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Abstract: This paper describes the association, direct and indirect effects of morphological traits under drought stress
and irrigated conditions. Significant mean squares among crosses were obtained for all characters under irrigation as well
as drought stress. Positive and significant correlations were observed between grain yield per plant and flag leaf area,
specific flag leaf weight, tillers per plant, peduncle length, spike length, grains per spike, 1000-grain weight, grain weight
of mother shoot, biomass per plant and harvest index. Negative and significant correlation was noted for days to heading
and grain yield per plant. Positive direct effects were exhibited for specific flag leaf weight, days to heading, tillers per
plant, spikelets per spike, grain weight of mother shoot, biomass per plant and harvest index on grain yield while
maximum indirect effects were observed through grain weight of mother shoot on grain yield for flag leaf area, days to
heading, peduncle length, spike length, grains per spike, 1000-grain weight, biomass per plant and harvest index under
irrigated conditions. In case of drought stress conditions, grain yield was positively and significantly correlated with flag
leaf area, specific flag leaf weight, plant height, peduncle length, spike length, grains per spike, 1000-grain weight, grain
weight of mother shoot, biomass per plant and harvest index. Similar to irrigated conditions days to heading has also
negative and significant correlation with grain yield. Positive direct effects were observed for leaf venation, flag leaf area,
days to heading, plant height, spike length, grains per spike, 1000-grain weight, biomass per plant and harvest index
whereas positive indirect effects through biomass per plant on grain yield for leaf venation, plant height, spike length,
grains per spike, 1000-grain weight, grain weight of mother shoot were observed under drought stress conditions. It is
suggested that direct selection could be made for days to heading, tillers per plant, spikelets per spike, grain weight of
mother shoot, biomass per plant and harvest index for the improvement of grain yield per plant and indirect selection
through grain weight of mother shoot for spike length, grains per spike 1000-grain weight under irrigated conditions.
Under drought stress conditions selection could be made for leaf venation, flag leaf area, days to heading, plant height,
spike length, grains per spike, 1000-grain weight, biomass per plant and harvest index and indirect selection via biomass
per plant for leaf venation, plant height, spike length, grains per spike, 1000-grain weight and grain weight of mother
shoot.
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Introduction
For evolving varieties suitable for cultivation in irrigated as
well as in drought-prone areas, knowledge of the correlation
between component characters is a pre-requisite as the
characters might be differently correlated among
themselves. Several studies involving genetic correlation
and  path  coefficient  analysis  have  been  conducted  in
wheat.  Dornescu  (1986)  reported  that  grain  weight per
main spike, 1000-grain weight and grains per plant had
direct effect on grain  weight  per  plant. Number  of  grains
per main spike had important indirect effect via grain weight
per main spike. Similarly, Sheoran et al. (1986) reported
that yield was strongly and positively correlated with spike
length, grains per spike, plant height and flag leaf area. Path
analysis revealed that selection of rainfed wheat may be
based on 1000-grain weight and grains per spike. However,
Bangarwa et al. (1987) revealed that grain yield per plant
was highly and positively correlated with spikes per plant,
plant height, spikelets per spike, spike length and biological
yield per plant. Biological yield per plant and spike length
made the maximum contribution to grain yield, as exhibited
by path analysis and were recommended as selection
criteria for improving grain yield. Similarly, Atale and Zope
(1988) reported that yield  was  significantly  and  positively

correlated with biomass per meter, grain weight per ear and
grains per ear under both environments. Under high fertility
conditions, grains per ear, grain weight per ear, ears per
meter, ear length and biomass per meter had positive direct
effect on yield while under low fertility conditions grain
weight per ear and ears per meter did so. Bessonova (1988)
observed that the length of the upper most internode was
positively correlated with grain weight per ear. Selection
based on this criterion from the milk stage to ripe stage was
effective. Similarly, Krotova (1988) reported that yield per
plant was closely  correlated  with  number  of  fertile  tillers
and yield of main ear. A high and significant correlation was
found between yield per main ear and grains per main ear
and grain size. Srivastava et al. (1988) revealed that yield
was positively and significantly correlated with harvest
index, biological yield, grain weight per spike, spikes per
plant and flag leaf area. Biological yield, harvest index and
days to anthesis had high direct effects on yield. (Qian et al.
(1989) revealed that 1000-grain weight had the most
important direct effect on yield, followed by plant height,
grains per ear and ears per plant. Whereas Singh et al.
(1990) reported that significant positive correlation of total
biomass with grain yield, number of tillers and grains per
spike were recorded. Total  biomass  produced  the  highest
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consistent direct and indirect effect on grain yield.
Therefore, total biomass was suggested to be the main
selection parameter in breeding dry land wheat varieties.
Sharma and Singh (1991) revealed that path coefficient
analysis showed that harvest  index,  biological  yield  and
tiller number were the most important contributors to yield.
Wang et al. (1991) reported that grain number and weight
of main spike, 100-grain weight and fertile spikelets but not
plant height, spikes per plant and spike length were
significantly correlated with grain yield per plant. Path
analysis showed that the direct contribution of grain weight
of main spike to grain yield per plant was highest followed
by spikes per plant in both areas. Whereas Ahmad et al.
(1994) reported positive and significant genotypic
correlation among productiVe tillers/ m2, spike length, grains
per spike and grain yield. Path analysis showed that
productive tillers/m2 had maximum positive direct effect on
grain yield. Grains per spike had negative direct effect on
grain yield.
The objectives of the current study were to i) worked out
the correlatrions among yield, morpho-physiological traits,
ii) determine the direct and indirect effects of morpho-
physiological traits on grain yield, of bread wheat grown
under irrigated and rainfed areas so as to work out a
suitable trait which could be used for yield improvement
under both conditions.

Materials and Methods
The thirty F1’s including reciprocals and their six parents
were space planted in randomized complete block design
with three replications during the year 1995-96 in the
research area of Department of  Plant  Breeding and
Genetics, University of Agriculture, Faisalabad. The
experimental  plot  was  a  four  meter  single row  having
27 plants. The  rate  of  seeding  was  two  seeds  per hill
and later thinned to one plant per site  with  a  distance  of
15 centimeters within rows and 30 centimeters between
rows. For two sets of experiments, one under regular
irrigation and the other under zero irrigation (drought stress),
the fields were irrigated for seed bed preparation. After
planting of experimental population, four canal irrigations
were applied to normal experiment during the active
growing period. Whereas the other experiment entirely
depended on natural precipitation and no surface irrigation
was applied to drought experiment for maintaining moisture
stress conditions. Only a very little  amount  of  rainfall (35
mm) was received during the experimental period
(November to April). Fertilizer was applied at planting time
at the rate of 100 kg N and 75 kg P per hectare. Fertilizer
application rates were identical for both environments. The
crop was kept free from weeds. Measurements were made
on only competitive plants under both environments for
morpho-physiological traits like stomatal frequency, leaf
venation, flag leaf area (cm2), specific  flag  leaf  weight
(mg/cm2), days to heading, tillers per plant, plant height
(cm), peduncle length (cm), spike length (cm), spikelets per
spike, grains per spike, 1000-grain weight (g), grain  weight

of mother shoot (g), biomass per plant (g), grain yield per
plant (g) and harvest index.
Components of variances and covariances were estimated
for individual environment (irrigated and drought stress
conditions) data according to method of Steel and Torrie
(1980). All main effects and interaction effects in the
analysis of variance were considered random.
Coefficient of genotypic variation (CVg), which allows us to
compare genetic variability among traits with different
measurement units, was obtained as follows:
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where Vargi is genotypic variance for the ith trait and
calculated using the appropriate genotypic (G) and
genotypic x environment (G X E) mean squares from the
analysis of variance and Xi represents the mean of
genotypes for ith trait.
Heritability was calculated as a ratio between genotypic and
phenotypic variances (Burton and Devane, 1953).
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Genetic (rg) correlation between ith and jth traits were
calculated with the method outlined by Falconer (1981).
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where COVgij is a genotypic covariance between traits I &
j. The significance of genetic correlation coefficient (rg) was
checked against the formula given below by Reeve (1955)
and Robertson (1959).
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Path coefficient analysis was done according to Dewey and
Lu (1959). Path coefficient analysis has been used in
determining selection criteria in many crops such as wheat
and some other crops. With path coefficient (p) analysis,
the direct effect  of  a  independent  variable  (x1, x2,... xn)
on the dependent variable trait (y) can be determined. Path
coefficient analysis were computed using genotypic
correlation. In this case, it is assumed that each of the
independent variables has a direct effect on the dependent
variable (grain yield).

Results and Discussion
The genotypic differences were highly significant for all the
characters under both environments except harvest index
which is only significant under drought stress conditions.
This confirmed  the  presence  of  variability  in  the material
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grown under irrigated and drought stress conditions.

Irrigated conditions: Genotypic correlation: The genotypic
correlation for stomatal frequency with grain yield was
negative and non-significant (above the diagonal in Table 1).
Also, direct effects of stomatal frequency on grain yield
were small and negative with a value of -0.2973 (Table 2).
This indicates that breeding for more stomata frequency on
adaxial surface of the leaf will not affect progress in grain
yield improvement. Significant genotypic associations were
observed for stomatal frequency with leave venation, flag
leaf area, days to heading, plant height and spikelets per
spike. Whereas significant and negative correlation
coefficients were noted with specific flag leaf area, tillers
per plant and harvest index. Leaf venation was significantly
and positively correlated with days to heading, spikelets per
spike and grains per spike. Flag leaf area positively and
significantly correlated with plant height, peduncle length,
spike length, 1000-grain weight, grain weight of mother
shoot, biomass per plant, harvest index and grain yield per
plant. Significant genotypic correlation occurred for flag leaf
area and grain yield under irrigated conditions, which agrees
with the statement of Sheoran et al. (1986) and Srivastava
et al. (1988) that grain yield was positively and significantly
correlated with flag leaf area. Specific flag leaf weight was
also positively and significantly associated with tillers per
plant, peduncle length, spike length, 1000-grain weight,
grain weight of mother shoot, biomass per plant and grain
yield  per  plant.  Days  to  heading  significantly  associated
with spikelets per spike and grains per spike, but negative
and significant correlation was observed for days to heading
with  peduncle  length,  spike  length,  1000-grain  weight,
grain weight of mother shoot, biomass per plant, harvest
index and grain yield per plant. Under irrigated conditions,
tillers per plant was positively and significantly correlated
with biomass per plant (Singh et al., 1990), harvest index
and grain yield per plant (Krotova, 1988; Ahmad et al.
1994). Plant height was also positively and significantly
associated with peduncle length, spike length, 1000-grain
weight, grain weight of mother shoot. Positive and
significant correlations were observed for peduncle length
with spike length, 1000-grain weight, grain weight of
mother shoot (Bessonova, 1988) biomass per plant and
grain yield per plant. Similarly, positive and significant
association was observed between spike length and 1000-
grain weight, grain weight of mother shoot, biomass per
plant and grain yield per plant. These results are in
agreement with the findings of Sheoran et al. (1986),
Bangarwa et al. (1987) and Ahmad et al. (1994), who
reported that spike length was positively and significantly
associated with grain yield. Spikelets per spike positively
and significantly correlated with grains per spike. Grains per
spike was positively and significantly associated with grain
weight of mother shoot (Krotova, 1988), biomass per plant
(Singh et al., 1990), harvest index and grain yield per plant
(Sheoran et al., 1986; Wang et al., 1991; Ahmad et al.,
1994), while negative and significant association exhibited
with 1000-grain weight. Positive and significant association
was noted for 1000-grain weight with grain weight of
mother shoot (Krotova, 1988), biomass per plant  and  grain

yield per plant (Wang et al., 1991). Similarly, positive and
significant correlations were observed between grain weight
of mother shoot and biomass per plant, harvest index and
grain yield per plant. Biomass per plant had positive and
significant correlation with harvest index and grain yield per
plant (Singh et al., 1990). Harvest index also had significant
correlation with grain yield per plant. Results of Srivastava
et al. (1988) showed a positive and significant correlation
between harvest index and grain yield.

Path-coefficient analysis: Stomatal frequency produced
negative direct effect on grain yield, while positive indirect
effects on grain yield was noted through days to heading,
spikelete per spike, grains per spike and grain weight of
mother shoot (Table 2). Leaf venation also exhibited
negative direct effect on grain yield, but this was
compensated by days to heading, spikelets per spike, 1000-
grain weight and biomass per plant under irrigated
conditions.  Similarly,  flag  leaf  area  also  showed  the
negative direct effect and maximum positive indirect effects
were observed through grain weight of mother shoot, grains
per spike, biomass per plant and harvest index. Specific flag
leaf  weight  indicates  the  positive  direct  effect  and
maximum positive indirect effect was noted through grain
weight of mother shoot and followed by biomass per plant.
Similarly, days to heading had positive direct effect and
positive indirect effect was recorded through 1000-grain
weight. Tillers per plant showed positive (0.2262) direct
effect (Atale and Zope, 1988; Sharma and Singh, 1991)
and  positive  indirect  effect  via  1000-grain  weight  was
noted on grain yield (Ahmad et al., 1994) and followed by
biomass per plant. Under irrigated conditions plant height
had negative direct effect while compensated grain yield per
plant by the indirect effects through grain weight of mother
shoot and grains per spike. Similarly, peduncle length and
spike length showed negative direct effect and positive
indirect effect was noted via grain weight of mother shoot
on grain yield. Spike length and spikelts per spike has
positive direct effects on grain yield under irrigated
conditions. Grains per spike has negative direct effect on
grain yield but this was compensated by the positive
indirect effect through grain weight of mother shoot and
followed  by  1000-grain  weight.  Similarly,  1000-grain
weight showed negative direct effect on grain yield while
positive and maximum indirect effect was via grain weight
of mother shoot and followed by grains per spike. Grain
weight of mother shoot had the maximum direct effect on
grain yield and positive indirect effect was observed via
biomass per plant. Positive direct effect was also observed
for biomass per plant on grain yield and positive indirect
effect through grain weight of mother shoot. Harvest index
had positive direct effect and positive indirect effect via
grain weight of mother shoot followed by biomass per plant
on grain yield.

Drought stress conditions: Genetic correlation.: Correlation
coefficients between grain yield and morpho-physiological
traits under drought stress conditions are presented below
the diagonal in Table 1. Stomatal frequency  was  positively
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Subhani and Chowdhry: Path coefficient analysis in bread wheat

and significantly associated with flag leaf area, plant height
and 1000-grain weight, while negatively and significantly
with days to heading. Leaf venation was also significantly
and positively correlated with specific flag leaf area, days
heading, plant height, spike length, grains per spike and
biomass per plant. A positive and significant
interrelationship was observed between flag leaf area and
specific flag leaf area, plant height, peduncle length, spike
length, 1000-grain weight, grain weight of mother shoot,
harvest index and grain yield per plant (Sheoran et al.,
1986; Srivastava et al., 1988). Significantly negative
correlation between flag leaf area and days to heading,
tillers per plant and spikelets per plant. Specific flag leaf
weight had positive and significant correlation with days to
heading, plant height, spike length, spikelets per plant,
grains per spike, grain weight of mother shoot, biomass per
plant and grain yield per plant while negative with harvest
index. A positive and significant association was observed
between days to heading and tillers plant, spikelets per
spike and grains per spike and negative with peduncle
length, spike length, 1000-grain weight, grain weight of
mother shoot, harvest index and grain yield peer plant.
In case of tillers per plant negative and significant
interrelationship was recorded with plant height, peduncle
length, spike length, grains per spike, 1000-grain weight,
grain weight of mother shoot (Krotova, 1988) and harvest
index (Srivastava et al., 1988). Under drought stress
conditions plant height, peduncle length and spike length
were positively and significantly correlated grains per spike,
1000-grain weight, grain weight of mother shoot
(Bessonova, 1988), biomass per plant, harvest index and
grain yield plant. Similarly, a positive and significant
correlation between grain yield and spike length was
observed by Sheoren et al., 1986; Bangarwa et al., 1987
and Srivastava et al., 1988. Spikelets per spike was
positively and significantly associated with grains per spike,
grain weight of mother shoot and biomass per while
negatively with 1000-grain weight and harvest index
Significant and positive correlation was noted between
grains per spike and grain weight of mother shoot, biomass
per plant and grain yield per plant (Sheoran et al., 1986;
Wang et al., 1991). 1000-grain weight was positively and
significantly associated with grain weight of mother shoot,
biomass per plant, harvest index and grain yield per plant
(Wang et al., 1991). Grain weight of mother shoot was also
positively and significantly correlated with biomass per
plant, harvest index and grain yield per plant (Atale and
Zope, 1988; Wang et al., 1991). Significant and positive
correlation  occurred  for  biomass  per  plant  and  harvest
index (Srivastava et al., 1988) with grain yield per plant
(Bangarwa et al., 1987; Atale and Zope, 1988; Srivastava
et al., 1988; Singh et al., 1990).

Path-coefficient analysis: Direct and indirect effects under
drought stress conditions are given in Table 3. Stomatal
frequency had negative direct effect on grain yield, whereas
positive indirect effects were noted viaflag  leaf  area,  plant
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height and biomass per plant. Leaf venation had the positive
direct effect on grain yield and positive indirect effect
through biomass per plant followed by plant height and
spike length. In case of flag leaf area positive direct effect
was observed on grain yield. Whereas maximum indirect 
effect was exhibited via 1000-grain weight and followed by
harvest index and biomass per plant. Specific flag leaf
weight had negative direct effect on grain yield which was
compensated by the positive indirect effect through harvest
index, leaf venation, flag leaf area and plant height. Days to
heading had positive direct effect and positive indirect
effects on grain yield via leaf venation, grain weight of
mother shoot and peduncle length. Tillers per plant had
negative direct effect, while maximum and positive indirect
effects on grain yield was observed via grain weight of
mother shoot.
Under drought stress conditions plant height has also the
positive direct effect and indirect effect was observed via
biomass per plant followed by flag leaf area and leaf
venation. Peduncle length had negative direct effect on
grain yield and maximum positive indirect effect was noted
via grain weight of mother shoot  followed  by  biomass  per
plant. Positive direct effect was observed by SL on grain
yield (Bangarwa et al., 1987; Ahmad et al., 1994) while
maximum indirect effect through biomass per plant. The
direct effect of spikelets per spike on grain yield was
negative and maximum positive indirect effect was found
through leaf venation and followed by biomass per plant.
Grains per spike had positive direct effect on grain yield
(Dornescu, 1986; Sheoran et al., 1986; Bangarwa et al.,
1987; Wang et al., 1991; Ahmad et al., 1994) and positive
indirect effects via biomass per plant, leaf venation, spike
length and plant height. Positive direct effect was observed
by 1000-grain weight on grain yield (Dornescu, 1986;
Sheoran et al., 1986) and positive indirect effect through
biomass per plant, flag leaf area and harvest index. Grain
weight of mother shoot showed negative direct effect on
grain yield, however, compensated through the indirect
effects of biomass per plant, flag leaf area and plant height.
Biomass per plant exhibited maximum positive direct effect
on grain yield (Bangarwa et al., 1987; Singh et al., 1990;
Sharma and Singh, 1991) and indirect effect via spike
length under drought stress conditions (Bangarwa et al.,
1987). Harvest index has positive direct effect on grain
yield (Dornescu, 1986; Wang et al., 1991) and positive
indirect effects through flag leaf area.
The more detailed analysis of relationships provided by path-
coefficient analysis shows that grain yield arid yield
components are interrelated in a complex and dynamic
manner.
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