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Table 1- Physical and chemical properties of the soil of the area before the experiment
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Soil texture pH
EC (ds/m) (%) (ppm) CIN
R
7.68 0.71 0.127 2.79 1.755 32.47 401.66 24.5
Clay loam

- Wageningen



0L g (5 yo5

say

S sisd bl QTL So 31 e 5 oSl Gl
alfair gew S, Joo S 0 LQTL 51 G 0 b g
Cundge als 1o QTL Sl flaus 5 ar wlbre B o0 a gl
ol Cs 4 LQTL s ys A0 slazel 390> 5 QTL
WINQTL ljsla 5 /0 ase s Ly LaQTL il LS

&b bl (Wang et al., 2007) Cartographer

Sishle Y TP G e (ilyly 4 @l bl
890 Slio S cigi Sl dag] cpally g 9> chel e
P YLl £955 saimoLis cpl gy jlo cre jln (o)
anslr Lopl aSinl 4 azgi b uizen adbge Cumez ()
15 ooboanlice g5 ol ply Al o auishle s clocyy
JLJORE SR RPN O P N EPOWSESRN
Sy Job g o 38 039 17 4 Slio polad p larme
9 o s dils jl5m s Cbio  Jarme S0 o sl
b Sl Gog o cae g Hlocre e St Jsbo o
AliBre Slaws a5 conl (pl ossmoylis ) p 890 Slaws
Alasleals g8 25 g Jlo Ll b g9 50 (Jslite 590
Gls e 09 5 Sty Jsb Slaw p lanme ;o Godsiy it
(¥ J992) 092 o gire jlws Slao plw g o sre
O g Jley bame 10 ()0 0550 GlacSes (nl b
sl las gaglaie sla fesdl WS
sl 0 dshle ¥ V¥8 isid ool slo Sinran
Lulpd 59 39 (o) 0y90 Slao gl o] pally ol o 4 52
el oo o0l i ¥ Jgdz 0 55 i 5 Jlay
Al Ladls o Shoe (o (YL g Ce (oisid (S en
0,5 dlas o 3,90 40 (> 4 b cddlinve dslllas 5,90 Slao
5 Jboy Ll ;o9 Shoe b (dhie (Ko slls a5 &35 0
Olyee Oty g (50 [0Y g o[+ A iyia) i
Ofas b 592 50 azehy 3l (o 9 Jloyi Laalpd 50 (Snen
C1OF) adls o Sloae L atgy jo alw slass o (+/0F) ails
g A ) iy dlosd (5 G Ll D 0000 5 sl
N oYL San il 5 Slas b aigy j0 aliw olass
oo (Kinrod 4ils 3 Shos g ails 130 059 G CeBIS 3925

iS5 g Jloy dasl iy i 5 ay) ad cdelin (g )l0 e g

Al oli s T Job s s,z sl 4o aguY
L 12 55, peis il i cosS e il YO bgls o
Sllos cadi 5l Wod i lawgie o515 L
dw mo 5l S5 (65 g 90 Aol S g (5,55
&y dr G ilS Oldes 2@ 5 plal ool e il
Dy iy 5 597 Dy 4 dsyie S)lel Uhg) 5 ) Sp e
Calan b ol 5l gy (i e )0 e yh0 )l 6l
O 5l Jlasi bazs ,5 s NACl Yo Lo Y0+ Su,25
390 3k 0550 ol)) Oldes adS .00 5 el adlaie oy
vk & Jloy g A5 bl ol o ladigy gad g 0l 0590 Jobo
o 6 pFoslail il 31 Bis 5l Ly ot alosil LSy
o o plowl &8 o 5l Bolas gy Vo eSilie olosl s
Jsb c0,5 olaws «( e 25l) avgy glas) Lalis s (5 50505l
g ;o aliw olawd igy ;o asty olawd (e gilw) 0,5k
als S5m0 555 (e silw) S,y Jobo el ;o als slass
SrSoslasl o (LS 50 p,56kS) als o Sles 5 (2)5)
L8 Dygme O 50 sy pled Sl L el o Shes
oy Lalpd g9 (sl anlllas 5,90 Slae o8 50 (Wil )lg 4520
loolel g Slio (e (pistd ools (Sinnad o555 G
Al Aoz O)50 4 A5 9 Jloy bl b gl oy
SAS I8l 5l ealizl b (Lol sladlons 5 a3 4l o
L85 S ygo AT s

s> el asble sbacny 5l S 6,50 i
Jelod g 528 (g e 4y Sl 00 A oy 2 350
ol (IS5 sl )il 4y bgypo 4t ()05, L QTL
38 e 4 ol s alonil 9> sl ashla (nY V1A )
s VE) Jsb L SSR 5 STS-SNP DAIT ,SL_si OFY
Aghnoum et al.,, ) sg ;5 )50 5l YIA alols Lo gie
(2010; Francia et al., 2004

by Ll g0 51 S5 o gl e o a2 QTL a5
5 LQTL fomd Cgz o plodl Lag] (il 5 25
S o ladold plaad g, 5l dagyl B ejladl o sl 5
Y0 LQTL lulis ol LOD Jslas .o solarw! (CIM)
b i8Sl s G5 ee Bl ¥ gy alold JBlas
9y 9308 O3S b (COfactor) asce; s (sl Silis

ogdle 3o a5 (FOrward and backward regression)



4y

Gagh G g Jlogi byl pld cod g2 hclido adghiby Caonr (o)) U S iy 005sS J S (08 (Plg (Al

WS o SaS 0 Sloae b an alizee Ola o 900 (6l
(Koochakpour et al., 2021)
Slawi po (5,lo sire st (Ko 5l asllas o
A 55 g Jlop Ll p0) s e (59 5 A5 )0 Ay
b a8 Gl oyl ooyl g o samlios (—+/YF 5 —+/¥4
Ko iy oo S Al Jl5a (59 gy sl oljél
aliw o ails olows g aigy ;o aliw olaws (pn lo Jxe ae
0 Vi (VY 5=+ OV sy 5 g Jley Lyl 5 o)
Aot (8 ity NS5 (et o (535t Sl ol ol
LalS Al a s easi SCis slaasls slaws ol by Sl

SRV JISUIS S YPET VP SO CHEIWON. U J JRUON T v gt
el azgi BB 30 Al i 1 g digs jo aliw

BRI E SERURVE RV «ERWON- Y SOOI | PN YA f NPT A Ve
b 05 (V) Iyl 8 90 jo o aigy jo aliaw olass g &g
Oil38l 5 Al olaws g jo dziy dlass malS L ol
o, Slas o 92 slradsble o NGRS o;bb.a oS L
(Al o ails Slaws g a5gs 4o aliw olaws) o sl 5wl
O YL (K on (Mohammadi and Baom, 2008)
JrsS GQTL (LS o Lo 4 cl Soe oo
S 95 iz ed b byl ol Sige Jdo 4 b sasS
WS 25 ) (@95 9eh) Slio plow £95 Wil (o0 o
Jade 5 Conle ay by e wledbsl (Siahsar et al., 2008)

EH B PR VPPSENUPS SN I A (P VPV CEIIWON - ST S

=35 lio @l (NUrexTremois) gl cpally of yo 43 g2 caclido udgly b (slory Y o8 jo il ylg 435 - Jgur

Table 2- Combined analysis of variance of barley double haploid lines and their parents (NurexTremois) for the agronomic traits

3 E g 35 3£ £
= = — = [ j=2} - = - e o = S
3 2 2 39 38 35 T§ 2% 38 5% 3
5 O = 5 T 32 wibs FE 3 25 4 =2E 2%
35“’ 2 25 5 s WE 32 “Exéz 2 % 2 £
9 x o T z o g IRS) 3 © < 3 o RO
3 2 c I s © o 8
- ? = Z =1
Lo " 10681 " - " - . 116892
Envi " 1 2.7 . 1.6 374 2.7 475 0.71m™ 9.38 -
nvironmen
() 55 * .
Rep (ENV) 2 0.03™ 5.04 "™ 0.005 ™ 0.17"™ 0.035"™ 15.7 65.66 344 3544 ™
ep
x )I)S) J}L
(e
Block (R 44 0.035™ 5.24™ 0.07™ 0.25™ 0.035"™ 6.05™ 1.004 ™ 1.38™ 2218™
ock (Rep x
ENV)
G595 - - " - " . o o 14421
Genot 137 0.18 139 145 7.79 0.18 21.93 7.21 24.33 .
enotype
Lo x el . . . - - " 12285
Genot ENV 137 0.05 34.2 0.33 1.63 0.05 6.45 0.7m 0.8m™ .
enotype x
Uas-
£ 230 0.029 45 0.06 0.31 0.028 4.49 1.06 153 1967
rror
v (%) 5.56 2.26 4.03 3.76 7.37 8.59 7.26 3.31 2.17
(]
O
R? 86.8 97 94 96 87 84 0.84 92 97

aoy ) 50 Jliol mhv (o s pme g jlo pae pf o g4 i FF g F NS

ms, *and ™: Non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 3- Phenotypic correlations of the studied traits in barley double haploid lines and their parents (NurexTremois) for normal

(above diagonal) and salt stress conditions (below diagonal)
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Grain yield

“and ™: Significant at the 5% and 1% probability levels, respectively.
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Table 4- Descriptive statistics of agronomic traits in barley double haploid lines and their parents (NurexTremois) for normal

condition

3 s 3 5 3 = =
1133 4% 31 1217 38 30 jE
p: TE o%E ORE oae gs 18 75 38

7 2 = 22 92 =
Nure (P1) 3.23 101.17 6.16 16.4 2.48 24.5 11.7 36.8 2194.68
Tremois (P2) 3.08 103.25 5.74 18.02 2.3 27.5 14.01 38.68 2385.28
P,-P, 0.14 2.07 0.41 1.6 0.14 3" 2.25 1.88 190.59
=(P1tP2)/2x, 3.15 102.2 5.95 17.2 2.4 26 12.9 37.74 2289.98
Wors 2.36 78.5 4.88 11.87 1.6 20 10.8 31.2 1653.78
Boks 3.47 116.3 8.7 20.45 2.7 33 18.2 455 2526.9
Range 1.11 37.87 3.8 8.57 1.1 13 7.3 14.3 873.14
Fpis 2.97 98.45 6.3 15.7 2.2 25.6 14.25 37.5 2055.1
SDpws 0.24 7.12 0.67 1.66 0.24 2.4 1.4 2.7 164.1
CVors 8.05 7.23 10.65 10.56 10.7 9.5 9.7 7.2 7.98
—XpXphs -0.18 -3.75 0.35 -15 -0.2 -0.4 1.35 -0.24 -234.88
GGN=Wor-W5 -0.72 -22.67 -0.86 -4.53 0.7 -4.5 0.9 -5.6 -540.9
GGp=Bpw-Bp 0.24 13.05 2.54 2.43 0.22 5.5 4.19 6.82 141.62
GCV(%) 7.28 7.01 10.2 10.23 9.73 7.79 857 6.8 7.91
PCV(%) 8.68 7.3 10.97 10.83 11.6 9.34 10.9 7.54 8.18
GC (5%) 0.37 13.56 1.23 3.13 0.37 3.44 1.98 4.76 325.06
h? 70.4 90.6 86.19 88.8 70.4 69.7 62.1 81.6 93.4
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“and ™: Significant at the 5% and 1% probability levels, respectively. Wpns, DH with minimum trait value; Bps, DH with maximum trait
value; W, parent with lower trait value; By, parent with higher trait value; GGy, downward genetic gain; GGp, upward genetic gain; GCV,
genotypic coefficient of variation; PCV, phenotypic coefficient of variation; GC5%, genetic gain for 5% selection index; h?, narrow sense
heritability.
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Table 5- Descriptive statistics of agronomic traits in barley double haploid lines and their parents (NurexTremois) for salt stress

condition
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Nure (P1) 3.022 88.4 6.2 14.27 2.27 25 12 36.16 2048.02
Tremois (P2) 3.056 95.3 6.4 14.9 2.3 26 12.38 37.95 2203.85
P:-P, 0.034 6.87 0.2 0.65 0.034 1.0™ 0.39 1.78 155.8
=(P1+P2)/pr 3.04 91.88 6.3 14.6 2.29 25.5 12.19 37.06 2125.94
Wphs 2.5 67.12 4.47 10.3 1.7 16 9.6 31.7 1694.6
Bohs 3.9 104.7 8.67 19.4 3.2 32 17.8 455 2391.7
Range 1.45 37.6 4.2 9.05 1.45 16 8.2 13.7 697.1
Xpus 3.13 89.2 6.4 14.05 2.38 23.65 14.1 37.2 2025.5
SDphs 0.29 7.2 0.7 15 0.29 3.3 1.53 2.6 157.8
CVphs 9.4 8.13 11.4 11 12.3 13.97 10.8 7.08 7.8
*fprHs 0.09 -2.68 -0.1 -0.55 0.09 -1.85 1.91 0.14 -100.44
GGN=Wph-W5p -0.52 -21.28 -1.73 -3.97 -0.57 -9 -2.4 -4.46 -353.42
GGp=Bpy-Bp 0.84 9.4 2.27 45 0.9 6 5.42 7.55 187.85
GCV(%) 8.14 7.9 10.99 10.6 10.71 11.9 9.3 6.62 7.59
PCV (%) 10.35 8.26 11.7 11.25 13.6 15.6 12.08 7.42 79
GC (5%) 0.414 14.01 1.36 2.89 0.41 4.43 2.1 454 304.39
h? 61.9 92.09 88.2 88.7 61.9 58 59.6 79.7 91.7
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and ™ Significant at the 5% and 1% probability levels, respectively. Wpys, DH with minimum trait value; Bpus, DH with maximum trait
value; W, parent with lower trait value; By, parent with higher trait value; GGy, downward genetic gain; GGp, upward genetic gain; GCV,
genotypic coefficient of variation; PCV, phenotypic coefficient of variation; GC5%, genetic gain for 5% selection index; h?, narrow sense
heritability.
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Table 6- QTLs of the studied traits in double haploid lines of barley and their parents (NurexTremois) under normal and salt stress

conditions
,, (alyfh AT
555 09,5 Sete LOD i D et cer?
o S 09§ S o piSs0 oIL Allellc. e‘ffect R%
T QTL Linkage . k TL (additive)
raits earest marker . . .
Group Q, . o Jboy o Joy o Jboy
position
Stress Normal Stress Normal Stress Normal
gy ,0 iy olasy
. QntlHna 1H bPb-4813-1H 31 - 2.8 - -0.09 - 9
No. of tiller/plant
QntlHnb 1H E41M38_206-1H 46.2 - 2.7 - 0.1 - 8
Go gl
. Qpht2Hs 2H bPb-1154-2H 147.2 2.9 - -2.72 - 9.8 -
Plant height
o)f slass
Qnn7Hs 7H bPb-1209-7H 46.5 25 - -0.22 - 8 -
No. of node
g ,o i olass
. QnslHna 1H bPb-4813-1H 31 - 2.84 - -0.09 - 9
No. of spikes/plant
Qns1Hnb 1H E41M38_206-1H 46.2 - 2,77 - 0.1 - 8
Al o als olass
. .~ Qng2H 2H bPb-8737-2H 110.8 5.04 4.02 -1.32 -0.92 15 12
No. of grains/spike
Qng5Hn 5H bPb-9147-5H 168.7 - 3.57 - 0.89 - 10
QallHs 1H bPb-1541-1H 55.1 2.8 - -0.48 - 9 -
Awn length
ails o Slas
L Qgy2Hsa 2H bPb-5942-2H 142.8 2.79 - -50.3 - 9 -
Grain yield
Qgy2Hsb 2H HvCSG-2H 152.3 3.75 - -54.88 - 11 -
Qgy2Hsc 2H bPb-4092-2H 154.6 2.75 - -49.48 - 9 -
Qgy3Hn 3H bPb-2324-3H 52.1 - 2.87 - -49.2 - 9
wlo )58 53
. . QtgwlH 1H WMC1E8-1H 112.6 4.02 4.18 1.01 1.02 12 13
1000-grain weight
Qtgw3Hn 3H bPb-9207-3H 179.5 - 2.9 - 1.1 - 8
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9948 50
LOD: The likelihood of odds; Positive value indicate that the” Nure” allele increases the trait value; R? (%)= Percentage of phenotypic variance
explained by the QTLs.
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5 ol ol cuglas .(Xue et al., 2009b) wos slubis
890 Sbasrer Sols Jdo 4 Yol Lo gl b Gudios ol

il e osliza]

5 OB sl Y10 Cumdyo ;0 TH pg5509,5 (59, 5 45 oo
ol casls 18 el ) 3Ph-1209-7TH Silis & jglme yo
e 013 3l om0 A g o -0 /YT iolsal T gl le QTL
SQTL céo cnllp Jloy bl o )3 350 a5 1, S
QTL S, Lyl, s g0 05uSles 4 o5 Iy iy sl
S slme 5 8 j5e gl OVIA Coxdse 13 BH pg5505,5 (s,
£ 5l ae,0 1 a5 0 8 e s bPb-unk3-6H %L
YV A R WP St B P K QTL ol oges azgi |y JPEEpeL
slaei ca o gl (QnsIHND ;, QnslHNa) QTL oo

5 oS il ool olell Jloy bal,ls jo a5g 0 alos
aess el (QTL T2 o ol gl bl s g0 (Sl
9y 230 2 Jloy Ll o oo i oLl o (LQTL

byl g0 (5Kl (sl (NurexTremois) L@di Plg g 95 elan udgh b g jo ow)yp )90 Olao GLQTL -V Jeus

Table 7- QTLs of the studied traits in double haploid lines of barley and their parents (NurexTremois) for the mean of two

conditions
580 09,45 . R?
i SELT Sy QTL s (T3 AT 5 s
. QTL Linkage . . . R*% Total R?
Traits Nearest marker QTL position Allelic effect (additive)
Group %
Go gl )|
. Qpht2Hm 2H bPb-1154-2H 147.2 3.378 -2.66 11 11
Plant height
o Sl Jobo
Internode QillHm 1H E39M61_247-1H 73.2 2.8 -0.43 9 9
length
o)f slaws
Qnn6HmM 6H bPb-unk3-6H 57.8 3.2 0.29 9 9
No. of node
5o ails olass
s
Qng2Hma 2H E42M38_235-2H 109.6 4.9 -1.06 16 25
No. of
grains/spike
Qng2Hmb 2H E42M38_210-2H 118.3 2.7 -0.7 9
wlo )58 53
1000-grain  QtgwlHm 1H WMC1E8-1H 112.6 4.12 0.98 12 21
weight
Qtgw3Hm 3H bPb-5864-3H 180.5 29 1.09 9
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LOD: The likelihood of odds; Positive value indicate that the” Nure” allele increases the trait value; R? (%)= Percentage of phenotypic variance

explained by the QTLs.
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Abstract

Introduction: Salinity is one of the main obstacles to increasing crop yield. The most severe problems
in soil salinity occur in arid and semiarid regions. Barley (Hordeum vulgare L.) is widely planting in
the arid and semiarid regions. It is the fourth most important cereal crop worldwide, and it has a long
history as a model for genetic studies. It is the most salt tolerant cereal. Salt tolerance in crop plants
is a genetic and physiological complex trait and is controlled by several quantitative trait loci. Both
genetic diversity and the adaptation to a broad spectrum of micro-ecological conditions including
water availability, temperature, soil type and altitude have strongly influenced the development of
salt tolerance in barley.

Materials and Methods: In order to identify genomic regions controlling the agro-morphological
characteristics and markers linked to them under normal and salinity stress conditions, an experiment
with 136 double haploid lines of barley and their parents (Nure and Tremois) was conducted based
on alpha lattice design with two replications at the Agricultural Research Center of Zabol, during
2020-2021 crop year. Agronomic traits were including tiller number per plant, spike number per plant,
grain number per spike, awn length, internode length, node number, plant height, 1000-grain weight
and grain yield. The combined analysis of variance, correlation coefficients between the traits and
descriptive statistics calculated for normal and salt stress conditions. The data were analyses by the
SAS (ver. 9.2) statistical software. QTL analysis was conducted by composite interval mapping (CIM)
method using QTL Cartographer v2.5 for each of the normal and stress conditions and their averages
separately (with threshold value (LOD) 2.5, minimum distance 2 cM between QTL).

Result and Discussion: The combined analysis of variance indicated significant differences among
the genotypes for all studied traits. This indicates high levels of genetic diversity in this population.
Since the population is double haploid lines, therefore, the diversity observed in this population is
often caused by additive effects. Maximum correlations were observed between grain yield with tiller
number, as well as spike number per plant. The high correlation between the traits may be due to the
similar loci controlling QTLs or due to their linkage. According to the table of descriptive statistics,
the studied double haploids are representative of all the possible double haploids resulting from the
crossing of Tremois and Nure, and the studied traits are controlled by the additive effects of genes. In
total, 24 QTL loci were identified for the studied traits: 9 QTLs were obtained under normal
conditions, 8 QTLs were identified under stress conditions, and 7 QTLs were identified in the average
of the two conditions. These QTLs explained 8 to 16% of the phenotypic variance (R2). The LOD
value ranged of 2.5 - 5.04. The highest and lowest LOD values were related to QTLs of number of
seeds per spike on chromosome 2H and number of nodes under stress conditions. Regarding marker-
assisted selection, the stability of QTLs across different environments and genetic backgrounds is of
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utmost importance. Out of the 24 identified QTLs, only the QTL associated with the thousand seed
weight trait (Qtgw1H) demonstrated stability, making it suitable for marker selection. The markers
identified for this trait not only exhibit close linkage with the gene responsible for the thousand seed
weight trait but also possess high heritability and are easily detectable. The markers associated with
stable QTLs can be utilized in future studies.

Conclusion: Based on the findings of this research, significant statistical differences were observed
among all genotypes. Transgressive segregation, both high and low, was evident across all traits. Two
traits, namely the number of tillers per plant and the number of spikes per plant, exhibited QTLs at
the same location, indicating a linkage and correlation between these traits. Among the 7 major QTLs
identified in this study, the most prominent one was associated with the number of spikes per plant
(Qng2Hma) on chromosome 2H, linked with marker E42M38_235-2H, which accounted for 16% of
the phenotypic variance. Only one QTL (QtgwlH) for 1000-grain weight, linked with marker
WMCL1ES, was identified as a stable QTL. These genomic regions, once validated across various
genetic backgrounds and environments for salinity tolerance in barley, can be utilized in marker-
assisted breeding.
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