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Keywords: Abstract
In this study, two experiments were conducted to compare the performance of eight

different genotypes, their correlations, path analysis, and select the best genotype/

Path analysis, Salt stress. genotypes of barley in two environments including normal (Birjand) and saline

(Amirabad) environments in South Khorasan province of Iran in 2015-2016 growing

season. Results of combined analysis of variance for combined data of both studied

environments showed significant effects for the genotype treatment on most of the

studied traits. Means comparison data indicated that the highest and the lowest means

of majority of investigated characteristics of barley genotypes were related to Salt4

and MBS-90-10 genotypes, respectively. Number of days to maturity and plant height

had the highest simple correlation with grain yield in investigated genotypes of

barley but these correlations were not significant. In forward regression analysis for

grain yield as independent variable, five traits including one-thousand grain weight,

number of days to maturity, mean grain weight, canopy temperature, and plant height

Received: entered to regression model in five steps with R-square=0.99. The path coefficient

Jan/03/2023 analysis based on grain yield, as a dependent variable implicated that number of

days to maturity had the highest positive direct effect on grain yield of investigated

genotypes of barley. The highest positive indirect effect on the grain yield was related

Revised: to the mean grain weight trough the number of days to maturity; therefore, these two

Mar/2022/2023 traits were the most important phenological and morphological characteristics that

affect grain yield of barley under two studied environments and can used as selection
criteria in investigated genotypes of barley.
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Introduction

Plants are frequently subjected to a
variety of both biotic and abiotic stresses
worldwide and their maximum genetic
potentials undergo significant reductions
(Gupta et al., 2018; Piasecka et al., 2019;
Godoy et al., 2021). Among these, salinity
is one of the most important abiotic stresses
affecting more than 50% of agricultural
irrigated lands, which subsequently
limits different germination, growth,
development, and production processes
of plants (Cheng et al., 2016; Liang et al.,
2018; Arif et al., 2020; Rajabi Dehnavi et
al., 2020). Some studies have also defined
salinity as high concentrations of solute
salts of K*, Na*, CI,, Ca?, and Mg*" in
soils (Saneoka et al., 1999; Rogel et al.,
2000; Zhaoyong et al., 2014; Gondek et
al., 2020; Mohammadi et al., 2022), which
can be resulted in metabolic changes,
membrane structure changes, oxidative
and/or osmotic stresses, ionic stress, and
other disorders in plants and plant cells
(Parida and Das, 2005; Rahneshan et al.,
2018; Shahmoradi and Naderi, 2018). In
a general definition, soils with electrical
conductivity more than 4 dS. mL"! or
40Mm NaCL are considered as saline
soils that affect normal growth of crops
(Munns and Tester, 2008). Accordingly,
although there is still a long way to go, it
was stated that understanding the response
of crops, different mechanisms of plants’
tolerance to soil salinity and mining
the  salt-tolerance-associated  genetic
resource can eventually help to increase
plant/crop yields under saline conditions
(Chinnusamy et al., 2005; Zhao et al.,
2020; Alkharabsheh et al., 2021; Gul et al.,
2022). Acosta-Motos et al. (2017) reported
that there are numerous strategies to reduce
the adverse effects of salt stress. Another
study suggested that the selection and
breeding of plants are the most economical
and effective ways to overcome soil
salinity problems and decrease the
adverse effects of salinity stress (Sadat
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Noori, 2005). On the other hand, one of
the main influential challenges for plant
breeders is enhancing salinity tolerance in
desirable crops (Nguyen et al., 2013). In
this regard, advanced screening methods,
appropriate germplasm, and a combination
of conventional and molecular breeding
approaches are reported as requirements
for improving a crop’s salinity tolerance
(Flowers, 2004).

Barley (Hordeum vulgare L1.) is a
remarkably critical cereal crop to be used
for food and medicinal purposes that ranks
the fourth most important cereal crop in
production quantity and cultivated area
after wheat, rice, and maize (Bhuttaet al.,
2005; Madakemogekar et al., 2018; El-
Hashash and El-Absy, 2019; Yang et al.,
2022). Barley can successfully cultivate
in a wide range of different climates and
has a significant potential for growth under
drought and saline conditions (Zaefizadeh
et al.,, 2011). This plant is a salt-tolerant
crop, which is usually used as an excellent
model crop for studies on the mechanisms
and inheritance of salinity tolerance
and for developing tools to improve salt
tolerance in cerecals (Walia et al., 2007;
Witzel et al., 2010). Vegetative growing
and flowering are two main growth
stages of barley that can be significantly
affected by salinity stress (Nguyen et al.,
2013). Different characteristics of this
plant is correlated to salinity tolerance at
different growing and developing stages.
Genotype X environment interaction is
the main drawback for direct selection for
yield under abiotic stress conditions and
low heritability for the product, making
the process very time-consuming (Blum,
1988).

Selection based on physiological traits is
an alternative approach in which lines are
selected based on the specific attributes
determined to be beneficial under stressful
conditions (Bidinger and Witcombe, 1989).
Identifying morphological or physiological
characteristics are closely linked to yield

42

Journal of Drought and Climate change Research (JDCR)

Summer 2023, Vol. 1, No. 2, pp 41-52

Archive of SID.ir



Archive of SID.ir

43

Performance of different genotypes of barley ...

in stressful environments that can facilitate
breeding for challenging and complex
traits such as drought and salinity tolerance
(Ober et al. 2005). There are several
methods for analyzing yield components
according to the project objective that
researchers can select between them.
Techniques such as analysis of variance,
simple correlation coefficient, multiple
regression, and path analysis usually are
used to analyze yield components (Fraser
and Eaton, 1983). Many studies employed
correlation coefficient and path analysis to
find interrelationship and selection criteria
for barley grain yield under different
situations (Bhutta et al., 2005; Carpici and
Celik, 2012; Jouyban et al., 2015; Markova
Ruzdik et al., 2015; Mohammadi, 2015).
Hence, the present study aimed to
evaluate the performance of eight
new varieties of barley under normal

and saline environments of the South
Khorasan province of Iran and to find
the most fundamental selection criteria
for improving/increasing grain yield of
various barley genotypes in both studied
conditions.

Materials and Methods

This research was conducted in two
different environments of South Khorasan
province of Iran including normal (Birjand)
and saline (Amirabad) environments.
Therefore, a randomized complete block
design (RCBD) with three replications
was employed to investigate the effect
of location on eight genotypes of barley
including Salt4, Nosrat, MBS-89-10,
MBS-89-11, MBS-89-18, MBS-90-10,
MBS-90-13, and MBS-90-18 genotypes
(Table 1).

Table 1. The pedigree of barley cultivars investigated in the present study

Nosrat Check-1
Salt4 Check-2 (Probably Khatam cultivar)

MBS-89-10 Bahtim 7DL/79-W40762//Yazd-5
MBS-89-11 Bahtim 7DL/79-W40762//Y azd-5
MBS-89-18 Assala’S’//Avt/Aths/3/Jonoob/4/Afzal
MBS-90-10 Ashar/1-BC-80320
MBS-90-13 Rihane -03/1-BC-80320
MBS-90-18 MBS-87-12 (Mehr cultivar)

In each experiment, two 60 cm back
furrows of six meters in length (with three
planting stripes on each back furrow) were
prepared after the tillage operations, and
planting processes were carried out on
November 6, 2015. In addition, planting
densities were considered equal to 400 and
450 grains per m? for normal and saline
conditions, respectively. At the end of
the experiments (early May 2016), data
of grain yield (GY), canopy temperature
(CT), SPAD (SP), relative water content
(RWC), yield components traits such as
spike length (SPL), peduncle length (PL),
1000-grain weight (TGW), number of
grains per spike (NGS), mean grain weight

(GW), plant height (PH), biomass yield
(BY), along with phenological traits of the
number of days to hardening (NDH), and
the number of days to maturity (NDM),
were recorded separately. Leaf chlorophyll
content was measured using a SPAD meter
(SPAD-502, MINOLTA, Japan). Also, the
canopy temperature trait was estimated
remotely by the infrared thermometer
(IRT), and RWC was calculated based on
the methods presented by Ritchie et al.
(1990) by the following equation:

Fw_Dw

Equation (1) RWC =
In which,
Fw, Dw, and Tw were represented fresh weight,

X 100

w w
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dry weight, and turgid weight of leaves,
respectively.

The path analysis was also done for
independent variables that were entered to
forward regression analysis for grain yield.
In this step, using a correlation between
independent variables and also between
independent and dependent variables, the
direct and indirect effects of independent
variables on dependent variables were
calculated.

Statistical analysis

Overall, multivariate analyses (such as
simple correlation coefficient, forward
regression analysis, and path analysis)
were employed to estimate the means of
combined data using the mean matrix. In
forward regression analysis, grain yield
was considered a dependent variable, and
other 12 traits were assumed as independent
variables. Also, the correlation matrix
between independent variables (RXX) and
the correlation vector between independent
variables and dependent variable (RXY)
were utilized for path analysis. Eventually,
the obtained data were analyzed using SAS
statistical software (9.1), and the LSD test
was used to compare means at p<0.05.

Results and discussion

Climate change is a concerning crisis for
agriculture and crop products around the
world (Arenas-Corraliza et al., 2022).
Therefore, understanding the effects of
climate change, which has led to the
occurrence of various types of stress
such as salinity, drought, and other
stresses in agriculture and has significant
effects on crop production, is extremely
important (Jamshidi and Javanmard,
2018). Meanwhile, saline fields and
salinity-related problems are distributed in
developing regions, especially Iran (Qadir
et al., 2008; Zurgani et al., 2018; Shokat
and GroBkinsky, 2019). Accordingly,
finding suitable strategies to cope with crop
plants (especially barley) against salinity
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stress can be helpful for more efficient uses
of saline fields around the world.

In this regard, some researchers have
been stated that salt-resistant cultivars
have unique characteristics to overcome
salinity and salinity-related problems (Gul
et al., 2022; Raza et al., 2022). Zaefizadeh
et al. (2011) also reported the significant
differences among 22 hulless barley
genotypes for yield and yield component
traits in two diverse studied environments.
Based on the results, our findings showed
a significant effect of location on the
number of days to hardening, number of
days to maturity, spike length, peduncle
length, plant height, the number of grains
per spike, canopy temperature, SPAD,
biomass yield, grain yield, and RWC at
p<0.01 and on the mean grain weight at
p<0.05 (Tablel). According to the results,
the location had no significant effect on the
one-thousand grain weight trait (Table 2);
hence, it can be concluded that the average
of one-thousand grain weight was almost
similar in both investigated regions.

In addition to the above, the combined
analysis of variance results presented in
Table 2 also indicated that the genotype
treatment had significant effects on the
number of days to hardening, number
of days to maturity, plant height, one-
thousand-grain weight, number of grains
per spike, mean grain weight, canopy
temperature, grain yield, and relative
water content traits at p<0.01 and on
SPAD at p<0.05. However, no significant
effects were observed for spike length,
peduncle length, and biomass yield traits
under the application of study genotypes.
Jamshidi and Javanmard (2018) examined
the response of 26 barley genotypes
under field saline conditions and showed
different degrees of resistance/sensitivity,
performance, and other plant responses of
the studied cultivars under non-saline and
saline conditions. The latter researchers
also stated that plant height, leaf area index,
yield, and yield components, which had the
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highest rate of variation, could be properly
employed for developing tolerate-barley
genotypes under saline environments.
Result of mean comparison of combined
data (Table 3) demonstrated that the
maximum mean of the number of days to
hardening trait (114.33 days) was related to
Salt4 genotype, whereas the lowest mean
was obtained for the MBS-89-10 genotype
(109.66 days). Also, the highest means
of the number of days to maturity (148
days), number of grains per spike (58.03
grains), and grain weight (2.48 g.m?) traits
were also recorded for the Salt4 genotype,
whereas the lowest mean of number of

days to maturity (equal to 142.16 days)
was calculated jointly for MBS-90-10 and
MBS-90-18 genotypes, and the lowest
mean values of number of grains per
spike and mean grain weight traits (42.46
grains and 1.83 g.m?, respectively) were
related to MBS-89-10 genotype. Plus, the
highest and lowest means of plant height
were also obtained for the Nosrat and
MBS-90-13 genotypes with mean values
of 49.1 and 39.51 cm, respectively (Table
3). According to the statements of recent
researchers, it can therefore be seen that the
Salt4 genotype is the best genotype for the
studied saline areas.

Table 2. Combined analysis of variance for investigated attributes in barley genotypes under
normal and saline environments

MS
S.0.V.
df  NDH NDM SPL PL PH TGW NGS GW CT SP BY GY RWC
Location (L) 1 1408.3%%  1938.0%*  39045.0%*  2112.05**  38635.0%* 0.72"  302.00%*  0.48*  4688.65** 24435.18** 30577.75** 51038.56** 23412.75%*
Block (L) 4 5.16™ 9.41m 12.41™ 022 78.04™ 3937 2638™  0.10™ 19.97 24.68™ 175.97" 58.90™ 10.54
Genotype (G) 7 11.95%*%  31.61%* 14,97 8.87™ 73.63" 56.06%*  124.62%*  0.27** 2.73%* 28.42% 145.44m 54.82%* 35.51%*
GxL 7 3.90™ 12.44 9.01™ 6.00™ 21.50™ 7.33m 14.63™  0.07™ 4.88™ 28.16™ 158.04 51.99™ 31.90™
Error 28 0.71 4.41 6.73 5.01 15.61 15.55 12.53 0.06 2.11 8.85 65.93 14.11 9.73
C.V. (%) 0.76 1.45 7.45 17.03 8.78 9.68 7.11 12.69 8.59 11.43 2242 10.20 6.76

** *: significant at 1% and 5% probability level, respectively; ns: not significant.
NDH: Number of days to hardening; NDM: number of days to maturity; SPL: Spike length; PL: Peduncle length; PH: Plant height; TGW: One-thousand grain weight; NGS:
Number of grains per spike; GW: Grain weight; CT: Canopy temperature; SP: SPAD; BY: Biomass yield; GY: Grain yield; RWC: Relative water content.

Table 3. Mean comparison of combined data for investigated attributes in barley genotypes under
normal and saline environments using the LSD test at p<0.05.

Genotypes NDH NDM PH TGW NGS GW CT SP GY RWC
Salt4 11433 a 148.00 4078b  42.93 ab 58.03 2482 16.31 2643 3581 47.30
a a b ab ab ab
Nosrat 111.16 b 144.33 49.10 a 36.60 ¢ 30.70 1.85¢ 1648 2343 3956 46.43
b b b c a ab
MBS-89-10  109.66¢c B0 4sgga 43434 A0 g3 16700 26533665 4005,
b d ab ab ab
MBS-89-11 110.83 ¢ 146.66 46.71a 37.55bc 51.20 1.93 be 1728 29.78  38.83 4426 b
ab b ab a ab
MBS-89-18 110.50 146.83 44.61 38.40 ¢ 51.10 1.96 be 17.00 27.93 39.18 47.61
ab ab b ab ab a ab
MBS-90-10 110.50 ¢ 142.16 39.51b 44.18a 43.56 2.01 be 1660 23.26  30.83 41.86 ¢
b cd ab c c
MBS-90-13 110.50 ¢ 143.33b 44.08 43.38 ab 3046 2.18b 1838 2541 3901 44.13
ab b a b ab be
MBS-90-18 110.50 ¢ 142.16 49.06a 39.43 ab 48.80 1.93 be 1646 25.50 3456 48.20
b bc b be b ab
LSD 0.99 2.48 4.67 4.66 4.18 0.30 1.71 3.51 4.44 3.69

NDH: Number of days to hardening; NDM: number of days to maturity; PH: Plant height; TGW: One-thousand grain
weight; NGS: Number of grains per spike; GW: Grain weight; CT: Canopy temperature; SP: SPAD; GY: Grain yield,
RWC: Relative water content.
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On the other hand, Jamshidi and Javanmard
(2018) also pointed out that since indices
of chlorophyll content rate, 1000 grain
weight, and length of rootlets were less
affected by salinity stress than other traits, it
is not appropriate to select salinity-tolerant
genotypes based on these traits. In the
other research, with the increase of salinity
stress, the morphological characteristics
decreased (Saeidinia et al., 2023). Based
on means comparison analysis, it was also
observed that the highest and lowest means
of one-thousand grain weight (equal to
44.18 and 36.6 g) were corresponded to
MBS-90-10 and Nosrat genotypes of barley
(Table 3); hence, since the mentioned
genotypes had a less mean of the number
of days to maturity compared to the Salt4
genotype, they may not be suitable for
the salinity conditions investigated in the
present study. For the canopy temperature
trait, the highest and lowest mean values
were estimated to be equal 18.38 and
1631 °C for MBS-90-13 and Salt4
genotypes, respectively (Table 3). One of
the non-destructive monitoring parameters
of whole plant, which can be used to
evaluate plant responses to environmental
stresses, is canopy temperature (Royo et
al., 2002; Roohi et al., 2015). Low values
of CT can have used as selection tool
for abiotic stress tolerance (Roohi et al.,
2015). Cooler canopy can help to better
osmotic adjustment during abiotic stress
of drought and salinity (Mamnouie et al.,
2006). Therefore, in present study Salt4
genotype can considered as salt tolerance
genotype with lower value of CT and
higher values of NDH, NDM, NGS, and
GW characteristics.

The highest mean of SPAD, grain yield,
and relative water content traits were
related to MBS-89-11, Nosrat, and MBS-
89-10 genotypes of barley, respectively.
However, the lowest mean values were
achieved for the MBS-90-10 genotype
(Table 3). Overall, the highest means of
the investigated characteristics of barley,
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including NDH, NDM, NGS, and GW,
were related to the Salt4 genotype, whereas
the lowest mean values for PH, SP, GY, and
RWOC traits were recorded for the MBS-90-
10 genotype of barley (Table 3). Based on
means comparison analysis, the MBS-89-
10 genotype also had the lowest means for
the number of days to hardening, number
of grains per spike, and mean grain weight
traits; therefore this genotype, along with
MBS-90-10 genotype were considered
as low-performance genotypes in both
investigated sites.

Results of simple Pearson correlation
analysis showed that the number of days
to hardening had a positive and significant
correlation with the number of grains
per spike and mean grain weight traits
at p<0.01 (Table 4), and the highest
correlation was observed between the
number of days to hardening and number
of grains per spike (r=0.86; p<0.01). Based
on simple correlation analysis, the number
of days to maturity just had a positive and
significant correlation with the number
of grains per spike trait (r=0.81; p<0.05)
(Table 4). The number of days to maturity
also had a positive correlation with the
mean grain weight, SPAD, and grain
yield, but these correlations were not
significant (Table 4). Based on simple
correlation analysis, plant height had a
negative and significant correlation with
the one-thousand-grain weight trait (r=-
0.73; p<0.05). Also, there was a negative
correlation between plant height and the
number of days to hardening, and a similar
outcome was also reported in the study
presented by Zaefizadeh et al. (2001).
Another significant correlation between
investigated characteristics of barley
under two saline locations was observed
between the number of grains per spike
and the mean grain weight traits, and their
correlation was positive and significant at
p<0.05 (r=0.73; p<0.05) (Table 4).
Results of forward regression analysis for
grain yield trait using combined means of
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Table 4. Correlation coefficients for grain yield and other investigated characteristics in 8 genotypes of

barley under control and saline environments.

NDH NDM  PH  TGW NGS  GW CT SP GY RWC
NDH 1
NDM  0.65" 1
PH 038" -0.19" 1
TGW 007" 027" 073" 1
NGS 0.86" 081"  -0.I5™ 025" 1
GW 0.83" 057" -0.64™  046™ 073 1
CT 033" 029" 001" 03" 0.0  0.07" 1
SP 0.02% 062" 013%™  -029 024"  0.01® 0.4 1
Y 20.03™ 057" 053 -0.58™ 031" 013" 045" 045 1
RWC 007" 011" 047  -021™  0.04™  -0.11"  -0.39™ 023" 029" 1

** *:significant at 1% and 5% probability levels, respectively; ns: not significant.
NDH: Number of days to hardening; NDM: number of days to maturity; PH: Plant height; TGW: One-thousand grain
weight; NGS: Number of grains per spike; GW: Grain weight; CT: Canopy temperature; SP: SPAD; GY: Grain yield;

RWC: Relative water content.

two studied locations showed that one-
thousand-grain weight, number of days
to maturity, mean grain weight, canopy
temperature, and plant height were the most
influential characteristics of barley among
all investigated traits affected its grain yield
under two investigated environments with
different salinity levels (Table 5). In the
first step of the analysis, the one-thousand-
grain weight was entered into the model
with a negative regression coefficient
significant at p<0.05 (Table 5). In second,
third, fourth, and fifth steps of analysis,
traits of the number of days to maturity,
mean grain weight, canopy temperature,

and plant height were entered, respectively
(Table 5). The regression coefficient of
GW and CT also demonstrated negative
and significant relations at p<0.05 (Table
5). The regression coefficient of PH
was positive, but showed no significant
association (Table 5). The positive
correlation of PH with the GY of barley
was reported in two previous studies
(Bhutta et al., 1991; Bhutta et al., 2005).
Singh et al. (1987) also stated that plant
height is the main trait that can affect the
grain yield of barley. The maximum partial
R-square of the model was related to TGW
in the first step with 0.59 (Table 5).

Table 5. Stepwise Regression analysis for grain yield (dependent variable) in barley genotypes

Entered Model Partial
Step Variable Intercept by b, bs bs bs R- R-
square square
1 TGW 67.78" -0.77" 0.59 0.59
2 NDM -9.36"™ -0.66" 0.50m 0.73 0.14
3 GW -94.56™ -0.28" 1.01" -8.85" 0.85 0.12
4 CT -115.21° -0.04™ 1.95m -19.15™  -5.48™ 0.97 0.11
5 PH -158.94 0.18" 1.91™ -16.13" -4.23s 029" 0.99 0.02

** *: significant at 1% and 5% probability levels, respectively; ns: not significant.
TGW: One-thousand grain weight; NDM: number of days to maturity; GW: Grain weight; CT: Canopy

temperature; PH: Plant height.

The results of path analysis showed that
the maximum direct effect of independent
variables was related to the number of
days to maturity trait and this effect was
positive (Table 6). As shown in Table

4, the number of days to maturity singly
had a positive and significant correlation
with the number of grains per spike trait,
and here, NDM had the highest direct
effect on the barley grain yield. So, these
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Table 6. Path analysis for grain yield (dependent variable) in barley genotypes

Traits TGW NDM GW CT PH Rxv
TGW 0.56" -0.31° -0.23 0.01 -0.6 -0.58
NDM -0.15 1.15 -0.29 0.02 -0.15 0.57
GW 0.25 0.65 -0.52 0.006 -0.52 -0.13
CT 0.07 0.33 -0.03 0.08 -0.008 0.45
PH -0.40 -0.21 0.33 -0.00 0.82 0.53

*Values on the diagonal denote direct effect of yield components on grain yield of barley genotypes.
“Values on above and below diagonal denote indirect effect of yield components on grain yield of barley

genotypes.

TGW: One-thousand grain weight; NDM: number of days to maturity; GW: Grain weight; CT: Canopy

temperature; PH: Plant height.

results showed that NDM is a critical trait
for investigated genotypes of barley that
can affect their performance in direct and
indirect ways. All independent variables
had a positive direct effect on grain yield
except the GW trait, which had a negative
direct effect on grain yield of investigated
genotypes of barley under two studied
environments. The second positive direct
effect of independent variables was related
to plant height. Zaefizadeh et al. (2011)
reported that genotypes with higher plant
height have better performance in terms of
stress than other genotypes. According to
the results, although the highest negative
indirect impact on grain yield was made
by one-thousand-grain weight through
plant height, the highest positive indirect
effect was completed by the grain weight
through the number of days to maturity
trait (Table 6). Zaefizadeh et al. (2011) used
path analysis to find the most influential
attributes that affected the performance
of 22 hulless barley genotypes under two
different environments and reported that
the maximum positive direct effect on
yield was related to the number of grains
per spike; But, the maximum negative
direct impact on the grain yield was related
to days to heading. They also reported a
positive direct effect of plant height and
days to maturity on the grain yield of
barley. Markova Ruzdik et al. (2015)
employed both correlation coefficient and
path coefficient analyses to find the most
important characteristics that affected grain
yield of two-row winter barley varieties in

two different environments and reported
that the highest direct effect on grain yield
was obtained by the number of spikes per
m? in both localities and this trait can have
used as the criterion to improve the yield
of barley varieties.

Conclusion

According to combined analysis results,
genotype had significant effects on all
investigated traits except spike length,
peduncle length, and biomass yield.
On the other hand, location treatment
significantly affected all attributes except
the one-thousand-grain weight trait.
Mean comparison analysis for combined
data revealed that the highest mean for
grain yield was related Nosrat genotype,
whereas the lowest mean value for this trait
was related to the MBS-90-10 genotype.
Correlation coefficients analysis indicated
that NDM, PH, GW, and CP had positive
correlations with grain yield of investigated
genotypes of barley. In forward regression
analysis for grain yield as an independent
variable, five traits (including TGW,
NDM, GW, CT, and PH) were entered into
the regression model in five steps with
R-square=0.99. The regression coefficients
for TGW, GW, and CT were negative,
and the regression coefficients of NDM
and PH were positive and significant.
Path coefficient analysis based on grain
yield, as a dependent variable, implicated
that GW had the highest negative direct
effect on grain yield of investigated barley
genotypes under two environments with
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different soil salinity levels. The highest
negative indirect effect on grain yield was
related to TGW through the PH trait.

Abbreviations: BY, Biomass yield; CT,
Canopy temperature; GY, Grain yield;
LSD, least significant difference; NDH,
Number of days to hardening; NDM,
number of days to maturity; NGS, Number
of grains per spike; PH, Plant height; PL,
Peduncle length; RWC, Relative water
content; SP, SPAD; SPL, Spike length;
GW, Grain weight; TGW, One-thousand
grain weight.
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