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Abstract /l

The subject of the current study was to assess the stress indices with the

aim to identify the salt tolerant genotypes, in addition to recognize the

selection criterion for salinity tolerance. A set of fourteen barley genotypes Article History
were screened under two environments as non-stress (Normal) and Received: 27 April 2024
stress (Salinity) conditions. The experimental material was evaluated in Accepted: 05 June 2024
Randomized Block Design during 2021-22 at Research Area of Department

of Genetics and Plant Breeding, CCS Haryana Agricultural University, Hisar. g:rllg’;_ords

The genotypes namely RD 2794, BH 19-49, BH 946 and BH 19-52 were Cluster Analysis;
identified salt tolerant based on average rank of SSI of different traits. Further, Correlation;

results based on overall rank of stress indices employed on grain yield, Heat Tolerance;

BH 19-13, BH 20-40, BH 393, BH 19-15, BH 20-02 and BH 946 were found | <" Stress Indices.

most promising exhibiting tolerant to salinity. Correlation analysis discerned
significant negative association of grain yield (Ys) with SSI, TOL, SSPI, RSI
and RED and significant positive correlation with the indices viz., STI, Y1, YSI,
MP, GMP, HM and MRP. These indices, therefore, could be considered as
the best selection criteria for salinity breeding. PCA indicated first principal
component (PC 1) as salt tolerant component based on strong correlation
with grain yield (Ys) and STI, YI, YSI, MP, GMP, HM, MRP indices under
stress condition. The genotypes of cluster | portrayed better performance
under salinity for grain yield (Ys) and SSI, TOL, SSPI, RSI, RED, Y, YSI, and
MRP. The genotypes from this cluster could be utilized for salinity tolerance
as elite breeding material.

Introduction the world’s earliest domesticated crop species,?
Barley (Hordeum vulgare L.) is a prominent cereal  exhibiting wide adaptation to diverse environmental
grain also known as a halophyte." It is among conditions.® Barley is mainly used to feed the
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livestock and also serves as a good source of food
and human drink.* It is commonly used as a model
crop to decipher the mechanisms related to salinity
tolerance in cereals due to its simpler genome.®
The area and production of barley is less and less
every year because of its decreasing priority among
the cereals and thereby its cultivation on marginal
lands i.e. drought and saline conditions.® Though
barley is a salinity tolerant cereal crop where, six-row
type barley has an edge for salt tolerance over the
two-row types. Similarly, hull-less and winter type
barley showed high salinity tolerance compared
to hulled and spring types, respectively.” This nutri
cereal holds fourth position in terms of harvested
area (46.90 million hectares) and global production
(142.64 million tonnes) during 2022-23% however;
it ranks first in terms of its cultivation in a variety
of climates.® In India, barley was registered with
an output of 1.69 million tonnes during 2022-23
from 0.62 million hectare with average national
productivity of 27.33 g/ha. It is being frequently
used to predict the crop response to climate change,
worldwide. "

Abiotic stresses are able to upset growth and
performance of crops. Salinity stress is perhaps
the most challenging abiotic stress worldwide,
approximately affecting 20% of the world’s total
cultivated area and consequenting about 20% yield
losses." It is well documented that approximately
32 mha of dry lands and 60 mha of irrigated lands
are affected by human controlled soil salinization.?
Salt accumulation in the soil annually converts
approximately 1.5 mha of arable land to non-arable
land as a consequence of heavy application of
chemical fertilizers, continuous use of brackish water
for irrigation, intensive farming systems, as well as
abrupt climatic changes. Hence, it is apprehended
that the soil salinity will account for 50% of the world’s
agricultural land by 2050."

Salt stress generally affects the plant growth by
osmotic stress, ionic toxicity and a reduced ability
to take up essential minerals.'? These phenomena
interrupt various metabolic processes including
the inactivation of certain enzymes.™ For salinity
tolerance improvement in plants, ion and osmotic
homeostasis includes several ion transporters
responsible for allocation of toxic ions at cellular
and organ levels which play a significant role under
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stress conditions.® Salinity decreases the availability
of water to plants and also affects the processes
that determine the yield in different genotypes.®
In barley, grain size and carbohydrate content
reduction was also reported under salinity while
protein increased.* Moreover, salinity significantly
reduces photosynthetic activities, transpiration as
well as stomatal conductance.’” Whether plant
responds to salinity either by escape or tolerance,
it is vital to understand physiological, biochemical,
and molecular mechanism of salt tolerance for the
identification and introgression of related genes
to make the crop more resilient towards salinity
stress.'® Barley can be a major source of genes for
stress tolerance because of its high diversity and
adaptability.'®

Barley seems to show higher sensitivity during
the early growth stages, consequently barley
genotypes should also be assessed for salt tolerance
at germination and seedling growth stages in
the fast-tracking tolerance breeding programs.®
Landraces often showed adaptation to the stressful
environments, be included in barley pre-breeding
programs invariably as recipient rather than as donor
parents for improving the yield potential and grain
nutritional quality without altering their adaptation for
sustaining the global food and nutritional security.
In the present scenario of climate change and
genetic erosion, the exploitation of genetic diversity
existing in the wild subspecies of Hordeum
spontaneum is highly desirable for barley salinity
tolerance.?° Moreover, marker-assisted and omics-
based biotechnological tools facilitate barley
breeders to transfer gene(s)/QTLs from landraces/
wild species to elite cultivars while curtailing linkage
drag like problems.”

The identification and utilization of salt tolerant
genotypes is quite essential for exploiting the
saline soils. Therefore, the appliance of appropriate
criteria is vital for selection of genotypes.?' Several
selection indices have been proposed,?? that may
be selected by researchers based on nature and
severity of stress in the targeted environment16
and if utilized under real field condition, would be
more advantageous. Such indices are the indicator
of crop plant behavior under stress by reflecting
crop yield under stress and non-stress conditions.*
Consequently, this research work aimed at to assess
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the response of 14 genotypes to salinity stress using
a set of twelve stress indices including SSI, TOL, STI,
SSPI, Y1, YSI, RSI, MP, GMP, HM, MRP and RED
intended to develop salt tolerant varieties.

Materials and Methods

An experiment was executed in Randomized Block
Design during crop season 2021-22 with a set
of fourteen barley genotypes at Research Area
of the Department of Genetics and Plant Breeding,
Chaudhary Charan Singh Haryana Agricultural
University, Hisar (latitude 29°10'N, longitude
75°46'E and altitude 215.2 m). The experimental
material comprised of both two (6) and six (8) row
types and was evaluated under two environmental
conditions i.e. non-stress (Optimal/Normal) and
stress conditions (Salinity stress). Under non-
stress, each genotype occupied a plot size of 6.21
m? with four replications and date of sowing was
15" November, 2021. However for stress condition,
each genotype was sown on 23 November, 2021
on a plot size of 6.9 m? with three replications

under natural soil salinity patch having sandy loam
texture with pH 8.3 and Ec 4 dsm™'. The package of
practices recommended for both environments were
accordingly followed to raise the crop.

The traits viz., days to heading, days to maturity,
plant height (cm), number of effective tillers per
meter, spike length (cm), number of grains per spike,
1000-grain weight (g), biological yield (g/ha), harvest
index (%), and grain yield (g/ha) were studied
under both stress and non-stressed environments.
The biological and grain yield were recorded on plot
basis and converted in quintals per hectare (g/ha).
The different stress indices used in the present
study for salt tolerance are given in Table 1. The
recorded data was subjected to statistical analysis
using Microsoft Excel for calculation of stress
indices. R studio version 2023.12.1.402 was used
for correlation coefficient and cluster analysis. SPSS
Statistics version 27 was exploited for Principal
Component Analysis (PCA) and to draw the biplot
diagram.

Table 1: Stress indices used in the study

Sr. Stress indices Abbreviations References

No.

1 Stress susceptibility index SSlI Fischer and Maurer (1978)

2 Stress tolerance TOL Rosielle and Hamblin (1981)%*

3 Stress tolerance index STI Fernandez (1992)%

4 Stress susceptibility percentage index SSPI Moosavi et al. (2008)%

5 Yield index Yl Gavuzzi et al. (1997)%

6 Yield susceptibility index YSI Bouslama and Schapaugh (1984)%
7 Relative stress index RSI Fischer and Wood (1979)?°

8 Mean productivity MP Rosielle and Hamblin (1981)%*

9 Geometric mean productivity GMP Fernandez (1992)%

10 Harmonic mean HM Bidinger et al. (1987)%°

11 Mean relative performance MRP Ramirez and Kelly (1998)*

12 Reduction RED Farshadfar and Javadinia (2011)3?

Results and Discussion

The performance of genotypes for different traits
is presented in Table 2. The results revealed
differences in the performance of genotypes under
both conditions. The genotypes BH 20-38, BH
19-44 and BH 19-52 were found with maximum
grain yield and high harvest index under normal

condition. Similarly the genotypes viz., BH 946 and
BH 20-40 exhibited highest biological yield. Among
the genotypes, BH 19-02 and DWRB 91 were
found early maturing. BH 20-09 was recorded with
minimum plant height alongwith highest number of
effective tillers per meter. The genotype BH 20-36
among two rowed and BH 19-44 among six rowed
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showed longest spike length with highest number of
grains per spike. Likewise, BH 20-02 and BH 20-36
revealed highest 1000-grain weight under normal
environment. Under salinity condition, BH 19-15
and BH 946 gave highest grain as well as biological
yield. Highest harvest index and 1000-grain weight

589

were recorded for BH 20-02 and BH 19-02. Highest
number of effective tillers were found in BH 19-13
followed by DWRB 91. Similarly, genotype BH 20-38
among two rowed and BH 19-44 among six rowed
showed longest spikes and high number of grains
per spike.

Table 2: Performance of barley genotypes for different traits under non-stress and stress conditions

Sr. Genotypes RT E DH DM PH ETM SL GPS TGW BY HI GY
No.
1 BH19-15 6 NS 87 135 114 115 77 62 40.1 126.01 32.82 41.36
S 82 123 105 90 6.1 54 33.1 11159 25.16 28.07
2 BH19-52 6 NS 90 133 118 174 6.8 60 37.2 12440 34.15 4248
S 85 126 113 87 6.5 58 29.9 90.34 22.89 20.68
3 BH19-49 6 NS 90 137 114 172 74 64 344 130.84 28.06 36.71
S 84 126 108 108 7.0 60 31.8 9130 2524 23.04
4  BH20-38 2 NS 90 134 105 155 81 27 39.7 134.46 34.64 46.58
S 82 124 91 88 71 25 347 84.06 23.97 20.14
5 BH 19-02 2 NS 90 132 102 178 6.3 27 43.4 119.56 31.52 37.68
S 83 121 95 96 52 24 40.1 69.57 29.03 20.19
6 BH20-40 6 NS 88 135 116 93 75 71 40.7 136.88 26.56 36.35
S 80 127 86 72 6.0 58 30.2 5459 24.07 13.14
7 BH20-09 2 NS 91 138 91 194 72 27 459 133.65 28.13 37.60
S 81 128 81 122 6.0 26 38.2 7826 19.69 15.41
8 BH19-44 6 NS 90 134 119 130 83 76 39.8 125.60 33.86 42.53
S 78 127 107 94 7.0 62 33,5 90.34 22.89 20.68
9 BH19-13 6 NS 89 136 102 154 6.3 58 343 12717 31.71 40.33
S 84 127 96 134 6.0 44 29.9 75.85 18.79 14.25
10 DWRB 91 2 NS 90 132 95 148 8.0 28 441 12432 26.60 33.07
S 81 120 90 130 7.0 24 38.2 5556 24.78 13.77
11 BH 946 6 NS 90 133 116 119 7.3 68 39.7 146.94 27.43 40.31
S 86 125 103 83 6.5 62 322 106.28 25.05 26.62
12 BH 20-02 2 NS 96 137 101 155 82 28 49.2 130.67 28.13 36.76
S 91 125 99 96 7.0 24 448 7729 2569 19.86
13 RD 2794 6 NS 91 133 112 114 71 62 33.5 12533 25.88 32.44
S 85 127 100 96 6.5 60 31.0 7488 24.06 18.02
14 BH 20-36 2 NS 91 134 98 106 8.2 29 48.7 12279 26.18 32.14
S 81 126 90 112 71 24 38.2 83.09 24.01 19.95
Mean NS 90.2 134.5 1074 1433 7.5 490 408 1292 29.7 383
S 83.1 125.1 974 100.6 6.5 432 347 816 24.0 19.6
Max. NS 96 138 119 194 83 76 49.2 146.94 34.64 46.58
S 91 128 113 134 71 62 448 11159 29.03 28.07
Min. NS 87 132 91 93 6.3 27 33,5 119.56 25.88 32.14
S 78 120 81 72 52 24 29.9 5459 18.79 13.14

RT: Row type, E: Environment/condition, NS: Non-stress, S: Stress, DH: Days to heading, DM: Days to
maturity, PH: Plant height, ETM: Number of effective tillers per meter, SL: Spike length, GPS: Number of
grains per spike, TGW: 1000-grain weight, BY: Biological yield, HI: Harvest index, GY: Grain yield
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In order to examine the salt tolerance of genotypes
exploiting all the studied traits, SSI was calculated
and presented in Table 3.The grain yield recorded
under non-stress and stress conditions are indicated
as Yp and Ys, respectively. The genotypes BH 20-
38 and BH 19-15 were found with maximum (46.58
and 28.07 g/ha) while, BH 20-36 and BH 20-40
were recorded with minimum (32.14 and 13.14 q/
ha) grain yield under normal and stress conditions,
respectively. The results also displayed the reduction
in mean grain yield by 48.94 percent under stress
condition as compared with non-stress indicating the
severe impact of salinity on grain yield of genotypes.

590

Significant decrease in the growth of barley plant
due to salinity stress was also cited by Pour-
Aboughadareh et al. (2021).3 Higher SSI values
represent the susceptibility of genotypes to salinity
and vice versa.? Based on SSl values of traits, the
genotypes were ranked and the genotypes, RD
2794, BH 19-49, BH 946 and BH 19-52 were found
salt tolerant among fourteen genotypes screened.
Though these genotypes exhibited salt tolerance
but RD 2794 being a check variety showed low yield
potential, hence grain yield should be considered
while selecting promising genotypes.

Table 3: Grain yield and stress susceptibility index (SSI) of barley genotypes for different traits

S.No Genotypes Yp Ys DH DM PH ETM SL GPS TGW BY HI GY R
1 BH 19-15 41.36 28.07 0.73 128 0.88 0.72 1.62 1.09 1.17 0.31 1.21 0.66 14
2 BH 19-52 42.48 20.68 0.11 0.11 0.09 1.02 0.08 0.07 040 0.56 0.67 1.05 4
3 BH 19-49 36.71 23.04 0.14 0.16 0.11 0.76 0.11 0.12 0.15 0.62 0.21 0.76 2
4 BH 20-38 46.58 20.14 0.18 0.15 0.27 0.88 0.26 0.17 0.26 0.77 0.63 1.16 11
5 BH 19-02 37.68 20.19 0.16 0.17 0.14 094 0.36 023 0.16 0.86 0.16 0.95 9
6 BH20-40 36.35 13.14 0.19 0.12 0.53 046 042 039 053 123 0.19 131 13
7 BH20-09 37.60 15.41 0.22 0.15 0.22 0.76 0.34 0.03 034 0.85 0.61 1.21 12
8 BH 19-44 4253 20.68 0.27 0.11 0.21 0.57 0.32 0.37 032 0.57 0.66 1.05 10
9 BH 19-13 40.33 14.25 0.11 0.14 0.13 0.27 0.10 049 026 0.83 0.83 1.32 8
10 DWRB 91 33.07 13.77 0.20 0.19 0.11 0.25 0.26 029 027 1.13 0.14 119 7
11 BH 946 40.31 26.62 0.09 0.12 0.23 0.62 0.22 0.18 0.39 0.57 0.18 0.69 3
12 BH20-02 36.76 19.86 0.11 0.18 0.03 0.77 0.30 0.29 0.18 0.84 0.18 0.94 5
13 RD 2794  32.44 18.02 0.13 0.09 0.22 0.32 0.17 0.07 0.15 0.82 0.14 0.91 1
14 BH20-36 32.14 19.95 0.22 0.12 0.16 -0.12 0.27 0.33 044 0.66 0.17 0.78 5
Mean 38.31 1956 0.21 0.22 0.24 0.59 0.34 029 0.36 0.76 043 1.00
Max. 46.58 28.07 0.73 1.28 0.88 1.02 162 1.09 117 123 121 1.32
Min. 32.14 13.14 0.09 0.09 0.03 -0.12 0.08 0.03 0.15 0.31 0.14 0.66

Yp: Grain yield (g/ha) under non-stress condition, Ys: Grain yield (q/ha) under stress condition,
DH: Days to heading, DM: Days to maturity, PH: Plant height, ETM: Number of effective tillers per meter,
SL: Spike length, GPS: Number of grains per spike, TGW: 1000-grain weight, BY: Biological yield,

HI: Harvest index, R: Overall rank

The efficient salt screening techniques in barley are
still lacking. Hence, a set of twelve stress indices
calculated using grain yield were employed in order
to select the tolerant genotypes. Among the stress
indices exploited, the higher estimates of SSI,
TOL, SSPI, RSI, and RED reflected susceptibility
of genotypes to salt, however, higher STI, YI, YSI,
MP, GMP, HM and MRP estimates indicated salt
tolerance. All the genotypes were further ranked
considering all the indices simultaneously, indicated

as overall rank (Table 4). The most promising
genotypes tolerant to salinity thus identified included
BH 19-15, BH 946, BH 19-49, BH 20-36 and BH
19-52 among the entries evaluated. Mariey et al.
(2022)* in a study illustrated MP, HM and STI as
more effective indices for detection of high yielding
genotypes. Various researchers also applied
different stress indices in barley for sorting the salt
tolerant genotypes* 163
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Table 4: Stress indices of barley genotypes

S.No Genotypes SSI TOL STI SSPI YI YSI RSI MP GMP HM MRP RED R
1 BH19-15 0.66 13.29 0.79 17.34 1.44 0.68 2.89 34.72 34.08 33.45 1.33 0.32 1
2 BH 19-52 1.056 21.81 0.60 28.46 1.06 0.49 4.02 31.58 29.64 27.82 0.95 0.51 5
3 BH19-49 0.76 13.67 0.58 17.84 1.18 0.63 3.12 29.88 29.09 28.32 1.23 0.37 3
4 BH20-38 1.16 26.44 0.64 34.50 1.03 0.43 4.53 33.36 30.63 28.13 0.85 0.57 10
5 BH 19-02 0.95 17.49 0.52 2282 1.03 0.54 3.66 28.94 27.58 26.30 1.05 0.46 5
6 BH20-40 1.31 23.21 0.33 30.29 0.67 0.36 542 24.75 21.86 19.30 0.71 0.64 14
7 BH20-09 1.21 2219 0.39 28.96 0.79 0.41 4.78 26.51 24.07 21.86 0.80 0.59 11
8 BH 19-44 1.05 21.86 0.60 28.52 1.06 0.49 4.03 31.60 29.65 27.83 0.95 0.51 8
9 BH19-13 1.32 26.08 0.39 34.04 0.73 0.35 5.54 27.29 23.97 21.06 0.69 0.65 13
10 DWRB91 1.19 1930 0.31 2519 0.70 0.42 4.70 23.42 21.34 19.44 0.82 0.58 12
11 BH 946 0.69 1369 0.73 17.87 1.36 0.66 2.97 33.46 32.76 32.06 1.29 0.34 2
12 BH20-02 0.94 16.90 0.50 22.06 1.02 0.54 3.63 28.31 27.02 25.78 1.06 0.46 5
13 RD 2794 091 1442 040 18.820.92 0.56 3.53 25.23 24.18 23.17 1.09 0.44 9
14 BH?20-36 0.78 12.19 0.44 15911.02 0.62 3.16 26.05 25.32 24.62 1.22 0.38 4
Mean 1.00 18.75 0.51 24.47 1.00 0.51 4.00 28.93 27.23 25.65 1.00 0.49
Max. 1.32 26.44 0.79 34.50 1.44 0.68 554 34.72 34.08 33.45 1.33 0.65
Min. 0.66 1219 0.31 15.910.67 0.35 2.89 2342 21.34 19.30 0.69 0.32

SSI: Stress susceptibility index, TOL:

Stress tolerance, STI: Stress tolerance index, SSPI: Stress

susceptibility percentage index, YI: Yield index, YSI: Yield stability index, RSI: Relative stress index,
MP: Mean productivity, GMP: Geometric mean productivity, HM: Harmonic mean, MRP: Mean relative

performance, RED: Reduction, R: Overall rank

Further, correlation coefficient analysis was
performed among stress indices including grain yield
(Y, and Y ) and findings are illustrated in Table 5.
Grain yield (Ys) showed negative association with
SSI, TOL, SSPI, RSI and RED and significant
positive correlation with the indices viz., STI, YI,
YSI, MP, GMP, HM and MRP, signifying importance
of these indices for salt tolerance under stress.
Hence, lower SSI, TOL, SSPI, RSI and RED, and
higher STI, Y1, YSI, MP, GMP, HM and MRP could be
regarded as the best selection indicators for salinity
breeding. The negative correlation of SSI with grain
yield under stress condition was also substantiated
by Bhagat et al. (2023).3¢ Likewise, among the
stress indices, significant positive associations were
observed for SSI with TOL, SSPI, RSI and RED;
TOL with SSPI, RSI and RED; STI with YI, YSI,
MP, HM, GMP and MRP; SSPI with RSI and RED;
YI with YSI, MP, HM, GMP and MRP; YSI with HM,
GMP and MRP; RSI with RED; and MP and GMP
with HM; HM with MRP. The results also revealed
significant negative associations of SSI with STI,
YI, YSI, HM, GMP and MRP; TOL and SSPI with

Y1, YSI and MRP; STI with RSI and RED; YI and
YSI with RSI and RED; and RSI and RED with
MRP, GMP and HM. These results corroborate the
association among two or more variables with the
findings of Nazari and Pakniyat (2010),%” Taherian
et al. (2017),"® Mariey et al. (2019),*® Sally et al.
(2019)*® and Ghomi et al. (2023).°

Principal Component Analysis (PCA) represents the
association between all traits at once with reduced
number of variables that contribute to the maximum
percentage of total variation, is better criterion
over correlation coefficient for assorting promising
genotypes in different environments.*® PCA based on
grain yield and stress indices as depicted in Table 6
revealed that the first two components with eigen
value > 1.00 accounted for about 99.62 percent of
the total variation present in the studied genotypes.
The results are in line with observation of Nazari and
Pakniyat (2010)37 and Ghomi et al. (2023),° they
explained 97.9 and 99.2 percent of variation by first
two PCs, respectively. Javed et al. (2022)° based
on principal component analysis explained 53% of
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HM and MRP. Similarly, second PC explained 25.37
percent of the total variability and exhibited strong
correlation with SSI, TOL, SSPI, RSI, RED and YP
therefore, considered as salt susceptible component.
Thus, the selection of genotypes with high PC 1

the total variability by first two components and also

identified high salt tolerant genotypes. The first PC
accounted for 74.25 percent of the total variance,

regarded as salt tolerant component as it showed

strong association with Ys, STI, Y1, YSI, MP, GMP,
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and low PC 2 are suitable for both environments.  both stress and non-stress conditions. Similar kind of
Consequently, genotypes BH 19-15, BH 946, BH  approach was also used by Dorostkar et al. (2015)*°
19-49, BH 20-36 were found with high PC1 and low  to classify the components.

PC2 therefore, regarded as superior genotypes for

Table 6: Principal component analysis based on grain yield and
stress indices in barley genotypes

Components PC1 PC 2
Eigen value 10.395 3.551
Proportion of total variation (%) 74.251 25.367
Cumulative percentage of variance 74.251 99.618
Yp 0.166 0.986
Ys 0.977 0.207
SSI -0.96 0.278
TOL -0.75 0.659
STI 0.846 0.53
SSPI -0.75 0.658
Yl 0.977 0.21
YSI 0.958 -0.286
RSI -0.946 0.276
MP 0.707 0.707
GMP 0.844 0.536
HM 0.917 0.397
MRP 0.957 -0.287
RED -0.958 0.286
PCA - Biplot
Yp
4= -
BH 20-38

Dim2 (25.4%)

DWRB 91
.

' BH20-35
3 0 3 &
Dim1 (74.3%)

Fig. 1: Biplot based on PCA showing correlation among stress indices

In the biplot analysis, when the angle between their  (obtuse) degrees that showed negative correlation
vectors is < 90 (acute) degrees indicated the positive =~ among indices.*' First two components were used
association of indices and when the angle is > 90  to construct biplot (Fig. 1) for comparing relationship
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between genotypes and stress indices. The biplot
displayed positive associations of Ys with STI,
YI, YSI, MP, GMP, HM and MRP, while negatively
correlated with SSI, TOL, SSPI, RSI and RED as
indicated by the acute and obtuse angles between
their vectors, respectively. Likewise, STI, Y1, YSI, MP,
GMP, HM and MRP exhibited negative correlation
with SSI, TOL, SSPI, RSI and RED and positively
associated among themselves.

The cluster analysis was also performed based on
stress indices that classified all the genotypes into
three distinct clusters and the findings are illustrated
in Table 7 with genetic distances between clusters.
The clustering pattern identified cluster | as largest
one with seven genotypes, whereas, cluster |l being
smallest contained three genotypes. The estimates
of various stress indices were also used by Lamba
et al. (2023)* for clustering of genotypes evaluated
under stress condition. Several other genetic studies
for classification of genotypes into different tolerance
categories have also been conducted in barley
using stress indices.5® The association among the
studied genotypes is presented in Fig. 2 in the form
of dendrogram displaying the genetic divergence
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of genotypes. The genetic distances (intra and inter-
cluster) were also calculated (Table 7), indicating
the magnitude of genetic diversity among the
genotypes. The results revealed maximum intra-
cluster distance for cluster |, implies the genotypes
with relatively more diversity compared to genotypes
belonging to other clusters. The results in addition
also revealed that cluster | placed most distantly from
cluster Il as deciphered by maximum inter-cluster
distance among all cluster combinations. The cluster
analysis of 326 genotypes constituted two distinct
classes in relation to stress tolerance in barley, also
substantiated by Abou-Elwafa and Amein (2016).4
The average performance of genotypes in relation
to grain yield (Yp and Ys) and stress indices under
study is portrayed in Table 8. The observations
indicated cluster | with minimum SSI, TOL, SSPI,
RSI, and RED, and higher YI, YSI, MRP and Ys.
Similarly, cluster Il characterized by higher STI, MP,
GMP, HM and Yp. Hence, genotypes from cluster |
and Il be considered as promising for stress and
non-stress conditions, respectively. They may be
utilized for furtherance of genetic gain in yield and
other traits while stepping up barley breeding in
stress and normal growing situations.

Dendrogram using Ward Linkage

led Dist

Cluster C

o} s 10 15 20 25
1 1 | 1 1
BH 19-52 2 J
BH 19-44 8
BH 20-38 4
BH 20-40 i} —|
BH 20-09 7 J
BH1913 g
DwRBO1 10
-
BH19-15 1

BH 9486 11

RD 2794 13

BH 20-36 14

BH 1902 5

BH20-02 12

| | |

BH19-49 3

Fig. 2: Dendrogram portraying clustering pattern of barley genotypes
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Table 7: Clustering of barley genotypes based on stress indices and genetic distances
Cluster Members Number of Clusters Cluster Distances
Genotypes
Cluster | Cluster Il Cluster lll
BH 19-15, BH 19-49, BH 19-02, BH 946, 7 Cluster | 21.88 29.21 31.17
BH 20-02, RD 2794, BH 20-36
BH 19-52, BH 20-38, BH 19-44 3 Cluster Il  29.21 8.92 24.93
BH 20-40, BH 20-09, BH 19-13, DWRB 91 4 Cluster Il 31.17 24.93 14.23
Table 8: Performance of clusters for grain yield of genotypes and stress indices
Yp Ys SSI TOL STI SSPI YI YSI RSI MP GMP HM MRP RED

Cluster|  36.77 22.25 0.81 14.52 0.56 18.95 1.14 0.60 3.28 29.51 28.57 27.67 1.18 0.40
Cluster Il 43.87 20.50 1.09 23.37 0.61 30.50 1.05 0.47 4.19 32.18 29.98 27.92 0.92 0.53
Cluster Il 36.84 14.14 1.26 22.70 0.36 29.62 0.72 0.39 5.11 25.49 22.81 20.42 0.75 0.61
Conclusion Acknowledgement

From current study, it could be concluded that stress
indices used were recognized as imperative for
identifying cultivars with high tolerance to salinity.
Based on average rank of SSI of different traits,
the genotypes, RD 2794, BH 19-49, BH 946 and
BH 19-52 were found salt tolerant among fourteen
genotypes screened. However, results based on
overall rank of stress indices employed on grain
yield illustrated the genotypes, BH 19-13, BH 20-40,
BH 393, BH 19-15, BH 20-02 and BH 946 as elite
breeding material for resisting stress conditions.
Grain yield (Ys) showed significant negative
association with SSI, TOL, SSPI, RSl and RED, and
significant positive correlation with the indices viz.,
STI, Y1, YSI, MP, GMP, HM and MRP, signifying
importance of these indices for salinity tolerance
under stress. The first PC accounted for 74.25
percent of the total variance and regarded as salt
tolerant component as it showed strong association
with grain yield (Y,) and STI, Y1, YSI, MP, GMP, HM,
MRP indices under salinity. The genotypes of cluster
| indicated minimum SSI, TOL, SSPI, RSI, RED and
higher Y1, YSI, MRP and Ys, consequently could be
utilized as elite donor for salinity tolerance breeding
in barley.
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