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merging of stress-tolerant and high-yielding crops became

more decisive especially with presence of global

population growing and climatic changes. Improving
barley yield in adverse environments, selection of high-yielding
genotypes should depend on performance and genetic variability
among advanced ones under press as Ras-Sudr salinity water.
Proposal materials were 45 advanced barley lines grown in natural
salty soil (5000 ppm) and irrigated by naturally saline water at 9000
ppm across 3 seasons (2016-2019). For all traits, genetic parameters;
correlations and path coefficient analysis have been assessed.
Variance analysis indicated presence of significant differences
among all genotypes for all traits in all generations (F5-7) with
highness of both phenotypic and genotypic variation coefficients for
both yields (grain and biological/fad.) and these support sufficient
variation to genetic improvement via selection. Breeding genotypes,
their parents and three adopted check cultivars were classified
depending on salt-tolerability using hierarchical clustering into three
groups; highly, intermediate and tolerant. Furthermore, broad sense
heritability (h?) for all tested traits ranged from 71.1 to 89.47 in all
generations. However phenotypic and genotypic correlation
coefficients displayed strong and significant positive associations
between grain and biological yields with number of each of:
tillers/plant, spikelets/spike and grains/spike and grain weight/spike
over the three generations. Moreover, number of each of
tillers/plant, spikelets/spike, grains/spike beside biological yield
exhibited maximum positive direct effect on grain yield; while the
highest indirect effect assigned for biological yield through grain
weight/spike and number of each of: tillers/plant, grains/spike and
spikelets/spike reflecting importance of them to improve yield.

Keywords: barley, breeding lines, salinity, genetic variability parameters,
genotypic and phenotypic correlations, path analysis, yield
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index, hierarchical clustering, principal component analysis, PC-
biplot

INTRODUCTION

On the global scale, barley (Hurdium vulgare L.) was known from
ancient times and believed to be firstly originated in Fertile Crescent area of
East Mediterranean (Palestine, Jordan, Lebanon, Syria, southeastern Turkey,
north Iraq and western Iran) and be domesticated from about 10,000 years
ago and traditionally known as poor mans' crop having low input
requirements beside better adaptability to harsh environments worldwide
(Zohary and Hopf, 1993; Badr et al., 2000; Blattner and Badani, 2001;
Bothmer et al., 2003; Ceccarelli et al., 2008; Srivastava et al.,, 2011 and
Abdel-Ghani, 2013). Orabi et al. (2007) reported that Eritrea and Ethiopia
are considered as a center of barley diversification. Also, barley is
considered as the most important cereal crop in developing countries and
about 100 countries cultivate the barley on approximately 56 million
hectares (Zhou, 2009) and worldly ranked the fourth after wheat, rice and
corn by look to the cultivated area and total production (FAOSTAT, 2020).

The Mediterranean climate is characterized by the fluctuation of
water availability as well as salinity ranges. By comparison with other
species, the barley especially Hurdeum vulgare L., (the main cereal grown)
shows a conservative strategy in water use with moderately salt-tolerable
(Gonzalez et al., 1999 and Mohammadi et al., 2010). Also, it represents as
one the most nutritive value food that almost equal to wheat and corn
specially hull-less for both human and animal as well with having some
medicinal properties (Bhatty, 1999; Griffey, 1999 and Baik and Ullrich,
2008). The barley is the main crop grown in a large scale in the North
Coastal Region of Egypt plus newly reclaimed lands that suffer from both
water shortage and quality. Under different irrigation systems of Egypt,
barley production areas increased continuously from 57000 ha (96,000
faddan) in the eighties and 137000 ha in 2008/2009 with increasing in its
yield from 2.92 t/ha to 3.63t/ha in the same decades and the area reached in
2018 to 168,418 faddan; whereas El-Banna et al. (2011) considered it as the
best choice in the risky conditions of poor soils and newly reclaimed areas
and is typically cultivated in arid and semi-arid areas that not suitable for the
other field crops (Naghii and Asgharipour, 2011).

Hereby, developing of salt tolerant crops is essential for sustaining
food production and overcoming the salinity stress (El-Raey, 1997), whereas
the water in its normal constituents is essential at every stage of plant growth
(Schmidhalter et al., 1998 and Reisdorph and Koster, 1999). Salinity
demarcated as an optimal factor that adverse yield production, improvement
and adaptation of any crop, whereas crop cultivation in the presence of
excess salinity induced disturbance of osmotic regulation, ionic imbalance
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and oxidative stress that impaired plant metabolism and growth (Barnabas et
al., 2008). However, the adaptation is known as a key factor that well shapes
the future severity of climatic changes impacts on food production (Lobell et
al., 2008). In this hand, the succession of breeding is induced by: identifying
the target traits functioned to target growing environment; determining the
sources of variability for these traits; crossing these with other varieties that
possess other traits of economic importance like resistance and high yield
and/or quality and finally testing of these new varieties across a wide range
of on-farm environments (Trethowan et al., 2010). Moreover, the
improvement of yield components could potentially improve yield stability
and/or yield potential under a wide range of environments including specific
stresses such as salt ones (Zhu et al., 2020).

The advanced rate of crop improvement depends mainly on the
degree of genetic variability existence for various economic traits; whereas
genotypic and phenotypic coefficients of variation are effective parameters
to investigate genetic variability (Chandra et al., 2003 and Jaradat et al.,
2004). The efficiency of any breeding programs depends on the association
between grain yield and the other agronomic traits (Srivastava et al., 2011).
However heritability estimation gives an idea for the extent of genetic
control for the expression of a particular character (Abdel-Ghani et al., 2005)
and these parameters provide the reliable magnitude of genetic variability
among genotypes and hence constituting the success of selection procedure
(Falconer and Mackay, 1996 and Abdel-Ghani, 2013).

The breeding progress might be accelerated if physiological,
biochemical and morphological characteristics were used as selection
criteria. Simultaneous selection in barley cultivars based on related traits is
the most desirable approach to improve characteristics such as grain yield as
well as biological yield, in order to determine the most valuable genotypes
and the most suitable combination of traits with the intention of improving
the yield in different plants as well as identify highly salt tolerant accessions
(Siahpoosh et al., 2001; Singh and Balyan, 2003; Chandra et al., 2003;
Jaradat et al., 2004; Rabiei et al., 2004; Sabouri et al., 2008; Rezaei and
Yousefi, 2008 and Eshghi et al., 2011). In this connection, the barley
varieties, advanced breeding lines and germplasms exhibiting improved
agronomic performance, disease resistance and abiotic stress tolerance as
well as grain quality attributes targeted to malt and feed markets (Abdel-
Ghani 2013). Srivastava et al. (2011) indicated that any breeding or selecting
program efficiency depends upon the nature of correlation (which is more
directly and positively) between yield and other component characters, so
information should include not only the nature and magnitude of variations
but also the associations of seed yield with other traits and also among
themselves and their causation to identify characters for defining an ideal
plant type as well for increasing efficiency of direct and indirect selection.
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Correlation and path analyses measurements were helpful to obtain a
successful breeding program through the determination of the best genotypes
having the best traits specially the target ones of grain and biological yields.
Whereas the correlation coefficients were useful when the indirect selection
of the secondary traits were used to improve the primary traits of interest
(Akram et al., 2008) and also to ascertain the relationships between the
variables and both yields (Jamshidi and Javanmard, 2018); while the path
analysis coefficients were to estimate the inter-connections among the yield
contributors and defined the important of them (Savii and Nedelea, 2012).

The best effective approach of fighting against stress is the
development of tolerant crop genotypes; therefore the effective goals in this
current study are to: (i) compare the yield and its components in forty five
barley lines grown in actual salinity field conditions of Ras-Sudr Research
Station of Desert Research Center at South Sinai region; (ii) identify high-
yielding and salt-tolerant barley advanced breeding lines and (iii) evaluate
the relationships of yield components with final grain yields and its
applications in the selection of most appropriate traits to reach the highest
genetic advance under salinity stress.

MATERIALS AND METHODS

1. Plant Materials and Experimental Design

The F5, F6 and F7 advanced generations of forty-five barley
breeding lines derived from three-parental crosses, Giza 123 x Giza 2000;
Giza 126 x Giza 123 and line SU12330 x Giza 2000, were grown at the
Experimental Farm of Desert Research Center, Ras-Sudr Research Station,
South Sinai, Egypt (29° 35’ N, 32° 41" E) with salinity irrigation water (9000
ppm), during 2016/17, 2017/18 and 2018/19 seasons, respectively. The F5
lines were derived from individuals of F4 plants, whereas F6 and F7 lines
were produced as seed bulks within lines from F5 and F6 generations,
respectively.

The breeding lines (i.e. 15 lines for each cross) were sowing in the
last week of Novembers and grown in salty soil (5000 ppm) in a randomized
complete block design with 3 replicates. Each line was planted in 6 rows of
2 m length, 25 cm apart and irrigated by saline water (9000 ppm) with
application of all other recommended agricultural practices in this region.

The data was recorded for days to heading, plant height (cm),
number of tillers/plant, stem diameter (cm), length of spike (cm), number of
spikelets/spike, number of grains/spike, grain weight/spike (g), 1000 grain
weight (g), biological yield/Fadden (kg), and grain yield/Fadden (kg),
whereas the mean data were used for statistical analysis.
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2. Statistical Analysis

All traits were subjected to analysis of variance (ANOVA) to test
the significance of variance sources using XLSTAT2016.05 according to
Gomez and Gomez (1984) and the least significant difference (LSD) values
were calculated at the 5% probability level (Steel et al., 1997).

The variance components including phenotypic (”p) and genotypic
(c%g) ones were estimated by using the method of Falconer (1989) that
depends on the combined data of the three seasons; while the coefficients of
phenotypic and genotypic variations (PCV and GCV) were categorized as
proposed by Sivasubramanian and Madhavamenon (1973); whereas broad
sense heritability was computed as outlined by Walker (1960). Hierarchical
cluster analysis was applied using yield index which was calculated using
the following equation YI = Ys/Ys, where Ys is the grain yield of each line
and Ys is the average grain yield of all genotypes. The phenotypic and
genotypic correlations were made by the way of Kwon and Torrie (1964)
while the confirmatory path analysis of the above mentioned characters on
the grain yield was undertaken using the revised method of Dewey and Lu
(1959). Besides, the principal component analysis was performed on the
averages of measured traits to investigate the relationships among grain yield
and the other agronomic traits.

All descriptive statistics (means, ranges and coefficients of
variation; heritability; correlation and path analyses) for all traits and among
traits were calculated for all progressive generations using SAS software
(SAS Institute Inc., 2003) by using UNIVARIATE and PROC CORR
procedures, respectively.

RESULTS AND DISCUSSION

The successful key in any breeding program is in the inheritance of
the most desirable improved characters that were proved by genetic
variability and heritability. However, the aim of correlation studies is
primarily to know the suitability of various characters for indirect selection,
i.e. provide information about the nature and extent of association between
any two metric traits and it will be possible to bring about genetic upgrading
in one trait by selection of the other of a pair; while the path analysis is an
effective way of finding out direct and indirect sources of correlations of
different plant attributes (Kashif and Khaliq, 2004).

1. Genetic Variability Analysis

The mainly successful factor at any breeding program is genetic
variability as well as the heritability of evaluated traits. The obtained results
of analysis of variance for studied traits exhibited highly significant
differences among evaluated breeding lines in the three generations F5, F6
and F7 (Table 1). Likewise, the results of analysis of both variation
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coefficients (GCV and PCV) shown in Table (2) indicate existence of a wide
range of both variations in all selected characters of all studied genotypes in
all tested generations with the superiority of F5 and this regarded that these
variations were also widely ranged for each individual character (Abdel-
Ghani, 2013). Whereas the highest obtainable recorded scores were for both
grain and biological yields/fad in all genotypes in all generations; but in the
general concern, the phenotypic view of variation was slightly higher than
that of the corresponding genotypic one beside occurrence of low magnitude
differences for most investigated traits. These results proved the greater role
of genetic components and the phenotypic expression is weakly affected by
the environmental factors and so promising the evidence that the
improvements of these traits would be successful and effective through
selection basing on the phenotypic performance according to the wide of
variation among the various investigated characters in all generations. These
calculations are compatible with those of Hailu et al. (2016), Oraby et al.
(2018), Matin et al. (2019) and Yadav et al. (2019). In the same table, broad
sense heritability revealed high measures with highness in its limit values
ranged from 71.1 to 89.47 of all traits in most genotypes in the three
generations and these probably due to the presence of great differences
among the average data of these traits that permit successful selection among
them to develop new salt-tolerant genotypes. In this connect the results of
Shrimali et al. (2017), Arshadi et al. (2018), Oraby et al. (2018), Matin et al.
(2019) and Dyulgerova and Dyulgerov (2020) came in support with ours.

Table (1). Mean squares of studied traits for breeding lines in three
generations F5, F6 and F7.

F5 Fé6 F7

Lines Error Total Lines Error Total Lines Error Total
df 44 88 134 44 88 134 44 88 134
DH 37.39" 1.747 13.80 31.79™ 1.671 12.16 29.62" 1.031 11.40
PH 105.8" 4.669 43.86 172.6™ 1.413 63.64 122.17 5.175 44.95
NT/P  0.835" 0.085 0.379 0.805™ 0.109 0.553 0.758" 0.057 0.487
SD 0.512" 0.062 0.227 0.436"™ 0.015 0.260 0.239" 0.017 0.190
SL 2.254™ 0.029 0.831 2.181™ 0.027 0.809 2.192% 0.027 0971
NS/S 16.43™ 1.092 6.225 15.16™ 0.846 6.598 12.66™ 0.879 4.939
NG/S 1823 2.034 62.23 167.58" 2.339 60.51 160.90™ 1.696 65.87
GW/S 0.6017 0.008 0.214 0.546™ 0.008 0.422 0.517" 0.001 0.185
TGW 57.40” 0.036 21.26 67.01" 12.09 30.17 43.617 0.174 16.41
GY 33789™ 24.163 11295 3131.9" 20.74 1076 2498.4™ 22.61 8.356
BY 54809™ 41.136 18359 44752.0" 18.31 14954 37083.9" 3401 0.678

DH: days to heading, PH: plant height, NT/P: number of tillers/plant SD: stem diameter, SL:
spike length, NS/S: number of spikelets/spike, NG/S: number of grains/spike, GW: grain
weight/spike, TGW: 1000-grain weight, GY: grain yield (kg/fad), BY: biological yield
(kg/fad) harvest index.™ indicates p-value < 0.01.
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2. Yield Index and Cluster Analysis

Yield index was calculated for the evaluated breeding lines, their
parents and three commercial check cultivars (Table 3). The genotypes that
showed the greatest yield index are considered salt-tolerant genotypes.
Based on yield index, the genotypes were classified into three groups using
hierarchical clustering (Fig. 1). Group A comprised of 10 breeding lines with
the highest observed yield index; therefore, it could be considered as a
highly salt-tolerant genotype. Group B had 20 genotypes (18 breeding lines
and two commercial cultivars) with high tolerance index values, hence, they
are considered salt-tolerant genotypes. Similarly, Group C is composed of 22
genotypes (17 breeding lines, 4 commercial cultivars and exotic genotype)
that had intermediate tolerance indices values and they are considered
moderate-tolerant genotypes. Various researchers applied hierarchical
clustering efficiently to classify the genotypes according to their tolerance as
Hammami et al. (2016) and Mansour et al. (2017 and 2020).

Table (3). Grain yield (kg/fad) and yield index (YI) for 45 breeding lines,
their four parents and three commercial check cultivars over three
growing seasons.

Genotype Parents Grainyield YI Genotype  Parents Grain yield YI
L1 P1xP2 1192 1.09 L27 P3xP1 1381 1.26
L2 P1xP2 687 0.63 L28 P3xP1 1470 1.35
L3 P1xP2 1282 1.17 L29 P3xP1 836 0.77
L4 P1xP2 1153 1.06 L30 P3xP1 1037 0.95
L5 P1xP2 535 0.49 L31 P4xP2 1486 1.36
L6 P1xP2 1229 1.13 L32 P4xP2 779 0.71
L7 P1xP2 1206 1.10 L33 P4xP2 1214 1.11
L8 P1xP2 649 0.59 L34 P4xP2 1236 1.13
L9 P1xP2 1062 0.97 L35 P4xP2 494 0.45
L10 P1xP2 1623 1.49 L36 P4xP2 942 0.86
L11 P1xP2 826 0.76 L37 P4xP2 1101 1.01
L12 P1xP2 1302 1.19 L38 P4xP2 1033 0.95
L13 P1xP2 1496 1.37 L39 P4xP2 756 0.69
L14 P1xP2 776 0.71 L40 P4xP2 912 0.84
L15 P1xP2 1106 1.01 L41 P4xP2 825 0.76
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L16 P3xP1
L17 P3xP1
L18 P3xP1
L19 P3xP1
L20 P3xP1
L21 P3xP1
L22 P3xP1
L23 P3xP1
L24 P3xP1
L25 P3xP1
L26 P3xP1
LSDy.05%

1627
736
1655
1920
837
1642
1873
800
1194
1502
863
146.9

1.49
0.67
1.52
1.76
0.77
1.50
1.72
0.73
1.09
1.38
0.79

Giza-2000
line-SU12330

L42
L43
L44
L45
Giza-131
Giza-133
Giza-134
Giza-123
Giza-126

P4xP2
P4xP2
P4xP2
P4xP2
Check
Check
Check
Parent
Parent
Parent

Parent

954
1129
1123
1096
645
919
1323
1008
790
873
655

0.87
1.03
1.03
1.00
0.59
0.84
1.21
0.92
0.72
0.80
0.60

Height

2-

0-

P1 is Giza-123, P2 is Giza-2000, P3 is Giza-126 and P4 is line-SU12330

Cluster Dendrogram

L5
L35

L2

line-SU12330

f##%;grgﬁ 1

L8

Giza-131
L40

Giza—133

88§
939

Giza- 2000

L11
L41
L20
L29
L1?

L1 4
L32
L23

Giza-126
Giza- 123

L38

L45

137

L4
L43
L44

L6
L34

L1
L24
L33
L27

I17
L19

Giza-134

L22

L13

L25

L28

S

L31
L10
L16
L18
21

Fig. (1). Dendrogram of phenotypic distances among 45 breeding lines, their
four parents and three check cultivars based on yield index.
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3. Interrelationships Among Studied Traits

Correlation aims primarily to identify the suitability of studied traits
for selection while phenotypic and genotypic correlation coefficients provide
information about the nature and extent of the association between traits.
The tables (4-6) sustained the existence of significant and/or highly
significant positive connections in the fifth generation between the grain
yield/fad with the biological yield/fad and each of: numbers of plant tillers
and both spikelets and grains/spike as well as spike grain weight; and the last
trait (grain weight/spike) was recorded the same correlations with each of
the other before-mentioned ones; and the same correlations were also persist
for each of: number of tillers/plant, spike length and spikelets number/spike
with number of grains/spike besides its associations with the both main traits
(grain and biological yields/fad) and also number of spikelets/spike was
typically correlated with both stem diameter and spike length; and in the
same way plant height associated with thel000 grain weight; but the
negative connections were found in the last trait with spike length and also
in the biological yield/fad with days to heading; while the last mentioned one
was positively correlated with stem diameter. Lately in the same line,
positive significant and/or highly significant relationships also occurred in
the sixth generation between the main targeted characters (both yields/fad)
with each of the same traits that mentioned in F5 plus plant height whereas
the last one correlated significantly positive only; also grain weight/spike
recorded the same correlation with the same traits as in the F5; in the
meantime each of: number of tillers/plant, number of spikelets/spike and
spike length were likely associated with number of grains/spike. The same
connections were detected for number of spikelets/spike with both of:
number of tillers/plant as well as spike length. On the other hand, the
negative and highly significant associations were noticed in days to heading
with each of: grain yield/fad, biological yield/fad, grain weight/spike and the
1000 grain weight; while the last trait had also negative significant
correlation with spike length. Finally, from the general picture of F7, it could
be concluded that exactly the same type of correlations for both: grain and
biological yields/fad, spike grain weight as well as numbers of both spikelets
and grains/spike was observed with the same characters those previously
mentioned in the F5. While number of spikelets/spike have shown this type
of association (positive and significant and/or highly significant) with both
of number of tillers/plant and spike length. On the other hand, both
yields/fad, 1000 grain weight and grain weight/spike were negatively and
significantly correlated by days to heading and the same doing for plant
height with spike (grain weight and both grains and spikelets numbers).
Whereas the 1000 grain weight showed significant and/or highly significant
negative correlation with stem diameter. These observations are in
consistence with those of Mohtashami (2015), Tofiq et al. (2015 and 2016),
Amardeep et al. (2017), Sunil et al. (2017), Malik et al. (2018), Allel et al.
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(2019), Ghimire and Mahat (2019), Yadav et al. (2019) and Dyulgerova and

Dyulgerov (2

020).

Table (4). Genotypic and phenotypic correlation coefficients for the
evaluated agronomic traits in forty-five barley breeding lines in
generation F5.

Trait Correlation DH PH NT/P SD SL NS/S NG/S GW/S TGW BY
Rg 0.07
PH
Rph 0.07
Rg 0.3  0.08
NT/P
Rph 023 0.21
Rg 039" 0.03 -0.11
SD
Rph 027 0.04 -0.07
SL Rg 0.17 0.07 021 025
Rph 0.16 0.06 0.18 0.2
Rg -0.17 -0.2 030 033 039
NS/S .
Rph 0.12 -02 025 024 035
Rg -0.19  -0.07 043" 0.18 039" 0.68"
NG/S . . -
Rph -0.19  -0.07 035" 0.15 038 0.61
Rg 024 0.09 035 015 022 0.637 0.76"
GW/S » »
Rph 022 0.01 032 0.12 021 0.547 0.74
Rg 021 0467 -0.05 -02 -0.33° -0.24 -0.23 0.11
TGW - "
Rph -0.19 0437 -0.04 -0.17 -0.33° -0.22 -0.23 0.11
BY Rg -0.34" 0.08 0.557 024 023 047" 0497 0.527 -0.08
Rph 032 0.06 0477 02 022 0427 048" 0517 -0.08
cy Rg -0.27 -0.04 0.547 024 0.14 0457 0.527 0457 -0.06 0.84"
Rph -0.25 -0.04 0477 02 0.13 0417 0517 0437 -0.06 0.83"

DH: days to heading, PH: plant height, NT/P: number of tillers/plant, SD: stem diameter, SL:
spike length, NS/S: number of spikelets/spike, NG/S: number of grains/spike, GW: grain
weight/spike, TGW: 1000-grain weight, GY: grain yield (kg/fad), BY: biological yield

(kg/fad) harvest

index.
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Table (5). Genotypic and phenotypic correlation coefficients for the
evaluated agronomic traits in forty-five barley breeding lines in
generation F6.

Trait Correlation DH PH NT/P SD SL NS/S NG/S GW/S TGW BY
PH Rg -0.17
Rph -0.16
NT/P Rg -0.18 0.09
Rph -0.16 0.08
SD Rg 0.24 -0.09 -0.15
Rph 0.21 -0.09 -0.12
SL Rg 0.17 -0.01 0.21 -0.06
Rph 0.15 -0.01 0.18 -0.05
NS/S Rg -0.04 0.04 0.34 -0.14 0.49
Rph -0.01 0.03 0.31 -0.13 0.46™
NG/S Rg -0.23 0.12 041 -0.23 0.38 0.55
Rph -0.21 0.11 037" -021 036" 0.50"
GW/S Rg -0.44 0.07 0.60 -0.20 0.15 0.50 0.79
Rph -0.40°  0.07 0.53" -0.18 0.14 0.45" 0.76"
TGW Rg -0.47 0.12 0.08 -0.04 -036 -0.27 -0.05 0.28
Rph -0.28 0.07 0.15 -0.06 -025 -0.13 -0.04 024
BY Rg -0.47" 0.38° 0.58" -0.28 0.18 0.51" 0.49™ 0.64™ -0.02
Rph -0.43™ 037" 0.52™ -0.27 0.18 047" 048" 0.62™ -0.01
GY Rg -0.43™ 034" 074" -026 0.12 0.58" 0.44™ 0.67" 0.02 0.86"
Rph -0.40°  0.34° 0.66™ -0.25 0.12 0.53" 0.43™ 0.66™ 0.01 0.86"

DH: days to heading, PH: plant height, NT/P: number of tillers/plant, SD: stem diameter, SL:
spike length, NS/S: number of spikelets/spike, NG/S: number of grains/spike, GW: grain
weight/spike, TGW: 1000-grain weight, GY: grain yield (kg/fad), BY: biological yield
(kg/fad) harvest index.
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Table (6). Genotypic and phenotypic correlation coefficients for the
evaluated agronomic traits in forty-five barley breeding lines in
generation F7.

Trait Correlation DH PH NT/P SD SL NS/S NG/S GW/S TGW BY
Rg 20.13
PH " pph 20.12
Rg -0.29
2015
NT/P
Rph 202
P 027 413
SD Re 030 b2 004
Rph 024 04 0.03
oL Re 019 015 02 008
Rph 018 014 019 007
Re 0120 034 0397 018 043
NS/S " Rrph 2011
P 103 03 016 0397
Re 021 5360 0367 003 035 060"
NG/S Rph 2020
P U034 033 002 034" 053"
Re 039 0347 0360 001 015 046" 0827
GW/S o o 037
P 21033 032 009 015 042" 0.81%
Re 0400 004 001 041" 048 02 -002 023
TGW " pph 20.38°
P 2% 003 =011 -037° -0.17 -0.18 -0.02 0.23
Re 044 006 0477 008 019 049" 0507 053" 0.0l
BY " Rph -0.42°
P 006 042 007 019 044 049” 052" 0.0l
Rg '0'39* ok ok ok ok ok
Gy 008 0.62° 0.3 0.15  0.60™ 049" 046 -0.09 0.88
Rph 035 008 0547 01 014 054" 048" 0467 009 087"

DH: days to heading, PH: plant height, NT/P: number of tillers/plant, SD: stem diameter, SL:
spike length, NS/S: number of spikelets/spike, NG/S: number of grains/spike, GW: grain
weight/spike, TGW: 1000-grain weight, GY: grain yield (kg/fad), BY: biological yield
(kg/fad).

Path analysis in connection with correlation is essential to assess the
real contribution of each individual character toward the grain yield and
confirm selection of the best that not completely reached by simple
correlation alone. The results referring to path analysis in tables (7-9)
assigned that except the traits of plant height, grain weight/spike and days to
heading in F5; the last-mentioned trait beside number of grains/spike and
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1000 grain weight in F6 and the last referred character in F6 with days to
heading and grain weight in F7 generation, all other studied characters
exhibited positive direct effect on grain yield for all genotypes in all
generations under investigation. Whereas the highest direct positive one
induced by biological yield and number of tillers/plant in all generations;
number of grains/spike, grain weight/spike as well as number of
spikelets/spike in the F5, F6 and F7 generations, respectively. In the
meantime, positive and highly significant correlations that obtained before
for these characters with grain yield in all generations confirm that direct
selection of these traits would be effective for having high yielding in the
advanced generations under salinity. Likewise, the highest indirect effect on
the grain yield was observed for grain weight (0.23), number of
spikelets/spike (0.19) through number of grains/spike as well as number of
tillers/plant (0.18) and number of grains/spike (0.15) with the biological
yield in F5. However, as for F6 the grain weight/spike was 0.32 and the
number of tillers/plant (0.26) via the biological yield; while grain
weight/spike (0.38) and number of grains/spike (0.85) induced the same
indirect effect in F7 generation by the biological yield also. Likewise,
Eshghi et al. (2011), Mohtashami (2015), Tofiq et al. (2015 and 2016),
Amardeep et al. (2017), Sunil et al. (2017), Malik et al. (2018), Matin et al.
(2019) and Yadav et al. (2019) obtained similar results.

Table (7). Direct (diagonal) and indirect effect of important yield
contributing traits on grain yield in generation F5

Trait DH PH NT NS NG GW TGW gy  Correlation
with GY

DH 0.09 0002 -0.07  -0.01 -0.06 0.004 -0.01 -0.05 0.25
PH 001 -0.027 006  -0.02  -0.02 0.000 0.02 0.01 -0.04
NT 002  -0.006 029  0.03 0.11 -0.005 -0.02 0.08 0.47
NS 0.01 0.005  0.07 0.12 0.19 0.009  -0.01 0.07 0.41
NG 0.02 0.002 0.0 0.8 0.32 0012  -0.01 0.08 0.51
GW 0.02 0.000  0.09 0.07 0.23 -0.016 0.01 0.08 0.43

TGW 002  -0012 -001  -0.03  -007  -0.002 0.04 -0.01 -0.06
BY 003  -0.002  0.I8 0.05 0.15 -0.008 0.00 0.43 0.83

DH: days to heading, PH: plant height, NT/P: number of tillers/plant, NS/S: number of
spikelets/spike, NG/S: number of grains/spike, GW: grain weight/spike, TGW: 1000-grain
weight, BY: biological yield and GY: grain yield.
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Table (8). Direct (diagonal) and indirect effect of important yield
contributing traits on grain yield in generation F6.

Trait DH PH NIP NS/S NG/S GW TGw By  Correlation
with GY
DH -0.06 -0.02 -0.04 -0.01 0.05 -0.10 0.011 -0.22 -0.40
PH 0.01 0.12 0.02 0.01 -0.02 0.02 -0.003 0.19 0.34
NT/P 0.01 0.01 0.27 0.06 -0.08 0.14 0.001 0.26 0.66
NS/S 0.01 0.00 0.08 0.19 -0.11 0.12 0.006 0.24 0.53
NG/S 0.01 0.01 0.10 0.09 -0.22 0.20 0.002 0.24 0.43
GW 0.03 0.01 0.14 0.08 -0.17 0.26 -0.009 0.32 0.66
TGW 0.02 0.01 -0.01 -0.03 0.01 0.05 -0.043 -0.01 0.01
BY 0.03 0.05 0.14 0.09 -0.11 0.16 0.001 0.51 0.86
DH: days to heading, PH: plant height, NT/P: number of tillers/plant, NS/S: number of
spikelets/spike, NG/S: number of grains/spike, GW: grain weight/spike, TGW: 1000-grain
weight, BY: biological yield and GY: grain yield.
Table (9). Direct (diagonal) and indirect effect of important yield
contributing traits on grain yield in generation F7.
Trait DH PH  NIP NS/S NG/S GW  TGw By  Correlation
with GY
DH -0.05  0.001 -0.02 -0.01 -0.004 0.03 0.033 -0.33 -0.35
PH -0.02  0.027 -0.03 -0.05 -0.005 0.02 -0.002 -0.04 -0.08
NT/P  0.01  -0.003 0.19 0.06 0.005 -0.02 0.006 0.30 0.54
NS/S 0.01  -0.008 0.06 0.18 0.008 -0.03 0.010 0.32 0.54
NG/S 0.01 -0.009 0.06 0.10 0.015 -0.06 0.001 0.35 0.48
GW 0.02  -0.009 0.06 0.08 0.012 -0.07 -0.013 0.38 0.46
TGW  0.03 0.001 -0.02 -0.03 -0.001 -0.02 -0.056 0.01 -0.09
BY 0.03  -0.002 0.08 0.08 0.008 -0.04 -0.001 0.72 0.87

DH: days to heading, PH: plant height, NT/P: number of tillers/plant, NS/S: number of
spikelets/spike, NG/S: number of grains/spike, GW: grain weight/spike, TGW: 1000-grain
weight, BY: biological yield and GY: grain yield.

Moreover, principal components (PCs) were computed for
determining the interrelationship among agronomic traits over the three
generations (Fig. 2). The first two principal components (PC1 and PC2)
displayed most of variance 84.25% (72.87 and 11.38 % for PC1 and PC2,
respectively). Therefore they were used in the biplot. The traits are
represented by parallel or closely vectors that indicate a strong positive
association, while the vectors approximately close (at 180°) display a very
negative association. Besides, the vectors toward sides had expressed slight
association. The results of PC-biplot displayed that number of tillers/plant,
number of spikelets/spike, number of grains/spike, grain weight/spike, spike
length and biological yield had a strong and consistent positive association
with grain yield. These findings align with the results of genotypic and
phenotypic correlations as well as path analysis indicate the importance of
these traits in selection under salinity stress environments. Correspondingly,
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El-Hendawy et al. (2017) and Mansour et al. (2020) demonstrated similar
association of the aforementioned traits with grain yield under salinity stress.

DH sSD E

3.64%

pPC2=

GWS

PH

iTGW

i
|
25 0.0 25

PC1=92.51%

Fig. (2). Biplot of agronomic traits for fifty-two barley genotypes under
salinity conditions. DH is days to heading, PH is plant height,
NTP is number of tillers/plant, SD is stem diameter, SL is spike
length, NSS is number of spikelets/spike, NGS is number of
grains/spike, GWS grain weight/spike, TGW is 1000-grain weight,
GY is grain yield (kg/fad), BY is biological yield (kg/fad).

From our findings it could be concluded that the characters of
number of tillers/plant, number of grains/spike, grain weight/spike, number
of spikelets/spike, biological yield and grain yield possessed true
associations among each other and this indicates the usefulness of them in
direct and indirect selections for development of high yielding genotypes in
the progressive generations.
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