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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 wasynatural 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 ecommercial 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, 24,440.5, 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, 5042, 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 selectiomindex 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 therintroduced region compared to other investigated cultivars, including the cultivars
introduced for saline conditions of other regions.
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1 - Selection Index of Ideal Genotypes
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Table 3. Analysis of.varianceof investigated traits in wheat genotypes under different salinity stress conditions

Cad oS des S ySlos aloow olows &l slaxi
Q)i S als el olads 5o aloaw jo ails 458 59
iple, LI mow el lon Grain  Biological Spike Grain 1000
S.0.V df Na k leakage yield yield number pot* number pot? Grain weight
S 2 1.65™ 11.6™ 18984~ 853" 3640™ 910™ 407 1343™
Salinity(S)
€9 14 0024 0486 822 185"  65.4™ 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 mhav ;o jlo e Sl g (gl gime pae cains Li oS 5 a4y 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]

S 39 Tolaw o oty S Sylglam o Shes OO 204 e 99 1
Salinity levels Na K Ion leakage Biological yield Spike number  Grain number
y g g y pot—l pot—l
% g pot*
O U"” 0.127¢ 251¢° 27.30°¢ 35.852 21,52 13.80°
No salinity
f”;“" Sa55 0.348° 2.00° 47.53° 26.60 P 16.45° 10.17°
Medium salinity

R (59 0.509 2 1.49°¢ 68.37 2 17.86° 12.54:¢ 7.83°¢

Severe salinity

S5, Y Jlezsl e 50 (6 ,ls dixe (bl cglis (SIS yge3T bl 5 i pmes0 Sytiaicds > slls (sla il
Means with common letters in each column do not have a statistically significant differenceat the.1% probability level based
on Duncan's test

B wigi) (o b 0, Sbee slizl pl gl puizmen aing Ayl ds ol las B Sl anslie s 4o
Saie o iion sl lo goe BT g0y e ol jen 4 9% S94-12 54 U el (Sl (5 o0 oS54l

(0 Jguz) Sogs So5dgm o Ses cp i o cui A o pae S

Al 50 4ild g oS 0 alaw (ST 59 9SSl (S99 il (pr o Sl g i i ol 1.8 Jgue
Table 5. Main effect of genotype on sodium, potassium, ion leakage,.biological yield, spike/pot and seed/spike

LI 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 o 0.276 1k 224 %4, 36,90 foh 29.20 % 17.47 ¢ 11.07 &d
o2,W/Narin 0:291M 2,098  40.03 " 28.95 17.47 ¢ 11.06 4
o8 so/Mehrgan 0257 2,328 33.04" 30.622 18512 11.87%®
ly/Barat 0.310@" " 2,03 F  41.04 %9 30.38°2 17.68 % 11.45%®
K5,Lu/Sarang 0.259% 2.48? 34.44 N 30.66 2 18.74 2 12322
wog/Shush 0.305%"  1.99¢f 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 9.91 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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Table 6. Mean Comparison of grain yield and thousand seed weight for interaction of salinity and genotype

SN (9N o 590 A (59
No salinity Medium salinity Severe salinity
. &l 5l 39 ald o ,Sloe  aild I3 459 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 P 13.60 % 27.83 abcd 9.13 ac 23.14 bed
K ,Lw/Sarang 19.66 @ 3577 13.66 30.134 9.73% 24.66 ¢
v g«0/Shush 17.86.b¢ 38.45° 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 14,907 31.93 def 10.06 ¢ 24.79 o 5.16f 19.08 ¢
MS-93-14 16.00 0 32.52 cdef 10.83 « 26.05 bede 7.00 df 19.34¢
MS-93-5 15.96¢' 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 bode 22.4( bede
s 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 @

T LY Jleisl e j0 (gl cime (o )lel gl STlo g3l wlal 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
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Table 7. Salt stress tolerance indices in different wheat genotypes under medium salt stress conditions

eIl elle comlie (nSla pSOle @ e golml gl esls
e Joxi KWy o A D [ Shgo, o O8los o Slos S Slos
Genotype (TOL) (MP) (SSI) (GMP) (HM) (STT) (YSD) (R%) (YI)
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 5.73 16.13 1.01 15.78 15.62 0901 0.698 30.18 1.127
wly/Barat 5.10 16.15 0.921 15.94 15.74 0909 0.727 27.27 1.155
S lw/Sarang 6.00 16.66 1.03 16.39 16.12 0961 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 0536 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-93-5 476 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 0563 0.732 26.82 0.912
«s1/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 0967 0844 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
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Fig. 1. Biplot diagram of stress tolerance indices in wheat genotypes based on the first and second
components in mediumsalinity conditions. Numbers 1 to 15 are the codes of cultivars and lines examined

according to table 1.

S-94-12
9
1
09
0g
0y Ayeneh'~ - -
® MS-90-15 _Barat
0§ P2\ °
O J an Saran,
= Shush Mehrgan 2
B os Y MS93-16 hrgan g
! Sahar
04 £ y L
AP MS-93-5
03 MS.93-6 TMEUIE "y .
i 5 slstan
: Narin 9§
02 °
03 i .
MS-92-8 /
0 9 3
14 4
15 8
16 1 C\
17 ’ Q’Qo
¥ 18 \&
& (g~pot-1) 19 9 ¥©

e ()9 (A 9 (A (9t uxo 50 L3 0 Shase 9 STIG (oL gumpans jloges ¥ JSo
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 SI1G 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 SIIG 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
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