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Extended Abstract

Background: Yield under stress conditions has never been an accurate criterion for selecting
drought-tolerant genotypes, and preparing drought-tolerant cultivars has always aimed to create
cultivars with relatively better stress tolerance than other genotypes and less yield loss in the same
agricultural conditions. In most studies, only the seed yield is examined for the field selection of
crops. However, some researchers believe that the effective indicators in identifying the stability
of cultivars under drought stress conditions should be identified and used as a selection index in
addition to seed yield to be more efficient in breeding compatible and superior cultivars in arid
and semi-arid regions. Therefore, the relative yield of genotypes in drought stress and irrigated
conditions is a starting point for identifying and selecting genotypes for improvement in dry
environments. In semi-arid regions where the rainfall distribution is not proportional, the yield
potential in stress conditions is not considered the best criterion for drought tolerance. In addition
to yield stability, the comparison of yield in stress and optimal conditions is a more suitable
criterion for the reaction of genotypes to moisture stress. Most studies on indicators in crop
species, especially wheat, concentrate only on one place, one year, and in a specific environment,
the results are generalized to all environments, and the variable effects of year and place are not
taken into account in the calculation of indicators. Accordingly, this research aimed to evaluate
the autumn wheat genotypes in terms of drought tolerance to select the best drought tolerance
indices and to identify drought stress-tolerant cultivars in different regions of Iran's cold climate.
Methods: In this research project, 20 genotypes were investigated under normal irrigation and
water deficit conditions in a randomized complete block design (RCBD) with three replications
in the research stations of Karaj, Mashhad, Miandoab, and Arak cities in the crop years of
2017-2018 and 2018-2019. Different tolerance and stress sensitivity indices were determined for
the target genotypes, which were grouped based on their sensitivity and tolerance to drought by
each of these indices to investigate drought tolerance. Principal component analysis (PCA) was
used to summarize the data, draw a diagram based on the first two components, and identify the
desired indicators. Finally, biplot analysis was used to group genotypes and indices based on
drought tolerance criteria.

Results: Stress decreased the yield of genotypes, but the reduction rate was different in different
genotypes. The average grain yields for all genotypes were 7.002 and 5.215 tons per hectare under
normal irrigation and drought stress conditions, respectively, at the end of the season, which
showed that the stress conditions caused a decrease of about 25% in grain yield compared to
normal irrigation conditions. The environmental and agricultural conditions of different regions
and the studied years caused differences in the estimated indices, and the ranking of genotypes
changed based on different indices in different years and regions. Therefore, studies should be
conducted on stress tolerance indices in several places over multiple years to correctly determine
the process of functional changes in different cultivars and genotypes and obtain more confidence
in the calculated tolerance and sensitivity indices. Genotypes G4, G2, G16, and G5 showed higher
yields in both conditions. STI, MP, GMP, MSTI1, MSTI2, Y1, HM, and RR had a positive and
significant correlation with grain yield under normal and stress conditions; therefore, they can be
used for more favorable selection of drought-tolerant genotypes. The PCA showed that indicators
could be grouped using the first two components. The first principal component explained 53.16%
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of the changes in the total data and had a positive and significant correlation with yield in normal
and stress conditions, as well as with MP, STI, GMP, YI, MSTI1, MSTI2, HM, and RDY
indicators. Due to the high correlation of this component with yield under normal and stress
conditions, this component was named as the yield potential component in both conditions. The
second estimated component justified 42.33% of the total data changes and showed a positive and
significant correlation with yield in normal conditions and SSI, TOL, ATI, SSPI, and RR indices.
It seems that this component can identify high-yield genotypes under stress conditions. Biplot
analysis indicated that HM, MP, STI, MSTI1, MSTI2, GMP, RDY, Y1, and SNPI indices had a
positive and high correlation with yield under stress and normal conditions. The sharp angles
between these indices showed their positive and very high correlation with each other. RDI and
YSI indices had a negative correlation with yield in normal conditions, and RR, SSI, TOL, and
SSPI indices had a negative correlation with yield in stressful conditions.

Conclusion: To achieve varieties resistant to drought stress using tolerance indices and to prevent
the interaction effects of the environment in the genotype, experiments should be carried out in
many years and places to reduce the effects of the environment on the calculated indices and
obtain more reasonable results. Finally, G4, G2, G16, G5, and G17 can be selected as high-yield
genotypes under normal and stress conditions.
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Table 1. Wheat genotypes investigated in different cold climate regions of the country

Genotypec.ss) Genotype Codecigj S
Mihan Gl
Haydari G2
Zarrineh G3
Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi/4/55.174/P101//Maya/3/Snb G4
Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi/4/55.174/P101//Maya/3/Snb G5
Vorona//Milan/Sha7/3/MV17/4/Pehlivan G6
Tam113 G7
Unknown/Zolotava/6/Jup/4/ClIf/3/111453/0din//Ci134431/Sel6425/Wa00477*2/5/Croc-1/Ae.Squarrol (213)//Pgo G8
Charger//CMHB80A.768/3*Cno79 G9
- G10
MV-Pantalika Gl1
Zander//Attila/3*Bcn G12
Boh4/7/Wa476/3/391//Num/5/W22/5/Ana/6/Tam200/Kasyan G13
Car422/Ana//Yac0/3/Kauz*2/T rlap//Kauz/4/Bucur/5/Bucur G14
G15
Id80628/3/Cer/Ymh//Hys/4/Cer/Ymh//Hys/S/T|b368 251/Buc//Anb/Buc G16
Charger//CMHB80A.768/3*Cno79 G17
BEZ1//PBW343*2/KUKUNA (code:1005) G18
GRK79//INQALAB 91*2/TUKURU(Code:1015 G19
kalym (Rus 2005)(code:Rus 2005) G20

) . s PIRT I PR L

ua>ls {Chaves et al., 2003) (V- abl) (RR)
(Gavuzzi et al., 1997) (\) able) (Y1) o Slas

VY doleo) (SNPI) YW i5yue g (a5 (syg0,40 aSls
uadli g (W dble) (ATI) W sl Joos el
(Moosavi (\f dbslxe) (SSPI) ™ i & Camlus duoyd

Vasl, w5 4 Jeoo sla 23l et al., 2008)
(Farshadfar & (V& 5 V& &Ysle) (MSTIL, MSTI2)

(W dbslee) (TOL) " Joos a3ls 4 Stuka, 2002)
s Jg0y8 050,85 oolawl (Rosielle and Hamblin, 1981)

real )l pasls

SSI = (1-Ysi/Ypi)/Sl, SI =1-(Ys/Yp)
STI = (Ypi) (Ys)/(Yp)?

MP = (Ysi+Ypi)/2
HM=V((2xYpixYs)/(Ypi+Ysi))

GMP = \(YsixYpi)

DI = (Ysi(Ysi/Ypi))/Ys

YSI = YsilYpi

RDI = (Ysi/Ypi)/ (Ys/Yp)

RDY=100x (Ysi/100 x Yp)
RR=((Ypi-Ysi)/ Ypi)x100

YI=YsilYs

SNPI = [(VYpitVYsi (VY pi-VYsi)] 0233 x [VYpi x VY sixVYsi] 0233
ATI=[(YpiYsi)/ (Yp/Ys)] *(NYpix\Ysi)
SSPI = ((Ypi-Ysi)/(2xYp))x100
M1STI= KixSTI, Ki=Y?pilY2p

M2STI= KoxSTI, Kz=Y%i/Y2s
TOL=Yp-Ys

(V dsles) (SSI) Tt 4 Comlas Ladls jI Sus
Yo & Jeos ,asls (Fischer and Maurer, 1978)
Y690 ke (Fernandez, 1992) (v dslw) (STI)
ua>Ls (Rosielle and Hamblin, 1981) (¥ k) (MP)
Fischer and) (¥ able) (HM) °Sigejls 1 Sle
dsles) (GMP) 7 Lwssin S5ke 23Ls (Maurer, 1978
4 Jooo asls {Fischer and Maurer, 1978) (&
&b asls (Lan, 1998) (¢ ablw) (DI) ¥ Suis
Bouslama & Schapaugh ) (v aslws) (YSI) % Slas
(Fischer (A ablxo) (RDI) * o (Suis a3l (1984
Vo Sles s S jadls and Maurer, 1978)

) dsles
) dolxe

Aolre
) dolze
Aolre

A\l
Al
\s
¥
o
%) dslae

)

)

)

(V) dolze

(A) dolee
dles

)

)

)

)

Aolre
dles
Aolre
dlas
Aolre
(V0) dalee
(V#) dolee
(V) dalee

4)
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()
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()
(V¥

0)

Collas Lo 13 a3 4l 3,Shas Sl SYP (55 €55 lasm )3 laiaigh) 4l 3,Sos (s =S egllan bl 53 o115 (Sibs (331 =Y B e Ll 53 pl i il (nSils 23] =Y

3- Stress tolerance index
8- Yield stability index

1- Facultative
productivity
11- Relative Reduction
percentage index

2- Susceptible stress index
7- Drought Index
12- Yield index
16- Modified Stress tolerance index 1 and 2

13- Stress and non-stress production index

4- Mean productivity 5- Harmonic mean  6- Geometrical mean
9- Relative Drought index 10- Relative Decrease in Yield

14- Abiotic tolerance index 15- Stress susceptibility

17- Tolerance
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9 3,5dee Jaijl ) 550 cilise 3blis g Sl oy &S
e D)3 939 I xe M saddwlxe (sl sl
Al 3 Sl 1Ske g b pixe b K0 X Jlo Jolize 3l
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20NN g VoY Cpa b sl (Sis i

_ _ pS Seais] 3 (Suid (I 4 Jood glaadls i)l 45 =Y Joi>
Table 2. Analysis of variance of drought tolerance indices in wheats genotypes

Means of Squrae &layye (1 Kike 4,3 —
- SOV i wlio
Ysl M GMP STI MP TOL RDI Ssl B YP df s3l;l
0.05 1.09” 29.63" 1.99" 32,03 0.79 0.098 0.29 29.85" 34.28" 1 Jl
0.18" 0.86™ 35.29™ 2.49™ 37.99 20.43™ 267 2,67 2351 62.47" 3 ol
133" 2.93" 34.28™ 2.18™ 26.87" 50.51™ 2.4 16.91™ 79.84™ 377 3 olex o
0.088 0.103 1.27 0.087 1.04 474 0.15 11 2.81 2,010 16 ) las
0.058™ 0.11™ 3.01 0.18™ 2.98™ 245" 0.104" 0.63™ 2.96™ 461 19
0.024 0.04™ 137 0.08™ 1.48" 1.39 0.043 0.24 1.08" 2,71 19
0.018 0.047" 1.34" 0.08™ 1.33" 0.98 0.033 0.2 127" 2.001" 57 Haxaigs
0.02 0.027 0.63™ 0.03" 0.63™ 1.001 0.036 0.22 0.75 113" 57 ax Jlxass;
0.02 0.022 0.34 0.022 0.33 1.04 0.038 0.24 0.611 0.068 304 Y sl
19.27 14.99 9.74 19.72 9.4 35.13 19.27 39.69 14.99 11.760 CV%
Continued Table 2. -V Jgae ashl
RDY HM RR SNPI SSPI MSTI2 MSTI1 ATI DI il as
4788.4% 2757 223.4 134.12" 40.18 17.14™ 9.28™ 83.45 1.408™ 1
5980.8”  33.04™  1702.6™ 147.8™ 1042.2" 17.38™ 16.08™ 650.62™ 0.61™ 3
5238.6™ 4202  10935™ 4185 2577.2" 22.55™ 4.88™ 587.2" 593" 3
210.14 157 739.2 66.92 242.15 1.16 0.31 86.67 0.260 16
431.8" 3.06™ 414.3" 40.98 125.15™ 0.99" 0.93™ 60.71" 0.18™ 19
203.8" 1.29" 180.03" 60.8 71.04 0.45™ 0.48™ 38.82" 0.070 19
197.93" 1.38" 132.45 41.99 50.12 051" 0.47™ 26.43 0.070 57 HSexeus
83.49" 0.63" 141.54 3045 51.08 0.28 0.19™ 26.16 0.070 57 ax Jlxcss;
53.7 037 162.1 38.63 53.12 0.25 0.12 20.79 0.070 304 Y sl
19.72 10.33 40.31 37.15 40.13 356 40.39 35.58 32.600 CcV%

OSle MP (oo (adls TOL (o (Suid (a8 ls RDI (5 &4 Comlus (jadld SSI (i cov s 3 cuwie) 5)Sles 1Ys (Jloy byl 1 g 5,Sles iYp
b Jozo (adld ATE ((Sid & Jooo (adls Dl o Slas (g)luly (adls :YSI o Sles (adli Y1 (wdin ()50 02 (pko (GMP (a5 4 Joos (adls STI «g )50 o0
1l HM ¢ s (il RR (AT (g 5 5 bl )3 (69000 023U SSNPI ¢ 535 4y Comlis oy s L [SSPI bl poss (25 4 Jood (23l (MSTI2 g MSTIL ¢ gt

)Slas s il asls RDY (Sigayln
Gy 4 do)d B g ) e 3 b gime s g

Yp: Yield in Normal Condition, Ys: Yield in Stress Condition, SSI: Susceptible Stress Index, RDI: Relative Drought Index, TOL: Tolerance, MP: Mean Productivity, STI:
Stress Tolerance Index, GMP: Geometrical Mean Productivity, YI: Yield Index, YSI: Yield stability Index, DI: Drought Index, ATI: Abiotic Tolerance Index, MSTI1:
Modified Stress Tolerance Index 1, MSTI2: Modified Stress Tolerance Index 2, SSPI: Stress Susceptibility Percentage Index, SNPI: Stress and non-Stress Production Index,

RR: Relative Reduction, HM: Harmonic Mean, RDY: Relative Decrease in Yield
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Table 3. Comparison of the mean of studied wheats genotypes in terms of drought tolerance indices

YSI

YI

GMP

STI

MP

TOL

RDI

SSl

YS

YP

PP
0.792 1.031 6.07 0.77 6.149 1.603 1.061 0.877 5.381 6.918 Gl
0.721 1.028 6.314 0.831 6.441 2.166 0.966 1.108 5.366 7.517 G2
0.808 1.013 5.91 0.728 6.001 1.563 1.083 0.857 5.289 6.712 G3
0.726 1.045 6.422 0.872 6.554 2.222 0.973 1.089 5.452 7.656 G4
0.747 1.043 6.296 0.839 6.411 1.991 1.001 1.034 5.447 7.375 G5
0.7 0.927 5.771 0.694 5.91 2.158 0.938 1.192 4.84 6.980 G6
0.697 0.958 6 0.747 6.141 2.275 0.934 1.192 5.003 7.278 G7
0.644 0.787 5.102 0.558 5.273 2.331 0.864 1.398 4.107 6.438 G8
0.754 0.992 5.94 0.76 6.053 1.869 1.011 1.046 5.177 6.929 G9
0.754 1.002 6.057 0.766 6.165 1.94 1.011 1.024 5.229 7.102 G10
0.765 1.045 6.232 0.819 6.315 1.724 1.026 0.924 5.453 7.177 G11
0.757 1.03 6.181 0.804 6.287 1.817 1.016 0.954 5.379 7.196 G12
0.803 1.042 6.056 0.775 6.149 1.582 1.077 0.879 5.438 6.86 G13
0.762 1.012 6.063 0.764 6.173 1.841 1.021 0.97 5.281 7.064 G14
0.852 0.992 5.602 0.650 5.684 1.228 1.143 0.726 5.176 6.192 G15
0.73 1.042 6.354 0.853 6.486 2.129 0.979 1.084 5.438 7.534 G16
0.732 1.003 6.138 0.798 6.248 2.057 0.982 1.08 5.237 7.26 G17
0.784 1.022 6.039 0.761 6.147 1.729 1.051 0.913 5.332 6.962 G18
0.828 1.084 6.25 0.817 6.324 1.409 111 0.739 5.657 6.99 G19
0.799 0.883 5.174 0.557 5.253 1.382 1.071 0.857 4.61 5.896 G20
0.799 0.883 5.174 0.557 5.253 1.382 1.071 0.857 4.61 5.896 G20
: =Y Jgda el
Continued Table 3. o
RDY HM RR SNPI SSPI MSTI2 MSTI1 ATI DI [npYy
37.737 5.994 22.302 11.248 11.453 0.946 0.839 7.201 0.834 Gl
40.734 6.192 28.184 11.252 15.473 1.035 9.996 0.767 G2
35.668 5.823 21.787 10.236 11.162 0.862 0.732 6.795 0.85 G3
42,708 6.294 27.691 9.796 15.873 1.149 1.212 10.832 0.781 G4
41132 6.184 26.286 11.092 14.222 1.179 1.073 9.199 0.813 G5
34.021 5.639 30.314 10.209 15.411 0.703 0.731 8.994 0.679 G6
36.582 5.865 30.317 11.024 16.251 0.773 0.86 10.07 0.688 G7
27.35 4.943 35.553 8.59 16.652 0.454 0.565 8.925 0.531 G8
37.243 5.832 26.603 9.616 13.35 0.997 0.916 8.187 0.792 G9
37.516 5.953 26.047 10.306 13.86 0.864 0.875 8.84 0.774 G10
40.132 6.152 23.491 13.105 12.312 1.074 0.981 8 0.816 Gl1
39.383 6.08 24.257 13.353 12.978 036 0.96 8.270 0.807 G12
37.981 5.967 22.355 10.917 11.298 1.074 0.843 6.836 0.882 G13
37.443 5.96 24.66 13.096 13.147 0.905 0.835 8.205 0.798 G14
31.839 5.524 18.467 9.738 8.771 0.751 0.522 4.855 0.899 G15
41.782 6.23 27.557 10.905 15.205 1.165 1121 9.830 0.793 G16
39.115 6.031 27.458 10.169 14.69 0.966 0.998 9.568 0.751 G17
37.273 5.936 22.213 10.016 12.347 0.934 0.822 7.646 0.836 G18
40.016 6.18 18.803 12.789 10.063 1.103 0.914 6.527 0.918 G19
27.3 5.099 21.786 10.037 9.872 0.503 0.43 5.342 0.731 G20
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Yp: Yield in Normal Condition, Ys: Yield in Stress Condition, SSI: Susceptible Stress Index, RDI: Relative Drought Index, TOL: Tolerance, MP: Mean Productivity, STI: Stress
Tolerance Index, GMP: Geometrical Mean Productivity, YI: Yield Index, YSI: Yield stability Index, DI: Drought Index, ATI: Abiotic Tolerance Index, MST11: Modified Stress
Tolerance Index 1, MSTI2: Modified Stress Tolerance Index 2, SSPI: Stress Susceptibility Percentage Index, SNPI: Stress and non-Stress Production Index, RR: Relative

Reduction, HM: Harmonic Mean, RDY': Relative Decrease in Yield
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Table 4. Correlation coefficients among tolerance and susceptibility indices and yield in wheat genotypes

P90 IS slacigy )3 0)Sles g LIS & Camlus 5 Jood o adld Gle (Stused colps Y Jouo

HM RR SNPI SSPI MSTI2 MSTI1 ATI YSI Yl GMP STI MP TOL RDI SSI Yp Ys oaSls
1 Ys
1 0.59" Yp
1 0.33 -0.56" SSI
1 -0.99™ -0.4 0.5 RDI
1 -0.95™ 0.94" 0.62" -0.26 TOL
1 0.25 0 -0.07 0.92™ 0.86™ MP
1 0.99™ 0.23 0.03 -0.09 0.9 0.87™ STI
1 0.99™ 0.99™ 0.19 0.07 -0.14 0.89™ 0.9 GMP
1 0.97 0.87™ 0.86™ -0.26 0.5" -0.56" 0.59™ 0.99™ Yl
1 0.5" 0.07 0.02 0 -0.95™ 1 -0.99™ -0.4 0.5 YSI
1 0.88™ 0.84™ 0.52" 0.48" 0.46" -0.72™ 0.88" -0.89™ 0.07 0.84™ DI
1 -0.48" -0.82™ 0.05 0.48" 0.51" 0.54" 0.95" -0.82™ 0.78" 0.82" 0.05 ATI
1 0.71" 0.22 -0.24 0.69" 0.92" 0.95™ 0.94" 047 -0.24 0.17 0.96" 0.69™ MSTI1
1 0.88™ 0.32 0.62™ 0.2 0.91™ 0.94™ 0.96™ 0.92™ 0.03 0.2 -0.26 0.76™ 0.91™ MSTI2
1 0.03 047" 0.95™ -0.72" -0.95™ -0.26 0.19 0.23 0.25 1 -0.95™ 0.94™ 0.62™ -0.26 SSPI
1 -0.21 0.49" 0.36 -0.04 0.43 0.25 0.58™ 0.52" 05" 0.51" -0.21 0.25 -0.37 0.35 0.58™ SNPI
1 -0.36 0.94™ -0.26 0.17 0.78™ -0.89™ -0.99 -0.56" -0.14 0.09 -0.07 0.94™ 0.99™ 0.99™ 0.33 -0.56" RR
1 -0.2 0.55 0.12 0.95" 0.9™ 0.43 0.577 0.13 0.92" 0.99” 0.99™ 0.99” 0.13 0.13 -0.2 0.86™ 0.92" HM
0.99™ -01 0.5 0.22 0.96™ 0.95" 0.51" 0.48 0.02 0.87" 0.99™ 1 0.99" 0.23 0.02 -0.09 0.9™ 0.87" RDY
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Yp: Yield in Normal Condition, Ys: Yield in Stress Condition, SSI: Susceptible Stress Index, RDI: Relative Drought Index, TOL: Tolerance, MP: Mean Productivity, STI: Stress Tolerance Index, GMP: Geometrical Mean Productivity,
YI: Yield Index, YSI: Yield stability Index, DI: Drought Index, ATI: Abiotic Tolerance Index, MSTI1: Modified Stress Tolerance Index 1, MSTI2: Modified Stress Tolerance Index 2, SSPI: Stress Susceptibility Percentage Index,

SNPI: Stress and non-Stress Production Index, RR: Relative Reduction, HM: Harmonic Mean, RDY: Relative Decrease in Yield
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Table 5. cumulative contribution and eigenvectors of drought resistance and grain yield indices under drought stress
and non-drought conditions

py> Adlye Jol iz ol
0.61 0.788 YP
0.277 0.958 YsS
0.947 -0.309 Ssl
-0.965 0.239 RDI
0.997 0.01 TOL
0.241 0.968 MP
0218 0.975 STI
0.175 0.982 GMP
-0.278 0.958 Yl
-0.964 0.24 vl
-0.736 0.656 DI
0.94 0.316 ATI
0.467 0.865 MSTI1
0.032 0.966 MSTI2
0.997 0.01 SSPI
-0.194 0.583 SNPI
0.945 -0.309 RR
0113 0.991 HM
0.219 0.975 RDY
42.33 53.16 oolly o)
95.48 53.16 S pilylg Aoy
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Yp: Yield in Normal Condition, Ys: Yield in Stress Condition, SSI: Suscedptlble Stress Index, RDI: Relative Drought Index, TOL: Tolerance, MP: Mean Productivity, STll:

Stress Tolerance Index, GMP: Geometrical Mean Productlvny YI: Yiel

Index, YSI: Yield stability Index, DI: Drought Index, ATI: Abiotic Tolerance Index, MST|

Modified Stress Tolerance Index 1, MSTI2: Modified Stress Tolerance Index 2, SSPI: Stress Susceptibility Percentage Index, SNPI: Stress and non-Stress Production Index;

RR: Relative Reduction, HM: Harmonic Mean, RDY': Relative Decrease in Yield
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Figure 1: Grouping of studied genotypes using calculated indices using principal component analysis
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Figure 2. Scatter plot of genotypes and indices based on biplot analysis
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Figure 3. Polygonal representation of wheat genotypes and indices calculated based on biplot analysis
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