like plant stand, plant height,
days to heading and days to maturity indicated role of non
additive gene action in the expression of these traits. In case
of traits showing moderate values of heritability and genetic
advance, slight improvement through direct selection could
be possible. For non-waterlogged sites the results here
confirm to the earlier reports of Pawar et al. (2002). Gupta
et al. (2004) who also reported high heritability for days to
heading, plant height, tillers/plant, spike length and spikelets/
spike, spike weight, seeds/plant and leaf blight. Sardana et
al. (2007) suggested that high heritability may not
necessarily lead to increase genetic gain, unless sufficient
genetic variability existed in the germplasm and low
heritability has been achieved for the grain number/spike as
reported by Ayciceck and Yildirim (2006). Some authors
reported moderately high heritability for spikelets per spike
(Kashif and Khaliq 2004). The highest heritability coupled
with high genetic advance for plant height and 1000-grain
weight whereas, lowest heritability and expected genetic
advance for grain yield and test weight was reported by
Oguz et al. (2011). For plant height and number of tillers/
plant, high heritability along with high genetic advance was
reported by Gulzaz et al. (2011). High heritability along
with high genetic advance for some metric traits was reported
by Singh et al. (2011).

High heritability coupled with high genetic advance
and high coefficient of variability for grain yield/plot and
plant height showed scope for improvement following
selections. However, in case of characters like days to
heading, spike length and spike weight showing high
heritability but moderate to low genetic advance, which
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may be due to non-additive gene action and presence of G
× E interaction, simple selection may not be rewarding
(Singh et al. 2003). Different researchers like Ansari et al.
(2005) and Inamullah et al. (2006) in their studies have
reported the presence of high heritability and genetic advance
in different yield related attributes in wheat.

Correlation coefficients
The phenotypic correlation coefficients among seven

traits were also worked out to see the association between
these traits (Table 4). The yield is the end product of
contributions made by several component traits that are
directly or indirectly associated with grain yield. If the
association is positive, improvement in one character will

simultaneously bring about an improvement in other.
However, the negative association between two economic
traits is useful for characteristics, like plant height, maturity
duration and days to heading.

The significant and positive correlation co-efficient
were found between tillers/meter and 1000-grain weight
with grain yield/plot under all environments. While, tillers
per meter was significantly and negatively correlated with
thousand kernel weight under all environments. The days
to heading was significantly and positively correlated with
days to maturity under waterlogging conditions in Faizabad
and CSSRI, whereas, it showed significant but negative
correlation with days to maturity under non-waterlogging
conditions. The plant stand was significantly and positively

Table 4 Phenotypic correlation coefficients based on108 elite lines for seven traits under five environments and pooled data over the
location in case of bread wheat (Triticum aestivum)

Trait Environment Plant Days to Days to Tillers/ 1000–grain Grain
height heading maturity meter  weight yield

Plant stand Env.1(WL) 0.15 0.09 0.21* 0.27** –0.31** 0.14
Env.2 0.38** 0.11 0.36** 0.51** –0.04 0.60**
Env.3 (WL) 0.12 –0.36** –0.65** 0.53** 0.12 0.42**
Env.4 0.24* –0.09 –0.28** 0.37** –0.05 0.26**
Env.5 0.20* –0.23* –0.16 0.21* –0.20* 0.31**
Pooled 0.19* –0.18 –0.15 0.43** 0.33** 0.39**

Plant height Env.1(WL) –0.06 0.08 0.42** 0.22* –0.39**
Env.2 –0.01 0.31** 0.33** 0.14 0.39**
Env.3 (WL) –0.14 –0.12 0.43** 0.20* –0.38**
Env.4 0.03 –0.03 0.39** 0.19* 0.22*
Env.5 –0.03 0.08 –0.31** 0.12 0.28**
Pooled 0.01 0.09 0.39** 0.23* 0.27**

Days to heading Env.1(WL) 0.44** –0.22* 0.01 0.13
Env.2 –0.60** 0.07 –0.31** –0.08
Env.3 (WL) 0.43** –0.18 –0.35** –0.20*
Env.4 –0.25** 0.29** –0.40** –0.03
Env.5 –0.47** –0.21* –0.12 –0.37**
Pooled 0.64** 0.21* –0.31** –0.39**

Days to maturity Env.1(WL) 0.11 –0.14 –0.09
Env.2 0.40** –0.41** –0.26**
Env.3 (WL) –0.43** –0.16 –0.44**
Env.4 –0.04 –0.10 –0.18
Env.5 0.45** 0.21* 0.52**
Pooled 0.18 –0.14 –0.15

Tillers/meter Env.1(WL) –0.30** 0.33**
Env.2 –0.16 0.38**
Env.3 (WL) –0.31** 0.66**
Env.4 –0.22* 0.31**
Env.5 –0.30** 0.42**
Pooled –0.21* 0.40**

1000–grain weight Env.1(WL) 0.42**
Env.2 0.25**
Env.3 (WL) 0.44**
Env.4 0.24*
Env.5 0.61**
Pooled 0.31**

*, **, Significant at 5% and 1% level respectively.

GERMPLASM CHARACTERIZATION AND CLUSTERING IN WHEAT



1108 [Indian Journal of Agricultural Sciences 84 (9)

correlated with plant height in drained condition, while in
waterlogging conditions non- significant correlations were
found with plant height. The plant height was significantly
and positively correlated with 1000 grain weight in
waterlogging, while not in drained conditions. It is evident
that shorter plant height is desirable for higher grain yield.
The plant height was significantly and negatively correlated
with grain yield/plot in waterlogging conditions.

At phenotypic level, positive and significant correlation
coefficients revealed that under all the normal and stressed
environments used here, grain yield is directly influenced
by plant stand, tillers/meter and thousand grain weight.
While, significant but negative correlation of grain yield
with plant height under stressed (waterlogged) conditions
at both locations (Karnal and Faizabad) indicated that height
alone is not the contributor to yield under stressed
environment but may be through some other traits which
are tillers/meter, days to maturity and thousand grain weight.
It was interesting to note that 1000-grain weight was having
negative association with tillers/plant but both these traits
were direct contributors of yield under all environments.
Khan et al. (2004) also reported significant and positive
correlation between grains/spike, effective tillers/plant and
spike weight with yield/plant, thus supporting our results.
Khan et al. (2003) reported positive correlation of grain
yield with plant height, number of tillers/plant, grains/spike
and 100 grain weight both at genotypic and phenotypic
levels. Similar to our findings, the number of effective
tillers/plant, number of spikelets/panicle and harvest index
gave significant positive correlation with grain yield/plant
both at genotypic and phenotypic level as reported by
(Kotal et al. 2010). Some authors also reported that grain
yield/plant showed highly significant and positive correlation
with biological yield/plant, grains/spike, spike weight, tillers/
plant and ear length whereas, plant length has significant
and positive association with grain yield (Singh et al. 2010).

The grain yield was positively and significantly correlated
with gain weight, grains/spike, test weight, plant height,
spikelets/spike, 1000-grain weight and spike length whereas,
negatively correlated with days to 50% flowering as reported
by Oguz et al. (2011). Significant and positive correlations
were also estimated between tillers/meter and 1000-grain
weight with grain yield/plot by Singh et al. (2012).

The results of correlation coefficients of inter-
relationship of traits under normal and stressed environment
showed that tillers/plot had positive correlations with plant
stand and plant height under all environments except plant
height with tillers/plot in neutral conditions. This is quite
possible due to the fact that initial crop establishment and
biomass production is directly influenced by plant stand
and plant height, particularly under stressed environment
where number of effective tillers as well as plant height are
adversely affected.

Cluster analysis
The cluster analysis based on pooled data over five

environments indicated that 108 genotypes were grouped in

four clusters having 41, 22, 11 and 34 genotypes, respectively
(Table 5). The grouping of genotypes and their possible
classification for use in hybridization programme as donors
for economic traits is very clear, and largely parents selection
for stressed environment (salinity and waterlogging), based
on present study might give transgressive segregants for
desired traits. The genotypes were grouped while subjecting
the similarity values to clustering pattern based on dendrogram
involving seven traits based on 108 genotypes (Fig 1). From
the clustering pattern and genetic relationship, breeders can
identify the diverse genotypes from different clusters and
utilize them in future hybridization programmes. Besides,
the information generated on variability, inter-relationship
and clustering may be useful for developing strategies to
improve wheat yields under abiotic stress particularly salinity
and waterlogging conditions. The results clearly indicated
that the performance of genotypes under each environment
showed variation, thereby revealing the roll of genotype x
environment.

The top ranking genotypes and their grain yield in
order of merit presented (Table 1), clearly indicates that the
grain yield under waterlogged situations was as expected
lower than non-waterlogged conditions except Faizabad

Table 5 Cluster-wise distribution of bread wheat genotypes under
pooled (waterlogging and non-waterlogging) conditions

Cluster Total                Genotype
genotypes

I 41 NW 3069, UP 2003, WESTONIA, PBW 343,
NWL -9-23, KRL 240, NW 1067, PBW 621,
HD 3024, NW 4098, NWL-9-24, GUTHA,
HUW 636, NW 4092, HD 3027, KRL 266,
NW 4018, DUCULA 4, KRL 105, DBW 52,
K 9107, NW 4035, K 0808, NW 1014, KRL
238,NW 4081, KRL 35, DBW 60, SPEAR,
CBW 38, NW 1076, BT-SCHOMBURGK,
DBW 58, KRL 259, KRL 268, KRL 283,
KRL 1-4, RW 3684, DBW 59, KHARICHIA
65 and KRL 3-4.

II 22 CAMM, GAMENYA, NW 1012, CHIRYA
7, CHARA, DBW 51, KRL 104, KRL 99,
DBW 55, CUNDERDIN, KALANNIE, DBW
50, PERENJORI, AMERY, PBW 590, NW
3087, NW 4099, KRICHAUFF, BH 1146,
BROOKTON, KRL 236 and
SCHOMBURGK.

III 11 PBW 639, PBW 642, PBW 635, NWL-9-22,
HD 2997, NWL-9-25, PBW 634, PBW 636,
HD 2009, DBW 14 and RAJ 4205.

IV 34 KRL 229, KRL 19, HD 2985, NW (S)-2-4,
HUW 635, NW-4082, KRL 210, DBW 46,
NW-4091, TINCURRIAN, KRL 213, RSP
561, UP 262, DBW 39, HD 3028, WH 1094,
RAJ 4201, HUW 638, K 0807, HI 1563,
KRL 233, KRL 227, RAJ 3765, NW 4083,
NW (S)-6-5, NWL-7-4, PBW 550, HD 2733,
NW 2036, PBW 631, KRL 249, DBW 17,
KRL 261 and HD 2967.

84

SINGH ET AL.



1109September 2014]

where numerically higher yield was recorded under
waterlogged conditions.

 The Faizabad location was found to be superior in
term of grain yield realization under waterlogged conditions
while at CSSRI, Karnal the yield was higher under non-
waterlogged conditions. This finding is also supported by
the performance of genotypes for yield attributes and there
inter-relationship under varying conditions. The performance
of genotypes under neutral soil conditions at DWR, Karnal
was in accordance of our assumption for high yield and
disease resistance as better performing genotypes like PBW
621, DBW 52, HD 3027, KRL 213, RW 3684 were in the
top ranking genotypes and few of these have already been
released for commercial cultivation. Genotype KRL 213
which is primarily for saline situation also performed better
under neutral soils, thus showing promise for higher yield
under reclaimed soils.

The spring wheat Ducula was shown to be very tolerant
to waterlogging under North-western Mexican conditions,
expressing only 12 per cent leaf chlorosis relative to 71 per
cent chlorosis in the sensitive check Seri-82. Shoot weight
was severely reduced by waterlogging and also stomata
conductance in waterlogging sensitive genotypes, all
stomatal activity will cease three days after the onset of
waterlogging, while stomatal conductance in tolerant
cultivars such as Savannah will continue. It has been reported
that waterlogging reduces spike number/m2 in winter wheat
by about 20-50% and that the decrease in spike number/m2

becomes important after 10 days of waterlogging (Collaku
and Harisson et al. 2002). It has been reported that selection
for responsiveness to increase moisture should be carried
out initially under optimum conditions during early
generations with higher heterozygosity and then could be
applied at low or high moisture levels in the subsequent
generations (Kirgiwi et al. 2004). They reported that
selection under optimum conditions enables the
identification of genotypes with responsiveness to increase
moisture while selecting under low or high irrigated
conditions identifies high yielding lines carrying traits for
performance under stress conditions.

In summary, the present study reveals that, wide genetic
variability exists in wheat grown in environments limited
by abiotic stresses like waterlogging and salinity. Three
traits, tillers/metre, thousand grains weight and grain yield
per plot showed a high heritability with high genetic advance
across five diverse environments used here, indicating a
significant scope for improving grain yield through simple
hybridization and selection. The high and positive
correlations across these diverse environments will help in
improving the grain yield through selection and the high
heritability and genetic advance will be useful for population
improvement through hybridization. Distribution pattern of
all the genotypes into various clusters showed the presence
of considerable genetic divergence among the genotypes
for most of the traits.

Based on the result obtained from present study, it may
be concluded that 1) significant genetic variation exists even

Fig 1 Dendrogram based on pooled data over five environments
for 108 wheat genotypes
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in this limited population of 100 genotypes, and 2) germplasm
characterization, variability assessment, the inter-relationships
of traits and clustering pattern under normal, waterlogged
and neutral conditions, can be utilized in hybridization to
obtain the transgressive segregants for desired traits. Whether
these results can be repeated in different environments or
seasons; and whether these results relate to other abiotic
stresses will need to be confirmed in further research.

ACKNOWLEDGEMENT

The authors are highly thankful to the Indian Council
of Agricultural Research (ICAR), New Delhi, India and
ACIAR, Australia for providing financial support for
undertaking this study.

REFERENCES

Anonymous. 2011. Wheat improvement in India. (In) 50th All
India Wheat and Barley Research Workers Meet, pp 5-17.
Directorate of Wheat Research, Karnal.

Ansari K A, Soomro Z A, Ansari B A and Leghari M H. 2005.
Genetic variability and heritability studied for some quantitative
traits in bread wheat (Triticum aestivum L.). Pakistan Journal
of Agricultural Sciences and Agricultural Engineering and
Veterinary Sciences 21(1): 18–24.

Ayciceck M and Yildirim T. 2006. Heritability of yield and some
yield components in bread wheat (Triticum aestivum L.).
International Journal of Biological Sciences 4: 480–5.

Collaku A and Harrison S A. 2002. Losses in wheat due to water-
logging. Crop Science 42: 444–50.

Condon A G, Richards R A, Rebetzke G J and Farquhar G D. 2002.
Improving intrinsic water use efficiency and crop yields. Crop
Science 42: 122–31.

FAO. 2000. Crops and Drops. Making the Best of Water for
Agriculture, pp 28.

Gulzaz S, Sajjad M, Khaliq I, Khan A S and Khan S H. 2011.
Relationship among coleoptiles length, plant height and tillering
capacity for developing improved wheat varieties. International
Journal of Agriculture and Biology 13: 130–3.

Gupta R S, Singh R P and Tiwari D K. 2004. Analysis of heritability
and genetic advance in bread wheat (Triticum aestivum L.).
Advance in Plant Science 17(1): 303–5.

Inamullah Ahamad H, Moahammad F, Din S U, Hassan G and Gul
R. 2006. Evaluation of the heterotic and heterobeltiotic potential
of wheat genotypes for improved yield. Pakistani journal of
botany 38(4): 1 159–67.

Kashif M and Khaliq I. 2004. Heritability, correlation and path
coefficient analysis for some metric traits in wheat. International
Journal of Agriculture and Biology 6: 138–42.

Khan A S, Ashfaq M and Asad M A. 2003. A correlation and path
coefficient analysis for some yield components in bread wheat.
Asian Journal of Plant Sciences 2: 582–4.

Khan M F, Khan M K and Mustaq K. 2004. Genetic variability
among wheat cultivars for yield and yield components under the
agro-ecological condition of districts Rawalkot Azad Kashmir,
Pakistan. Sarhad Journal of Agriculture 20(3): 391–4.

Kirgiwi F M, Ginkel M V, Trethowan R, Sears R G , Rajaram S,
Paulsen G M. 2004. Evaluation of selection strategies for wheat
adaptation across water regimes. Euphytica 135: 361–71.

Kotal B D, Das A and Choudhary B K. 2010. Genetic variability
and association of characters in wheat (Triticum aestivum L.).
Asian Journal of Crop Science 2(3): 155–60.

Oguz B, Kayihan Z, Korkut, Ismet B, Orhan D, Irfan O, Turhan
K and Balkan A. 2011. Genetic variation and inter-relationship
of some morpho-physiological traits in Durum wheat (Triticum
durum L.). Pakistan Journal of Botany 43(1): 253–60.

Panse V G and Sukhatme P V. 1984. Statistical Methods for
Agriculture Workers. Indian Council of Agricultural Research,
New Delhi.

Panse V G. 1957. Genetics of quantitative character in relation to
plant breeding. Indian Journal of Genetics and Plant Breeding
17: 318–28.

Pawar S V, Patil S C, Naik R M and Jambhale V M. 2002. Genetic
variability and heritability in wheat. Journal of Maharashtra
Agriculture University 27(3): 324–5.

Richards R A, Rebetzke GJ, Condon A G and Van Herwarden A F.
2002. Breeding opportunities for increasing the efficiency of
water use and crop yield in temperate cereals. Crop Science
42: 263–70.

Sardana S, Mahajan R, Gautam N and Ram B. 2007. Genetic
variability in pea (Pisum sativum L.) germplasm for utilization.
SABRAO Journal 39(10): 31–41.

Setter T L, Burgess P, Waters I and Kuo J. 2001. Genetic diversity
of barley and wheat for water-logging tolerance in Western
Australia. (in)10th Australian Barley Technical Symposium,
Canberra, 16-20 September 2001, ACT, Australia.

Setter T L, Waters I and Sharma S K. 2011. Changing climate:
Wheat improvement for soils affected by waterlogging, salinity
and draught. (in) Wheat Productivity Enhancement under
Changing Climate, pp 58–68. Singh S S, Hanchinal R R,
Singh, Gyanendra, Sharma, R K, Tyagi, B S, Saharan, M S,
Sharma, I (Eds). Narosa Publishing House, New Delhi.

Singh B N, Vishwakarma S R and Singh V K. 2010. Character
association and path analysis in elite lines of wheat (Triticum
aestivum L.). Plant Archives 10 (2): 845–47.

Singh Gyanendra, Chatrath R, Singh G P and Jag Shoran. 2003.
Shuttle breeding approach for wider adaptability and disease
resistance in wheat. (in) Wheat Technologies for Warmer Areas,
pp 24–35. Rao V S, Singh, Gyanendra and Misra S C, (Eds).
Anamaya Publisher, New Delhi.

Singh Gyanendra, Tyagi B S, Singh Charan, Singh Rajender,
Sharma P and Singh S S. 2011. Wheat breeding for increasing
productivity in eastern Gangetic plains. (In) Wheat Productivity
Enhancement under Changing Climate, pp 77–94. Singh S S,
Hanchinal R R, Singh Gyanendra, Sharma R K, Tyagi B S,
Saharan M S, Sharma, I (Eds). Narosa Publishing House, New
Delhi.

Singh, K N, Kulshreshtha, Neeraj, Kumar Vinod and Setter T L.
2006. Genetic variability of wheat (Triticum aestivum) lines
for grain yield and component characters grown under sodic
and waterlogged conditions. Indian Journal of Agricultural
Sciences 76(7): 414–9.

Singh M K, Gyanendra Singh, Saharan M S, Singh S S, Tyagi B
S, Verma A and Bind D. 2011. Genetic analysis for yield
components traits in bread wheat (Triticum aestivum L.). (In)
Book of Abstracts of Wheat Productivity under Changing
Climate, pp- 43. UAS, Dharwad.

Singh M K, Gyanendra Singh, Saharan M S, Tyagi B S,
Kulshreshtha N, Yaduvanshi N P S, Singh BN, Bind D, Ojha
A, Verma A, Sharma I and Setter T L. 2012. Characterization
of diverse germplasm for waterlogging tolerance in bread
wheat (Triticum aestivum L.). (In) Plant Genetic Research for
Eastern and North Eastern India, pp 193–4. ICAR Research
Complex, Meghalaya.

86

SINGH ET AL.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




