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Extended abstract

Introduction

Drought stress is the most critical cause of wheat yield reduction in semi-arid regions. Drought affects
wheat yield somewhat during the growing season, but yield reduction predominantly occurs during the
reproductive and grain-filling stages. This research aimed at the identification of end-season drought
stress-tolerant wheat genotypes based on tolerance and sensitivity indices using the ideotype genotype
selection index (IGSI) and the multi-trait genotype—ideotype distance index (MGIDI) multi-trait
selection indices.

Materials and methods

In this study, 18 bread wheat genotypes and two control cultivars were evaluated based on a randomized
complete block design with three replications under two conditions: full irrigation and end-season
drought stress. The experiment was conducted at the Ardabil Agricultural Research Station during the
2021-2022 season. The genotypes were sown in plots of 2.5 m x 3 m with a row spacing of 20 cm. The
full-irrigation treatment received 100% of the crop's water requirement, while in the drought stress
treatment, the irrigation stopped after heading. Standard agronomic practices were followed throughout
the growing season and data on traits such as yield were recorded. Tolerance and stress indices,
including tolerance index (TOL), mean productivity (MP), stress tolerance index (STI), modified stress
tolerance index (MSTI), geometric mean productivity (GMP), harmonic mean (HM), stress
susceptibility index (SSI), yield index (YI), yield stability index (YSI), and yield reduction percentage
(YRP) were calculated. Statistical analysis was performed using ANOVA, and the means were compared
using the least significant difference (LSD) test at the 5% probability level. Additionally, IGSI and MGIDI
selection indices were also determined to evaluate the drought tolerance of the genotypes.
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Results and discussion

The experiment results indicated that based on lower YRP, TOL, and SSI indices, genotypes 11, 5, 9, and
10 were selected as tolerant genotypes. Nevertheless, genotypes 12, 2, 1, and 6 were superior based on
higher STI and Harm indices. Also, genotypes 12, 1, 11, and 3 were best in the k2STI and YI indices.
Additionally, genotypes 14, 4, 2, and 6 were tolerant based on the k1STI index, genotypes 11, 9, 5, and 10
in the YSI index, genotypes 2, 12, 14, and 4 in the MP index, and genotypes 12, 2, 4, and 1 in the GMP
index. Using the multivariate selection indices of the IGSI and MGIDI, genotypes 11, 5, 1, and 12, with
the highest IGSI value and the lowest MGIDI value, are among the genotypes with high end-season
drought stress tolerance. This was confirmed through heat map cluster analysis and bi-plot diagram in
principle components analysis. Also, genotypes 20, 16, and 19, having the lowest value of IGSI and the
highest MGIDI, showed higher sensitivity to drought stress. The comparison of the means of the selected
genotypes with the total means showed that these genotypes under the end-of-the-season drought stress
conditions performed better in stress conditions (with higher Ys) and had less yield reduction compared
to the average of other genotypes.

Conclusion

The ideotype genotype selection index (IGSI) and the multi-trait genotype—ideotype distance index
(MGIDI) for different genotypes based on the quantitative indices of tolerance and stress show that
genotype 11, having a high value of IGSI and the lowest value of MGIDI is the most tolerant to end-
season drought stress. The genotypes 5, 1, and 12 were ranked next. Based on these results, it is clear
that different genotypes exhibit varying levels of drought tolerance based on the indices evaluated.
Overall, the results of this experiment provide valuable insights into the potential for improving drought
tolerance in wheat through the selection of tolerant genotypes using IGSI and MGIDI indices. The
selected genotypes can be further evaluated for their agronomic and physiological traits to confirm their
suitability for cultivation in drought-prone areas.
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Table 1. Wheat genotypes used in the experiment and their genealogy

Lo g o ylo 0 3%l

Genotype number Pedigree
Gl Zarrineh
G2 Heyran
G3 EVWYT2/Azd//Rsh*2/10120/3/ Yan7578.128//Chil/2*Star
G4 Charger/40817
G5 Zagross/Astet
G6 40653//CM67A.912/CMHT76A.769
G7 Shpd/Guadalop//Zareh
G8 EVWYT2/Azd//Rsh*2/10120/4/ Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi
G9 Sph"s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87
G10 Ymh/Tob//Lira(BDME-G)/3/Gaspard/4/Shahriyar
Gl1 B1551-WH/KS94U326/3/F10S-1//STOZHER/KARL/4/F10S-1//[STOZHER/KARL
G12 MV SED
G13 ART/KS990494-11-~0//KS0603A~36
Gl4 ADAGIO
G15 PATWIN YR15/4/\VORONA/HD2402/3/RSK/CA8055//CHAM6
G16 BABAX/LR42//IBABAX*2/3/KURUKU/4/TX96V2427/5/KAUZ/IALTAR 84/A0S/3/F10S-1
G17 SAVALAN//KRC66/SERI/3/TORIK/4/2*F10S-1//ISTOZHER/KARL
G18 PRL/2*PASTOR//OVL/5/T67/IGR 'S'//K92/3/SNF/4/JGR 'S'//JGR 'S''HBCO059E
G19 FGMUT213
G20 Aill192

Table 2. Physicochemical characteristics of the field soil

Sinlojl 890 acyj0 S (o b oSG b s Sig Y Joua

dl Gh oyl aoys ey Salaoys eldlao Al Sg
Texture Sand Silt Clay Lime Saturation pH Salinity
% dSm*
P ) 31 30 39 5 53 7.76 2.04
Table 2. Continued awlol .Y Jgus
T s do Jl e d> B Ly T e
BTSRRI TTCN "’Ab‘“’*b ’;;*" = ABJJ’ . &9 R oo )
Organic carbon  Nitrogen sorbabe sorbable Zn Fe Cu Mn
phosphorus potassium
% ppm
0.858 0.08 2.2 594 2.32 2.52 8.56 4.27
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Table 3. Analysis of variance of drought tolerance indices based on randomized complete block design

ehediabere im YRP VI

GMP MP YSI KoSTI KiSTI STl  SSI

TOL Ys Yp

S.0.V
Block ok 2 0.29" 75.30" 1x104" 0.33" 0.38™ 0.01™ 2x104" 2x10%"™ 0.01"™ 0.01" 0.68™ 0.06™ 1.06™
oc
“*‘“”5’3319 0.78™ 100.66™ 0.02" 0.82"" 0.87"" 0.01™ 0.06™ 0.11™ 0.04™ 0.21™ 0.93™ 0.55™ 1.66™
Genotype
£ Ll”38 0.04 12,65 0.001 0.043 0.044 0.001 0.006 0.006 0.002 0.03 0.089 0.05 0.08
rror

kst o 310 1603  3.16
CV (%)

3.07 3.08 4.06 7.71 7.68

575 1732 1725 380 3.73
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(YSD) o Sles 5,0k 5 (Y1) 0 Slee 23l (YRP) 5 Slee 22lS 0o ,0 «STI)
ns, “and ** indicate no significant difference and significant difference at five and one percent probability levels, respectively.

Yield of each genotype under non-stress conditions (Yp), yield of each genotype under stress conditions (Y's), tolerance index
(TOL), mean productivity (MP), Geometric mean productivity (GMP), harmonic mean (HM), stress sensitivity index (SSI),

stress tolerance index (STI), yield reduction percentage (YRP), yield index (Y1), and yield stability (YSI).
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Table 4. The means of bread wheat genotypes for tolerance indices and the factor coefficients of these indices for the
first and second factors in the factor analysis using the principal component analysis

Genotype  Yp Ys TOL  SSI  STI KiSTI KeSTI  YSI MP  GMP YI YRP  HM
G1 8.11b  6.46% 1.65%f 0.90°-f 089 1.12bc 118 0.80°-F 7.20% 7.24% 1092 20.34bcdef 7 102
G2 853 6.30% 2239 1160 0912 123 1.12% 740" 7412 733 1.06%P 26.18% 7.25°
G3 8.21°  6.34% 1.87¢fah 1,019 (0.88% 1.14% 1,14 (Q77%f 727 721 107 2278 %Mk 7152
G4 8.54% §.17% 236" 1230 (0.89% 1.24%® 1.08% 0720 7.358 7.26% 1.04% 27.68% 7.16°
G5 7.50°  6.36% 1.13 0.67¢F 0.81° 0.95¢ 1.14% 0.85™ 6.93* .91 1.07% 1510 6.88
G6 8.35% £.26% 2.09°" 111k (0.89% 1.18%c 111 0750 7318 7.23® 105% 24990 7.16°
G7 8.34% §,19% 2.15¢Mh  114% (0.88% 1.18%c 1080 0.74f" 727 719% 1.04%® 2581% 7112
G8 8.22° 599k 223fh 120 (0.83%c 115 1,01 0.73%  7.11% 7.028c 101 27.090" 6,93
G9 6.52¢ 5599 093 063" 0.62¢ 0.72F 0.88« 0.86° 6.06" 6.04¢F 0.94% 1431 6.02¢
G10 6.57¢ 5.45¢ 1.11% 075 0.61° 0.73" 0.84¢ 0.83*¢ 601j 598" 0.92¢ 16.94%¢ 596c
G11  6.97¢ 643* 0542 0.34% 0.76% 0.82% 1.17%@ 0.922 6.70% 6.69¢ 1.08  7.74* 6.69
G12  8.28% 6.50% 1.77%f Qg5bedef Q12 116 1.202 0.79%fs 7392 7342 1,092 21.43cdf 7 2ga
G13 8.01° 6.26% 1.74%f (.96’ 0g5d 1,09° 1.11% 0.78%f 7,13® 7.,08% 1,05% 21.73%09 7,03
Gl14 8.78% 596> 282  1.439 0.89% 1.31% 1.00* 0.68" 7.37¢ 7.23% 1,00°¢ 32.14" 7.10°
G15 6.61¢ 5.37¢ 123xd Qg3bcde (GO 0.74" 0.82¢ 0.81™% 5999 596¢ 0.90° 18.68%d 5930
G16 7.45¢ 5469 1.99°" 118% 0.69% 0.94¢ 0.849 0730 6.46% 6.38% 0.92¢ 26.700" 6.30
G17 7.23¢ 56204 1,60 (0.98% 0.69% 0.89% 0.89¢ 0.78%f 6.43%f §.37d (950 22 15d%M g 33¢
G18 6.73¢ 548 125%d (Qg2bede (@3 0.77¢F 0.85¢ 0.81%de 6,100 6.07¢F 0.92¢ 18.54%de g 04%
G19 7.26° 5349 191" 117% 0.66° 0.89% 0.81¢ 0.740" 6.30° 6.23 0.90° 26.380" .15
G20 7.37° 53809 1.99¢Fh 120 0.67¢ 0.92¢ 0.82¢ 0.73% 6.38%%W §30°F 0.90° 27.04%" 6.22c

fggtﬁ% 0.748 0982 022 0013 0933 0753 0.978 -0.019 0919 0.938 0981 0.019 0.955

E?OC?% 0.657 -0.175 0.972 0.986 0289 0.636 -0.198 -0.997 0.385 0.336 -0.188 0.997 0.284

Liogie jasls (TOL) Jooo jasls o((YS) it Lulpo 40 cudgss o (Kghah) o Shee ((YP) a5 (9o bl po 48 cudoiy ,o (kg hal) o Slee
YSD o,8ee 5k 5 (YD) 5 Slas a3l (YRP) o Slae 2alS 0oy ST 25 Joss
Yield (kg/ha) of each genotype under non-stress conditions (Yp), yield (kg/ha) of each genotype under stress conditions (Y's),

tolerance index (TOL), average productivity index (MP), geometric mean productivity (GMP), harmonic mean (HM), stress
sensitivity index (SSI), stress tolerance index (STI), yield reduction percentage (YRP), yield index (Y1), and yield stability

(YSI).
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Fig. 1. Heatmap showing the scattering of studied traits in wheat genotypes and their clustering based

on Ward method.
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Fig. 2. Bi-plot diagram showing the
distribution of genotypes based on the first
(PC1) and second (PC2) in principal
components analysis.
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the contribution of the first and second factors in the MGIDI index for the selected genotypes (b)
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Table 5. Selection differential based on MGIDI index of studied traits in bread wheat genotypes for stress tolerance
indices
REOSES 4 S i 35 Jamdl p20 050
- RPN T Mean Selection Differential Percentage (SD%) per
Index Factor & (2090) s 09,5 ik 09,5 I il oo gk 09,5
Total Selected genotypes Non-Selective Total mean Non-Selective group
GMP FAlL 6.75 7.05 6.68 4,32 5.46
MP FA1 6.81 7.08 6.75 3.88 4.90
YSI FA1 0.78 0.84 0.76 7.97 10.16
K2STI FA1 1.00 1.17 0.96 16.72 21.82
K1STI FA1 1.01 1.01 1.01 0.40 0.50
STI FA1 0.78 0.84 0.76 8.29 10.58
Ys FA1L 5.95 6.44 5.82 8.28 10.56
Yp FAlL 7.68 7.72 7.67 0.47 0.59
HM FAlL 6.69 7.01 6.62 4,72 5.97
SSI FA2 0.98 0.72 1.05 -27.26 -31.90
TOL FA2 1.73 1.27 1.84 -26.42 -30.98
YRP FA2 22.19 16.15 23.70 -27.20 -31.84
Yl FA2 1.00 1.08 0.98 8.25 10.53
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