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Extended abstract

Introduction

Environmental stresses are the most important factors reducing the yield of agricultural crops in the
world. Salinity stress affects 20% of the worl’s arable lands, which increases day by day due to climate
change and human activities. Wheat has great genetic diversity for salt tolerance. Improvement and
development of salinity tolerant cultivars is a suitable solution to reduce the negative effects of salinity.
This research was conducted to investigate and determine the most tolerant varieties and promising
lines of wheat to different levels of irrigation water salinity.

Materials and methods

In order to evaluate the response of bread wheat cultivars and lines to different levels of salt water and
to determine the salinity tolerance indices, a factorial greenhouse experiment was conducted in a
completely randomized design with three replications in the Agricultural and Natural Resources
Research and Education Center of Fars province in 1399-1400 years. The light condition of the
greenhouse was natural and its temperature was in balance with the outside environment. The
experimental factors included wheat genotypes and different degrees of salt water. Wheat genotypes
including commercial cultivars and some promising lines including Sistan, Narin, Brat, Sarang, Shush,
Ayeneh, Sahar, Mehrgan, Ms-90-15, Ms-92-8, Ms-93-5, Ms-93-6, Ms-93-14, Ms-93-16 and S-94-12 were
investigated. The salinity treatments tested with salinities lower and higher than the tolerance limit of
wheat in values of 1, 10 and 16 dS m-.. Grain yield (g pot) and yield components including 1000 grain
weight, number of fertile spikes per pot, number of grains per spike and biological yield (g pot) were
recorded. Also, using the grain yield data, stress tolerance indices were calculated for medium and severe
salt stress. Also, selection index of ideal genotype (SIIG) technique was used in order to investigate
genetic diversity and integrate different indices into one selection index. Data variance analysis for
different traits was done using SAS statistical software version 9.1. and mean comparison was done using
Duncan's multi-range test at 5% probability level.
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Results and discussion

Medium salt stress caused a decrease of 30, 26, 24, 26 and 20% in grain yield, biological yield, number
of spikes per pot, number of grains per spike and 1000 seed weight of genotypes compared to control
respectively. These reductions for severe salt stress were 53, 50, 42, 43 and 33% respectively. Mean
comparison for the average of all cultivars in salinity levels showed that Sarang, Mehrgan, Brat, Sistan,
Narin and S-94-12, without significant differences, had the highest biological yield, respectively. Also,
for other yield components, the same genotypes along with Shush had the highest amount without
significant difference. For grain yield, Sarang, Mehrgan, S-94-12, Barat, Shush, Narin and Sistan
genotypes had the highest values. In the medium saline environment, S-94-12 and MS-92-8 lines had
the lowest and highest percentage of grain yield reduction, respectively, compared to the non-saline
environment. For severe salinity environment, the same reductions were observed in Mehrgan variety
and MS-93-6 line. Based on the obtained results, the use of saline water of 10 ds/m decreased the grain
yield of Sistan, Narin, Ms-90-15, Ms-92-8, Ms-93-5, Ms-93-6, and Ms-93-14, Ms-93-16, Brat, Sarang,
Shush, Ayeneh, Sahar, Mehrgan and S-94-12 by 32.6, 36.2, 24, 40.5, 29.8, 32.5, 32.3, 26, 27.3, 30.5,
36.6, 21.7, 26.8, 30.2 and 15.6% respectively compared to non-saline irrigation water. These reduction
values for 16 dS m were 47.3, 56.3, 47.8, 50.6, 57, 65.4, 56.2, 50.2, 51.2, 50.5, 50.6, 46.6, 50.8, 47.3,
43.4 and 48.8%. Sodium content of leaves increased significantly with increase in salinity stress. The
lowest sodium content with the amount of 0.257 and 0.259 percent was observed in Mehrgan and
Sarang. Leaf potassium content in Sistan, Mehrgan, Brat, Sarang and S-94-12 showed a significant
increase compared to other genotypes. Mehrgan and Sarang cultivars had the lowest ion leakage with
the amount of 33.04 and 34.44%, respectively. The highest ion leakage was observed MS-93-6, MS-93-
14, MS-93-5 and MS-93-16 lines. In order to increase the selection efficiency of superior genotypes, in
addition to stress tolerance indices, the selection index of ideal genotype (SIIG) was used to integrate all
stress tolerance indices into a single index. Investigation of the relationships between genotypes using
the biplot analysis method and salinity tolerance indices showed that MP, GMP, HM and STI indices
had a positive and significant correlation with yield in all levels of salinity.

Conclusion

The results of the biplot analysis and the relatively high correlation between yield under normal and
stress conditions showed that cultivars that have high yields under normal conditions will also show
high yield under salinity stress conditions. Also, based on stress tolerance indices as well as SIIG
selection index, Mehrgan, Sarang and Brat cultivars as well as promising line S-94-12 in greenhouse test
conditions (under natural ambient light and temperature conditions), had better yield under saline
conditions. The reason for this could be the greater adaptability of these cultivars to the climatic
conditions of the introduced region compared to other investigated cultivars, including the cultivars
introduced for saline conditions of other regions.
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wd )5 L pod- ol ) jlaie o VL a5 o8 chend (Y

D950

2 .
d = ’ZJ’":](FU—F;') i=1,...,n [A]
4 doles

d;:m i=1,..,n [4]

1=1,2,) pll ol ool Jloy Jlade M) 598 Luslg, o
s M+ el G=1,2,..m) ol pY Lalal, 5 (... n
Gand Y g Sl (¥ s Jloy Jlade cody 1]
(Zalietal., 2015) ceol (1=1,2, ...n) ol a3l sl
o,lois dolae 51 (SHG) JTows] oY Gl jasls coles o

1 - Selection Index of Ideal Genotypes
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alo Ll 59 9 aliw ;o als slass (lals o alw slaws
Sl b aslie ;0 2o, VY 4 FY FY O OY iy @
Lulyd 50 (F Jooz) wdls fals )08 (25 g
auip Gl o 4 LS Glacdl Sz s 6 e
Shse G5 Al S Qi el (Sdsilie 55
James et) el (g5 (S b ()55l (£98 095 cpl &S
Lyl jo ails o ,Slee 2alS pgo LYo 51 S5 .@l, 2002
Frwsd ) o sl il 058 b (2als Wl oo (5595
w2l IS g mede (o S 2 I 8 Sl
ool ) mals (olié pele Odx jialS o aS
wls 3 Shoe alS 4 e Caledys 5 slaje, Culae
Netondo et ) sed o So5e05m o,Slee 5 5,Sloe (gl5>]
.(al., 2004

Sl se GBS (Sg Sl (698 5 Gl L
aS 0l oanlice acaish) dwslie jo (T Joaz) ol olas
Ol b oy )b g Gl «S55ke (5 00 £
Sl gy 5 sy FoloY g YHAL FEFE Y/
G W3 PG S Olime (eSSl lo e
MS-93-16 MS-93-6 sla ¥ o iy @y S o
L aS al cdnlie youw o8, s MS-93-5 3 MS-93-14
(0 Jgo) sl gyl pre Dglis K0S
yolbe @ cwyws o Ao o a4 S (g8
Wu et al., ) ssi o slsdns Jolss pas 4 e ol
SR 558 ST 55 09290 mad (2 455554 (2018
redS el b 232 50 Sl 9 S Jolone (g el L3
o) by (2l polie Ol g (cwytwd (59, maiete
cel oad 3,135 (Ndiate et al., 2021) 5,138 o L6
I3 el nley e 53 L sl ol ks 45
il elaciand 4y gy JUil (EalS g palsy !
il Hime L3 cloassl L a5 oad 5y o olS
Cuis g YU 508 9w 5l (Shen et al., 2022) s s
Sl s & sy G Lt s sk sled
oSt o5 slaJosl; adgi b laasad GommlansTy
shae slozas (Ahmad et al., 2019) 5,5 o & 550
5 $iae Sbewsn s cew G)pd 5 abex)]

Sa9  liso byl pd 50 pulS Sai 985 50 (o) 29590 Glbe (il ylg 452 Y Jga
Table 3. Analysis of variance of investigated traits in wheat genotypes under different salinity stress conditions

Cad oS des S ySlos aloow olows &l slaxi
4,.).>~ S als el olads 5o aloaw jo ails 458 59
i be @Ol o el lon Grain Biological Spike Grain 1000
S.0.V df Na k leakage yield yield number pot* number pot? Grain weight
O 2 1.65™ 11.6™ 18984~ 853" 3640™ 910™ 407 1343™
Salinity(S)
“£¥3 14 0024 0486 822 185 654~ 12.3" 7.66™ 29.6™
Genotype(G)
95 XS0 28 0.0004™ 0.033" 12.1 214" 8.14"™ 1.80™ 0.989™ 6.38"
GxS
> 90 0.0009 0.062 50.8 1.25 7.61 1.74 1.84 3.37
Error
Nelpdicurd g4 104 149 91 103 7.8 12.7 9.2

C.V (%)

il o0 1Y 50 Jleizl mhaw 5o o gme Sl g (gl gime pae cains Lid oS 5 4y i g % NS
ns, * and ** indicate non-significance and significant effect at the probability level of 5 and 1%, respectively
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Table 4. Main effect of salinity levels on sodium, potassium, ion leakage, biological yield, spike number/pot and seed
number/spike

. . o N oS aloow aloww H]

3945 Tk o powy S Sylgm o Klee OO0 204 o 9% 4
Salinity levels Na K Ion leakage Biological yield Spike number  Grain number
y g gicaly pot! pot’!
% g pot*
Ol “’5‘» 0.127°¢ 2512 27.30°¢ 35.854 21.52° 13.80%
No salinity
f”;“" Sa55 0.348° 2.00° 47.53° 26.60 P 16.45° 10.17°
Medium salinity

D 9 0.509 ¢ 1.49° 68.372 17.86°¢ 12.54°¢ 7.83°¢

Severe salinity

S5, ) Jlezsl gedans 58 (6,I8 dixe (bl cglis (Sils ge3l bl 5 w58 S i gy shls (sla il
Means with common letters in each column do not have a statistically significant difference at the 1% probability level based
on Duncan's test

B wigi) (o b 0, Sbee slizl pl gl puizmen aing Ayl as ol las Byl Sl aslie s 4o
Saie o iion sl lo goe BT g0y e ol jen 4 O9% S-94-12 5 b clacs (Sl ()8 g oS5l

(0 Jguz) Sogs S5l 0 Sles o oo o cu A o pae BB

w50 4ild g oS 0 aloew (ST Ged g o )Slas (( Fgy Sl (ruwliy (o Gl g iy ol 1.8 Juo
Table 5. Main effect of genotype on sodium, potassium, ion leakage, biological yield, spike/pot and seed/spike

Sy Sl Ol po aldew alcw poals
o) o Ly Ton S59lgm 055es Gpike number  Grain number
Genotype Na K leakage Biological yield pot! pot!
% g pot*
Obwmw/Sistan  0.276 1k 2244 36,90 foh 29.20 % 17.47 ¢ 11.07 &d
oW/Narin - 02910 209be  40.03¢h 28.95 @ 17.47 @c 11.06 &
OB so/Mehrgan  0.257k 2328  33,04" 30.622 18.512 11.87 @
ol u/Barat 0.310""  2.03¢f  41.0499 30.38°2 17.68 % 11.45%®
&5,Lw/Sarang 0.259k 2.48? 34.44 N 30.66 2 18.74 2 12.32°2
sYg-/Shush 0.305%"  1.99¢ 4575 cde 27.28 bcd 17.78 % 11.28 ¢
MS-90-15 0.327°9 1.89°9  48.26« 25.89 cde 16.93 bcd 10.57 "¢
MS-92-8 0.340%f 1.85¢09 50,92 °b¢ 24.66 % 15.62 % 9.95 cde
MS-93-6 0.397% 1767  61.97°2 23.73¢ 14.87 ¢ 9.36 ¢
MS-93-14 0.375% 1787  56.25% 24.83 % 16.23 cde 9.97 cde
MS-93-5 0.384%c 195¢9 5595 24.58 % 16.03 % 9.69 ¢
MS-93-16 0.412° 1,759 61.07 @ 23.55¢ 15.38¢ 9.81 cde
y>w/Sahar 0.353% 186°9 5717 23.95¢ 16.20 o 9.80 cde
&, T/Ayeneh 0.368¢ 1769 50.97 b 24.85 % 15.98 % 9.69 d
S-94-12 0.270 0« 2.2838¢c 42 24 def 28.45 ¢ 17.64 % 11.21 ¢

WY e mhaw 5o g5l g Lg)LoT gl ,SSlo O}Q}T bl g g 2 50 S e By il Glo 1 Kile
Means with common letters in each column do not have a statistically significant difference at the 1% probability level
based on Duncan's test
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P8l o T5l o 5 2,5 VO 5,Skee L S-94-12 Y oo
YL s Glsgine D5l (3900) O e 9 2 oS5l
L OB e 08, cuads (65 Lame )0 .00y ails 5 Slee
Sly g S-94-12 ( ogd (Sl o5l 9 0,5 VIVE
5 ogs il o, Slee o SYL Ghils jlo S OIS ygas
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Table 6. Mean Comparison of grain yield and thousand seed weight for interaction of salinity and genotype

S OIN 2o (590 A (59
No salinity Medium salinity Severe salinity
o . &l 5l 39 ald o ,Sloe il 4l 59 . il 5l 59
St 3] 4l 3 Xdes  Thousand grain Grain Thousand 410 3 ySlos Thousand
Genotype Grain yield weight yield grain weight Grain yield  grain weight
g pot* g g pot* g g pot* g
&b/ Sistan 16.80 o 33,57 bede 11.33 bed 28.39® 8.86 bed 23,37 bede
o WNarin 18.23 ¢ 36.16 ® 11.63 bed 29.942 7.96 bede 24.38 ¢
OB so/Mehrgan 19,00 ® 35.26 ¢ 13.26 ¢ 27.34 abcd 10.76 2 26.832
&l /Barat 18.70 34.68 bd 13.60 ® 27.83 abcd 9.13 ac 23.14 bed
5,Lw/Sarang 19.66 @ 35.77%® 13.66 ® 30.134 9.73% 24.66 ¢
v g«0/Shush 17.86 bed 38.454 11.33 bed 27.15 abcd 9.53 22.06 bede
MS-90-15 15.43 f9 31.82 def 11.73 bed 26.00 bede 8.06 bede 21.02 %
MS-92-8 16.46 %f 33.59 bede 9.80¢ 24.92 cde 8.13¢f 20.38 %
MS-93-6 14.90 7 31.93 def 10.06 ¢ 24.79 o 5.16f 19.08 ¢
MS-93-14 16.00 ©f 32.52 cdef 10.83 « 26.05 bede 7.00 df 19.34¢
MS-93-5 15.96 ©f9 30.81 ef 11.20 bed 24,55 ¢ 6.86 df 21.01 %
MS-93-16 14.339 31.50 df 10.60 ¢ 24.20 ¢ 7.13 cdef 21.67 ode
y>w/Sahar 14.66 9 30.93 ¢f 10.73 < 25.43 bede 7.73 bede 22.40 bede
4 1/Ayeneh 14.90 o 30.07fF 11.66 b 25.3(0 bede 7.33 cde 21.94 bede
S-94-12 17.90 bed 31.05 ¢f 15.108 28.03 ¢ 9.16 abc 25.05 @

WSO LY Jleil e j0 (gl cime (bl gl STlo gl wbal 1 (i o 30 S e g > sl sla il
Means with common letters in each column do not have a statistically significant difference at the 1% probability level based

on Duncan's test

Gloasli ooy 5l (So (5 Jgoz) Siogs ails lie 34
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ol ke zls (Tester, 2008; James et al., 2002
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o ol s IS jsbas (Huetal, 2021) coul 5,5
Slocass) Glpea & glagp¥ g pB)l &5 sls las
6pr§) L oawlie yo ‘..\3|omk_§)m Cogo & Jeme
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S 5 msF weldl ol onis B yme ol aiils (g yeS
Jozi lylo o0 Sloe (gYb Juils mils 5 oogde Lgix
oals las Slados il oo o LS 5 (Sis a b
3,lg0 3l (6 ke ;0 puS dlox 3l g alite (lalS a5 ol
oy et SRS @ Jo sl ] el LS
ol . (Ma et al., 2020) w,.5 oo I (5,50 5 S
el (St 4 Jooite 5 Jonliy y pB)1 Sy o0 Sl
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Table 7. Salt stress tolerance indices in different wheat genotypes under medium salt stress conditions

el e Canlee (2Sbe ke @ e il el el
e Joxi KWy oA i Sgoyld GdS O flos o flos o Nlos
Ge:notype (TOL) (MP) (SSI) (GMP) (HM) (STI) (YSI) (R%) YD)
oL/ Sistan 5.46 14.26 1.09 13.79 13.53 0.681 0.675 32.54 0.963
oeyU/Narin 6.60 14.93 1.22 14.56 14.20 0.759 0.638 36.20 0.988
o seo/Mehrgan 573 16.13 1.01 15.78 15.62 0.901 0.698 30.18 1.127
wly/Barat 5.10 16.15 0.921 15.94 15.74 0.909 0.727 27.27 1.155
S lw/Sarang 6.00 16.66 1.03 16.39 16.12 0.961 0.695 30.51 1.161
wvgi/Shush 6.53 14.60 1.23 14.23 13.86 0.724 0.634 36.57 0.963
MS-90-15 3.70 13.58 0.809 13.45 13.33 0.648 0.760 23.97 0.997
MS-92-8 6.66 13.13 1.36 12.70 12.28 0.577 0595 40.49 0.833
MS-93-6 4.83 12.48 1.09 12.24 12.01 0.536 0.676 32.44 0.855
MS-93-14 5.16 13.41 1.09 13.16 12.91 0.620 0.677 32.29 0.920
MS-93-5 4.76 13.58 1.00 13.37 13.16 0.640 0.701 29.85 0.951
MS-93-16 3.73 12.46 0.879 12.32 12.18 0.543 0.740 26.05 0.901
yxw/Sahar 3.93 12.70 0.906 12.54 13.39 0.563 0.732 26.82 0.912
a51/Ayeneh 3.23 13.28 0.733 13.18 13.08 0.622 0.783 21.70 0.991
S-94-12 2.80 16.50 0.528 16.44 16.38 0.967 0.844 15.64 1.283

(TOL): Tolerance index; (MP): Mean productivity; (SSI): Stress sensitivity index; (GMP): Geometric mean productivity;
(HM): Harmonic mean; (STI): Stress tolerance index; (YSI): Yield stability index; (Y1): Yield index

250y oYL o Slae acaiss) ol uiored .l )5 g0
ool 2 (P Jgoz) wisls g0 (25 5 Jloy gl g0
asl asls ]) )b.B.a R e &S PPN domsls O‘.’.‘
Cyme G 4 Jezie lacis s> g Sl Cgllas
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poie HM 4 STI GMPMP slo o3l sl p
5 Oly )l S-94-12 slacSgy 4 by e
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Loyl piin oo sasasylis a8 aisg + 10+ 51 3L SIIG
el gy 2090 Sl plo & S (6558 A5 &
5 e ol llyd )3 (ow) 2090 Slacedsl (Sl
locisy cnl (oolod Al o8 520 48 ols (las (A5 (5
S VEIV0) S Slos 51 YL o Slae (.Sl 1Mo
oY e Sl Sl rigres (A J502) Wsg (GlIS
Ll y 5o 9, Shee slow 2 (7 JS2) goman jloges 5l Lo
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09,5) 31> (2L o Shoe S g 5 Ll 15 93 2 5
05,5) G0 bulyd o ladd a5 3535 05,5 5 11, (A
oYL b 3 Shae (€ 05,) 25 Ll 3 Laid L 5 (B
Fernandez, ) ;uilp uzee .l SS& 1) &)l
L (S e 451, GMP 4 STI gla a3Ls (1992
rpewlie plpiedy (Ao g G5 Lalpd o o Sles
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Sl asls liime sl 03505 Aoy canlis 3 Slos
el S 0 b asle op Seee |, STI g GMP MP
ol 0 )5 88 (Brme )9h G 4 Jeoxte pasS
& Jomie B8, Sl ;o HM 4 STI . GMP (MP sla
o 5,155 5 0 wladod jo )l pnsS jo S 1S
Talebi et al., 2009; Mohammadi et al.,) <.l

2011; Askar et al., 2011; Shahmoradi et al.,
(2016

MS- 3 MS-90-15 il M-94-12 clacossss
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Fig. 1. Biplot diagram of stress tolerance indices in wheat genotypes based on the first and second
components in medium salinity conditions. Numbers 1 to 15 are the codes of cultivars and lines examined

according to table 1.
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Fig. 2. 3D diagram of SI11G index and performance of genotypes in non-stressed environment and medium

salinity stress
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Table 8. The selection index of ideal genotype (SI1G) and the ranking of the examined bread wheat genotypes

based on grain yield and SIIG index

Medium salinity/ mMe 5 ygu

el pwlal 4,

ol e ls ;
” T o e SI IG . & wl
oY ey Jlowsl cuigi Ranking based on 412 9,ee oxKbe  Ranking based on
Cultivar/Line SlIG SIIG index Average seed yield seed yield
g pot?!
Sistan/ yLowaw 0.325 10 14.07 7
Narin/ (y U 0.292 12 14.93 5
Mehrgan/ ;5 y0 0.512 16.13 4
Barat/ &y 0.597 16.15 3
Sarang/ &l 0.526 16.67 1
Shush/ g 0.258 14 14.60 6
MS-90-15 0.547 4 13.58 9
MS-92-8 0.080 15 13.13 12
MS-93-6 0.280 13 12.48 14
MS-93-14 0.303 11 13.42 10
MS-93-5 0.384 9 13.58 8
MS-93-16 0.447 7 12.47 15
Sahar/ yzw 0.436 8 12.70 13
Ayeneh/ &, 0.578 3 13.28 11
S-94-12 0.944 1 16.50 2

S- GlacpY oy i wad 5,08 Ll b o als ol
Oliee Drida 5 1S iy 4 MS-92-8 4 94-12
Voo el Ol s cos 1) b o Skes alS
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5 OB seo 88) 55 Sy eteajews VP kel O il o
GRS o,d (i 5 (n S i 4 MS-93-6 (Y
DDl (69h G5 e bl yd 4 ced 1) 0 Slas
sy 5 el bl kuls cov pizes
dlie 3,585 Cgir SiS g )5 il (6l 0t B yne
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@ e 6Bk Jds 4 g Sis g 05 w8l
oYL 5yeh A Joz g ails 5 Slas ilate oldl Loyl
a8 jebolen ols Hlis 0ex 5l 1 yed al il o )
ooy plad s @ Jeod glojasld Ol slologes
Jloy blps o lacdisis o Slae Jlop (V JS5) cosl oo
oao Lis aS Wleols LSis ool dsgly o b (5,04 i g
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