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Abstract

Grain yield is a complex quantitative trait and influenced by a number of attributes. To
obtain higher yield information regarding association of these attributes with yield can
serve as a basis in a breeding programme. The present experiment was undertaken to
estimate correlation coefficients between grain yield and different contributing characters
and divide this association into direct and indirect effects through path coefficient analy-
sis. The experiment was laid-out with three replications in randomized block design using
51 bread wheat genotypes and data were recorded for fourteen metric traits. Results
revealed that grain yield per plant possessed highly significant positive associations with
biological yield per plant (0.787 and 0.606), number of spikelets per spike (0.565 and
0.358), number of tillers per plant (0.500 and 0.383) and spike length (0.320 and 0.297) at
both genotypic as well as phenotypic level respectively. Biological yield per plant (1.125)
exhibited highest positive direct effect on grain yield followed by harvest index (0.678),
number of spikelets per spike (0.109), days to maturity (0.100) and spike length (0.060).
Therefore, these characters can serve as a selection criterion for further improvement in
grain yield of wheat.
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Wheat is one of the most important food grains
and served as the principal food in most areas of
the world and also occupies eminent position in
Indian agriculture. It is a cereal of cool climates
having an important role in the food and nutritional
security of India. There are various uses of wheat
in human feeding including chapatti to processed
foods and numerous industrial products for which
its flour is specifically suitable (Panghal et al,
2017). In India, 95% of the cultivated area under
wheat represents hexaploid spring type belonging
to Triticum aestivum L.em. Thell., which is com-
monly called bread wheat (Grewal and Goel,

2015). Bread wheat (Triticum aestivum) is a self
pollinated, allo-hexaploid species (2n = 6x = 42) of
the family poaceae. Three genomes A, B and D
were involved in its evolution (Morris and Sears,
1967) and it has the genome AABBDD. India has
30.23 million hectares area under wheat cultiva-
tion with a production of 93.50 million tonnes and
productivity of 3093 kg/ha (Anonymous, 2016).
The major wheat producing states in India are
Uttar Pradesh (26.9 million tonne), Punjab (16.11
million tonne) and Haryana (11.14 million tonne)
(Tabassum et al., 2017).

Grain yield is a complex quantitative trait greatly
influenced by environment and is the result of sev-
eral yield contributing attributes. Development of
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improved cultivar capable of producing better yield
under various agro climatic conditions depends
upon the amount of genotypic variability present in
a population for the traits (Kumar et al., 2017).
The correlation studies are used for the identifica-
tion of traits positively correlated with grain yield,
so that one can accumulate optimum combination
of these traits in a common genotype. Correlation
analysis that relates grain yield to a single variable
may not provide a complete understanding of the
importance of each component in determining
grain yield. Path coefficient analysis allows parti-
tioning of correlation coefficients into direct and
indirect effects. It provides a critical examination
of specific traits that produce a given correlation
and could be successfully employed in formulating
an effective selection strategy (Okuyama et al.,
2004). Path coefficient analysis permits the parti-
tioning of correlation coefficient into direct and
indirect effects and facilitates the estimation of
contribution of each component (independent
cause) on grain yield (dependent variable) (Khan
et al., 2005, Suleiman et al., 2014). Study of geno-
typic and phenotypic correlations among yield
contributing plant characters and their direct or
indirect effects on yield is important and pre requi-
site to increase grain yield per unit area (Kumar et
al., 2015). Therefore, the experiment was framed
with the following objectives: i) To estimate geno-
typic and phenotypic correlation coefficients
among grain yield and yield contributing traits and
ii) To identify direct and indirect effects of different
yield attributes on grain yield.

MATERIALS AND METHODS

The present investigation was undertaken at the
Norman E. Borlaug Crop Research Centre of Go-
vind Ballabh Pant University of Agriculture and
Technology, Pantnagar, India during rabi 2014-15
in timely sown condition using 51 bread wheat
genotypes. The experiment was carried out using
randomized block design with three replications.
Data were recorded for fourteen metric traits viz.,
plant height, number of tillers per plant, flag leaf
area, peduncle length, spike length, number of
spikelets per spike, number of grains per spike,
grain weight per spike, 1000 grain weight, biologi-
cal yield per plant, grain yield per plant and har-
vest index on individual plant basis on a sample of
five randomly selected competitive plants. Howev-
er days to 75% heading and days to maturity were
recorded on per plot basis. To test the signifi-
cance of differences between treatments, analysis
of variance was done as suggested by Panse and
Sukhatme (1967). Phenotypic and genotypic cor-
relation coefficients were calculated as given by
Kwon and Torrie (1964). Path coefficient analysis
was done according to the procedure given by
Wright (1921) and further elaborated by Dewey
and Lu (1959). Path coefficient analysis was car-

ried out by taking grain yield per plant as depend-
ent variable and other observed traits as inde-
pendent variables. Thirteen vyield contributing
characters were considered in path coefficient
analysis to estimate their direct and indirect ef-
fects.

RESULTS AND DISCUSSION

The analysis of variance revealed the presence of
highly significant (P<0.01) differences among gen-
otypes for all the traits in bread wheat (Triticum
aestivum). This indicated the presence of consid-
erable amount of diversity in the material and suf-
ficient scope for further improvement in these
characters (Table 1). Coefficient of variation
ranged from 1.194 (Days to Maturity) to 13.285
(Flag leaf area).

Correlation coefficient analysis

Genotypic correlations for different charac-
ters: In present investigation inter character asso-
ciations were measured at both genotypic and
phenotypic levels. Genotypic correlations for dif-
ferent characters studied are presented in Table
2. Days to 75% heading possessed highly signifi-
cant positive correlation with days to maturity
(0.556), flag leaf area (0.223) and harvest index
(0.312) but significant positive correlation with
spike length (0.165) and highly significant nega-
tive correlation with number of tillers per plant (-
0.265), 1000-grain weight (-0.294), biological yield
per plant (-0.466) and grain yield per plant (-O.
551). Days to maturity showed highly significant
positive correlation with plant height (0.411) and
peduncle length (0.501) and highly significant neg-
ative correlation with number of tillers per plant (-
0.352), biological yield per plant (-0.396) and grain
yield per plant (-0.551). Number of tiller per plant
showed highly significant positive correlation with
spike length (0.221), number of spikelets per spike
(0.322), grain weight per spike (0.212), biological
yield per plant (0.670) and grain yield per plant
(0.500) and highly significant negative correlation
with harvest index (-0.451). Plant height exhibited
highly significant positive correlation with flag leaf
area (0.472), peduncle length (0.724), spike
length (0.424), number of grains per spike (0.374)
but significant negative correlation with grain
weight per spike (-0.203) and harvest index (-
0.161). Flag leaf area exhibited highly significant
positive correlation with peduncle length (0.969),
spike length (0.757), biological yield per plant
(0.440) and highly significant negative association
with number of spikelets per spike (-0.283), 1000-
grain weight (-0.478) and harvest index (-0.496).
Similarly, peduncle length showed highly signifi-
cant positive correlation with spike length (0.651)
but highly significant negative correlation with
number of spikelets per spike (-0.376), 1000-grain
weight (-0.299), grain yield per plant (-0.227) and
harvest index (-0.394). Likewise spike length pos-
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sessed highly significant positive association with
number of grains per spike (0.320), biological
yield per plant (0.310) and grain yield per plant
(0.320) but highly significant negative correlation
with 1000-grain weight (-0.308). Number of spike-
lets per spike was highly significantly and positive-
ly correlated with number of grains per spike
(0.499), grain weight per spike (0.379), biological
yield per plant (0.285), grain yield per plant
(0.565) and harvest index (0.333) and it showed
significant positive association with 1000-grain
weight (0.193). Number of grains per spike
showed significant positive correlation with 1000-
grain weight (0.214) and harvest index (0.188).
Grain weight per spike showed highly significant
positive correlation with grain yield per plant
(0.209) and significant positive correlation with
biological yield per plant (0.201). Biological yield
exhibited highly significant positive correlation with
grain yield per plant (0.787) but highly significant
negative correlation with harvest index (-0.541).

Phenotypic correlations for different charac-
ters: The phenotypic correlation coefficients for
different traits have been presented in Table 2.
Days to 75% heading showed highly significant
negative correlation with biological yield per plant
(-0.240) but significant negative correlation with
number of tillers per plant (-0.167), 1000-grain
weight (-0.207) and grain yield per plant (-0.182).
Highly significant positive correlation with pedun-
cle length (0.219) was observed for days to ma-
turity. Number of tillers per plant exhibited highly
significant positive association with biological yield
per plant (0.502) and grain yield per plant (0.383),
it showed significant positive correlation with flag
leaf area (0.206), spike length (0.191) and number
of spikelets per spike (0.201). Plant height
showed highly significant positive correlation with
peduncle length (0.600) and spike length (0.375)
and significant positive correlation with flag leaf
area (0.204) and number of grains per spike
(0.200). Flag leaf area possessed highly signifi-
cant positive correlation with peduncle length
(0.435), spike length (0.546) and biological yield
per plant (0.256) but significant negative correla-
tion with 1000-grain weight (-0.254). Peduncle
length expressed highly significant positive corre-
lation with spike length (0.477), highly significant
negative correlation with 1000-grain weight (-
0.232) and significant negative correlation with
number of spikelets per spike (-0.183). Highly sig-
nificant positive correlation was observed for spike
length with number of spikelets per spike (0.385),
biological yield per plant (0.307) and grain yield
per plant (0.297) but highly significant negative
correlation with 1000-grain weight (-0.208), it
showed significant positive correlation with num-
ber of grains per spike (0.193). Number of spike-
lets per spike showed highly significant positive
correlation with grain yield per plant (0.358), bio-

logical yield per plant (0.237), number of grains
per spike (0.297) and grain weight per spike. Sig-
nificant positive correlation was observed for num-
ber of grains per spike with 1000-grain weight
(0.191). Grain weight per spike exhibited signifi-
cant positive association with biological yield per
plant (0.167) and biological yield per plant pos-
sessed highly significant positive correlation with
grain yield per plant (0.606) but highly significant
negative correlation with harvest index (-0.434).
Grain yield per plant showed highly significant
positive correlation with biological yield per plant
(0.606), harvest index (0.442), number of tillers
per plant (0.383), number of spikelets per spike
(0.358), spike length (0.297) and significant nega-
tive correlation with days to 75% heading (-0.182).
The correlation coefficient analysis is a way to
measure the degree of association between any
two traits and provides us the nature and degree
of association among yield and yield contributing
traits. These associations help us to perform indi-
rect selection for better yielding genotypes. Exper-
imental findings of the present investigation re-
vealed that grain yield per plant possessed highly
significant positive correlation with number of till-
ers per plant, spike length, number of spikelets
per spike and biological yield per plant at both
phenotypic and genotypic levels. These findings
are in agreement of earlier findings obtained by
Avinashe et al. (2015 ) by estimating correlation
among grain yield and its contributing traits using
14 bread wheat (Triticum aestivum) genotypes
and also by Khan et al. (2015) in their study of
correlation among vyield and vyield contributing
traits using 24 bread wheat (Triticum aestivum)
genotypes. Grain yield per plant have highly sig-
nificant and positive phenotypic correlation with
harvest index, significant negative correlation with
days to 75% heading and negative correlation with
days to maturity. At genotypic level, grain yield
had highly significant and positive correlation with
number grain weight per spike and highly signifi-
cant negative correlation with days to heading,
days to maturity and negative correlation with
plant height. The positive relationships between
grain yield and these different yield component
traits reflect promising scope of improvement in
grain yield in new genotypes. Highly significant
positive correlation of number of tillers per plant
with biological yield per plant and grain yield per
plant was observed at both phenotypic and geno-
typic level indicated that more number of tillers
leads to increase grain yield. Similar results were
also obtained by Munir et al. (2007) for number of
tillers per plant with biological yield per plant and
grain yield per plant working with bread wheat
genotypes (Triticum aestivum). Spike length was
found to have highly significant positive phenotyp-
ic and genotypic correlation with number of spike-
lets per spike, number of grains per spike, biologi-
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cal as well as grain yield per plant, also number of
spikelets per spike found correlated with number
of grains per spike, grain weight per spike, biologi-
cal yield per plant and grain yield per plant. These
results indicated that with increase in values of all
these traits a direct improvement in grain yield can
be seen. So there is a possibility that we can per-
form indirect selection for grain yield based on all
these traits. Such types of findings were previous-
ly obtained by Desheva ( 2016) when they found
positive correlation of spike length with number of
spikelets per spike, number of grains per spike
and number of spikelets per spike was found posi-
tively correlated with number of grains per spike,
grains weight per spike and grain yield per plant
using winter bread wheat varieties. Galalcha and
Hanchinal (2013) found spike length was positive-
ly correlated with biological yield per plant while
working with bread wheat genotypes.

Path coefficient analysis: Path coefficient analy-
sis was carried out using genotypic correlation
coefficients of different yield contributing traits.
Grain yield was considered as resultant variable
and rest of the thirteen traits as casual variables.
The results of path analysis are presented in Ta-
ble 3.

Direct effects: Path analysis revealed that biolog-
ical yield per plant (1.125) exerted highest positive
direct effects towards the grain yield per plant,
followed by harvest index (0.678), number of
spikelets per spike (0.109), days to maturity
(0.100), spike length (0.060), peduncle length
(0.030), number of tillers per plant (0.019), howev-
er grain weight per spike (-0.023), number of
grains per spike (-0.046), flag leaf area (-0.051),
thousand grain weight (-0.052), days to 75%
heading (-0.064) and plant height (-0.103) exerted
negative direct effects towards grain yield per
plant.

Indirect effects: Days to 75% heading had made
highest positive indirect effects towards grain yield
through harvest index followed by days to maturi-
ty, 1000-grain weight, plant height, spike length,
peduncle length, grain weight per spike and indi-
rect negative effects through number of grains per
spike, number of tillers per plant, flag leaf area,
number of spikelets per spike, and biological yield
per plant. Days to maturity had positive indirect
effects through days to 75% heading, peduncle
length, plant height and 1000-grain weight while
indirect negative effects through number of grains
per spike, flag leaf area, harvest index, spike
length, grain weight per spike, number of tillers
per plant, biological yield per plant and number of
spikelets per spike. Likewise, number of tillers per
plant exerted positive contribution via biological
yield per plant, number of spikelets per spike,
spike length, grain weight per spike, 1000-grain
weight, peduncle length, flag leaf area, number of
grains per spike, while its indirect effects through

plant height, days to 75% heading, days to maturi-
ty and harvest index on grain yield were found
negative. Plant height’s indirect effect through
grain weight per spike was maximum followed by
harvest index, number of tillers per plant, days to
75% heading, 1000-grain weight were positive,
while its indirect effects through biological yield
per plant, number of spikelets per spike, days to
maturity, number of grains per spike, spike length,
flag leaf area and peduncle length were found
negative. Flag leaf area caused positive indirect
effects through harvest index, 1000-grain weight,
number of spikelets per spike, days to maturity,
grain weight per spike and it exhibited negative
indirect effects via number of grains per spike,
number of tillers per plant, days to 75% heading,
biological yield per plant, plant height, spike length
and peduncle length. Peduncle length exhibited
highest positive indirect effects through flag leaf
area followed by plant height, spike length, days
to maturity, days to 75% heading, number of
grains per spike, number of tillers per plant and
biological yield per plant and negative indirect ef-
fects through grain weight per spike, 1000-grain
weight, harvest index and number of spikelets per
spike. Spike length had positive indirect effects
via. Flag leaf area, peduncle length, plant height,
number of grains per spike, biological yield per
plant, number of tillers per plant, days to 75%
heading, number of spikelets per spike and grain
weight per spike and negative indirect effects was
observed through harvest index, days to maturity
and 1000-grain weight. Positive indirect effects
through number of grains per spike, grain weight
per spike, harvest index, number of tillers per
plant, biological yield per plant, 1000-grain weight,
plant height and spike length were exerted by
number of spikelets per spike while its indirect
effects through days to 75% heading, flag leaf
area, peduncle length and days to maturity were
found negative. Likewise, number of grains per
spike exhibited positive indirect effects via days to
maturity and biological yield per plant. It had nega-
tive indirect effects through days to 75% heading,
number of tillers per plant, grain weight per spike,
flag leaf area, peduncle length, harvest index,
1000-grain weight, spike length, plant height and
no. of spikelets per spike. Grain weight per spike
showed positive indirect effects through plant
height, days to maturity, peduncle length, days to
75% heading, harvest index and flag leaf area
also it exhibited negative indirect effects via spike
length, 1000-grain weight, number of grains per
spike, number of tillers per plant, biological yield
per plant and number of spikelets per spike. 1000
-grain weight showed positive indirect effects
through flag leaf area, spike length, peduncle
length, days to 75% heading, biological yield per
plant and plant height. It had exerted negative
effects through harvest index, grain weight per
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Table 3. Direct (diagonal) and indirect effects of various metric traits on grain yield in bread wheat ( Triticum aestivum).

DM TP PH FLA PL SL NS/S NG/S GWI/S TGW BY/P HI

DH

Genotypic correla-
tion with yield

-0.302**
-0.551**

0.212

-0.525
-0.445
0.754
0.042
0.496
0.083
0.349
0.321

0.016

0.003
0.005

-0.002
0.003

-0.002
-0.018

-0.016
-0.067
0.035

0.010

0.005
0.015

-0.012
0.005

-0.006
-0.025
-0.051
-0.050
-0.039
0.015

0.015

-0.006
-0.007
0.019

-0.064 0.061

-0.039
0.018

DH

-0.068
-0.306
-0.110
-0.336
-0.268
-0.028
0.227

-0.003
-0.006
0.002
0.025
0.016

-0.006
0.014

-0.037
0.017

0.100
-0.034
0.036

DM
/P
PH

-0.005
0.005

0.003
0.022
0.030
0.030
0.020

0.500**
-0.102
0.104

0.016

0.026
0.046
0.039
0.060
0.009
0.020
0.001

-0.103
-0.049
-0.075
-0.044
-0.015
-0.039
0.021

-0.003
0.002
0.003

0.009
-0.015
-0.009
-0.011
0.009
-0.003
0.008
0.019

0.001

-0.005
-0.006

-0.031
-0.041
0.016

-0.008
0.048

-0.011
-0.061

FLA
PL

0.004

-0.227**
0.320**
0.565**
0.060

0.017

-0.001
-0.009
-0.002
-0.023
-0.001
-0.005
0.002

-0.015
-0.023
-0.046
-0.003
-0.010
0.002

-0.009

0.005

SL
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-0.011
-0.012
-0.002
-0.052
0.004

-0.001

0.109
0.055
0.042
0.021

-0.012
0.004

0.007

NS/S

0.128
-0.042
0.010

-0.036
0.226
-0.071
1.125

-0.006
0.001

0.001

-0.006
-0.020
0.006

NG/S

-0.005
-0.010
0.003

-0.012

0.005

0.209**
-0.076

GW/S
TGW

-0.019
0.019

0.025
-0.023
0.026

0.003

0.003

-0.367
0.678

0.031

-0.004
0.017

0.013

-0.040

-0.010
days to maturity, T/P

0.030
number of spikelets per spike, NG/S

0.787**
-0.021
days to 75% heading, DM

0.087

BY/P

HI

-0.609

0.037

-0.003

-0.009

Peduncle length, SL= spike

= Flag leaf area, PL=

plant height, FLA

number of tillers per plant, PH

Where DH

biological yield per

grain weight per spike, TGW= 1000-grain weight, BY/P=

number of grains per spike, GW/S

length, NS/S

plant, HI= harvest index.

spike, days to maturity, number of tillers per plant,
no. of spikelets per spike and number of grains
per spike. Biological yield per plant exhibited posi-
tive indirect effects through number of tillers per
plant, flag leaf area, spike length, number of
spikelets per spike, grain weight per spike, pedun-
cle length and plant height. It exerted negative
contribution towards yield via number of grains per
spike, 1000-grain weight, days to maturity, days to
75% heading and harvest index. Harvest index
had positive indirect effects via number of spike-
lets per spike, days to 75% heading, number of
grains per spike and 1000-grain weight while neg-
ative indirect effects was shown through spike
length, grain weight per spike, days to maturity,
plant height, peduncle length, number of tillers per
plant, flag leaf area and biological yield per plant.
Simple correlation analysis that relates grain yield
to a single variable may not provide a complete
understanding of the importance of each compo-
nent in determining grain yield. The path coeffi-
cient analysis provides a way to understand the
actual causal factor by dividing correlation be-
tween traits into direct and indirect effects via oth-
er traits. Khan et al. (2005) earlier reported that
plant height had positive indirect effects through
no of tillers per plant, 1000-grain weight, spike
length through plant height on grain yield working
with bread wheat genotypes and Yadav et al.
(2013) reported that number of spikelets/ear and
ear length had positive direct effect on grain yield
using 49 bread wheat genotypes of different origin
whereas Kumar et al. (2016) observed similar kind
of direct effects of days to 75% heading, days to
maturity, number of tillers per plant and spike
length on grain yield.

In the present investigation results revealed that
grain yield per plant possessed highly significant
positive association with four major yield contrib-
uting traits namely number of tillers per plant,
spike length, number of spikelets per spike and
biological yield per plant. This positive association
provides the basis of indirect selection for yield
improvement. Further path analysis shown that
days to 75% heading and number of grains per
spike possessed highest indirect contribution
through harvest index towards grain yield, where-
as number of tillers per plant, flag leaf area, pe-
duncle length, spike length, number of spikelets
per spike, grain weight per spike and 1000-grain
weight exhibited maximum indirect contribution
through biological yield per plant. These results
suggested that by improving biological yield per
plant and other positively associated traits grain
yield could be improved.

Conclusion

In the present investigation significant differences
were observed for all the traits studied viz., days
to 75% heading, days to maturity, plant height,
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number of tillers per plant, flag leaf area, peduncle
length, spike length, number of spikelets per
spike, number of grains per spike, grain weight
per spike, 1000 grain weight, biological yield per
plant, grain yield per plant and harvest index, indi-
cating presence of good amount of variability in
the bread wheat (Triticum aestivum) genotypes.
Furthermore, grain yield per plant possessed
highly significant positive associations with biolog-
ical yield per plant (0.787 and 0.606), number of
spikelets per spike (0.565 and 0.358), number of
tillers per plant (0.500 and 0.383) and spike length
(0.320 and 0.297) at genotypic as well as pheno-
typic level respectively, indicating stable effect of
these traits on grain yield and this indicate that
indirect selection for yield will be more effective
based on these traits. Path analysis revealed that
biological yield per plant made greater contribu-
tion towards grain yield as it exhibited highest
positive direct effect (1.125) on grain yield per
plant followed by harvest index (0.678), number of
spikelets per spike (0.109), days to maturity
(0.100), spike length (0.060), peduncle length
(0.030) and number of tillers per plant (0.019).
Based on these results it can be concluded that
for the improvement of grain yield, indirect selec-
tion for higher number of tiller per plant, more
spike length, number of spikelets per spike, grains
per spike and higher biological yield per plant
should be considered.
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