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Extended abstract
Introduction
Temperature is a major abiotic factor for regulating both growth and development of crop. But heat
stress due to high ambient temperature is a serious threat to crop production worldwide. Heat stress is
one of the major challenges in barley cultivation because it coincides with the flowering period and limits
the crop productivity.

Materials and methods

To identify heat-tolerant genotypes, 17 promising genotypes of hull-less barley with three check
genotypes were evaluated at the Darab Agricultural Research Station. The evaluation was conducted in
a randomized complete block design with three replications at cropping year (2022-2023), under
conditions non-stress and heat stress. The studied genotypes were planted in six lines along 6 m at a
distance of 15 cm from each other. Seed consumption was determined by 400 seeds per square meter
and thousand kernel weight for each genotype. Seeds were sown using an experimental plot planter
(Wintersteiger, Ried, Austria). The fertilizer composition was 150 kg.ha nitrogen (twice), and di-
ammonium phosphate and potassium sulfate were 100 and 50 kg.ha, respectively (before planting).
After the removal of perimeter plants, all experimental plots were harvested with an experimental grain
harvester (Wintersteiger, Ried, Austria). The indices of stress tolerance studied were Yp: yield under
non-stress condition; Ys: yield under stress condition; TOL: tolerance index; SSI: stress susceptibility
index; MP: mean productivity; GMP: geometric mean productivity; STI: stress tolerance index; HM:
harmonic mean; YI: yield index; YSI: yield stability index; RSI: relative stress index. Indices of FAI-
BLUP (Factor analysis and ideotype-design), SIIG (selection index of ideal genotype), CSI (combination
of significant indices) and MGIDI (multi-trait genotype-ideotype distance index) were used in order to
integrate different indices of heat tolerance and better selection of genotypes in terms of heat tolerance.

Results and discussion

The results of the variance analysis for grain yield indicate a significant difference among genotypes at
a 1% probability level in both heat stress and non-stress conditions. Heat stress led to a 24.8% decrease
in grain yield in the examined genotypes. The results showed that based on the MP, GMP, HM and STI
indices, genotypes 10, 16, 9 and 11 with the highest values of these indices were stress tolerant genotypes.
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Genotypes 6, 5, 3 and 18 with the highest values of RSI and YSI, respectively, were among the best
genotypes. Based on the YI index, genotypes 10, 16, 5 and 6 with the highest YI value were introduced
as stress-tolerant genotypes. The results of TOL and SSI indices showed that genotypes 6, 5 and 3 with
the lowest values of these indices were tolerant genotypes. Positive and significant correlations were
observed between the SIIG, FAI-BLUP, and CSI indices with Yp and Ys, while the MGIDI index showed
negative significant correlations with Yp and Ys. The principal component analysis, capturing 99.8% of
the variance in the relationships between the indices, grouped stress tolerance indices into three
categories and genotypes into four groups. Genotypes 10, 16, and 9, with the highest values of SIIG, FAI-
BLUP, and CSI indices and the lowest MGIDI values, were classified as heat tolerant genotypes.

Conclusion

In total, the results showed that by selecting indicators that have a significant correlation with grain
yield in both stressed and non-stressed conditions and integrating them using combined indicators, the
efficiency of selection increases. On the other hand, the results of FAI-BLUP, SIIG, MGIDI and CSI
combined indices were completely similar in selecting the best genotypes and did not have any
superiority over each other. Also, based on the results of the combined indices, genotypes 10, 16 and 9
were the superior barley genotypes in terms of tolerance to heat stress at the end of the season.
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Table 1. Pedigree of examined hull-less barley genotypes in the 2022-2023 cropping year.

P Origin Licw
genotype PHBWT* AHBYT** Pedigree ° yoxs

1 PH-1 CH-1 LOOT

) PH-20 CH-2 LINAZA-BAR/HIGO/4/CEDRO/MATNAN/EH165/3/MATICO/5/RABANO/
CHINIA//HIGO/6/ PETUNIA2 (EH-87-4)

3 PH-3 AH 1-3 Aths/Lignee686/5/Alanda-01/4/W12291/3/Api/CM67//1.2966-69/6/Atahualpa/7/
CANELA/GOB//ALELI

4 PH-5 AH 1-5 VMorales/6/LEGACY//PENCO/CHEVRON-BAR

5 PH-7 AH 1-7 PETUNIA 1/PEREGRINE

6 PH.8 AH 1-8 Atahualpa/lraq.iB1ack/6/Viringa’S’//W12291/W12269/5/Atahualpa/4/3OOUnion/S
v73608//Perugia/3/ W28G15-1-N/Weihenstephan173

7 PH-9 AH 1-9 J09046F310/030549J09046F310/030549-0TR-10MR

8 PH-11 AH 1-11  BF891M-617/4/Hma-02//11012-2/CM67/3/Arar/5/Black TaridaN

9 PH-13 AH 1-13 CABUYA/MJA//PETUNIA1/5/PENCO/CHEVRONBAR/3/ATACO/BERMEJO
//HIGO/4/PETUNIALI

10 PH-14 AH 1-14  PENCO/CHEVRON-BAR/3/LEGACY//PENCO/CHEVRON-BAR

1 PH-18 AH 1-18 CABUYA/MJA//PETUNIA1/5/PENCO/CHEVRON-
AR/3/ATACO/BERMEJO//HIGO/4/PETUNIA 1

12 PH-46 AH 2-6 Z1GZ1G/3/ZVA/PETUNIA 1/CABUYA

13 PH-54 AH 2-10  ICNB93-369/5/Roho/4/Zanbaka/3/ER/Apm//Ligneel31

14 PH.55 AH 2-11 éltzaillualpa/lraqlBlack/7/WI3 159/6/ANCA/2469//TOJ1/3/SHYRI/4/ATACO/5/A

15 PH 56 AH2-12  Assiya

16 PH-59 AH 2-14 WI3257/4/ALISO/CI13909-2//HB602/3/MOLA/SHYRI//ARUPO*2/JET/5/DD-
21/WI13257

17 PH-65 AH 2-16 NB1054/Aleli//Gairdnaer/3/DD-21/WI13257

18 PH-71 AH 2-17 NACKTA/HJA A33//FNC1/3/Sebastian

19 PH-72 AH 2-19 C1-12//UC1134/Lacey

20 PH-10 CH-3 PETUNIA1/8/POST/COPAL/5/GLORIA-BAR/4/SOTOL//2762/BC-

B/3/11012.2/TERN-B//H272/6/ SIND89A -148/7/CARDO (EH-85-9)
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*: Preliminary experiments conducted in Darab and Ahvaz; **: Advanced experiments conducted in Darab, Ahvaz and Gorgan
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Fig. 1. Monthly meteorological data in 2022-2023 cropping year in Darab.
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Table 2. Mathematical formulas of tolerance and susceptibility indices.

o as Lo Jge s e A &bl
Indices Formula Pattern of selection References
(TOL) Jooxi asLis TOL:Y,,— Ys )Lm ol Rosielle and Hamblin, 1981
Tolerance index Minimum value
(MP) sg5 opuKiloo alis Y,+Ys e o 5V Rosielle and Hamblin, 1981
Mean productivity Maximum value
Ysi Fischer and Maurer, 1978

(SSI) s & Comwlis p5Ls
Stress index

(GMP) s Shos cwiid (555leo
Geometric mean productivity

1

Ssi=—2 sr=1. %
SI

Y,

P
GMP= 7 %Y

(STI) s a4y Jos a5l e R/ el

Stress tolerance index ¥, )2
(HM) s ,Sdlos Saigo, b (pufiloo HM_Z(Y,,XY;)

Harmonic mean B Y, +Y;

. . Y, Y
Relative stress index p P

(YSI) 0, has g laly sl ys= L
Yield stability index Y,
(YD) o, Sdhos 5L =z

Yield index Y

e op Bl
Minimum value
Slade cp 5L
Maximum value
Slade o 3L
Maximum value

Slade o 3L
Maximum value
e o 5V
Maximum value
Slade o 3L
Maximum value

Slade o 3L
Maximum value

Fernandez, 1992

Fernandez, 1992

Bidinger et al., 1987

Fischer and Wood, 1979

Bouslama and Schapaugh, 1984

Gavuzzi et al., 1997
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6 - spatial probability
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Table 3. Analysis of variance (Mean of square) of grain
yield in barley genotypes.

RYKRCN ™)

O ~ I PP SR
Ol 2l 50051 Under under heat stress
S.0.V df non-stress conditions

S 2 959939™" 358019*"
Rep

93 2000274  1878314™

Genotype

k> 38 303793 467293
Error
Do o pd 11.6 19.2
CV (%)

Qoo \ JLoS.’>‘ C“a‘“ 3O o9 )b@M e
**: Significant at the 1% probability level.
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Table 4. Average grain yield under non-stress and heat stress conditions and different heat tolerance indices at barley

genotypes

Gen Yp Ys MP GMP HM STI YI RSI YSI TOL SSI
Gl 5194 3528 4361 4281 4202 0.819 0.992 0.903 0.679 1666 1.295
G2 3609 2839 3224 3201 3178 0.458 0.798 1.046 0.787 770 0.861
G3 4217 3739 3978 3971 3963 0.705 1.051 1.179 0.887 478 0.457
G4 3688 2050 2869 2750 2636 0.338 0.576 0.739 0.556 1638 1.792
G5 4756 4450 4603 4600 4598 0.946 1.251 1.244 0.936 306 0.259
G6 4493 4314 4403 4402 4401 0.866 1.212 1.276 0.960 179 0.161
G7 4383 2808 3596 3508 3423 0.550 0.789 0.852 0.641 1575 1.450
G8 4003 2906 3454 3410 3367 0.520 0.817 0.965 0.726 1097 1.106
GY9 5767 4158 4963 4897 4832 1.072 1.169 0.959 0.721 1608 1.126
G10 6064 5095 5579 5558 5537 1.381 1432 1.117 0.840 969 0.645
G11 5592 4075 4834 4774 4715 1019 1.145 0.969 0.729 1516 1.094
G12 4536 2664 3600 3476 3357 0540 0.749 0.781 0.587 1872 1.666
G13 4550 3897 4224 4211 4198 0.793 1.095 1.139 0.856 653 0.579
Gl4 3642 3153 3397 3388 3380 0.513 0.886 1.151 0.866 489 0.542
G15 5744 3689 4717 4603 4493 0.947 1.037 0.854 0.642 2055 1.444
Gl6 6155 4628 5392 5337 5283 1.273 1301 0.999 0.752 1528 1.002
G17 3683 3111 3397 3385 3373 0,512 0.874 1.123 0.845 572 0.627
G18 4816 4233 4525 4515 4506 0.911 1.190 1.168 0.879 583 0.489
G19 4636 2906 3771 3670 3572 0.602 0.817 0.833 0.627 1730 1.506
G20 5072 2920 3996 3848 3706 0.662 0.821 0.765 0.576 2152 1.713
Mean 4730 3558 4144 4089 4036 0.771 1.000 1.003 0.755 1172 0.991

6390580 Sl azls GMP (5550 o xSl el MP (i cov lae [0 bacadsi) o ,Slae 1YS (Jloy byl ;o bacasgss o Slos :YP

O 4 el (a3l SSI ¢ Jeod (e Ls :TOL

Yp: Yield of genotypes under normal conditions, Ys: Yield of genotypes under stress, MP: Mean productivity index, GMP: Geometric mean
productivity index, HM: Harmonic mean index, STI: Stress tolerance index, YI: Yield index, RSI: Relative stress index, YSI: Yield stability

index, TOL: Tolerance index, SSI: Stress susceptibility index
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Table 5. Rank of grain yield under non-stress and heat stress conditions and different heat tolerance indices at hull-less
barley genotypes

Gen Yp Ys MP GMP HM STI YI RSI YSI TOL SSI
G1 6 11 9 9 9 9 11 14 14 16 14
G2 20 17 19 19 19 19 17 9 9 8 9
G3 15 9 12 11 11 11 9 3 3 3 3
G4 17 20 20 20 20 20 20 20 20 15 20
G5 9 3 6 6 5 6 3 2 2 2 2
G6 13 4 8 8 8 8 4 1 1 1 1
G7 14 18 15 14 14 14 18 16 16 13 16
G8 16 15 16 16 17 16 16 12 12 10 12
GY 3 6 3 3 3 3 6 13 13 14 13
G10 2 1 1 1 1 1 1 8 8 9 8
G11 5 7 4 4 4 4 7 11 11 11 11
G12 12 19 14 15 18 15 19 18 18 18 18
G13 11 8 10 10 10 10 8 6 6 7 6
G14 19 12 18 17 15 17 12 5 5 4 5
G15 4 10 5 5 7 5 10 15 15 19 15
G16 1 2 2 2 2 2 2 10 10 12 10
G17 18 13 17 18 16 18 13 7 7 5 7
G18 8 5 7 7 6 7 5 4 4 6 4
G19 10 16 13 13 13 13 15 17 17 17 17
G20 7 14 11 12 12 12 14 19 19 20 19

S)3054 eSilee (2L OMP (5550 00 xSilee (el MP (25 o ama )0 lacadss o )Sdae Y5 (Jloy Lylpd 5o lacaissy o Slas Yp
0 Shee 6 Ml a3l YSI s 15 asls RSI o Shee (adlis Y1 (i & Joos asls STI Sige b (nuSiloo (asls HM ( cwin

O 4 ol a3 SSI ez a3l TOL
Yp: Yield of genotypes under normal conditions, Ys: Yield of genotypes under stress, MP: Mean productivity index, GMP: Geometric mean

productivity index, HM: Harmonic mean index, STI: Stress tolerance index, Y!: Yield index, RSI: Relative stress index, YSI: Yield stability
index, TOL: Tolerance index, SSI: Stress susceptibility index

TOL
Pearson's
Correlation
[ 1 el
-1.0 -0.5 0.0 0.5 1.0
0.63 0.63 0.3 Y1
0.31 0.31 —-0.01 -0.31 gy
ns ns ns ns
0.39 0.39 -0.07 -0.38  p{m
ns ns ns ns
0.33 0.33 -0.02 -0.33 gmp
ns ns ns ns
0.28 0.27 0.04 -0.28 \p
ns ns ns ns
-0.11 -0.11 0.42 0.11 Yp
ns ns ns ns
& N ~ N N N
~ R = & -« & S &

ns p == 0.05; * p < 0.05; ** p < 0.01; and *** p < 0.001
38 355kos 1Y G g by yo 3,Shac YD L 52 glaeaini) 50 silo ) & Jos ciliske loas Ll (Ssed Y JSC
0Ll ST 0 ,Sloe  cwiadd (1155 :GMP tadgi (il (MP ¢ icd a5 Gl 25U [SSI ¢ Joxs' oLl :TOL ¢ idd byl s
o i L (RS 0 ,Slos (g Il (2Ll :YSI 0, Sloe (2l 1Y 1SCigo, )l (1Sl :HM ¢ gici Jooxi
Fig. 2. Correlation of different heat tolerance indices at hull-less barley genotypes. Yp: Yield under non-stress condition;
Ys: Yield under stress condition; TOL: Tolerance index; SSI: Stress susceptibility Index; MP: Mean Productivity;

GMP: Geometric mean productivity; STI: Stress tolerance index; HM: Harmonic mean; YI: Yield index; YSI: Yield
stability index; RSI: Relative stress index
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Fig. 3. (A) The diagram of the contribution of different indices in the first component and (B) the second
component of PCA. (C) Biplot of PCA for different investigated indices. Yp: Yield under non-stress condition;
Ys: Yield under stress condition; TOL: Tolerance index; SSI: Stress susceptibility Index; MP: Mean
Productivity; GMP: Geometric mean productivity; STI: Stress tolerance index; HM: Harmonic mean; Y1: Yield
index; YSI: Yield stability index; RSI: Relative stress index



5 SHG Lazls 9o ogles s .o solatwl aiils YS
ogdle b )T aclone (sl aS 54y I CSI a3l LMGIDI
o b oolaiwl 02 YS 5 YP 5l s sme sloasli
Vo VP ) Slaguds 5 op alie (a3ld an 2 @S
iS4 Joz gy jslaiedy (B o ol bl
SHG b asls 5l pg,00 pasS slacuiss 5l golass
A dcwle glp a5 olsll 5 0l eolanw! CSI MGIDI
L slosne Sor a5 ol asls 5l ezl 4w
oalatul adls pd ew g i sl iyl jo ails o, Slee
5941 4SSy CSI g MGIDI SHG sl aslis zbs w
Zali and Pour-) cusls JolS™ sldasl gudms ol ls b
.(Aboghadareh, 2023

S 5 20 2 SHG (a3l Dy (5 45 T
ail 5S35 SO 4 owies gl SHG Jlade ax (2wl
Zaliy ool 15,95 5 630 (K25 2 oo 5| s o
SIG o3l sla S5y 5l S0 ol plo «et al., 2015
el B g3y Gy bl poss

sl 3 SHG asls LS 5l somste sl bl
ol &l (Fwn ) et Sla A 4 Joow it laala
Yagoutipour et al., 2017; Ramzi et al.,) <!

2018; Abdollahi Hesar et al., 2021; Taleghani and
Yagoutipour) .l,Ken 5,5 5580 (Saremirad, 2022

sl asls plisl jsliea, SIIG _asLs 5 et al., 2017
b 5 winges salitul (b paiS o Sas 4 Josss aliea
P L g mas oS5 gy, SO SHG a3 ls a5 acsls
5 bl Cwl Cdlhe Glacsel 55 ol
-4 SIG _a3Ls 5l (Tahmasebi et al., 2018) 1,2
Sa @ Joxte GU pasS slacaiey bl sl
A Widged (8 e (Suid 4y Jesd LB slo as Ll pleol
s e L3l bl IS
el 5l (Ramzi et al., 2018) |, Keo § s3e,
P99 pouS 48 iy Sl Joo o) jslatea SIIG
L ood olo g woges eolitul pguimegl 25 Ll i cou
s Cov arls K B s dilise o asls gex
Abdollahi Hesar etal., ) |,Ken ¢ jla> olloc
il sloasls slesl gl SHG asls 5l (2021
wals a5 Wo,S ly g ooges colaiul (Sojr 4 Jess

o>l (Bahrami et al., 2020) ) Koo g ool o
- sa>Ls (Bavei and Vaezi, 2012) _Lelg 4 4L 4 STI
&lp colin sloasls lgieas |, STl s GMP (MP ¢la
Some s oS 0 LS 4 Jemie sl SeSi
BERATON]

2 S Jomie glacais) ol Sl sl
S Pl sl g 23550 oS 4 Jood sloasls sl
Zali et al., 2015; Zali et al., ) SIIG .5 5 calize
«Olivoto and Nardino, 2020y MGIDI .2023a
Sabouri et) CSI 4 (Rochaet al., 2018) FAI-BLUP
=S 5 sleasle jo (F o) ol eolanwl @l., 2022
Jogme sl asls 5l Ol oI5 liEl elaiea
Shawes ol Glogms o azls jl jshaie ol eolatul
S8kes b gl dne (Shnod &5 ill oo (2o a> LS
aS olo las gl iyl iad e g G5 Layl o als
9V Siweoa Y1 5 STI HM GMP MP sla a3l
O gy g 5 Ll 99 50 50 Ails 0 Sles L (6 l0 Sre
CSI asLes alons (sl by T 51l iy (Y JSC3) w5l
MGIDI SHG ozl acwlxe sl o 5o .0l solazul
HM GMP MP o asls , opde FAI-BLUP
Egozma,d ¢l plo o oolaiwl 55 YS 5 YP 51 Y1 4 STI
VP slogasls Jlade 30 Y olol 5 bagadss (33
o dewle (F Jgoz) Y1 4 STI HM GMP MP .Ys
(F Js)

FAI-BLUP 5 (A4 ) SIIG sla asls slie
e i b placadgss (D4 Js) CSI s (B4 Js)
VN laceiss onlpl aidlios 5 lagadsis s3>
" ez buals Gl e oyl b eSS 4%
rewss MGIDI a3ls o wisg b )5 4 Joxte slo
rlple s owisy oo idlesl Glade (nyteS L
Jomie Glacais sz cai S 4 5V ) slacasss
(Ch ) wisg LS«

FAI- sl oS5 sloasls 5l solanwl 3 Gun
slocwsgy 5 auds ol CSI g MGIDI SIHG BLUP
e g s dagasly Gl bl el Sn
Sl bl g ssiee Syl 5 Glacady
Barati et al., 2021; Shirzad et al., ) ol oo (2!
5l Gz opl yo ol LIS aulidl jslhieas (20222
YPL sl snn (Son &5 Sz 4 Jos sloasls



\F-F }33[.;‘\/\.\19‘-%5:|))‘|591_;)g QNZQ‘SLQ&Z;

fa5

adsl Jbyg sly coslie (a5ls S glgzcas |, MGIDI
Oied Wdged (B (S S 4 Jeite Slacs)
adjuiis slaepY slels sl MGIDI asls
(Talaghani and Saremirad, 2023) Sis 4 Josie
Ahsanetal.,) oB,¢ 55 4 Jomxie oS glacuiss; g
sl eolaiwl pimen .l sads colanul (2024
Slao sl ey 52 iy slocadsy luls s MGIDI
ool ool (5155 5 Olidod ple 0 SG5slsd g0
Shirzad et al., 2022b; Pour-Aboughadareha et )

.(al., 2023; Zali et al., 2023b

G9 G1

w00 G8 G10
o
Z 075 G7 G11
(]
Sos0 Gs G12
nE) \deal genotypes
@ 0.25
= G5 G13
@
2 0.00
‘5
% G4 G14
=l
= |
S ~deal t
8 a3 1 Non-deal genotypes
o
o
[)
0 G20 G16
G2 G17
G19  G18
A Genotype
G10 G4

G116 G2

1 G9 Gs8

, G G17

3 G5 G14

} G12

G18 ~— G7

G6é - G139
G1 G20

Multi—trait genotype—ideotype distance index (MGIDI)
(9]
o
Ty
~ 5__«/\

Nonselected » Selected

9]

Combination of significant indices (CSI)

Factor analysis and ideotype—design (FAI-BLUP)

Joito slaciss) ololid slp caslie Gbg, G SIIG
& Joms 500 aoasls sl elesl ok j1 L Soji &

el L;o)"@
30 el G (o goanie la i 1S b il 4 Jesxio
oo 4 Joie 9> slacaies) g_;.‘l:tj)‘ solaiea vt
o>l 51 (Pour-Aboughadareh et al.,, 2021)

Pour-) Koo iwgy ,o Cuwl oals eolaxw! MGIDI
b, yskeas (Aboughadareh and Poczai, 2021

rls ol a8 s (S 5 4 et slacudsis

G9 G1
G8 G10

Gi1z

Ideal genatypes

G13

G114

G 15 Men-deal genotyp

Gz G17
G19 Gig

B Genotype

G12
\deal genotypes

G 15 Non-deal genoty

G20 G186

D Genotype

.MGIDI (D) ¢ FAI-BLUP (C) CSI (B)SIIG (A) s sl wlul 92 bocaig) gasaady ol .F i
Fig. 4. Ranking of barley genotypes based on the SI1G (A), CSI (B), FAI-BLUP (C) and MGIDI (D) indices.

By 9 2ol ) ()95 5 Jpamme py cadg So el
(Zali etal., 2023b) woges
lolis jelaieas (Bardehjietal., 2023) adxs jo
o3l CSI (a3ls jl o2 (Sas @y Joxio slocadss
GMP MP slo asli 5l jasls cpl anlre glp 0l
sl YS s YP L (g s sire (Ko a5 STI s HM
slewgs 0 CSI asls LIS Guoen ol oolasul

sbewsy ol o FAI-BLUP  a3ls LS

(Volpato et al., 2021) ,5ee 5 $ldy Lawg Lgw
FAI-BLUP a3l wo,S ol bl .l oo (jo,155
el sl s Sl Glojea DLl (sl i Il S
&l FAI-BLUP a3l 5l 6,50 Gubios 5o .l b
O bl g o eolitul g2 S slacuTe oLl



CSI s MGIDI SIG FAI-BLUP .5 5 sloasLs
o S s o alia alS 5y lacaisiy Sl
LSHG jasls o sl L aidles ;500 4 cud
oasi55§ o alolh (3,5 e ;3 cals o asls Lo
w5 A S 5 sl @l Gl p e 0
Al Fr sz Glegadsis s 9 VN slacadss

w09 b sl sloF 5 42 Joos

Abdollahi Hesar, A., Sofalian. O., Alizadeh, B.,
Zali, H., Asghari, A., 2021. Investigation of
frost stress tolerance in a some promising
rapeseed genotypes. Agricultural Science and
Sustainable Production. 31, 271-288. [In
Persian with English Summary].
https://doi.org/10.22034/saps.2021.13109

Ahsan, A.F.M.S., Alam, Z., Ahmed., F., Akter.,
S., Hossain Khan, Md. A., 2024. Selection of
waterlogging tolerant sesame genotypes
(Sesamum indicum L.) from a dataset using the
MGIDI index. Data in Brief. 53, 110176.
https://doi.org/10.1016/j.dib.2024.110176

Amal, M.E., 2016. Physiological and
biochemical responses to heat stress on barley
seedlings and their impact on growth and yield.
Egyption Journal of Botany. 56, 319-334.
https://doi.org/10.21608/ejb0.2016.391

Bahrami, F., Arzani, A., Rahimmalek, M., 2020.
A novel tolerance index to identify heat
tolerance in cultivated and wild barley
genotypes. BioRxiv (Biology Archive). 1-36.
https://doi.org/10.1101/2020.05.31.125971

Barati, A., Zali, H., Marzogian, A., Koohkan,
S.A., Gholipour, A., 2021. Selection of barley
pure lines with high vyield and desirable
agronomic characteristics in warm areas of
Iran. Journal of Crop Production. 14, 199-218.
[In  Persian with English  Summary].
https://doi.org/10.22069/ejcp.2021.18845.240
3

Bardehji, S., Soltan, S., Eshghizadeh, H.R.
Zahedi, M., Zare, S., Ko¢ak, M.Z., Nouraein,
M., Vita, F., Vergine, M., 2023. Responses of
two-row and six-row barley genotypes to
elevated carbon dioxide concentration and
water  stress.  Agronomy. 13, 2373.
https://doi.org/10.3390/agronomy13092373

Cosl ool 155 58 Jo 0 Gyeh 4 Jeie
(Kumawat et al., 2024)

LR

o ol il g0 5y aily o Sles b (g b pre  Sien
sloasls 5l eolanwl b lag)] plésl g ai)lo (25 900 g

e Gkl b Bl e S QLS (55

&b

Bavei, V., Vaezi, B., 2012. Effect of late planting

heat stress on yield, yield components and

tolerance indices in barley (Hordeum vulgare

L.). Iranian Journal of Field Crop Science. 43,

405-420. [In Persian with English Summary].
https://doi.org/10.22059/ijfcs.2012.29038

Bidinger, F. R., Mahalakshmi, V., Rao, G.D.,
1987. Assessment of drought resistance in pearl
millet (Pennisetum americanum (L.) Leeke). I1.
Estimation of genotype response to stress.
Australian Journal of Agricultural Research.
38: 49-59. https://doi.org/10.1071/AR9870037

Bouslama, M., Schapaugh Jr, W. T., 1984. Stress
tolerance in soybeans. |. Evaluation of three
screening techniques for heat and drought
tolerance. Crop Science. 24, 933 -937.
https://doi.org/10.2135/cropsci1984.0011183X
002400050026x

FAOSTAT. 2019. Food and Agriculture.
Organization Corporate Statistical Database.
https://www.fao.org/faostat/

Fernandez, G.C.J., 1992. Effective selection
criteria for assessing plant stress tolerance. In:
Proceedings of the International Symposium on
Adaptation of Vegetables and other Food Crops
in Temperature and Water Stress, pp., 257-270,
13-16 August, Taiwan.

Fischer, R.A., Maurer, R., 1978. Drought
resistance in spring wheat cultivars. Part 1:
grain yield response. Australian Journal of
Agricultural  Research. 29, 897- 912.
https://doi.org/10.1071/AR9780897

Fischer, R.A., Wood, T., 1979. Drought
resistance in spring wheat cultivars III. Yield
association ~ with  morphological traits.
Australian Journal of Agricultural Research.
30, 1001-1020.
https://doi.org/10.1071/AR9791001


https://doi.org/10.1016/j.dib.2024.110176
https://doi.org/10.21608/ejbo.2016.391
https://doi.org/10.1101/2020.05.31.125971
https://doi.org/10.3390/agronomy13092373
https://doi.org/10.2135/cropsci1984.0011183X002400050026x
https://doi.org/10.2135/cropsci1984.0011183X002400050026x
https://www.fao.org/faostat/

\f-f }_:SL;‘\/\ Al?asc|)} |°91'°)° IBSESIN ‘5@&5

Goldenberg, Z.V., Kvachadze, M.B., 1990.
Content of protein and amino acid tryptophan
in the grain of some forms of barley.
Soobshcheniya Akademii Nauk Gruzinskkoi
SSR. 139, 397-400.

Gavuzzi, P., Rizza, F., Palumbo, M., Campaline,
R.G., Ricciardi, G.L., Borghi, B., 1997.
Evaluation of field and laboratory of drought
and heat stress in winter cereals. Canadian
Journal of Plant Science. 77, 523-531.
https://doi.org/10.4141/P96-130

Ghomi, Kh., Rabiei, B., Sabouri, H., Gholamali
Puralamdari, E., 2023. Evaluation of late
season heat in barley genotypes using some
susceptibility  and  tolerance  indices.
Environmental Stresses in Crop Sciences. 15,
1091-1108. [In  Persian with  English
Summary].
https://doi.org/10.22077/escs.2021.4207.1993

Habibi, F., Normohamadi, G., Heidarisharif-
Abad, H., Eivazi, A., Majidi-Heravan, A.,
2012. Effect of sowing date on cold tolerance
and some agronomic traits in bread wheat
genotypes at west Azerbaijan province
conditions. World Applied Sciences Journal.

16, 232-239.

Jalal Kamali, M.R., Duveiller, E., 2008. Wheat
production and research in Iran: A Success
Story, P 64-68. In: Reynolds, M.P., Pietragalla,
J., Braun, H.J. (eds.), Proceeding of the
International Symposium on Wheat Yield
Potential: Challenges to International Wheat

Breeding. CIMMYT. D.F. Mexico.

Kassambara, A., Mundt, F., 2020. Factoextra:
Extract and visualize the results of multivariate
data analyses. R package version 1.0.7,
https://CRAN.Rproject.org/package=factoextr
a

Kumawat, G., Jakhar, M. L., Singh, V., Singh, J.,
Kumar Gothwal, D., Kumar Yadava, D., 2024.
High throughput phenotyping of functional
traits and key indices for selection of salt
tolerant Mustard [Brassica juncea (L.) Czern &
Coss] genotypes. Physiologia Plantarum. 176,
e14178. https://doi.org/10.1111/ppl.14178

Mahalingam, R., Bregitzer, P.H., 2019. Impact
on physiology and malting quality of barley
exposed to heat, drought and their combination
during different growth stages under controlled
environment. Physiologia Plantarum. 165, 277-
289. https://doi.org/10.1111/ppl.12841

faA

Modhej, A., Farhoudi, R., Afrous, A., 2015.
Effect of post-anthesis heat stress on grain yield
of barley, durum and bread wheat genotypes.
Journal of  Scientific  Research  and
Development. 2, 127-131. https://doi.org/10.
22069/ijpp.2012.617

Mondal, S., Singh, R.P., Mason, E.R., Huerta-
Espino, J., Autrique, E., Joshi, A.K., 2016.
Grain vyield, adaptation and progress in
breeding for early-maturingand heat-tolerant
wheat lines in South Asia. Field Crops
Research. 192, 78-85.
https://doi.org/10.1016/j.fcr.2016.04.017

Olivoto, T., Nardino, M., 2020. oward an
effective multivariate selection in biological
experiments. Bioinformatics. 10, 981-1093.
https://doi.org/10.1093/bioinformatics/btaa981

Pour-Aboughadareha, A., Poczaib, P., 2021.
Dataset on the use of MGIDI index in screening
drought-tolerant wild wheat accessions at the
early growth stage. Data in Brief. 36, 107596.
https://doi.org/10.1101/2020.07.23.217778

Pour-Aboughadareh, A., Sanjani, S., Nikkhah-
Chamanabad, H., Mehrvar, M. R., Asadi, A.
Amini, A., 2021. Identification of salt-tolerant
barley genotypes using multiple-traits index
and yield performance at the early growth and
maturity stages. Bulletin of the National
Research Centre. 45, 1-17.
https://doi.org/10.1186/s42269-021-00576-0

Pour-Aboughadareh, A., Koohkan, S., Zali, H.,
Marzooghian, A., Gholipour, A., Kheirgo, M.,
Barati, A., Bocianowski, J., Askari-Kelestani,
A., 2023. Identification of high-yielding
genotypes of barley in the warm regions of Iran.
Plants. 12, 1-13.
https://doi.org/10.3390/plants12223837

Prasadi, N.V.P., Joye, 1.J., 2020. Dietary fiber
from whole grains and their benefits on
metabolic health. Nutrients. 12, 3045.
https://doi.org/10.3390/nu12103045

Sabouri, A., Dadras, A. R., Azari, M., Saberi
Kouchesfahani, A., Taslimi, M., Jalalifar, R.,
2022. Screening of rice drought-tolerant lines
by introducing a new composite selection index
and competitive with multivariate methods.
Scientific Reports. 12, 2163.
https://doi.org/10.1038/s41598-022-06123-9

Savin, R., Nicolas, M.E., 1999. Effects of timing
of heat stress and drought on growth and
quality. Crop Science. 136, 257-269

Shahmoradi, SH., Zahravi, M., 2016. Evaluation
of drought tolerance in barley (Hordeum


https://doi.org/10.4141/P96-130
https://cran.rproject.org/package=factoextra
https://cran.rproject.org/package=factoextra
https://doi.org/10.1111/ppl.14178
https://doi.org/10.1016/j.fcr.2016.04.017
https://doi.org/10.1101/2020.07.23.217778
https://doi.org/10.1186/s42269-021-00576-0
https://doi.org/10.3390/plants12223837
https://doi.org/10.3390/nu12103045
https://doi.org/10.1038/s41598-022-06123-9

vulgare L.) germplasm from warm and dry
climates of Iran. Seed and Plant Improvement
Journal. 32, 181-200. [In Persian with English
Summary].
https://doi.org/10.22092/spij.2017.111296

Shirzad, A., Asghari, A., Zali, H., Sofalian, O.,
Mohammaddoust Chamanabad, H. R., 2022a.
Selection of barley superior lines with desirable
agronomic characteristics using the selection
index of ideal genotype (SI1G). Journal of Crop
Production and Processing. 12, 97-117. [In
Persian with English Summary].
https://d0i.10.47176/jcpp.12.1.32902

Shirzad, A., Asghari, A., Zali, H., Sofalian, O.,
Mohammaddoust Chamanabad, H., 2022b.
Application of the multi-trait genotype-
ideotype distance index in the selection of top
barley genotypes in the warm and dry region of
Darab. Journal of Crop Breeding. 14, 65-76. [In
Persian with English Summary].
https://doi.org/10.52547/jch.14.44.65

Simic, G., Lalic, A., Horvat, D., Zdunic, Z.,
Komlenic, D. K., Bucic-Kojic, A., Planinic, M.,
and Tisma, M., 2021. Production and analysis
of the flour from the hull-less barley. Food
Measure. 15, 2679-2687.
https://doi.org/10.1007/s11694-021-00857-2

Sio-Se Mardeh, A., Ahmadi, A., Poustini, K.,
Mohammadi, V., 2006. Evaluation of drought
resistance indices under various environmental
conditioning. Field CropS Research. 98, 222-
229. https://doi.org/10.1016/j.fcr.2006.02.001

Ramzi, E., Asghari, A., Khomari, S,
Chamanabad, H. M., 2018. Investigation of
durum wheat (Triticum turgidum L. subsp.
Durum Desf) lines for tolerance to aluminum
stress condition. Journal of Crop Breeding. 10,
63-72. [In Persian with English Summary].
https://doi.org/10.29252/jch.10.25.63

Rane, J., and Nagarajan, S., 2004. High
temperature index for field evaluation of heat
tolerance in wheat varieties. Agricultural
System. 79, 243-255.
https://doi.org/10.1016/S0308521X(03)00075-
1

Rane, J., Pannu, R.K., Sohu, V.S., Saini, R.S,,
Mishra, B., Shoran, J., Crossa, J., Vargas, M.,
Joshi, K., 2007. Performance of yield and
stability of advanced wheat cultivar under heat
stress environments of the Indo-Gangetic
plains. Crop Science. 47, 1561-1572.
https://doi.org/10.2135/cropsci2006.07.0479

Reynolds, M. P., Ortiz-Monasterio, J. 1., McNab,
A., 2001. Application of Physiology in Wheat
Breeding. Mexico, D.F., CIMMYT

Rocha J.R.dA.S.dC., Machado, J.C., Carneiro,
P.C.S., 2018. Multitrait index based on factor
analysis and ideotype-design: Proposal and
application on elephant grass breeding for
bioenergy. Global Change Biology and
Bioenergy. 10, 52-60.
https://doi.org/10.1111/gcbb.12443

Rosielle, A. A., Hamblin, J., 1981. Theoretical
aspects of selection for yield in stress and non-
stress environment. Crop Science. 21, 943-946.
https://doi.org/10.2135/cropsci1981.0011183X
002100060033x

Taleghani, D., Saremirad, A., 2023. Evaluation
of the sugar beet (Beta vulgaris L.) half-sib
lines response to drought stress. Journal of
Crop Science Research in Arid Regions. 5, 81-
104.
https://doi.org/10.22034/csrar.2023.329271.11
90

Tahmasebi, S., Dastfal, M., Zali, H., Rajaei, M.,
2018. Drought tolerance evaluation of bread
heat cultivars and promising lines in warm and
dry climate of the south. Cereal Research. 8(2),
209-225. [In Persian with English Summary].
https://doi.org/10.22124/c.2018.10434.1398

Volpato, L., Rocha, J.R.D.A.S.D.C., Alves, R.S.,
Ludke, W.H., Borém, A., Silva, F.L.D., 2021.
Inference of population effect and progeny
selection via a multi-trait index in soybean
breeding. Acta Scientiarum Agronomy. 43, 1-
10.
https://doi.org/10.1016/j.envexpbot.2007.05.0
11

Wahid, A., Gelani, S., Ashraf, M., Foolad, M. R.
2007. Heat tolerance in plants: An Overview.
Environmental and Experimental Botany. 61,
199-223.
https://doi.org/10.1016/j.envexpbot.2007.05.0
11

Yagoutipour, A., Farshadfar, E., Saeedi, M.,
2017. Assessment of durum wheat genotypes
for drought tolerance by suitable compound
method. Environmental Stress in Crop
Sciences. 10, 247-256. [In Persian with English
Summary].
https://doi.org/10.22077/escs.2017.581

Zali, H., Sofalian, O., Hasanloo, T., Asghari, A.,
Hoseini, S.M., 2015. Appraising of drought
tolerance relying on stability analysis indices in
canola genotypes simultaneously, using


https://doi.org/10.1007/s11694-021-00857-2
https://doi.org/10.29252/jcb.10.25.63
https://doi.org/10.1016/S0308521X(03)00075-1
https://doi.org/10.1016/S0308521X(03)00075-1
https://doi.org/10.2135/cropsci2006.07.0479
https://doi.org/10.1111/gcbb.12443
https://doi.org/10.2135/cropsci1981.0011183X002100060033x
https://doi.org/10.2135/cropsci1981.0011183X002100060033x
https://doi.org/10.1016/j.envexpbot.2007.05.011
https://doi.org/10.1016/j.envexpbot.2007.05.011
https://doi.org/10.1016/j.envexpbot.2007.05.011
https://doi.org/10.1016/j.envexpbot.2007.05.011
https://doi.org/10.22077/escs.2017.581

\f-f }_:SL;‘\/\ Al?asc|)} |°91'°)° IBSESIN ‘5@&5

selection index of ideal genotype (SIIG)
technique: Introduction of new method.
Biological Forum — An International Journal. 7,

703-711.

Zali, H., Barati, A., Pour-Aboughadareha, A.,
2023a. Screening of barley elite genotypes
using different selection indices based on
multi-traits. Crop Production Journal. 15, 159-
182. [In Persian with English Summary].
https://doi.org/10.22069/ejcp.2023.20071

Zali, H., Barati, A., Pour-Aboughadareh, A.,
Gholipour, A., Koohkan, S., Marzoghiyan, A.,

Bocianowski, J., Bujak, H., Nowosad, K.,
2023b. Identification of superior barley
genotypes using selection index of ideal
genotype  (SHIG). Plants. 12, 1843.
https://doi.org/10.3390/plants12091843

Zali, H., Pour-Aboughadareh, A.R., 2023.
Identification of superior genotypes of barley
for cultivation in the south regions of Fars
province using MGIDI, FAI-BLUP indices.
Plant Productions. 46, 335-351.
https://doi.org/10.22055/ppd.2024.45295.2134


https://doi.org/10.22055/ppd.2024.45295.2134

