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Extended abstract
Introduction
One of the biggest challenges of agriculture in the present era is environmental stresses, especially
drought and salinity stress and its destructive effect on food security. In this regard, this experiment was
conducted with the aim of selecting of tolerant cultivar of barley to salinity stress and identifying
tolerance mechanisms in new and old barley cultivars.

Material and method

This experiment was carried out during the two years of 2016-17 in the Milshbar Ardakan region located
in Yazd province-Iran. Experimental treatments included 9 six-rowed barley cultivars including Nik,
Mehr, Khatam, Reyhan, Goharan, Nosrat, Morocco, Afzal and Fajr 30 cultivars in three levels of
irrigation water salinity including 4, 10 and 14 dS.m-1 were evaluated as a split plot experimental design
so that water salinity as the main plots and cultivars as a sub-plots were randomly placed. The studied
traits included yield and yield components as well as sodium and potassium levels, oxidizing enzymes
and photosynthetic pigments.

Results and discussion

The results showed that salinity treatment had a significant effect on day to emergence, day to tillering
and grain yield. Salinity stress reduced grain yield components but this reduction was not significant.
The effect of cultivar on plant phenology and day to emergence, tillering and ripening was significant,
but on yield and yield components became insignificant. However, among the studied cultivars, Nik,
Mehr, Khatam and Reyhan cultivars had higher yields and yield components. Among the salinity
treatments, the highest grain yield was obtained at salinity of 4 dS m with 5770.64 kg hat. With
increasing salinity of irrigation water to 10 and 14 dS m, grain yield decreased by 18.04 and 27.55%,
respectively, and reached 4729.29 and 4180.87 kg ha. The results of interaction showed that the
interaction effect of year x salinity on grain yield components was significant and also the interaction of
year x cultivar on 1000-Kernel weight and grain yield and year x salinity x cultivar on grain yield was
significant. With increasing salinity stress, the amount of sodium ions in the shoots increased and
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potassium decreased, so the ratio of K/Na decreased. This mechanism was more effective in tolerant
cultivars and in salinities of 4 and 10 dS mt. With increasing salinity stress, the amount of oxidizing
enzymes increased, so that with increasing salinity from 4 to 10 and 14 dS m-t, the amount of peroxidase
enzyme was increased 1.59 and 2.23 times, catalase 1.52 and 1.95 times, and guaiacol peroxidase 1.47
and 2.89 times, respectively. With increasing salinity stress, all photosynthetic pigments increased.
Among the cultivars, the amount of chlorophyll a and b in Morocco, Nik and Mehr was higher than other
cultivars.

Conclusion

Based on the results of this experiment, it seems that tolerant cultivars, in addition to having high
production potential, should have high potassium uptake mechanisms and high gene expression to
produce enzymes that protect against oxidative stress in order to tolerate low to medium salinity stress.
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Table 1. Analysis of variance of studied traits in barley cultivars under salinity stress and non-stress
conditions in Milshbar region of Yazd province during 2016-2017.

Q)Q_ O e U 3ay  (Fiamiy Uigy (SowwyUhey  Haolazsy olosy

sl Days to Days to Days to Fertile Tiller
S.0.V ¥ gle gf Emergence Tillering Maturity Num.
Year J 1 16.59 ™ 430.22 " 17194.8 0.77
RepxYear JLax IS5 4 1.66 ™ 66.12 36.80 0.06 ™
Salinity S 2 258.57™ 104174 " 3923.19 1 2.93ms
YearxSalinity SrgxJle 2 212" 953.68 ** 3050.38 ™ 3.76
RepxYearxSalinity Gagix Jwxyl S5 8 0.27 " 3527 2231° 0.15"
Variety oSy 8 16.68 ™ 50.88 * 476.85™ 0.37 "
SalinityxVariety MSxsyg 16 14.09 ™ 22.18 ™ 90.84 ™ 017
YearxVariety dxJle 8 087" 11.75" 30.19 0.27 "
YearxSalinityxVariety 3yx6 0dxJlo 16 0.78 ™ 1142 100.11 ™ 0.25 "
Error Fslks 96 0.19 10.65 11.06 0.15
CV (%) Oy b 4.69 7.18 2.08 17.94
Table 1. Continued aldl) Jgus

a0 yodildolawy o alcw olaw

ol b & y0 5o alo ol g il o Slas
S.0.vV gl gf Grains.Spike! Spike.m TKW Grain Yield
Year Jw 1 4119.80 30752.0 " 37.49 s 2824020.1 "
RepxYear JLex,l,ss 4 2.65"m 2616.5 ™ 1.08 61243.65 ™
Salinity Sagw 2 2933.66 ™ 117082.2 ™ 405.10 35212999 ™
YearxSalinity SagoxJw 2 748.97 ™" 1504142 ™ 105.66 ™" 297560.2 "
RepxYearxSalinity Gorix Jlwx )55 8 14.40 ™ 5952.8 " 1.53 259226.4"
Variety oSy 8 58.58 ™ 15856.4 ™ 75.96 * 2052967.4
SalinityxVariety Xy 16 19.15™ 6875.4 ™ 2024 427481.9™
YearxVariety pdxJe 8 40.32 " 10794.7 ns 14.25"° 1560993.8™
YearxSalinityxVariety n8,xgyexJw 16 28.06 ™ 10016.9 "¢ 831" 849509.09 **
Error I slbs 96 29.14 6176.7 5.27 317585.5
CV (%) Oy g i 14.46 17.94 6.54 11.52

*

Mosre e 9 0 Y izl mhaw (o gl Soe o 5 4y ms g KX
** * and ns: significant at 5%, 1% probability levels and non significant, respectively.
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G 39, iy olaxy S ySloc
_ S ails oluwy  aloaw olawy I o) .
o oM Uy (e Uy (S, 2954 ’ ' Aok g,
Sog Days to Days to Days to Fertile Al &0y 50 ails Grain
Salinity emergence Tillering Maturity Tiller Num. Grain.Spike!  Spikem? TKW Yield
dS.m’! ar kg.ha'!
4 7.46° 29.96° 166.48* 2.45° 45.74* 490.81*  38.25* 5770.64*
10 8.89° 49.50%° 162.912 2.01° 32.022 402.37*  33.23* 4729.29°
14 11.76 56.83* 150.26* 2.11° 34.232 421.33*  33.84* 4180.87¢
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Means with similar letter in each columns have no significant difference.
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Table 3. Means of Variety treatment in evaluated traits base on Duncan multiple test and probability level of 5 percent

s U 395 (B73) (B73) ) i . o S Slos
. O S Sy pbamy ol ‘\"b‘é"’w s olss )')-‘”. 039 &l
™5 Days to Days to Days to  Fertile Tiller alw &y ails Grain
Variety emergence Tillering Maturity Num. Grains.Spike!  Spike.m? TKW yield
ar kg.ha'!
S 9.83%b¢ 4394 152444 2.44+ 39.68* 488.44% 33.96b¢ 5317.7°%
Nik
o 10617 4489°d  165.44° 2.26% 39.43 ¢ 452.892 34.53bd 524902
Mehr
PP 8.39°¢ 46.67 % 165.72° 2.28% 38.50® 456.89* 3540° 51935°
Khatam
o,  9.06% 4422  165.89°? 2.07* 37.56* 414.67* 34.38%d 49846 °
Rihan
olpes 939 45.72%¢d 155,00 < 2.00 37.14 2 400.44* 39.02a 4894.1°
Goharan
Gpai 9.67 0 43724 160.83° 2.26* 35712 452.44°* 36.15% 4828.6%°
Nosrat
oSgy90  9.78 0% 47.50%  155.06 2.14# 37.56° 428.00* 31979 4728.7°
Moroko
Juad! 7.44 1 44,004  157.44 % 2.02* 36.40 * 404.00* 36.88% 4552.9°?
Afzal
Ye,xs 1017 4822% 161.11° 2.23% 34.00* 44578  33.66°¢ 4293.2%
Fajr 30
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Means with similar letter in each columns have no significant difference.
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Fig. 2. Interaction effect of Year xVariety in grain yield. Comparison of means is based on slicing of

interaction.
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Table 4. Comparison of Means of Yearx Varietyx Salinity interaction in grain yield. Comparison of means are on base

of slicing of year.

o) Ityear  Jql Jw 2Myear  pgs Jlw

Variety 4 dS.m! 10 dS.m™! 14 dS.m™! 4 dS.m’! 10 dS.m™! 14 dS.m™!

Nik S 595833 5709.73 ae 5960.43 ® 6470.68 * 4229.17 3578.12 %
Mehr Ao 5403.83%d 489547 ¢h  4605.67 ¢ 6413.62 a 5419.14 %4 4756.25 ©¢
Khatam &b 6470.68 ° 5038.80 ¢ 494346 ¢ 5958.33 @ 4520.83 ¢t 4229.17 H
Rihan oy, 6550.08° 5363.22 >f 4053.19 0 5266.67%¢  4561.46 ¢t 4112.82 1
Goharan (/55  6049.85 ® 4520.83 ¢h 3578.121 5395.83b-e  5593.75 ¢ 4226.04 ™
Nosrat Wpai 6413622 4229.17 &hi 3608.33 5955.50 ® 4933.47 «f 3831.77 hi
Moroko ¢53590  5307.29%T 4705479 4285.58 ehi 6106.39 ® 4226.04 3741.67 hi
Afzal Jadl 5036.07 8 4495481 4217.82 & 5388.05 b 4243.90 3935.91 &
Fajr30  Y.,=3 5378.77°¢  4607.859"  4354.83 & 4347.92 © 3833.33 1 3286.467
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Means with similar letter in each columns have no significant difference.

Note: Comparison of means is done separately by year.
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Table S. Correlation coefficient of studied traits with grain yield under non-saline conditions

Studied traits psyge olio 1 2 3 4 5 6 7 8
1 Days to Emergence Ge g U 395 1 0.58™ -0.25™ -0.09™ -0.20™ -0.09™ -0.32"" -0.43"
2 Days to Tillering ez U3y 0.14 1 -0.47" 027" -0.49" -0.27" -0.40" -0.65"
3 Days to Maturity Sy 39, 013 065" 1 -0.04% 046 -0.04™ 0.14™ 037"
4 Fertile Tiller Num. ke olass 033" 035°  0.22% 1 0.50™ 0.99™ 0.50™ 0.50"
5 Grains per Spike aloww o ailo oo 0.28°  0.59™  0.67  0.64™ 1 0.50™ 0.58™ 0.61"
6 Spikeperm? &y aldw ook 0337 0357 022 0.99” 0.63" 1 0.50" 0.50™
7 1000 Kernel weight als Hlm 39 -0.04™ 0317 0.33"  0.50™ 0.54™ 0.50™ 1 0.45™
8 Grain Yield als o,Sles -0.08™ -0.13" 0.11"™ 048" 035" 048" 0.24™ 1

*

osre e g 10 Y Jlaizl g o g Soe w4 ms g KX
Sbee fo p e owd T 6)9b 4 oo il ded 9 (6508 Slajled pled & g e VU ded 1 S5
** * and ns: significant at 5%, 1% probability levels and non significant, respectively.

Note: The upper half corresponds to the all of salinity treatments and the lower half corresponds to the salinity of
4dSm’.
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Table 6. Correlation coefficient of studied traits with grain yield under saline conditions

Studied traits o 9e Slae 1 2 3 4 5 6 7 8
| Daysto Emergence  oad g g, 1 002%  0.12% 0.02% 0.16® 002° 0.17° 016>
2 Days to Tillering Syazy U 39, -0.36™ 1 -0.37" 0.15™ -0.40" 0.15™ 0.16™ -0.24"
3 Days to Maturity Sy b3, 019 070 1 040" 0.62™ -0.40™ -0.08" 022%
4 Fertile Tiller Num. st dmy ol 0.16™ 024 027 1 -006™ 092™ 0417 0357

5 Grains per Spike  Aliws 3 ails olasi 0.09™  -0.06™  0.16™ 067" 1 -0.06™ 0.08™ 044"
6 Spikeperm? &y dlaiwolasi 016" 024" 027" 0997 0677 1 0417 0357
7 1000 Kernel weight Sl ylm oge -0.07™ -0.009™ -0.06™ 022 038" 021 1 021®
8 Crain Yield Sloo,Shee 0.02%  -0.05™  0.15™ 0457 056" 0457 0.15% 1

osme pe g 10 Y Jlizl g (o )l e w5 4y ms g KK
bl os S p iersed V0 6)9d 4 bgaye (il ded g e g e o 1 (6508 & Lg e Vb e 1SS
*** and ns: significant at 5%, 1% probability levels and non significant, respectively.
The upper half corresponds to a salinity of 14 dS m™' and the lower half corresponds to a salinity of 10 dS m™.
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(Anagholi, 2015)
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Table 7. Means of irrigation salinity treatment in evaluated traits base on Duncan multiple test and probability level of

5 percent.
JssLE Sy 30 by g5l
; ST FLPYSN ST sk S
Sog s Ve Gayacol Superoxide Ascorbate odon el @
Salinity  Peroxidase  Catalase Peroxidase dismutase peroxidase Prolin  K/Na Ratio
dS.m’! pm.min'/g mg/g
4 8.38°¢ 21.33¢ 3.49° 0.299 ¢ 84.086 ° 1.022 7.202
10 13.38° 32.47° 5.15° 0.034° 86.894 ° 1.032 2.63°
14 18.67% 41.71° 10.09* 0.039* 96.871° 1.11% 0.74 ¢
Table 2. Continued aldlY Jguo
) ) IS Jedgyls ) _ o
a9 a Judg,ls b Judg b5 Total Aigiig,l8 R reeres] digigils
Salinity  Chlorophylla  Chlorophyll b Chlorophyll Carotenoid Anthocyanin Flavonoid
dS.m’! mg/g
4 3.597°¢ 1.170 ¢ 4.767 ¢ 0.292 2 0.110* 1.568 ¢
10 3.746 " 1.323° 5.069 ° 0.308 ® 0.109* 1.697°
14 3.901°? 1.689 ° 5.590* 0.318° 0.113* 2.005*°

Al Jre BB ABL g o ,0 S ie B> gl slo Sl

Means with similar letter in each columns have no significant difference.
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Fig. 3. Interaction effect of SalinityxVariety in peroxidase enzyme. Comparison of means is based -on

slicing of interaction.
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Fig. 4. Interaction effect of SalinityxVariety in catalase enzyme. Comparison of means is based on slicing

of interaction.
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Table 3. Means of Variety treatment in evaluated traits base on Duncan multiple test and probability level of S percent.

JosLl Sy g @lygSal
FRV Bgomsds  lasSly bt S
. sy Ll Gayacol Superoxide Ascorbate o9 by &
Variety ™)  Peroxidase Catalase Peroxidase dismutase peroxidase Prolin K/Na Ratio
pm.min"/g mg/g

Nik s 25.25¢% 31.79 ¢ 7.91 abe 0.032 % 89.04 2 1.032 3472
Mehr e 7399 28.88¢  6.03 bed 0.038 ® 95.06 2 1.20¢ 3.550
Khatam PefP 15.75b¢ 47.07° 5.17 bed 0.037 ® 86.142 1.01% 342¢
Rihan  obw, 13.49%  2602¢¢ 4139 0.034 @ 78.56 @ 0.89 @ 3.39%
Goharan (ly»95 11.08 < 31.64° 5.24 bed 0.035® 89.38® 1.19° 3.55¢
Nosrat & s 7.924 17.27¢ 4.80 0.028° 98.822 1.172 3.60?
Moroko  $59;90 7.974 20.87 d 9.30* 0.040 2 78352 0.922 3.55¢2
Afzal Juad! 14.11 b 26.25 8.26 0.031 % 96.16 2 1.00? 3.60?
Fajr30  Ye,x 18.32° 56.74* 5.34 bed 0.034 92.042 1.092 3.582

Table 8. Continued alsl.A Jgos
) a Judg ls b Judg s IS Jedo s Shgdayls owlewgl Sigigld

Variety )  Chlorophylla  Chlorophyllb Total Chlorophyll Carotenoid  Anthocyanin  Flavonoid
mg/g

Nik S 4,159 abe 1.642 % 5.801 0.285? 0.099 # 1.866
Mehr oo 3.718 cde 1.422 % 5.140 b 0.324? 0.1222 1.832%
Khatam pe{E 3.836 bed 1.429 @ 5.264 b 0.2972 0.103 2 1.758 2
Rihan R 4.217%® 1.458 @ 5.674 % 0.276 2 0.109 2 1.670 2
Goharan (/5 3.027f 1.079 ¢ 4.106 9 0.344 2 0.1232 1.802 2
Nosrat O i 3.350 °f 1.284 be 4.634 <d 0.330? 0.1142 1.703 2
Moroko §59;90 4.386* 1.6322 6.018 a 0.265* 0.109 * 1.778 ®
Afzal Juasl 3.472 df 1.307 b¢ 4.799 < 0.304 0.112# 1.706 #
Fajr30  Y.,=8 3.568 & 1.293 be 4.861 ¢ 0.328 2 0.105? 1.694 ¢

Means with similar letter in each columns have no significant difference.
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Fig. S. Interaction effect of SalinityxVariety in K/Na. Comparison of means is based on slicing of interaction.
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