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SUMMARY

The current study aimed at identification and incorporation of key traits in developing high
yielding barley varieties through assessment of various morpho-physiological characters and their
relative direct and indirect contribution towards grain yield. The experiment was carried out with 44
barley germplasm lines at the Department of Genetics and Plant Breeding, CCS Haryana Agricultural
University, Hisar during 2021-22 under timely sown and heat stress conditions. The association
study under both the environments revealed significant positive correlation of grain yield with
biological yield per plant, days to maturity, harvest index, number of grains per spike, spike length,
number of effective tillers per plant and 1000-grain weight at genotypic level. Similarly, under both
environments, all the studied physiological traits viz., canopy temperature depression at anthesis
and 15 days after anthesis, normalized difference vegetation index at anthesis and at 15 day after
anthesis; and SPAD chlorophyll content at anthesis and at 15 days after anthesis also possessed
positive significant relationship with grain yield per plant. The perusal of path coefficient analysis
revealed that biological yield per plant, harvest index, spike length, 1000-grain weight, days to
heading, peduncle length and number of grains per spike along with all the physiological traits under
study had positive direct effect on grain yield per plant under timely as well as heat stress conditions.
Consequently, it is suggested that these parameters can be considered as key component traits
while setting the selection criterion for barley improvement for timely sown and heat stress conditions.

http://forageresearch.in

Key words: Barley, correlation coefficient, heat stress, path analysis

Barley (Hordeum vulgare L.) is one of the
major cereal grain, ranking fourth in global cereal
production after rice, wheat, and maize (Swati et al.,
2019). It belongs to the genus Hordeum in the grass
family Poaceae. Barley exists in two phenotypic forms
i.e. six-rowed and two-rowed barley and can also be
classified as hulled or hulless based on the presence
of a tightly adhered hull on the its grain. Barley can
thrive in various agro-climatic conditions that allow
its cultivation on marginal and stress-prone
environments. Barley has gained importance owing to
its increased utilization in various health tonics,
multigrain blends, malting and brewing industries (Kaur
et al., 2018). Barley contains low gluten content as
well as possessed high fiber and beta-glucan, aiding
in weight management and cholesterol reduction
(Abebaw, 2021). In India, barley occupied an area
and production of 0.62 million hectare and 1.69 million
tonnes grain, respectively with productivity of 27.33
g/ha. Barley was cultivated on 15,300 hectares with a

production of 53,300 tons in Haryana state that ranked
second in average productivity (34.86 q/ha) after
Punjab (36.54 g/ha) during 2022-23 (ICAR-IIWBR,
2023).

The extent of genetic variability in the
experimental breeding material, as well as the degree to
which valuable traits are inherited, determines the
success of any targeted breeding program. Initiation of
any crop improvement programme always requires the
variability assessment of traits under consideration.
Grain yield is a complex trait that is affected by many
environmental factors and is heavily reliant on the
interrelationships between the various yield components.
In order to identify the key components, it is vital to
understand the genotypic and phenotypic association
among yield traits, as well as their relationship with
yield. The study of character association facilitates the
breeders in deciding selection criterion for yield
enhancement (Hebbache et al., 2023). The degree to
which two or more variables vary together is measured
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by correlation. The average degree of the link between
yield and its attributing characters may be determined
using correlation analysis, which can be utilized to
evaluate the relative worth of each contributing
character to improve plant yield. Similarly, the effect
of component traits on yield can be split into direct
and indirect effects using path coefficient analysis
(Vasko et al., 2023). This information can be used to
incorporate useful traits in optimal combinations for
maximizing the yield potential.

Therefore, the present study was designed
and conducted with 44 barley germplasm lines to assess
the various morpho-physiological characters and their
relative direct and indirect contribution towards grain
yield aimed to identification and incorporation of key
traits in developing high yielding barley varieties for
timely sown and heat stress conditions.

MATERIALS AND METHODS

The experiment was carried out during the
rabi season of 2021-22 at the Barley Research Area
of the Department of Genetics and Plant Breeding,
CCS Haryana Agricultural University, Hisar. The
experimental material consisted of 44 barley
germplasm lines representing both 2-row (23) and 6-
row (21) types including four check varieties (Table
1). The check varieties included were DWRB 123 and
BH 946 that were used to compare the performance
of genotypes under timely sown; and DWRB 91 and
DWRUB 64 were used for heat stress (late sown)
comparison. The experiment was laid in Randomized
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Block Design (RBD) with three replications. Each
germplasm line was planted in paired rows of 2.5 m
length spaced at 23 cm apart. The experimental material
was grown under timely sown (20" November, 2021)
and heat stress (20" December, 2021) conditions. The
late sown material was expected to encounter terminal
heat stress during grain filling. The package of practices
recommended for both environments were followed
to raise the crop.

The quantitative data was recorded for twelve
morphological traits viz., days to heading, days to
maturity, grain filling duration, number of effective
tillers per plant, plant height (cm), peduncle length
(cm), spike length (cm), number of grains per spike,
1000-grain weight (g), biological yield per plant (g),
grain yield per plant (g), and harvest index (%). In
addition, the observation on three physiological
parameters namely canopy temperature depression at
anthesis (CTD 1) and 15 days after anthesis (CTD 2),
normalized difference vegetation index at anthesis
(NDVI 1) and 15 days after anthesis (NDVI 2), and
SPAD chlorophyll content at anthesis (SPAD 1) and
15 days after anthesis (SPAD 2), measured as per the
method used by Schlichting et al. (2015).

The recorded data was subjected to statistical
analysis using OPSTAT software available on http.//
14.139.232.166/opstat/default.asp (Sheoran et al.,
1998). The estimates of genotypic correlation
coefficients were calculated as suggested by Al-Jibouri
et al. (1958). These estimates were used to work out
path coefficient analysis as elaborated by Dewey and
Lu, 1959).

TABLE 1
Barley genotypes used in the study

S. No. Genotypes RT S. No. Genotypes RT S. No. Genotypes RT
1. BH 1029 6 16. IBON-HI-2021-27 2 31. 7" GSBON-2020-90 6
2. BH 1034 2 17. IBON-HI-2021-31 2 32. IBON-HI-2020-6 6
3. BH 1035 2 18. IBON-HI-2021-33 2 33. IBON-HI-2020-51 6
4. BH 1036 2 19. IBON-HI-2021-38 2 34. 7% GSBON-2020-140 6
5. BH 1038 6 20. IBON-HI-2021-52 2 35. IBON-HI-2020-55 2
6. BH 1039 6 21. IBON-HI-2021-56 2 36. 7% GSBON-2020-101 2
7. BH 1018 2 22. IBON-HI-2021-81 6 37. IBYT-HI-2020-6 6
8. BH 1025 2 23. IBON-HI-2021-85 6 38. 7% GSBYT-2020-20 6
9. BH 1026 2 24, IBON-HI-2021-99 6 39. IBYT-HI-2020-11 6
10. BH 1027 2 25. IBON-HI-2021-102 6 40. IBON-HI-2020-155 6
11. IBYT-HI-2021-3 2 26. RD 3002 6 41. DWRB 123 (¢) 2
12. IBYT-HI-2021-9 2 27. DWRB 197 2 42. BH 946 (c) 6
13. IBYT-HI-2021-15 6 28. DWRB 209 2 43. DWRB 91 (c) 2
14. IBYT-HI-2021-17 2 29. BCLA 11-6 6 44, DWRUB 64 (c) 6
15. IBYT-HI-2021-18 6 30. IBON-HI-2020-71 2

RT: Row Type.
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RESULTS AND DISCUSSION
Association Studies (Timely sown)

The estimates of genotypic correlation
coefficients for all the analysed characters under timely
sown condition are present in Table 2. The results
hereby revealed positive significant association of grain
yield per plant with biological yield per plant, days to
maturity, harvest index, number of grains per spike,
days to heading, spike length, number of effective
tillers per plant and 1000-grain weight at genotypic
level. However, it had negative significant correlation
with grain filling duration and plant height. Some
researchers also reported significant positive
correlation of grain yield with biological yield per plant,
harvest index, days to maturity, 1000-grain weight
(Devi et al., 2019), number of grains per spike (Aklilu
et al., 2020), days to heading (Kumar et al., 2013),
number of effective tillers per plant (Al-Tabbal and
Al-Fraihat, 2012), spike length at phenotypic level
(Kumari and Vishwakarma, 2022). Kumar et al. (2018)
also found significant negative correlation grain yield
with plant height.

Significant positive association was also
observed for days to heading with days to maturity,
harvest index and biological yield per plant; days to
maturity with biological yield, spike length and number
of grains per spike; grain filling duration with peduncle
length; number of effective tillers per plant with
harvest index and 1000-grains weight; plant height
with peduncle length; peduncle length with 1000-grain
weight; spike length with harvest index, 1000-grain
weight; number of grains per spike with biological
yield and harvest index.

Some findings were in consonance with these
results i.e. significant positive association of days to
heading with days to maturity and biological yield
(Aklilu et al., 2020), days to maturity with spike
length, number of grains per spike (Ahmadi et al.,
2016; Devi et al., 2019), with biological yield (Devi et
al., 2019, Aklilu et al., 2020), number of effective
tillers per plant with 1000-grain weight (Hailu et al.,
2016), with harvest index (Kumar and Sehrawat,
2021), plant height with peduncle length (Kumar and
Sehrawat, 2021), peduncle length with 1000-grain
weight (Ahmadi et al., 2016), spike length with 1000-
grain weight (Aklilu et al., 2020), with harvest index
(Hailu et al., 2016), number of grains per spike with
biological yield (Aklilu et al., 2020), with harvest index
(Kumar et al., 2018).

Similarly, significant negative relation was also
found for days to heading with spike length, 1000-
grain weight, peduncle length and grain filing duration;
grain filling duration with harvest index; number of
effective tillers per plant with number of grains per
spike; plant height with harvest index; peduncle length
with biological yield, harvest index and number of
grains per spike; number of grains per spike with 1000-
grains weight, spike length; biological yield per plant
with harvest index; 1000-grain weight with harvest
index. These results were also corroborated for days
to heading with grain filling duration (Al-Tabbal and
Al-Fraihat, 2012), with spike length and 1000-grain
weight (Hailu et al., 2016), grain filling duration with
harvest index (Al-Tabbal and Al-Fraihat, 2012), number
of effective tillers per plant with number of grains per
spike (Aklilu et al., 2020, Kumar and Sehrawat, 2021),
plant height with harvest index (Kumar et al., 2018),
spike length with number of grains per spike (Hailu et
al., 2016), number of grains per spike with 1000-
grain eight (Aklilu ez al., 2020), biological yield with
peduncle length (Kumar and Sehrawat, 2021), with
harvest index (Kumar et a/. (2018) and peduncle length
with harvest index (Kumar and Sehrawat, 2021).

Among physiological traits under timely sown,
grain yield per plant possessed positive significant
relationship with canopy temperature depression at
anthesis and 15 days after anthesis, normalized
difference vegetation index at anthesis and at 15 day
after anthesis; SPAD chlorophyll content at anthesis
and at 15 days after anthesis. Kumar et al. (2018a)
studied 30 barley genotypes and reported that
physiological traits could be used to screen the
genotypes. Likewise, significant positive correlation
was recorded for SPAD chlorophyll content at anthesis
with SPAD chlorophyll content at 15 days after
anthesis, canopy temperature depression 15 days after
anthesis and canopy temperature depression at
anthesis; SPAD chlorophyll content at 15 days after
anthesis with canopy temperature depression at
anthesis and 15 days after anthesis; normalized
difference vegetation index at 15 day after anthesis
with canopy temperature depression at anthesis and
at 15 days after anthesis; canopy temperature
depression at anthesis with canopy temperature
depression at 15 days after anthesis. The significant
positive relationship between SPAD 1 and SPAD 2,
and CTD 1 and CTD 2 along with negative significant
association for NDVI 1 with CTD 1 and CTD 2 were
also highlighted by Kumar et al. (2018a) in barley.

Further, recorded negative significant
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correlation for SPAD chlorophyll content at anthesis
with normalized difference vegetation index at anthesis;
normalized difference vegetation index at anthesis with
canopy temperature depression at anthesis and 15 days
after anthesis.

Association Studies (Heat Stress)

A perusal of correlation analysis under heat
stress condition (Table 3) revealed that grain yield per
plant had significant and positive association with
biological yield per plant, number of grains per spike,
plant height, days to maturity, number of effective tillers
per plant, peduncle length, spike length, harvest index
and 1000-grain weight while it had negative significant
association with days to heading and grain filling
duration. The significant positive correlation of grain
yield had also been reported with number of grains per
spike, plant height, number of effective tillers per plant
and 1000-grain weight under late sown/heat stress
condition (Vinesh et al., 2018), biological yield per plant
and harvest index (Al-Tabbal and Al-Fraihat, 2012;
Kumar et al., 2018; Devi et al., 2019), days to maturity
and peduncle length (Ahmadi et al., 2016), spike length
at phenotypic level (Kumari and Vishwakarma, 2022).
Similar observation of significant negative association
between grain yield and days to heading had also been
reported by Kumar et al. (2018), Vinesh et al. (2018)
and Devi et al. (2019).

The significant positive relationship also
existed for the traits viz. harvest index with 1000 grains
weight, number of grains per spike, peduncle length,
grain filling duration and number of effective tillers
per plant; biological yield per plant with plant height,
1000-grain weight, days to maturity and number of
grains per spike; number of grains per spike with plant
height and peduncle length; spike length with plant
height and peduncle length; peduncle length with grain
filling duration; number of effective tillers per plant
with days to maturity; days to maturity with days to
heading. These results were also confirmed for days
to heading with days to maturity (Devi et al., 2019),
days to maturity with number of effective tillers per
plant and biological yield, grain filling duration and
number of effective tillers per plant with harvest index
(Al-Tabbal and Al-Fraihat, 2012), plant height with
spike length, number of grains per spike (Vinesh et
al., 2018), with biological yield (Devi et al., 2019),
peduncle length with number of grains per spike
(Ahmadi et al., 2016), number of grains per spike
with biological yield and harvest index (Aklilu et al.,

2020), 1000-grain weight with biological yield (Al-
Tabbal and Al-Fraihat, 2012), with harvest index (Devi
et al., 2019).

The traits that showed significant negative
association includes harvest index with biological yield
and plant height; biological yield per plant with peduncle
length; peduncle length with days to heading and
number of effective tillers per plant; number of
effective tillers per plant with grain filling duration;
grain filling duration with days to heading, days to
maturity with peduncle length; days to heading with
1000-grain weight and plant height; plant height with
number of effective tillers per plant and 1000-grain
weight; and number of grains per spike with number
of effective tillers per plant and 1000-grain weight.
These findings were also reported for days to heading
with grain filling duration, plant height, 1000-grain
weight (Al-Tabbal and Al-Fraihat, 2012), plant height
with 1000-grain weight and harvest index (Devi et
al., 2019, Aklilu et al., 2020), number of grains per
spike with number of effective tillers per plant and
1000-grain weight (Aklilu et al., 2020), biological yield
with harvest index (Al-Tabbal and Al-Fraihat, 2012).

Grain yield per plant showed positive and
significant association with physiological traits namely,
SPAD chlorophyll content at 15 days after anthesis,
normalized difference vegetation index at 15 days after
anthesis, normalized difference vegetation index at
anthesis, canopy temperature at anthesis, canopy
temperature depression at 15 days after anthesis and
SPAD chlorophyll content at anthesis under heat stress
environment. The physiological characters that
exhibited significant and positive correlation includes
SPAD chlorophyll content at anthesis with normalized
difference vegetation index at anthesis and SPAD
chlorophyll content at anthesis; SPAD chlorophyll
content at 15 days after anthesis with normalized
difference vegetation index at anthesis, canopy
temperature depression at anthesis and canopy
temperature at 15 days after anthesis; normalized
difference vegetation index at anthesis with normalized
difference vegetation index at 15 days after anthesis;
canopy temperature at 15 days after anthesis with
canopy temperature depression at anthesis at genotypic
level. Kumar et al. (2018a) also concluded the positive
and significant relation of SPAD1 with SPAD 2, NDVI
1 with NDVI 2 and CTD 1 with CTD 2 while studying
barley genotypes under stress condition. In addition,
Vinesh et al. (2018) also observed significant and
positive correlation SPAD with spike length under late
sown i.e. heat stress environment.
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Path Analysis

Path coefficient analysis partitions the
correlation coefficients between the independent and
dependent variable, into direct and indirect effects,
depicting the true path through which the independent
variable affects the dependent one. In the present study,
genotypic correlation coefficients were used for path
coefficient analysis. Path analysis was done for
morphological and physiological characters under both
the environments; the results have been depicted in
Table 4 and 5 for timely sown and heat stress condition,
respectively.

Timely sown

The value of direct and indirect effects ranged
from -0.004 to 0.906 and 0.001 to 0.565, respectively,
under timely sown condition. The magnitude of
residual factor was 0.00173. A perusal of path
coefficient analysis (Table 4) revealed that biological
yield per plant (0.906) had highest positive direct effect
on grain yield, followed by harvest index (0.439),
canopy temperature depression at 15 day after anthesis
(0.346), canopy temperature depression at anthesis
(0.264), spike length (0.171), SPAD chlorophyll
content at anthesis (0.167), 1000-grain weight (0.140),
normalized difference vegetation index at anthesis
(0.124), number of grains per spike (0.092), SPAD
chlorophyll content at 15 days after anthesis (0.086),
days to heading (0.085), peduncle length (0.084), plant
height (0.020) and number of effective tillers per plant
(0.011), while traits like days to maturity (-0.165) and
grain filling duration (-0.004) had negative direct effect
on grain yield per plant under timely sown condition.
The positive direct effect of number of effective tillers
per plant, plant height, number of grains per spike,
1000-grain weight, harvest index and biological yield
(Kumar et al., 2018; Devi et al., 2019), days to heading
and spike length (Kumari and Vishwakarma, 2022),
peduncle length (Kumar and Sehrawat, 2021) were
also found in barley under timely sown condition. The
negative direct effect of days to maturity towards grain
yield was also confirmed by (Aklilu et al., 2020, Kumar
and Sehrawat, 2021).

Biological yield and harvest index showed
significant positive correlation with grain yield, showed
direct positive effect and also contributed toward grain
yield through days to heading and SPAD chlorophyll
content at 15 days after anthesis. The traits i.e. 1000-
grain weight, number of grains per spike and spike
length exhibited significant and positive correlation with

GPS  TWw B Ml GYP SPADL SPAD2 NDVII NOVIZ CTDI  CTD:

Fig. 1. Graphical representation of genotypic correlation under
timely sown condition.

Fig. 2. Graphical representation of genotypic correlation under
heat stress condition.

grain yield, showed direct positive effect as well as
contributed toward grain yield via biological yield,
SPAD chlorophyll content at 15 days after anthesis
and grain filling duration. Plant height and number of
effective tillers per plant showed direct positive effect
on grain yield and also contributed indirectly via number
of grains per spike and canopy temperature depression
at 15 day after anthesis. Grain filling duration and days
to maturity had negative direct effect on grain yield
but these traits also contributed to grain yield via days
to heading and canopy temperature depression at 15
day after anthesis. Days to heading and canopy
temperature at 15 days after anthesis had positive
direct effect as well as contributed to grain yield via
days to maturity and harvest index. SPAD chlorophyll
content at anthesis, SPAD chlorophyll content at 15
days after anthesis, NDVI at anthesis, NDVI at 15
days after anthesis and canopy temperature at anthesis
significantly associated with grain yield, showed
positive direct effect as well as contributed to grain
yield via plant height.

Heat stress

The studied morphological and physiological
traits under heat stress condition (Table 5) ranged for
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direct and indirect effects from -0.231 to 0.960 and -
0.590 to 0.962, respectively, with residual factor of
0.00135. The results of path analysis showed positive
direct effect of biological yield (0.962), harvest index
(0.889), spike length (0.236), SPAD chlorophyll
content at 15 days after anthesis (0.204), normalized
difference vegetation index at anthesis (0.128), 1000-
grain weight (0.117), days to heading (0.110),
peduncle length (0.890), canopy temperature
depression at anthesis (0.090), SPAD chlorophyll
content at anthesis (0.085), number of grains per spike
(0.046), canopy temperature depression at 15 day after
anthesis (0.013) and normalized difference vegetation
index at 15 day after anthesis (0.002) on grain yield
per plant under late sown, whereas, days to maturity
(-0.231), plant height (-0.119), grain filling duration
(-0.069) and number of effective tillers per plant
(-0.055) exerted negative direct effect on grain yield.
Harvest index, biological yield, number of
grains per spike, spike length and peduncle length
showed positive direct effect as well as contributed
to grain through normalized difference vegetation index
at 15 day after anthesis and days to maturity. The
positive direct effect of number of grains per spike,
1000-grain weight, spike length (Vinesh et al., 2018),
harvest index and biological yield (Kumar et al., 2018,
Aklilu et al., 2020), days to heading (Hailu et al., 2016)
and peduncle length (Kumar and Sehrawat, 2021)
were also recorded in barley. The negative direct effect
of days to maturity (Kumar and Sehrawat, 2021),
number of effective tillers per plant (Kumar et al.,
2013) and plant height (Aklilu et al., 2020) towards
grain yield were also confirmed in previous studies.
Plant height showed direct negative effect to
grain yield but this trait also contributed to grain yield
via 1000-grain weight and harvest index. Similarly,
number of effective tillers per plant contributed
towards grain yield through peduncle length and
number of grains per spike. Likewise, the traits namely
grain filling duration via days to heading and days to
maturity through peduncle length as well as SPAD 2
added to grain yield though these traits have negative
direct effect. Days heading and canopy temperature
depression at 15 days after anthesis showed positive
direct effect and also contributed to grain yield through
normalized difference vegetation index at anthesis.
SPAD chlorophyll content at anthesis indirectly
contributed to grain yield, showed positive direct effect
as well as indirectly contribute to grain yield through
peduncle length and traits like SPAD chlorophyll
content at 15 days after anthesis, normalized difference
vegetation index at anthesis, normalized difference

vegetation index at 15 day after anthesis and canopy
temperature depression at 15 day after anthesis showed
positive direct effect as well as contribute indirectly
to grain yield through days to maturity and days to
heading.
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