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(Triticum turgidum L.) genotypes under terminal drought stress conditions
using drought tolerance indices
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ABSTRACT
Sanjani, S., Nakhjavani Moghaddam. M. M., Najafi Mirak, T., Naghipour, F. and Abedi, A. M. 2025. Evaluation of bread
wheat (Triticum aestivum L.) and durum wheat (Triticum turgidum L.) genotypes under terminal drought stress conditions
using drought tolerance indices. Iranian Journal of Crop Sciences. 27(3): 211-230. (In Persian).

Introduction: Wheat is one of the most important crops worldwide, providing approximately 20% of the calories
and protein required for human nutrition. Recent studies have shown that drought stress has significant economic
impacts on agricultural productiion worldwide, and the magnitude of these effects varies depending on regional
conditions and the level of development of countries. Therefore, in view of the water scarcity crisis, the increasing
frequency of droughts and the limitations of national water resources in Iran, evaluation of drought stress tolerance
of wheat genotypes appears to be necessary. The objective of the present study was to identify the superior drought-
tolerant bread and durum wheat genotypes using grain yield and several yield-based stress tolernace and
susceptibility indices by applying various multivariate analysis models.

Materials and Methods: This experiment was conducted to evaluate tolerance to terminal drought stress in bread
and durum wheat genotypes over two cropping seasons 2023-24 and 2024-25. The studied genotypes included
seven bread wheat genotypes: M-99-9 and Mabhluji, Afrouz, Amin, Farin, Araz, and Taktaz, and three durum wheat
genotypes: D-400-14, D-400-18, and Mahan. The experiment was carried out under two irrigation regimes, optimal
irrigation and terminal drought stress (irrigation withheld from the anthesis stage; Zadoks 61), using a randomized
complete block design with three replications. Seeds were sown mid-November with density: 400 m?2 (bread
wheat), 450 m™ (durum wheat). In normal irrigation maintained soil moisture at field capacity, and ceased post-
pollination for drought stress conditions. Plots were harvested by a Wintersteiger plot combine. After collecting
experimental data and estimating grain yield, several yield-based drought tolerance and susceptible indices were
calculated. A heatmap-based correlation method was used to investigate association among calculated indices and
grain yield. Three selection indices such as multi-trait genotype-ideotype distance index (MGIDI), factor analysis
and ideotype design via best linear unbiased prediction (FAI-BLUP), and Smith-Hazel (SH) were exploited to
identify the superior tolerant- genotypes.

Results: Combined analysis of variance for grain yield data showed significant effects of year and genotype as
well as the interaction effects for genotype x year for both optimal irrigation and terminal drought conditions. The
results showed that on average, in two years of the experiment, grain yield decreased by 32.8% under terminal
drought stress conditions compared to optimal irrigation conditions, the highest of which was related to the Mahluji
cultivar in the and the lowest was related to the D-400-18 durum wheat genotype in first cropping sesason. The
result for screening wheat genotypes using drought tolerance and susceptible indices revealed reasonable
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repeatability, therefore some of the investigated genotypes appeared in the same pattern in each year of
experiments. Based on the Pearson’s correlation, grain yields (Yp and Y's) positively and significantly correlated
with MP, GMP, HM and STI indices in the first year. In the second year, a positive and significant correlation was
observed between grain yield in terminal drought condition with STI, MP, GMP, and HM indices. Based on the
averaged two-cropping seasons, grain yields significantly and positively correlated with HM, STI, MP, and GMP
indices, supporting the repeatability of our findings. To identify the superior tolerant wheat genotypes based on
multi-indices, we used three multi-trait selection indices such as MGIDI, FAI- BLUP, and Smith-Hazel. Genotypes
G4 and G5, in the first cropping season, G2 and G7, in the second cropping season, and genotypes G2, G5 over
two cropping seasons were selected as superior genotypes using the MGIDI index. Based on the FAI-BLUP index,
G2 and G3 were identified as the superior drought tolerant genotypes in the first cropping season, and G2 and G5
in the second cropping season and in over two cropping seasons. The result of screening genotypes using the
Smith-Hazel index showed that genotypes including G2 and G5 were identified as the high-yielding and tolerant
genotypes in second cropping seasoin and in average over two cropping seasons. Based on three selection indices
revealed that genotype numbers G2 (Afrouz) and G5 (Farin) were superior genotypes.

Conclusion: This experiment evaluated and compared the responses of different bread and durum wheat genotypes
to terminal drought stress using drought tolerance indices. The results indicated that all examined wheat genotypes
were affected by terminal drought stress, resulted in reduction of mean grain yield of approximately 32.8%
compared with optimal irrigation conditions. Analysis of the relationships between grain yield and drought
tolerance and susceptibility indices under both optimum and terminal drought stress conditions showed that the
STI, GMP, MP, and HM indices were the most effective for identifying drought-tolerant genotypes. Furthermore,
the selection indices FAI-BLUP, MGIDI, and Smith—Hazel, based on grain yield and drought tolerance and
susceptibility indices, demonstrated high efficiency in selecting drought-tolerant genotypes. Overall, the cultivars
Afrouz and Farin were identified as the most drought-tolerant genotypes and can be considered ideal parental lines
for the development of stable cultivars adapted to dry climatic conditions.
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Table 1. Characteristics of bread and durum wheat genotypes used in the experiment

NNy ot 1S g5 Ay Sole
Genotype code  Wheat genotypes  ou8 slac s 55 Pedigree Wheat type Growth habit
Gl Mabhluji P Evwyt2/Azd//Rsh*2/10120/3/Azd//HD2172/\/83035/4/Morvarid/5/Sirvan  Bread wheat ot pu8 Spring
G2 Afroz 55 SAUAL/YANAC//SAUAL/3/BECARD/QUAIU #1 Bread wheat ot pu8 Spring
G3 M-99-9 WAXWING*2/KIRITATI//NIKNEJAD Bread wheat ot pu8 Spring
G4 Amin ol KAUZ/LUCO-M/PVN/STAR/3/Yaco/2*Parus/4/Pishtaz Bread wheat ot pu8 Spring
G5 Farin ) Franclin/Rolfs07CMSS06B00013S-0Y-099ZTM-099Y-099M-2WGY-0B  Bread wheat ot pu8 Spring
G6 Araz ST CROC-1/AE.TA(WX-224)//OPATA-M-85/3/PASTOR Bread wheat ot pu8 Spring
G7 Taktaz 55 SAUAL/3/MILAN/S87230//BAV92 Bread wheat ot pu8 Spring
G8 Mahan Olale P91.272.3.1/3*MEXI75//2*JUPAREC2001/5/ARTICO/AJAIA_3/I .. Durum wheat ¢, 55 Spring
G9 D-400-14 GUAYACAN INIA/GUANAY//PORRON_4/BEJAH_7/6/... Durum wheat 4,55 Spring
G10 D-400-18 C F4 20 S/4/YAZI_1/AKAKI_4//SOMAT_3/3/AUK/GUIL//GREEN/5/..  Durum wheat », s Spring
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Table 2. Physical and chemical properties of the soil at the experiment site

S asks
S Ges S S e la Weight moisture (%) et JE)
Soil depth &Sl ol EC S 181y elhias b (S aki K P O5s s
(cm) Soil texture (dS.m?) pH FC PWP (mg.kgh) (mg.kgh) N (%)
0-20 Clay loam . ., 4.1 7.15 29.4 12.2 230 8.2 0.07
20-40 Loam =3 15 7.22 27.3 115 -
40-60 Clay loam . -, 17 7.5 28.6 11.6 -

OFF—eF VP Y= ?) ileT ol Joeo owlidl ga OleMbl - J g
Table 3. Meteorological information of the experiment site (2023-24 and 2024-25)

VEF-VFY 2023-24 VE PV FLY 2024-25
Temperature (°C) Los Temperature ("C) [
SHt St
Jola Sl oSle Precipitation ol Sl oSl Precipitation
Month ole Min(°’C) Max(°C) Mean (°C) (mm) Min(°C) Max ('C) Mean(°C) (mm)
Nov. oLt 8.7 19.3 14.2 19 51 15.3 10.2 64
Dec. 55T 31 13.0 8.0 9 0 9.0 45 16
Jan. ) 0 11.2 5.6 28 -1.2 7.7 3.3 26
Feb. e -1.1 9.5 4.2 94 -3.6 6.0 1.2 38
Mar. Akl -1.5 9.9 4.2 68 11 11.8 6.4 36
Apr. s 5.2 18.8 11.9 46 7.4 19.5 13.5 42
May Cigus, 107 231 16.9 47 15.1 28.4 21.7 5
Jun. sl 164 31.1 23.8 12 16.9 30.6 23.7 0
Source: Meteorological Organization of Iran 9558 (bl go Olajle tae
Y\v
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Table 4. Drought tolerance and susceptibility indices used for evaluation of the wheat genotypes

Jse &
Index el Formula References
Tolerance Index; TOL Joos el TOL =Y, —Y; Hossain et al., 1990
L. > Y. +Y, i .
Mean Productivity; MP S50 oNle Mp=-=_"° Rosielle and Hamblin, 1981
. , . " 1—(Ys/Yp) .
Stress Susceptibility Index; SSI S Sl el GG = ————== Fischer and Maurer, 1978
1- (Y/Y,
' Yy X Y,
Stress Tolerance Index; STI S e el STI = 57 Fernandez, 1992
P
Geometric Mean Productivity; GMP G305 oin 5L GMP = ,/(Y; x Yp) Fernandez, 1992
. " Ys .
Yield Index: Y1 > Shes jasls Y= Gavuzzi et al., 1997
S
Y.
Yield Stability Index; YSI 3 Sas ol jasla YSI = Y—S Bouslama and Schapaugh, 1984
p
_ 2(Y, XY,
Harmonic Mean; HM sl o Kbe HM = M Schneider et al., 1997
(Y +Y)

CMP. 15 & Joows (ax s STl (s, 50,6 S0k MP fass ol TOL o St 25 Ll 5 s s 3 See 1YS (25 Oge Loyl 3 5 ails 5 Shee 1Y

3 e ol e i IYS o Sl Lol Y i Joms astls ST 25 & conler Lol SS1 eSS o ls S5k HM (6550, (owiin 0L
Yp; Grain yield under normal conditions, Ys; Grain yield under drought stress conditions, TOL; Tolerance Index, MP; Mean
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Table 5. Mean comparison of grain yield of wheat genotypes in interaction of genotype and year under normal

(Yp) and terminal drought stress (Ys) treatments

Wheat sy 55 (A5 0 9) wls s Shes (d{.is- SAs) als s Shes
genotypes kg Yp (kg.hat) Ys (kg.ha?)
yoveey 2023-24
Mahluji L e 6107.3 3256.6
Afrouz 55 7002.6 4145.3
M-99-9 6145.0 4362.3
Amin ol 5501.6 4301.6
Farin oA 5551.0 4409.0
Araz 5T 5200.0 3206.0
Taktaz 55 3704.3 2771.0
Mahan Olabe 4811.6 3228.6
D-400-14 4312.6 3501.3
D-400-18 3220.3 2742.0
PV 2024-25

Mahluji L s 7182.3 4820.3
Afrouz 53 8255.3 5481.0
M-99-9 7089.6 4039.0
Amin ol 7269.6 4072.6
Farin ) 7862.3 4722.0
Araz ST 6849.3 5430.3
Taktaz SES 7255.0 5353.3
Mahan Olabe 7600.3 4585.3
D-400-14 7135.0 4379.6
D-400-18 6727.3 4950.6

LSD (1%) 667.8 810.1
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Table 6. Mean grain yield and drought tolerance and susceptibility indices for wheat genotypes (2023-24 and 2024-25)

(_;J O}J{)Aﬁb;ﬁl&.& (éﬁ.&&ﬁ)a\jb;;&;
Wheat genotypes i85 Yp (kg.ha) Ys (kg.ha?) TOL MP GMP HM SSI STI Yl  YSI
yovfy 2023-24
Mahluji o slos 6107.3 3256.7 2850.7 4682.0 4459.8 42481 154 075 091 053
Afrouz 33 7002.7 4145.3 28573 55740 53878 52078 135 109 115 059
M-99-9 6145.0 4362.3 1782.7 5253.7 51775 51024 096 1.01 121 071
Amin ol 5501.7 4301.7 1200.0 4901.7 4864.8 48282 0.72 089 120 0.78
Farin o 5551.0 4409.0 1142.0 4980.0 4947.2 49145 0.68 092 123 0.79
Araz ST 5200.0 3206.0 1994.0 42030 4083.0 39665 126 0.63 0.89 0.62
Taktaz kY 3704.3 2771.0 9333 3237.7 32039 31704 083 039 077 0.75
Mahan Olabe 4811.7 3228.7 1583.0 4020.2 39415 38643 1.09 058 090 0.67
D-400-14 4312.7 3501.3 811.3 3907.0 38859 38649 062 057 097 081
D-400-18 3220.3 2742.0 4783 29812 29716 29620 049 033 076 0.85
PV 2024-25
Mahluji P 7182.3 4820.3 2362.0 60013 5884.0 57689 095 065 101 0.67
Afrouz 33 8255.3 5481.0 27743 6868.2 6726.6 65880 097 084 115 0.66
M-99-9 7089.7 4039.0 3050.7 5564.3 5351.2 51462 124 053 084 0.57
Amin ol 7269.7 4072.7 3197.0 56712 54412 52206 127 055 085 0.56
Farin o 7862.3 4722.0 31403 6292.2 6093.1 59003 115 069 099 0.60
Araz ST 6849.3 5430.3 14190 61398 6098.7 60578 060 069 114 0.79
Taktaz kY 7255.0 5353.3 1901.7 63042 6232.0 61608 0.76 0.72 112 0.74
Mahan Olale 7600.3 4585.3 3015.0 60928 59034 57198 114 065 096 0.60
D-400-14 7135.0 4379.7 2755.3 57573 5590.1 54277 111 058 092 0.61
D-400-18 6727.3 4950.7 1776.7 5839.0 5771.0 57039 0.76 0.62 1.03 0.74
Yy
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Table 7. Mean grain yield and drought tolerance and susceptibility indices for wheat genotypes (Mean of two years)

(25 09) als s Shas (St [23) 6l 5 Shes
Wheat genotypes  puf sl 55 Yp (kg.ha) Ys (kg.ha') TOL MP GMP HM SSI STI YI YSI
Mahluji s 6644.8 4038.5 2606.3 5341.7 5180.3 5023.7 1.19 0.689 0.96 0.608
Afrouz 535 7629.0 4813.2 2815.8 6221.1 6059.7 5902.5 112 0.943 115 0.631
M-99-9 6617.3 4200.7 2416.7 5409.0 5272.3 5139.1 111 0.714 1.00 0.635
Amin ol 6385.7 4187.2 21985 5286.4 51709 5057.8 1.05 0.687 1.00 0.656
Farin o 6706.7 4565.5 21412 5636.1 55335 54327 0.97 0.787 1.09 0.681
Araz ST 6024.7 4318.2 1706.5 51714 51005 50306 0.86 0.668 1.03 0.717
Taktaz S5 5479.7 4062.2 14175 47709 4718.0 4665.6 0.79 0.572 0.97 0.741
Mahan Olale 6206.0 3907.0 2299.0 5056.5 4924.1 47952 1.13 0.623 0.93 0.630
D-400-14 5723.8 3940.5 1783.3 48322 4749.2 46676  0.95 0579 094 0.688
D-400-18 4973.8 3846.3 11275 44101 43739 43380 0.69 0491 092 0.773
YyYy
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Fig. 1. Correlation coefficients between grain yield and drought tolerance and susceptiblity indices for the first

year (A), second year (B), and mean of two-years (C)

*and **: Significant at 5% and 1% probability levels, respectively
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Yp; Grain yield under normal conditions, Ys; Grain yield under drought stress conditions, TOL; Tolerance Index, MP; Mean
Productivity, STI; Stress Tolerance Index, GMP; Geometric Mean Productivity, HM; Harmonic Mean, SSI; Stress
Susceptibility Index, Y1; Yield Index, YSI; Yield Stability Index
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Fig. 2. Biplot analysis of PCA for wheat genotypes and drought tolerance indices
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