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Extended abstract

Introduction

The combination of the effects of drought stress and soil salinity causes a severe limitation in the
production of agricultural crops. Irrigation with saline water has caused the expansion of more saline
lands. Salt tolerant genotypes are very important in the development of agricultural systems suitable for
saline lands. Soil salinity through soil amendment and or the cultivation of tolerant crops can be
adjusted. Of course, soil amendment is a costly process and the cultivation of tolerant species and
varieties is the most practical solution in conditions where soil salinity is low. It is clear that the
genotypes show a significant difference in response to salinity stress. One of the ways to deal with salinity
is to select and find salinity-tolerant cultivars through the use of breeding methods. It is also possible to
select and modify salinity-tolerant species in some fodder plants of temperate regions. This research was
modified, with the aim of evaluation of selected barley genotypes from past years' experiments, under
salinity stress conditions and identification and introduction of tolerant genotypes and direct and
indirect use of them in breeding programs.

Materials and methods

In this experiment, the genotypes were evaluated during two crop years in the form of a rectangular
lattice design with three replications at the research station of South Khorasan Agriculture and Natural
Resources Research Center, Birjand. The experiment was conducted under normal conditions and salt
stress separately. In order to compare these genotypes with modified cultivars, six cultivated barley
cultivars, including two salinity-tolerant controls, including Mehr and Khatam cultivars and the semi-
sensitive Yusuf control, were also included in the experiments (Table 1). In addition to evaluating the
phenological traits of days to flowering and days to maturity, the traits of plant height, seed yield, and
1,000-seed weight were recorded. Stress indices including stress tolerance index (STI) were calculated
based on grain yield in barley genotypes.
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Results and discussion

The combined analysis of phenological, morphological and agronomic traits in the evaluated genotypes
in two cropping years and two normal conditions and salinity stress showed that the interaction effect
of year, salinity stress and genotype on the traits is significant. This showed that the reaction of
genotypes was different in different years and different salinity conditions, so the results in different
years were analyzed separately. In the salt research station in the first year of the experiment, genotypes
number 31 (TN4006), 30 (TN3947), 50 (TN5008) and 28 (TN3646) along with Yusuf, Nusrat and
Gohran cultivars, in terms of agronomic traits and stress indices were superior. While in the second year,
the top genotypes were genotypes No. 44 (TN4904), 25 (TN3477), 23 (TN3470) and 32 (TN4104) along
with Nimroz and Mehr cultivars.

Conclusion

The information related to the trend of temperature changes and rainfall in different months in Birjand
showed that the amount of rainfall was significantly higher in the first year of the experiment. In addition
to reducing the salinity of the soil by adjusting the temperature, it reduces the amount of evaporation
and transpiration and the intensity of the salinity stress. Therefore, it seems that the level of salinity
stress was milder in the first year and more intense in the second year, and this was also observed in the
stress intensity index. Based on this, the difference in the results in the two years of the experiment can
be justified, in other words, in the first year, tolerant genotypes were introduced in mild stress and in
the second year, tolerant genotypes were introduced in severe stress. Overall, these results showed that
climate changes in different years have a great impact on the response of genotypes to salinity stress.
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Table 1. genotypes selected for cultivation in salinity experiment and control cultivars
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Table 2. Combined analysis of traits evaluated in barley genotypes in two crop seasons and under salinity stress and

normal conditions
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Table 3 Mean Comparison of the traits evaluated in barley genotypes in two crop seasons

L BTY)
o ylouts g Days to ooy B 395 g el &ls 5 ySdos «l5,152 o559
Number Genotype flowering Days to maturity Plant hight (cm) Grain yield(g/m?) Kernel weight(g)

1 70233 132.52 170.63 69.18 193.10 36.1
2 70343 136.33 172.84 77.05 156.97 35.2
3 70344 135.12 171.08 72.70 156.81 37.6
4 18040 131.33 167.78 73.43 163.18 38

5 18042 132.91 169.38 76.74 161.82 38.6
6 18074 134.28 171.75 75.61 167.82 36.8
7 18396 134.92 170.58 67.56 154.96 37

8 18410 131.37 169.09 75.29 206.80 31.9
9 18414 131.87 167.67 74.06 144.97 32.1
10 18513 130.38 168.16 73.99 151.07 38

11 18514 130.21 168.34 72.44 145.54 39

12 18515 131.45 168.22 72.74 171.95 37.7
13 18517 130.68 167.47 71.78 154.06 34.4
14 18555 128.50 167.41 66.81 157.67 38

15 20019 130.89 168.62 65.28 144.82 36.6
16 20037 118.54 161.74 75.78 158.77 38.2
17 6135 131.04 169.09 75.17 213.61 33.6
18 20418 129.36 167.82 76.17 151.28 37.8
19 20966 123.75 164.89 81.04 186.63 30.5
20 70443 122.35 167.46 73.27 162.25 35.9
21 3454 120.29 162.20 72.02 161.81 39.6
22 3456 119.22 162.53 74.75 212.19 39.4
23 3470 128.53 167.81 81.27 222.05 329
24 3474 132.44 169.82 75.59 213.19 34.7
25 3477 130.30 167.15 84.48 191.85 31

26 3490 127.11 166.66 73.28 180.49 36.5
27 3643 122.31 165.39 82.42 228.87 38.7
28 3646 123.25 164.23 76.93 194.46 36.2
29 3748 130.75 166.55 75.96 200.56 35.6
30 3947 126.46 167.17 78.09 139.96 394
31 4006 118.53 162.68 78.52 192.80 36.1
32 4104 125.01 164.89 76.40 145.92 33

33 4247 12457 166.60 77.95 199.53 42.7
34 4332 125.24 167.39 76.75 188.38 39.1
35 4333 132.74 167.52 81.19 191.55 37.2
36 4337 121.17 164.45 78.80 217.75 39

37 4354 117.61 162.97 77.14 194.43 394
38 4357 119.95 163.53 81.10 203.21 414
39 4461 131.26 169.82 75.69 187.45 33

40 4596 135.77 171.97 73.51 170.93 37.3
41 4847 137.77 174.24 75.20 194.96 36.1
42 4891 140.60 175.99 75.75 154.45 31.8
43 4902 118.52 162.09 78.83 214.68 394
44 4904 117.72 162.43 75.75 187.02 33.7
45 4905 117.69 161.30 83.84 181.66 38.4
46 4910 116.85 161.06 80.46 175.87 37.9
47 4911 128.12 163.82 77.76 222.17 29.8
48 4923 115.62 160.48 73.00 223.36 29.5
49 4928 114.69 161.09 75.58 186.15 31.6
50 5008 127.47 165.89 94.69 269.90 41.7
51 Goharan 123.52 165.72 87.45 266.09 38.2
52 Khatam 119.23 164.88 78.90 213.02 40.2
53 Mehr 123.47 162.59 78.13 216.90 42.2
54 Nimroz 121.98 165.07 85.75 230.69 40.3
55 Nosrat 133.93 170.60 77.88 254.02 34.2
56 Yosef 135.62 171.25 76.04 265.09 36.4

LSD 0.82 0.68 1.40 10.27 0.71
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Table 4. Eigen values, relative variance and coefficients of four principle components in barley genotypes under normal
salt stress condition in 2019-2020 cropping season

) adao Y addgo Y adlgo ¥ adgo
Traits wlae Componentl Component2 Component3  Component 4
Days to flowering(N) (Jboy) 25U 39, 0.260 0.449 -0.145 -0.037
Days to maturity(N) (JLo @) oy G 39, 0.227 0.462 -0.108 -0.061
Plant hight(N) (Jloy) aigs glayl -0.201 0.192 -0.357 0.097
Grain yield(N) (Jloy) 4ils 8 ySlos -0.337 0.221 0.255 0.194
Kernel weight(N) (Jloys) ailsyl3 (439 -0.213 0.178 0.063 -0.553
Days to flowering(S) (wd) RNS U 39, 0.261 0.442 -0.127 -0.047
Days to maturity(S) () cydamw 3 G 39, 0.065 0.342 0.276 -0.147
Plant hight(S) () ai gy gl )yl -0.150 0.161 -0.486 0.317
Grain yield(S) () &ils & ySlos -0.272 -0.066 -0.422 -0.167
Kernel weight(S) () &ilo,l32 39 -0.222 0.018 0.034 -0.624
MP S Sdos (ko -0.380 0.139 0.006 0.074
TOL S Jos -0.180 0.263 0.508 0.295
GMP O Slos cwdid (5 Siilu -0.377 0.128 -0.026 0.054
STI o Jod 2L -0.377 0.130 -0.025 0.058
Eigenvalue 039 polie 6.23 2.48 1.59 1.45
Percent of Variance e il 5lg 44,566 17.727 11.397 10.42
Cumulative Percentage o5 il ylg 44,566 62.29 73.68 84.11
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Fig. 2. Bi-plot of first two principal components for characters and salt stress indices in cultivated barley genotypes in
2019-2020 cropping season (STI: stress tolerance index, GMP: geometric mean productivity, TOL:Tolerance, MP:
Mean productivity, GYn: normal grain yield, PHn: normal plant height, KWn: normal kernel weight, DFn: normal days
to flowering, DMn: normal days to maturity, GY's: stress grain yield, PHs: stress plant height, KWs: stress kernel weight,
DFs: stress days to flowering, DMs: stress days to maturity, PHs: stress plant height)



Olnl oo =5 o7 Bl i gi 10 ()90 LT a4 Jamxd (w0 10,502 5 (0] el

S99 Jloy byl ps jo (€155 92 Glrai 9 5o (ol allse Jlo (6l p L it cul b 9 (i il ylg 0319 polde B Jgus

WAV Fee )3 Jlo 5o

Table 5. Eigen values, relative variance and coefficients of four principle components in barley genotypes under normal

salt stress condition in 2020-2021 cropping season

PR Y ailje Y ailge ¥ ailjo
Traits wlao Component1  Component2 Component3  Component 4
Days to flowering(N) (Jboy) poE 39, 0.218 0.352 -0.055 0.225
Days to maturity(N) (Jboy) o, G 39, 0.146 0.360 -0.111 0.205
Plant hight(N) (Jboy) aigr glayyl -0.287 -0.048 0.144 0.021
Grain yield(N) (Jlo ) dils o ySlos -0.391 0.010 -0.052 0.393
Kernel weight(N) (JLo ) ailsyl3a 39 -0.053 -0.167 0.656 0.119
Days to flowering(S) () PS5, 0.246 0.382 0.068 0.206
Days to maturity(S) () oy U 39, 0.210 0.318 0.124 0.377
Plant hight(S) (o) g gl -0.256 -0.090 -0.137 -0.004
Grain yield(S) () ailo o JSlos -0.180 0.404 0.165 -0.408
Kernel weight(S) () ailo,l 3o (439 0.106 -0.083 0.655 0.112
MP 85 dos (uKileo -0.398 0.223 0.047 0.085
TOL o Jeas -0.236 -0.238 -0.148 0.597
GMP oo owiid (il -0.362 0.303 0.077 -0.067
STI o Jod a5l -0.362 0.299 0.059 -0.057
Eigenvalue 039 yolie 4.97 3.44 1.82 1.31
Percent of Variance i il 5l 3551 2459 13.01 937
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Fig. 3. Bi-plot of first two principal components for characters and salt stress indices in cultivated barley genotypes in
2020-2021 cropping season (STI: stress tolerance index, GMP: geometric mean productivity, TOL:Tolerance, MP:
Mean productivity, GYn: normal grain yield, PHn: normal plant height, KWn: normal kernel weight, DFn: normal days

to flowering, DMn: normal days to maturity, GY's: stress grain yield, PHs: stress plant height, KWs: stress kernel weight,
DFs: stress days to flowering, DMs: stress days to maturity, PHs: stress plant height)

&Ll
Ashraf, M., Waheed, A., 1990. Screening of
Identification of salt tolerant barley genotypes local/exotic accessions of lentil (Lens culinaris
for coastal region of Bangladesh. Bangladesh Medic) for salt tolerance at two growth stages.
Journal of  Botany, 36, 151-155. Plant and Soil. 128,167-176.
https://doi.org/10.3329/bjb.v36i2.1504 https://doi.org/10.1007/BF00011106

Ali, M. R., Uddin, M. Sh., Ara Bagum, Sh., 2007.


https://doi.org/10.3329/bjb.v36i2.1504

o-Y Olnl oo =5 o7 Bl i gi 10 ()90 LT a4 Jamxd (w0 10,502 5 (0] el

Al-Menale, H. S., Calingari, P. D., Forster, B. P.,
2005. Development of salt tolerant barley for
sustainable agriculture in Kuwait. Options
Mediterraneennes, series A. 81, 369-372.

Bagci, S., Ekiz, H., Yilmaz, A., 2003.
Determination of the salt tolerance of some
barley genotypes and the characteristics
affecting tolerance. Turkish Journal of
Agriculture and Forestry, 27, 253-260.

Barrett-Lennard, E.G., Anderson, G.C., Holmes,
K.W., Sinnott, A., 2016. High soil sodicity and
alkalinity cause transient salinity in south-
western Australia. Soil Research. 54, 407-417.
https://doi.org/10.1071/SR15052

Demiral, M.A., Aydin, M., Yorulmax. A., 2005.
Effect of salinity on growth chemical
composition and anti-oxidative enzyme activity
of two malting barley cultivars. Turkish Journal
of Biology. 29, 117-123.

Epstein, E., Norlyn, J.D., Rush, D.W.,,
Kingsbury, R.W., Kelly, D.B., Cunningham,
G.A., Wrona, A.F., 1980. Saline culture of
crops: a genetic approach. Science. 210,399-
404.
https://doi.org/10.1126/science.210.4468.399

FAO. 2015. Extent of salt-affected soils.
https://www.fao.org/soils-portal/soil-

management/management-of-some-problem-
soils/salt-affected-soils/more-information-on-

salt-affected-soils/en/

Flowers, T.J., 2004. Improving crop salt
tolerance. Journal of Experimental Botany. 55,
307-319.https://doi.org/10.1093/jxb/erh003

Firoozi, B., Sofalian, O., Shokrpour, M.,
Rasoulzadeh, A., Ahmadpoor, F., 2013.
Evaluation of spring wheat genotypes using
drought tolerance indices and principle
component analysis. Environmental Stresses in
Crop Sciences.5, 99-113. [In Persian with
English summery].
https://doi.org/10.22077/escs.2013.118

Fischer, A. A., Maurer, R., 1978. Drought
resistance in spring wheat cultivars: 1. Grain
yield responses. Australian Journal  of
Agricultural Research. 29, 894-912.
https://doi.org/10.1071/AR9780897

Ghasemi, F., Jakeman, A.J., Nix, H.A., 1995.
Salinization of land and water resources:
human causes, extent, management and case
studies. UNSW press, CAB International,
Sydney, Wallingford.

Hillel, D., 2000. Salinity management for
sustainable irrigation: integrity  science,
environment and economics. The world Bank.
Washington DC. https://doi.org/10.1596/0-
8213-4773-X

Javed, M.M., Al-Doss, A.A., Tahir, M.U., Khan,
M.A., El-Hendawy, S., 2022. Assessing the
suitability of selection approaches and genetic
diversity analysis for early detection of salt
tolerance of barley genotypes. Agronomy. 12,
3217.

Khodadadi, M., Dehghani, H., Jalali Javaran, M.,
2017. Quantitative genetic analysis reveals
potential to genetically improve Fruit Yield and
Drought  Resistance  Simultaneously in
Coriander. Frontiers in Plant Science. 8, 568.
https://doi.org/10.3389/fpls.2017.00568

Mansour, E., Moustafa, E.S.A., Abdul-Hamid,
M.LE., Ash-shormillesy, S.M.A.l., Merwad,
AM.A., Wafa, H. A, lgartua, E., 2021.Field
responses of barley genotypes across a salinity
gradient in an arid Mediterranean environment.
Agricultural Water Management. 258, 107206.
https://doi.org/10.1016/j.agwat.2021.107206

Neumann, P., 1997. Salinity resistance and plant
growth revisited. Plant, Cell and Environment.
20, 1193-1198.
https://doi.org/10.1046/j.13653040.1997.d01-
139.x

Peck, A.J., Hatton, T., 2003. Salinity and the
discharge of salts from catchments in Australia.
Journal of Hydrology. 272, 191-202.
https://doi.org/10.1016/S00221694(02)00264-
0

Rengasamy, P., 2002. Transient salinity and
subsoil constraints to dryland farming in
Australian sodic soils: an overview. Australian
Journal of Experimental Agriculture. 42, 351—
361. https://doi.org/10.1071/EA01111

Shekari, F., Karimi. A., 2000. Tolerance of barley
cultivar at the germination to different
concentration of anions is saline soils of Tabriz
pLain. Agronomy Journal. 86, 232-236. [In
Persian with English summery].

Shahmoradi, Sh., Tabatabaie, S. A., Pouresmaeil,
M., 2018. Analysis and classification of salt
tolerance in native barley (Hordeum vulgare
L.) germplasm of Iran. Iranian Journal of Crop
Science. 19, 319-333. [In Persian with English
summery].
https://dorl.net/dor/20.1001.1.15625540.1396.
19.4.4.6


https://doi.org/10.1071/SR15052
https://doi.org/10.1126/science.210.4468.399
https://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/salt-affected-soils/more-information-on-salt-affected-soils/en/
https://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/salt-affected-soils/more-information-on-salt-affected-soils/en/
https://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/salt-affected-soils/more-information-on-salt-affected-soils/en/
https://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/salt-affected-soils/more-information-on-salt-affected-soils/en/
https://doi.org/10.1093/jxb/erh003
https://doi.org/10.22077/escs.2013.118
https://doi.org/10.1071/AR9780897
https://doi.org/10.1596/0-8213-4773-X
https://doi.org/10.1596/0-8213-4773-X
https://doi.org/10.3389/fpls.2017.00568
https://doi.org/10.1016/j.agwat.2021.107206
https://doi.org/10.1046/j.13653040.1997.d01-139.x
https://doi.org/10.1046/j.13653040.1997.d01-139.x
https://doi.org/10.1016/S00221694(02)00264-0
https://doi.org/10.1016/S00221694(02)00264-0
https://doi.org/10.1071/EA01111
https://dorl.net/dor/20.1001.1.15625540.1396.19.4.4.6
https://dorl.net/dor/20.1001.1.15625540.1396.19.4.4.6

\F-¥ }_:SL;‘\V -\l?'s‘sc‘))' r:9l: X lanzg,du&;;

Shahmoradi, S., Ghotbi, V., 2022. Evaluation of
of Iranian rye (Secale cereale L.) ecotypes
under late  season  drought  stress.
Environmental Stresses in Crop Sciences. 15,
19-29. [In Persian with English summery].
https://doi.org/10.22077/escs.2020.3507.1867

o-¥

Tao, R., Ding, J., Li, C., Zhu, X., Guo, W., Zhu,
M., 2021. Evaluating and screening of agro-
physiological indices for salinity stress
tolerance in wheat at the seedling stage.
Frontiers in Plant Science. 12, 646175.
https://doi.org/10.3389/fpls.2021.646175


https://doi.org/10.22077/escs.2020.3507.1867
https://doi.org/10.3389/fpls.2021.646175

