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Comprehensive abstract

Introduction

Soil salinity, as one of the most important environmental stresses, is a serious threat to agricultural
production. Currently, more than 20% of the agricultural lands, which includes 954 million hectares of
the world's lands, is affected by soil salinity. Salinity is expanding daily and it is predicted that by
2050, more than 50% of the world's arable lands will be saline. The decrease in yield due to salinity
stress in wheat is considerable and worrying, so that a 50% decrease in yield of durum wheat due to
salinity of rainfed lands, and an 88% decrease in yield of bread wheat under irrigation with high
salinity and and a 70% decrease in yield of bread wheat in sodic soils has been reported. The high
levels of salt in soils and irrigation waters are worrying factors for agriculture, therefore it is necessary
to develop the effective strategies to improve yield through salinity stress tolerance. The present study
was carried out due to the importance of genetic accessions as sources of tolerance to biotic and abiotic
stresses including salinity, and the existence of considerable genetic diversity in wheat germplasm to
salinity stress tolerance. The objective of this experiment is to investigate the diversity of genetic
accessions of bread wheat collection of Iran's National Plant Gene Bank, to compare the accessions
with the tolerant control varieties, and to identify the new genetic resources for salinity tolerance.

Materials and methods

To identify the genetic resources of salinity tolerance in wheat germplasm, 512 accessions from the
bread wheat collection of the National Plant Gene Bank of Iran along with salinity tolerant varieties,
Kavir, Roshan and Mahoti as controls, were investigated in two different augmented designs under
normal and salinity stress conditions. The normal experiment was carried out at the research field of
Yazd Research Center and the salt experiment was done at saline lands of Ardekan Research Station.
The studied traits included spike length, spike density, 100-grain weight, number of tillers, plant
height, number of spikelets per spike, number of florets per spikelet, number of grains per spike, days
to heading, days to maturity, grain filling period and grain weight of five spikes, which were recorded
according to the international description. To perform data statistical analyses, descriptive statistical
indices were first calculated and then the studied accessions were grouped using K-means cluster
analysis. Discriminant function analysis based on principal components was used to investigate the
differentiation between the groups resulting from cluster analysis. Statistical analyzes were performed
by SPSS and R softwares.
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Research findings

The results showed that grain weight of five spikes (with a minimum of 4.15 and a maximum of
12.26 g in normal conditions and a minimum of 2.19 and a maximum of 9.78 g in stress conditions)
and the number of spikes (with a minimum of 3 and a maximum of 8 in normal conditions and a
minimum of 3 and a maximum of 7 in stress conditions) had the highest coefficients of variation,
while days to heading (with a minimum-maximum of 130-163 days and 126-168 days in normal and
salinity stress conditions, respectively) and days to maturity (with a minimum-maximum of 173-189
days and 168-196 days in normal and salinity stress conditions, respectively) had the lowest
coefficient of variation under both normal and salinity stress conditions. A large number of superior
accessions were identified for various traits compared to the control cultivars under both normal and
salinity stress conditions. The results of stepwise regression indicated the importance of three
characteristics, 100-grain weight, number of grains per spike and number of florets per spikelet, in
describing the variation of grain weight of five spikes. The investigated accessions were divided into
five groups using K-means cluster analysis and the control cultivars were separated into different
groups so that Roshan and Mahooti along with 70 accessions were grouped in the first cluster and
Kavir along with 53 accessions in the fifth cluster.

Conclusion

The results of this experiment showed the presence of significant and valuable genetic diversity in
traits related to salt stress tolerance in the studied bread wheat germplasm. The effect of salinity stress
on different traits of the studied accessions was different. Among the studied traits, 100-grain weight,
number of grains per spike and number of florets per spike were more important, so they can be used
in breeding programs. A large number of accessions were also superior to control cultivars for various
traits. Cluster analysis grouped the control cultivars into distinct clusters, which indicates different
aspects of salt stress tolerance in these cultivars. The superior accessions identified in this research can
be used to improve salt stress tolerance in bread wheat breeding programs.
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Table 1. Soil Physico-chemical properties in evaluating salinity stress tolerance of bread wheat germplasm

Region ( dlg/cm) pH Siif;;ig:i?%/o ) ca?tffr?ni(‘:%ﬂ Pho(sppphli)lgous Po(t;;iill)lm Sand Silt Clay Texture
Ardekan 12.7 8.13 18.78 0.74 16.8 261 66 129 21.1 Sandy clay loam

Yazd 233 7.30 21.60 1.067 16.4 212 76.8 6.1 17.1 Sandy clay loam
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Table 2. Descriptive statistics of bread wheat accessions under under normal (research field of Yazd) and
salinity stress (research field of Ardekan) conditions

Trait Minimum Maximum Mean CV (%)
Normal Stress  Normal  Stress Normal Stress Normal Stress
Spike length (cm) 4.70 4.60 12.50 10.70 7.56 7.42 12.04 14.18
Spike density 12.00 13.30 31.90 33.30 21.44 20.01 14.42 15.84
100-grain weight (g) 2.00 1.40 4.60 4.20 3.12 243 13.60 20.37
Number of tillers 3.00 3.00 8.00 7.00 5.41 4.59 21.37 21.44
Plant height (cm) 40.00 33.00 105.00 100.00  72.98 68.88 15.05 16.35

Number of spikelets per spike 12.00 9.00 19.00 17.00 15.99 14.62 8.05 12.06
Number of florets per spikelet 1.90 1.80 4.40 4.00 3.45 3.31 17.53 16.60
Number of graind per spike 21.00 19.00 58.00 55.00 43.93 38.53 13.82  14.20
Days to full maturity 173.00 168.00 189.00 196.00 181.16 180.46 2.28 3.34
Days to heading 130.00  126.00 163.00 168.00 144.01 150.34 3.57 6.25

Grain filling period (days) 25.00 17.00 50.00 50.00 37.15 30.13 11.74  20.29
Grain weight of five spikes (g) 4.15 2.19 12.26 9.78 7.22 5.05 18.71 25.83
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Figure 1. The number of superior wheat accessions to check cultivars evaluated under normal (research field of
Yazd) and salinity stress (research field of Ardekan) conditions. LS, spike length; HD, spike density; WHS, 100-
grain weight; TN, number of tillers; PH, plant height; NSS, number of grains per spike; DM, days to full
maturity; DH, days to heading; DHM, grain filling period; WSS, grain weight of five spikes.
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Table 3. Bread wheat accessions with the highest trait values under normal (research field of Yazd) and salinity
stress (research field of Ardekan) conditions

Trait Normal Salinity stress
Spike length KC 12120 (12.5 cm) KC 12445 (10.7 cm)
Spike density KC 12153 (31.9) KC 12401 (33.3)
100-grain weight KC 12349 (4.6 g) KC 12349 (4.2)
Number of tillers KC 12152, KC 12168, KC 12178, KC 12233,  KC 12346, KC 12381, KC 12385,

KC 12261, KC 12276, KC 12292, KC 12334,  KC 12388, KC 12423, KC 12523,
KC 12380, KC 12400, KC 12483, KC 12507,  KC 12583, KC 12584, KC 12594,

KC 12563, KC 12602, KC 12603 (8) KC 12603 (7)
Plant height KC 12522 (105 cm) KC 12522 (100 cm)
Number grains per spike KC 12376, KC 12597 (58) KC 12468 (55)
Days to full maturity KC 12297, KC 12300 (189 days) KC 12297 (196 days)
Days to heading KC 12576 (163 days) KC 12147 (168 days)
Grain filling period KC 12322, KC 12413 (50 days) KC 12192 (50 days)
Grain weight of five spikes KC 12513 (12.26 g) KC 12401 (9.78 g)
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Table 4. The results of stepwise regression for grain weight of five spikes of bread wheat accessions under
normal (research field of Yazd) and salinity stress (research field of Ardekan) conditions

Step Normal conditions Regression coefficient ~ Standard error ~ t-value  Adjusted R?
1 Constant 1.015 0.363 2.796 0.387
100-grain weight (X1) 1.992 0.115 17.266
2 Constant -4.382 0.359 -12.199 0.691
100-grain weight (X;) 1.986 0.082 24.271
Number of grains per spike (X») 0.123 0.006 21.565
3 Constant -4.578 0.359 -12.747 0.699
100-grain weight (X;) 1.987 0.081 24.575
Number of grains per spike (X>) 0.108 0.007 15.11
Number of florets per spikelet (X3) 0.253 0.071 3.541
Final regression model -4.578+ 1.978 X+ 0.108 X5+ 0.253 X3
Table 4. Continued dalol -F Jgux
Step Salinity stress conditions Regression coefficient Standard error t-value  Adjusted R?
1 Constant -0.308 0.168 -1.838 0.994
100-grain weight (X;) 2.205 0.067 32.667
2 Constant -3.862 0.177 -21.826 0.871
100-grain weight (X1) 2.051 0.044 46.416
Number of grains per spike (X») 0.102 0.004 25.466
3 Constant -3.547 0.203 -17.435 0.873
100-grain weight (X1) 2.014 0.045 44.34
Number of grains per spike (X») 0.108 0.004 24.529
Number of florets per spikelet (X3) -0.135 0.044 -3.057

Final regression model

-3.547+ 2.014 X+ 0.108 X»- 0.135 X3
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Table 4. Mean of the traits in the groups derived from cluster analysis of the bread wheat accessions under
normal (research field of Yazd) and salinity stress (research field of Ardekan) conditions

Normal conditions

Trait
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Spike length (cm) 8.01 7.51 7.20 7.68 7.53
Spike density 20.56 21.82 22.49 20.95 21.23
100-grain weight (g) 3.11 3.23 2.97 3.09 3.49
Number of tillers 5.54 5.12 5.48 5.35 5.49
Plant height (cm) 90.27 63.12 63.08 74.77 77.80
Number of spikelets per spike 16.25 16.22 15.93 15.93 15.78
Number of florets per spikelet 3.44 3.75 3.29 3.47 3.53
Number of grains per spike 45.35 45.43 41.99 44.31 44.47
Days to full maturity 180.44 177.33 184.21 181.32 177.77
Days to heading 144.48 136.71 147.11 146.05 136.21
Grain filling period (days) 35.97 40.61 37.10 35.27 41.56
Grain weight of five spikes (g) 7.36 7.79 6.72 7.17 7.98
Number of members 72 49 130 167 54
Table 5. Continued dolol =0 Jgu
Trait Salinity stress conditions
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Spike length (cm) 8.14 7.33 6.99 7.54 7.24
Spike density 19.56 21.03 19.59 19.74 21.49
100-grain weight (g) 2.62 2.58 2.34 2.28 2.77
Number of tillers 5.34 4.92 4.05 4.56 4.75
Plant height (cm) 86.73 59.59 58.49 69.99 75.79
Number of spikelets per spike 15.72 15.22 13.57 14.66 15.19
Number of florets per spikelet 3.30 3.58 3.17 333 3.38
Number of grains per spike 41.31 40.31 35.79 38.23 41.07
Days to full maturity 181.01 173.61 185.47 180.40 174.03
Days to heading 148.64 135.73 160.34 151.96 136.42
Grain filling period (days) 32.37 37.88 25.13 28.44 37.61
Grain weight of five spikes (g) 5.73 5.64 4.59 4.67 6.00
Number of members 72 49 130 167 54
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Table 6. Superior bread wheat accessions to the check varieties for some agronomic traits in the first group
derived from cluster analysis under salinity stress conditionsin the research field of Ardekan

Accession Spike length ~ 100-grain No. of grains Plant height Grain filling  Grain weight of

(cm) weight (g) per spike (cm) period (days) five spikes (g)

KC 12247 9.10 3.30 43 96 27 7.01
KC 12328 8.40 3.80 36 91 26 7.11
KC 12349 9.40 4.20 43 84 32 8.85
KC 12367 7.90 3.20 27 85 28 4.28
KC 12395 7.30 3.30 50 88 37 8.68
KC 12423 9.20 3.20 37 95 32 6.23
KC 12439 8.90 2.10 49 87 29 5.41
KC 12459 8.20 2.30 46 96 32 5.57
KC 12468 6.40 3.30 55 78 36 7.23
KC 12521 7.20 2.80 48 98 39 7.07
KC 12527 9.30 2.50 46 88 38 6.05
KC 12553 8.40 2.50 47 88 36 6.18
KC 12555 9.50 2.90 49 90 31 7.47
KC 12582 9.50 2.50 50 85 34 6.02
KC 12583 6.70 3.40 41 86 33 6.02
KC 12587 9.00 2.40 49 91 35 6.19
KC 12596 8.40 3.00 48 72 38 7.57
Mahooti 8.54 3.11 45.94 84.25 33.19 7.88
Roshan 8.54 3.12 44.44 86.13 30.56 7.27

o gl 4o Sl ol womiy 09,8 10 wall a8l 4y Cod ol)5 Dlao (S Bl 5l 5y paiS (S5 sladiged -V Jgae
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Table 7. Superior bread wheat accessions to the check varieties for some agronomic traits in the fifth group
derived from cluster analysis under salinity stress conditionsin the research field of Ardekan

Spike length 100-grain No. of grains Plant height Grain filling  Grain weight of

Accession (cm) weight (g) per spike (cm) period (days) five spikes (g)
12248 6.20 3.60 38 80 33 7.56
12309 7.40 3.10 41 77 33 8.04
12341 5.30 3.10 48 74 42 7.93
12343 5.40 4.10 42 67 41 8.92
12344 6.00 3.40 44 82 43 8.75
12346 7.10 3.60 41 84 42 7.83
12348 8.20 3.90 42 75 45 6.84
12377 8.10 2.40 54 73 35 6.82
12379 8.30 2.60 49 74 35 6.70
12382 8.30 3.00 45 88 36 6.67
12383 7.80 3.00 46 77 37 7.26
12384 8.20 3.10 42 82 37 6.85
12391 8.90 3.60 40 85 37 7.86
12396 7.50 3.90 44 86 38 8.76
12397 7.00 3.00 42 78 36 6.74
12419 7.80 3.40 40 82 30 7.15
12462 6.20 3.30 41 75 43 6.97
12463 6.70 2.90 46 73 38 7.47
12464 7.30 2.80 49 72 39 7.22
12469 6.80 3.10 49 80 37 7.15
12545 7.50 3.30 37 78 40 6.96
Kavir 8.4 2.62 44.75 72.75 39.75 6.61
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Figure 2. Separation of groups derived from cluster analysis of bread wheat accessions based on discriminant
functions under normal (research field of Yazd) and salinity stress (research field of Ardekan) conditions
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Figure 3. Membership probability of bread wheat accessions to different groups derived from cluster analysis
based on discriminant functions under normal (research field of Yazd) and salinity stress (research field of
Ardekan) conditions

o5 g Jlp bl 90 o j0 SlsS o oYL
aiy olawi g alia gy wls (9 Slie gl )9t
G Jood byl mli b Slaslin cpl a5 ol casliv
5 w3l ey b palS (ST Lged ATY ()0
5 <l calls (Arshad et al, 2013) .,Kea
O Pk plad om0 Slas pl Caenl saimslis
o5 g Jlap bulpd g0 sa ot Gl 090 sladiges
2 a9t 8 Ll ) ol Galeil b ag )0
3 s b Jlay Ll & e Slio Jae alS
!y (Afiuni and Marjovvi, 2009) s> 10 5 (Ss8l
2090 Jsb g wig gl o Sonm, b 59, slaai lao
OSes 5 b)lS Jy wg @l o by ad
pAsS Cuigis VO (ow,p ,o (Gomarian ef al., 2009)
Sugh 8 86 o aalS Glej a5 oS sualis
Olalejl o wils Gy 0550 Job (Jlopl b8 S5 18
4o (Gomarian et al., 2009) .|,Kea 5 L,LS

Lo las jo a5 cdl als cw)p 9y lacuiss

Y4

Ay (69 LA sgm U calisre Olido gl

o8 8 18 wdds o sl sols las |y olS o Slae
O e gl alg )3 i6y08 25 B 3 okS
oo G 0l lyime ot Jeloar o5 355 e (55l
oMb S aile g a2 o0 )8 ).ul.: o |y olS ul,
G5 5 iy, oo b el 5 o] e 5 Lo sl
Munns et al., 2008; Woodrow et al., ) sg5 co
G5 8l samms i g els gaiss @l 2017
Ol 5T s g 2Ll 9y9e Dlao » s)eh
il Gl e ays Jy ials lis ST
Jedoas ailgs o g le] bloday Olpds oo il
il 55 5 b 5 Jlne Sl il L Sile s
Dy Al alS 5,0 dul il 0 158 50 Slas asals
Slialesl plo 5o Slio Sl j3 5ed 5 b
U‘SLMA-Q 9 SR &.ﬁ.?u 3 W PR w)‘)f )ﬁ"
5 S5 owib,lg (Azizi and Mosavat, 2009)
ol Bod )0 S jebpd el 5eS Heh Lo



VFe uL.wAL! /ﬁjé O)Lou:a /p—‘b.b)“jé 0,99 [oMe uUb.a:)U

ol Sen g o

Slas 5l e @ Glg e e sloog,S 5l Ll
Sloog, S j0 vals pB) 8,5 13 [590 cél cons
5 ol glwlis 5y (S5 olge a5 ol olid s
G Joog 5o aily o Folaie slrass 5l aass )
OH)lan g (s wiyS 13 solaiwl 550 (gyeh S
$lp Glabgs 435 g, 5l o (Dashti et al., 2011)
ooliiwl (59 a5 Lalpd 5o pasS eadlip ) (suueg S
A 05,5 Sz o] 0s3 addlhe 550 (S5 sladiges
Lylys g0 U pasS Coigy VO ladss ajes sl
Gomarian et ) o,Ken 3 b,LS lawg (5,08 (25
09,5 Lz ;0 1) asdllas 0,90 slacusesy (al, 2009
ot gladed s 5l el mls 85 sanaies
Azadi et ) o) Sen g ol3] lawgs (5 98 i Ll
9 als )‘)3 09).? &5) |) L)?’ALQ 9 M).».Q ’blﬁ)‘ ‘(al., 2013
e 9 Sl laat s St elul 3 90
WSES 09 el 6590 & oo Jbye 5 plelid Sy
] 6‘93'7“' et Ao W"""’L" S e S 6‘9:“7“"
)l Olsisar Sy gl 5 Gidsn Ol Sn o
Bgad AVY (gladgr 4z jo aiad olpiiy Jooxio
g 2yl lwg gyl (T Ll o pass (S
wiges YA olass 35 (Arshad er al., 2013) ,Sen
slass g ails o (39 o gy ails 39 slyls (Sass
9 P90 Als 3 nsS 15 & S S a0 4l
als do 59 el gy ald (59 sld (S diged du
5 gy Sl a4y Coed 5 s alas wils olaws
WNAD (G095 poiy AdgS 50 yale
S0 A S sladiges 5l golans ol Lialesl e
sals pB)l 5l 5 s A s Jbop lulid g e
Joxio mlio ylgisdy aulgy co a8 wioh Slulils ciog
55 dlge plulid gl a8 Il 0 (5,00 5 4
P55 Joslty asinsplis wals o) iy
g Sl gt 5 4 Jerie plie st Gl
e ) ] 00 u»)‘)f 5% ).fab uLa.o:;m Ja.wy
w4 4> b 3o (Sardouie-Nasab et al., 2013)
5 S e slalaoe )l eel cavoas o Shes
el pB)l 4 s g 0 Slee Gl opY
Olyieds g Wog 295 5 o2 Sl AT 4 Jooxte Jpare
G @l wad e Glall i Gl
olis (Gomarian et al., 2009) o, Sen 5 oL LS

Yvy-

R U S L S R o
5o axbiw o als olass (Ghorbani et al., 2004)
L plie o 8l Gl 5,90 5 Gl b 5 o,
wdy aodan (o alb slaw Ll g yols G @l
Fol oo wilon 5,98 G5 llid s ST
Esome o Oladsw pl mls ob Gl els
Sl e Gl clio a5 cul ol sarmsplas
slocwss jo ol casal 5 le Jy s (590
@l Js 4wl talple ol Ogline (9565
b o5 508 5 a8 Jos i1, Ll ol o o
R S N T S P IS S TS TS o)
e lp sz 5 3 057y 590 4 Jod
Sl 0,95 0 Caedl 1 (gyeh 4 oot SIS
.Mujeeb-Kazi et al., 2019)

P oSbes p 5k Slie 4 pop o sshites
Pl gl b oslital g S (b9 5l pol> (3825
olases g alws o ails slass wils ws 359 Slaw Coenl
o (Poustini, 2002) iwg og axliw o axlS
O g (Sarod 4295 b paiS (3, Ve o)l 5
)9 ml » Qlo UM 2 0y90 J9.|o 9 alo Ses 09
Btz 50 Lol 0,8 oSk Gogo 4 Jeog jo &lo e
Iy 85 1R anb oy5e g S, Jae o ol ol
Jas ol s 0 055 Jsb ala 51 Salyss i
Azizi and ) Sllae 5 Gpie Bod e )S,
g 4l e 39 G (Siwod 3 (Mosavat, 2009
w2l e, 5155 s cume 1) jed Lalid o o Slee
SLHKen § i 099,k inlesT sloazil b ol ubo
Caenl bl I (Sardouie-Nasab et al, 2013)
Loyl l o alw jo dild 139 g alw o dils slaws wlas
Sgr Gllai 3 pl5 4 ol o 5 elol s 98 A
O a Jeod j0 wig gl G Cowenl (blae o
Arshad et al., ) ;) Ken 5 o)l Guds 0 (5,08
1 o pl &S I 0 28,5 18 0ST 5,50 (2020
A3 0)ly (Seem 55 Je yd pol Gaiod

90 (S5 Olge slabo i g 5l esliiul L
Gadiws AlSe ooy )T j0 Lol> Guiow 0 dxllas
£33 353 Sl s ol 31 3 0l 3,51, ooy 5
L St 0 (o)n Syp0 ladiged o (S5



Ve uL.wAL /!65.5 o)Lo..':u /p—‘bé)‘lj.b 0,99 [ode -_.»LB...B.-;u

Gog i sl cod (3l Al Dy (S £955 (o)

Slasises | ok a0z (b)) al 5 (5598
S B sloos S 53 8L ol ol eney S5
@lse Olao gl Sy ee Klo a5 Wl S8
Cedyb ggezme ;o el (g)sd RS Jei 4 by
oI5y soasl, jo a5 ol camlivn Su55 gei5 YL

ol ooliinl B (5,08 4 Joms

8L olai

Sl jo Badod (pl a5 aS (0wl (1) catns
olas laieds wlgh oo a5 Jlo b (6,5 Laily) 4555 2
el ot bl 055 a5l il

iy @Bl eule,

Al pl (5,55 50 a5 aS oo pdel () odius g
ld) sgu o ool C8 s alox 51 i BN 51 JelS jsbay
ilos ) (g @il¥ge jlisl g Jlo)l b g bosls Jax
5009 Jrol Sladss I S§ Jol> dlin cpl iren
Loayss @2 505 Gl ad & ol jsba 095 L
Ll gl o (ol g g ouds jiitn g Ol (ales
wlys 5 48,5 Syge halen b a,d e 0 o
R

Wi L o3l

s D90 4 dlie (pl Oz b (OB) ey

doJguz dgizes 5l osliiul 3gi> adS 5 00,5 cidlse 5L
S (oo STy HAb a0l g b gl o JSCS

References

LDH-1557-3 sSskile bls Y 5 Seale o8, a5 ol
S (s S ened G bl 3 (i Jood
Jo 5 9By (655 ol si) acky 4y Cos als 5 &gy
O 3l g SeBls 13 ke St 50 (pB) 08, Bl
Glhe Jozs Onfarm-6 Y ;5 Onfarm e pY
Onfarm-9 4 Onfarm-4 e pY 4 cous g5V
4V ;.5 (Arshad et al., 2020) Koo 5 o)l il
O bl cou |y 4l LS b padS i
slass a5 W8 )5 caalice g wisly J13 ooy 0590 (55
Sy sald 08, 4 Cund 65 i Al 5 ,Shes gy &

sl i bayll o

RO L
peodp 5 a8 ols LiS gemme j0 ol Budod gl
b @lolid gl eyl cudyl Gl (b pas
S50 Slao Jliie Wil s N5 A Jee
Iy w35 3 698 2 s b cow
Sglite (95LsS Sty sladiges 50 3l ol e
alo olaws s o (39 o)y O 50 Dlao o 3l 0g
S Sy S 3ly azbin ;o axdS slass g alw
Orlnle g iy Slae plo 5l 65 i Sueal 5 o
olaws 5,8 )13 s (Mol gladsliy jo cuwl o3V
S Bt Slao Bl I (S5 sladiges 5l g3k
W (gdiegS e Bl 6rn wald el
plite 5 cilide loatiss o anli a5l csladss
b Joi glite slaasir [Ty oS Gk (stes T

Afiuni, D. and Marjovvi, A. 2009. Assessment of different bread wheat cultivars responses to
irrigation water salinity. Journal of Crops Improvement 11 (2): 1-10. (In Persian with English

Abstract).

Amini, A., Amirnia, R. and Ghazvini, H. 2015. Evaluation of salinity tolerance in bread wheat
genotypes under field conditions. Seed and Plant Journal 31 (1): 95-115. (In Persian with English

Abstract).

Arshad, Y. Zahravi, M. and Soltani, A. 2020. Screening of bread wheat genotypes for identifying
tolerance genetic resources to salinity. Journal of Plant Production 26 (4): 1-23. (In Persian with

English Abstract).

Arshad, Y., Zahravi, M. and Soltani, A. 2013. Selection for tolerance to salt stress in wheat genetic
resources. Journal of Crop Production Research 5 (1): 13-21. (In Persian with English Abstract).

Azadi, A., Pazoki, A., Hosseini Sianaki, H., Zandipour, M., Mirzaabdollah, N. and Abbaszadeh,
E. 2013. Screening the salinity tolerance of the wheat cultivars at germination and seedling stages.
Plant and Ecosystem 9 (1-34): 53-72. (In Persian with English Abstract).

Azizi, M. and Mosavat, S.A. 2009. Selection criteria of wheat genotypes under salt stress in Golestan
province. Crop Production 1 (4): 19-33. (In Persian with English Abstract).

Ceccarelli, S. 1994. Specific adaptation and breeding for marginal conditions. Euphytica 77: 205-219.

v



VEY leasl /o o)l [o203l90 0,90 [Me Slddos OhHlSes g o)

Ceccarelli, S., Erskine, W., Hamblin, J. and Grando, S. 1994. Genotype by environment interaction
and international breeding programmes. Experimental Agriculture 30: 177-187.

Dashti, H., Taj Abadi Pour, A., Shirani, H. and Naghavi, M.R. 2011. Evaluation of wheat
germplasm in response to salinity stress. Iranian Journal of Field Crop Science 41 (4): 655-664.
(In Persian with English Abstract).

Dowlat Abadi, Y. Najafi Zarini, H., Ranjbar, G. and Darzi Radmandi, H. 2019. Determining
resistant wheat varieties to salinity stress with multivariate statistics methods. Plant Echophysiology
11 (37): 74-84. (In Persian with English Abstract).

Foolad, M.R. 2004. Recent advances in genetics of salt tolerance in tomato. Plant Cell, Tissue and
Organ Culture 76: 101-119.

Ghorbani, M.H., Zeinali, E., Solatini, A. and Galeshi, S. 2004. The effect of salinity on growth,
yield and yield components in two wheat cultivars. Journal of Agriculture Science and Natural
Resources 10 (4): 5-14. (In Persian with English Abstract).

Gomarian, M., Malbobi, M.A., Darvish, F. and Mohammadi, S. 2009. Investigating the reaction of
bread wheat genotypes (Triticum aestivum L.) to salinity stress. Journal of Research in
Agricultural Science 5 (1): 21-31. (In Persian with English Abstract).

Hafeez, M.B., Raza, A., Zahra, N., Shaukat, K., Akram, M.Z., Igbal, S. and Basra, S.M.A. 2021.
Gene regulation in halophytes in conferring salt tolerance. In: Hasanuzzaman, M. and Prasad,
M.(Eds.). Handbook of bioremediation: Physiological, molecular and biotechnological
interventions. Academic Press. pp: 341-370.

IBPGR. 1978. Descriptors for wheat and aegilops. International Board for Plant Genetic Resources.
Rome, Italy.

Isla, R., Aragues, R. and Royo, A., 2003. Spatial variability of salt-affected soils in the middle Ebro
valley (Spain) and implications in plant breeding for increased productivity. Euphytica 134:
325-334.

Jafari-Shabestari, J., Corke, H. and Qualset, C.O. 1995. Field evaluation of tolerance to salinity
stress in Iranian hexaploid wheat landrace accessions. Genetic Resources and Crop Evolution 42
(2): 47-156.

James, R.A., Blake, C., Zwart, A.B., Hare, R.A., Rathjen, A.J. and Munns, R. 2012. Impact of
ancestral wheat sodium exclusion genes Nax/ and Nax2 on grain yield of durum wheat on saline
soils. Functional Plant Biology 39: 609-618.

Jamil, A., Riaz, S., Ashraf, M. and Foolad, M.R. 2011. Gene expression profiling of plants under
salt stress. Critical Reviews in Plant Sciences 30 (5): 435-458.

Jombart, T., Devillard, S. and Balloux, F. 2010. Discriminant analysis of principal components: A
new method for the analysis of genetically structured populations. BMC Genetics 11 (1): 1-15.
Mahlouji, M. and Akbari, M. 2001. Effect of water salinity in sprinkler irrigation on yield of different

wheat cultivars. Seed and Plant Journal 17 (2): 172-182. (In Persian with English Abstract).

Mujeeb-Kazi, A., Munns, R., Rasheed, A., Ogbonnaya, F.C., Ali, N., Hollington, P., Dundas, L.,
Saeed, N., Wang, R., Rengasamy, P., Saddiq, M.S., De Ledn, J.L.D., Ashraf, M. and Rajaram,
S. 2019. Breeding strategies for structuring salinity tolerance in wheat. Advances in Agronomy
155: 121-187.

Munns, R., Schachtman, D.P. and Condon, A.G. 1995. The significance of a two-phase growth
response to salinity in wheat and barley. Functional Plant Biology 22 (4): 561-569.

Munns, R. and Tester, M. 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology
59: 651-681.

Poustini, K. 2002. An evaluation of 30 wheat cultivars regarding the response to salinity stress.
Iranian Journal of Agriculture Science 33 (1): 57-64. (In Persian with English Abstract).

Rajabi, R., Poustini, K., Jahanipour, P. and Ahmadi, A. 2005. Effects of salinity on yield and some
of physiological characteristics in 30 wheat (Triticum aestivum L.) cultivars. Agriculture Science
11 (2): 153-163. (In Persian with English Abstract).

Ranjbar, G.H., Pirasteh Anosheh, H., Emam, Y. and Hosseinzadeh, S.H. 2013. Effect of salinity
on different growth stages of wheat, cv. Roshan. Crop Production in Environmental Stress 5 (1):
23-31. (In Persian with English Abstract).

Rengasamy, P. 2010. Soil processes affecting crop production in salt-affected soils. Functional Plant
Biology 37: 613-620.

Yyy



VE) Gl Tpgo o)las [om05lg0 050 [l Dladions Sopt i dmlyl o (U palS e )5 (S5 £95 (o) 2

Saadatian, B., Soleimani, F. and Ahmadvand, G. 2012. Evaluation of salinity tolerance of some
wheat cultivars. Seed Research 2 (4): 1-12. (In Persian with English Abstract).

Saddiq, M.S., Igbal, S., Hafeez, M.B., Ibrahim, A.M.H., Raza, A., Fatima, E.M., Baloch, H.,
Jahanzaib, Woodrow, P. and Ciarmiello, L.F. 2021. Effect of salinity stress on physiological
changes in winter and spring wheat. Agronomy 11 (6): 1193.

Sardouie-Nasab, S., Mohammadi Nejad, G., Zebarjadi, A.R., Nakhoda, B. Mardi, M.,
Tabatabaie, S.M.T., Sharifi, G.R., Amini, A. and Majidi Heravan, E. 2013. Response of bread
wheat (Triticum aestivum L.) lines to salinty stress. Seed and Plant Journal 29 (1): 81-102. (In
Persian with English Abstract).

Shahid, S.A., Zaman, M. and Heng, L. 2018. Soil salinity: Historical perspectives and a world
overview of the problem. In: Zaman, M., Shhid, S.A. and Heng, L. (Eds.). Guideline for salinity
assessment, mitigation and adaptation using nuclear and related techniques. Springer, Switzerland.
pp: 43-53.

Woodrow, P., Ciarmiello, L.F., Annunziata, M.G., Pacifico, S., Iannuzzi, F., Mirto, A., D' Amelia,
L., Dell’Aversana, E., Piccolella, S. and Fuggi, A. 2017. Durum wheat seedling responses to
simultaneous high light and salinity involve a fine reconfiguration of amino acids and carbohydrate
metabolism. Physiologia Plantarum 159 (3): 290-312.

Yadlarlou, L. and Majidi Heravan, E. 2008. Evaluation of salinity stress on morpho-physiological
traits of four saline tolerant wheat cultivars. Iranian Journal of Field Crops Research 6 (1): 205-
215. (In Persian with English Abstract).

Yamaguchi, T. and Blumwald, E. 2005. Developing salt tolerant crop plants: Challenges and

opportunities. Trends in Plant Science 10: 615-620.

Yyvy



