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Selection of durum wheat (Triticum turgidum L. var. durum) genotypes tolerant to
terminal season drought stress using multi-trait indices (MGIDI)

Dastfall M., Najafi Mirak, T.? and Zali, H.2

ABSTRACT

Dastfall M., Najafi Mirak, T. and Zali, H. 2024. Selection of durum wheat (Triticum turgidum L. var. durum) genotypes tolerant to
terminal season drought stress using multi-trait indices (MGIDI). Iranian Journal of Crop Sciences. 25(3): 342-361. (In Persian).

Introduction: Drought stress constaints crop production in the world. Terminal season drought stress is one of the
important environmental factors of yield reduction in durum wheat in semi-arid regions. Therefore, high yielding
genotypes with drought tolerance is an efficient approach to mitigate its adverse effects. With declining resources of
water and escalating intensity of drought, yield loss is an alarm in semi-arid regions. However, development of
drought tolerance depends on complex traits and their interaction with environmental factors. Likewise, choosing
genotypes with drought tolerant is a tricky task. Alternatively, some statistical parameters as well as drought tolerance
indices can be employed to compare the changes in grain yield in normal and drought stress conditions for
identification of high yielding genotypes with drought tolerance.

Material and Methods: To identify terminal season drought-tolerant genotypes, 17 promising genotypes of durum
wheat were evaluated at the Darab Agricultural Research Station, Iran. The evaluation was conducted in randomized
complete block design with three replications and over two cropping seasons (2020-2022), both under non-stress
conditions and terminal drought stress conditions by irrigation withdrawal at the flowering stage (GS 60). The indices
of drought tolerance studied were yield under non-stress conditions (Yp); yield under stress conditions (Ys); tolerance
index (TOL); stress susceptibility index (SSI); mean productivity (MP); geometric mean productivity (GMP); stress
tolerance index (STI); harmonic mean (HM); percentage of yield decrease (R%); yield index (Y1); yield stability index
(YSI); relative drought index (RDI); abiotic-stress tolerance index (ATI); stress susceptibility percentage index (SSPI);
stress non-stress production index (SNPI). SHG (selection index of ideal genotype), CSI (combination of significant
indices) and MGIDI (multi-trait genotype-ideotype distance index) indices were used in order to integrate different
indices of drought tolerance and better selection of drought tolerant genotypes.

Results: The results of combined analysis of variance for grain yield under non-stress and terminal season drought
stress conditions indicated that the effects of year, environment and genotype on grain yield were significant.
Additionally, the heatmap analysis revealed that the lowest observed grain yield was associated with terminal season
drought stress conditions in the 2020-2021, while the highest observed grain yield occurred in the 2021-2022 under
non-stress conditions. Furthermore, the highest grain yield (kg.ha®) under normal irrigation conditions (Yp) was
observed for genotypes 2 (8178), 1 (7938), 17 (7698), 19 (7662), 18 (7659), 14 (7451), and 10 (7413), respectively.
On the other hand, the highest grain yield (kg.ha) under drought stress (Ys) was related to genotypes 18 (5639), 4
(5489), 8 (5479), 10 (5473), 13 (5434), and 6 (5404), respectively. Moreover, based on the TOL, ATI, and SSPI
indices, genotypes 9, 4, 12, and 15 with the lowest values of these indices were identified as stress-tolerant genotypes.
In addition, based on the SSI and %R indices, genotypes 4 and 8, which had the lowest values of these indices,
respectively, were also classified as stress-tolerant genotypes. Examining the MP, GMP, and HM indices revealed that
genotypes 2, 18, 1, 17, and 10 exhibited the highest values and were identified as the best-performing genotypes,
respectively. Similarly, based on the SNPI index, genotypes 4, 8, 18, 13, and 6 demonstrated the highest values and
were among the drought tolerant genotypes. The results also showed that the genotypes 18, 4, 8, 10, and 13 had the
highest values of the Y1 index, respectively. The results revealed that the SIIG and CSI indices had positive and
significant correlation with Yp and Ys. Conversely, MGIDI index had negative and significant correlation with Yp and
Ys. The results of principal component analysis (PCA) revealed that the investigated genotypes were placed in four
areas of the biplot diagram. The genotypes of area one (5, 7, 9, 12 and 15) exhibited low yield potential under both
non-stress and stress conditions. The genotypes of the second region (1, 2, 14 and 19) showed high grain yield
potential under non stress conditions. The genotypes of the third region (6, 10, 13, 17 and 18) demonstrated high yield
potential under both non-stress and stress conditions, leading to their selection as superior genotypes. Therefore, MP,
GMP, HM and STI indices were positioned within the area of the three PCA diagrams, proved suitable in identifying
high yielding and drought tolerant genotypes. Furthermore, genotypes in fourth area (3, 4, 8, 11, 13, 15 and 20)
displayed higher grain yield under terminal season drought stress conditions.

Conclusion: The results of this experiment showed that MGIDI, CSI and SIIG indices had sufficient efficiency in
selecting high yielding and tolerant durum wheat genotypes. Efficiency of SIIG, MGIDI and CSI indices in selection
of high yielding terminal drought tolerant genotypes were similar, and genotypes 2, 10, 17 and 18 were selected.
However, based on all three indices, only genotype 18 ranked first. Therefore, genotype 18 which was located in the
third area of PCA diagram and performed higher than average grain yield under both and non stress and stress
conditions, was identified as adapted drought tolerant genotype for the Darab region and similar areas.
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Table 1. Pedigree of examined durum wheat cultivars and promising lines

p3033 45 Sla i 55 HETH ot
Durum wheat genotypes Origin Pedigree
Gl Aran (CH,) - 41" IDYN RASCON_37/4/IMAGHT72/RUFO//ALG86/RU/3/PLATA_16/5/PORTO_3*2/6/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1
G2 Hana (CH,) - 40" IDSN INTER_16/SNITAN/9/USDA595/3/D67.3/RABI//CRA/4/ALO/5/HUI/Y AV_1/6/ARDENTE/7/HUI/Y AVT79/8/POD_9
G3 Mehregan (CHs) - CIMMYT  OASIS/SKAUZ//4*BCN/3/2*PASTOR
G4 49" IDYN (CIMMYT) GERUFTEL-1//GUAYACAN INIA/2*SNITAN
G5 49" IDYN (CIMMYT) CEMEXI C 2008/5/2*GUAYACAN INIA/POMA_2//SNITAN/4/D86135/ACO89// PORRON_4/3/SNITAN
49" IDYN (CIMMYT) ALTAR
G6 84/BINTEPES85/3/STOT//ALTAR84/ALD/4/POD_11/YAZI_1/5/VANRRIKSE_12/SNITAN/6/SOOTY_9/RASCON_37//WODUCK/CHAM_3/10/CHEN_
1/TEZ/3/GUIL/ICIT71/CII/4/SORA /PLATA 12/5/STOT//ALTAR 84/ALD/9/USDAB95/3/D67. 3/RABI//CRA/4/ALO/5/HUI/YAV 1/6/
ARDENTE/7/HUI/ YAV79
49" IDYN (CIMMYT) TUNSYR-2/6/ALTAR 84/STINT//SILVER_45/3/GUANAY/4/GREEN_14//YAV_10/AUK/5/ SOMAT_4/
G7 INTER_8/10/SWAHEN_2/KIRKI_8//PROZANA_1/4/ADAMAR_15//ALBIA_1/ALTAR 84/3/SNITAN/9/ GUAYACAN
INIA/GUANAY/8/GEDIZ/FGO//GTA/3/SRN_1/4/TOTUS/5/ ENTE/MEXI_2//HUI/4/ YAV_1/3/LD357E/2
G8 49" IDSN (CIMMYT) CEMEXI C 2008/5/2*GUAYACAN INIA/POMA_2//SNITAN/4/D86135/ACO89//PORRON_4/3/SNITAN
G9 49" IDSN (CIMMYT) CIRNO C 2008/5/CMH85.797//CADO/BOOMER_33/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1
G10 49" IDSN (CIMMYT) SOMAT _3/PHAX_1//TILO_1/LOTUS_4/3/GUANAY/5/NETTA_4/DUKEM_12//[RASCON_19/3/SORA/2*PLATA_12/4/GREEN_18/FOCHA_1//AIRON
_1/6/PLATA_6/GREEN_17/3/CHEN/AUK//BISU*2/5/PLATA_3//CREX/ALLA/3/SOMBRA_20/4/SILVER_14/MOEWE
49" IDSN (CIMMYT) SWAHEN_2/KIRKI 8//PROZANA 1/4/ADAMAR_15//ALBIA_1/ALTAR84/3/SNITAN/9/GUAYACANINIA/GUANAY/8/GEDIZ/FGO//GTA/3/SRN_1/
G11 4/TOTUS/S/ENTE/MEXI_2//HUI/4IYAV_1/3/L D357E/2*TC60//J069/6/SOMBRA_20/7/JUPARE C
2001/10/PLATA_6/GREEN_17/3/CHEN/AUK//BISU*2/5/PLATA_3//
G12 49" IDSN (CIMMYT) MOHAWK/6/LOTUS_5/F3LOCAL(SEL.ETHIO.135.85)/5/CHEN/ALTAR 84/3/HUI/POC//BUB/ RUFO
JAIFNFOOT/7/SORA/2*PLATA _12/3/SORA/2*PLATA_12//SOMAT _3/4/AJAIA_13/YAZI //IDIPPER_2/BUSHEN_3
G13 49" IDSN (CIMMYT) GEROMTEL-3/5/ARMENT//2*SOOTY_9/RASCON_37/4/CNDO/PRIMADUR//HAI-OU 17/3/SNITAN
G14 49" IDSN (CIMMYT) MAALI/5/1A. 1D5+106/3*MOJO//RCOL/4/ARMENT//SRN_S/NIGRIS_4/3/CANELO_9 1/11/SELIM/lO/RCOL/THKNEE_2/9/USDA595/3/D67.3/RABI//
CRA/4/ALO/5/HUI/YAV_1/6/ARDENTE/7/HUI/YAV79/8/POD_9
G15 CIMMYT ASA DE CORVO/4/ATIL/3/KNIPA/TAGUA//PLANETA/TRILE
G16 CIMMYT ALTAR  84/STINT//SILVER_45/3/GUANAY/4/GREEN_14//YAV_10/AUK/5/GUAYACAN INIA/YEBAS_ 8 /3/TOPDY_18/FOCHA_1//ALTAR
84/6/CBC 514 CHILE/3/AUK/GUIL//GREEN
CIMMYT CBC 509 CHILE/6/ECO/CMHT76A.722//BIT/3/ALTAR 84/4/AJAIA_2/5/KIOVE_1/7/AJAIA_12/F3LOCAL
G17 (SEL.ETHIO.135.85)//PLATA_13/8/SOOTY_9/RASCON_37// WODUCK/CHAM_3*2/9/HUBEI//
SOOTY_9/RASCON_37/3/2*SOOTY_9/RASCON_37/4/2*SOOTY_9/RASCON_37
CIMMYT SARAGOLLA/ 12/SOOTY_9/ RASCON_37/3/SOOTY_9/T ARRO_l//AJAIA_Z/ 10/PLATA_10/6/ MQUE/4/USDAS573//QFN/AA_T7/3/ALBAD/5/AVO/HUI/
G18 7/PLATA_13/8/THKNEE_11/9/CHEN/ALTAR 84/3/HUI
/POC//BUB/RUFO/4/FNFOOT/11/RISSA/GAN//POHO_1/3/PLATA_3//[CREX/ALLA/4/JUPARE C 2001/5/ARMENT
G19 CIMMYT T.DIC 1460/MEXI75//MEXI75/T.MONOC.2433/3/CEMEXI C 2008/4/SOOTY_9/RASCON_37
G20 41 IDYT (ICARDA) Terl//Mrf1/Stj2/3/Icasyrl

49" e IDYN iy SLtolosT (g 5 g 49" IDYN (CIMMYT) e IDSN (il SisleT 02 5 o 417 IDSN (CIMMYT) (e IDYN Uiy SLsleT (S5 5 Joz 417 IDYN (CIMMYT)
5 2 CIMMYT to5,55 0a8 lodalin Al oy il ADSN 5555 008 Ml 415 ADYN s, 50 Ml Slislo3T a5 Jor 415 IDYT (ICARDA) ... IDSN el Sl b 3T a5 Jer JIDSN (CIMMYT)
&“pdl:h):é)))wum gfu“'“d“;f ICARDA‘ .Lf_ju):uu.gﬂ:u Jlajw
41" IDYN (CIMMYT): CIMMYT’s 411" IDNT; 41 IDSN (CIMMYT): CIMMYT’s 41™ IDSN; 49" IDYN (CIMMYT): CIMMYT's 41" IDYN; 49" IDSN (CIMMYT): CIMMYT'’s 411" IDSN; 41
IDYT (ICARDA): ICARDA's 41t IDYT; IDYN: International Durum Yield Nursery; IDSN: International Durum Screening Nursery; IDYT International Durum Yield Trail; CIMMYT;
International Maize and Wheat Improvement Center; ICARDA: International Center for Agricultural Research in the Dry Areas
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Table 2. Drought tolerance and susceptibility indices

Drought tolerance and susceptibility indices

Reference pa

Tolerance index (TOL)
Mean productivity (MP)

Stress index (SSI)

Geometric mean productivity (GMP)
Stress tolerance index (STI)

Harmonic mean (HM)

Relative drought index (RDI)

Abiotic-stress tolerance index (ATI)

Stress susceptibility percentage index (SSPI)

Stress non-stress production index (SNPI)

Yield stability index (YSI)
Percentage of yield reduction (%R)

Yield index (Y1)

fors jasls  TOL =¥, — ¥
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(Rosielle and Hamblin, 1981)
(Rosielle and Hamblin, 1981)

(Fischer and Maurer, 1978)

(Fernandez, 1992)
(Fernandez, 1992)

(Fernandez, 1992)

(Fischer and Wood, 1979)
(Moosavi et al., 2008)

(Moosavi et al., 2008)

(Moosavi et al., 2008)

(Bouslama and Schapaugh, 1984)

(Choukan et al., 2006)

(Gavuzzi et al., 1997)
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Fig. 2. Heat map of grain yield distribution of durum wheat genotypes under normal and terminal drought stress

conditions

Dar: Station of Darab; 1 and 2: Normal conditions in the first year (2020-2021) and the second year (2021-2022); 3 and
4: Drought stress conditions in the first year (2020-2021) and the second year (2021-2022)
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Table 3. Mean of grain yield and drought tolerance indices ranking of durum wheat genotypes under normal and terminal drought stress conditions

i & Sl 5 e (gla st ls
p3033 A5 Gla S 55 Drought tolerance and susceptibility indices
Durum wheat genotypes YP YS TOL MP SSI GMP HM STI RDI
Gl 7938 (2)° 5198 (11) 2740(19) 6568(3) 1.30(18) 6423(3) 6282(5) 0.833(3) 0.89 (18)
G2 8178 (1) 5266 (8) 2911 (20) 6722(1) 1.34(20) 6562 (2) 6407 (2) 0.870(2) 0.88 (20)
G3 6820 (12) 5246 (9) 1574(7) 6033(12) 0.87(7) 5982 (12) 5931(12) 0.723(12) 1.05(7)
G4 6747 (14) 5489(2) 1258(2) 6118(11) 0.70(1) 6086 (10) 6054 (10) 0.748 (10) 1.11(1)
G5 6977 (10) 4829 (18) 2148 (15) 5903 (15) 1.16 (15) 5805 (15) 5708 (16) 0.681 (15) 0.94 (15)
G6 7081 (9) 5404 (6) 1676 (10) 6242 (8) 0.89 (10) 6186(8) 6130(7) 0.773(8) 1.04 (10)
G7 6641 (17) 4869 (17) 1772(11) 5755(18) 1.01(13) 5686 (18) 5618 (18) 0.653 (18)  1.00 (13)
G8 6879 (11) 5479(3) 1400(5) 6179(10) 0.77(2) 6140(9) 6100(8) 0.761 (9) 1.08 (2)
G9 5853 (20) 4658 (20) 1195(1) 5256 (20) 0.77 (3) 5221 (20) 5188 (20) 0.551(20) 1.08 (3)
G10 7413 (7) 5473 (4) 1941 (13) 6443(5) 099 (11) 6370(5) 6297 (3)  0.820(5) 1.00 (11)
Gl1 6761 (13) 5180(12) 1581(8) 5971(13) 0.88(8) 5918 (13) 5866 (14) 0.707 (13) 1.04(8)
G12 6012 (19) 4714 (19) 1298(3) 5363(19) 0.81(6) 5323(19) 5284 (19) 0.572(19) 1.07(6)
G13 7101(8) 5434(5) 1667 (9) 6268(7) 0.89(9) 6212(6) 6157(6) 0.779 (6) 1.04 (9)
Gl4 7451 (6) 4928 (15) 2523 (17) 6190(9) 1.28(17) 6060 (11) 5933 (11) 0.742 (11) 0.90 (17)
G15 6481 (18) 5113 (13) 1368 (4) 5797 (17) 0.80(4) 5756 (16) 5716 (15) 0.669 (16) 1.07 (4)
G16 6698 (15) 4909 (16) 1789 (12) 5804 (16) 1.01(14) 5734 (17) 5666 (17) 0.664 (17) 1.00 (14)
G17 7698 (3) 5325(7) 2373 (16) 6511(4) 1.16(16) 6402(4) 6295(4) 0.828 (4) 0.94 (16)
G18 7659 (5) 5639(1) 2020 (14) 6649 (2) 1.00(12) 6572(1) 6495(1) 0.872(1) 1.00 (12)
G19 7672 (4) 5015 (14) 2657 (18) 6344 (6) 1.31(19) 6203 (7) 6065(9) 0.777(7) 0.89 (19)
G20 6661 (16) 5242 (10) 1420(6) 5952 (14) 0.80(5) 5909 (14) 5867 (13) 0.705(14) 1.07 (5)
Yoy
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Table 3. Continued

S b Sl 5 o sla e ls Sl gla e ls
£33 A5 Gla 55 Drought tolerance and susceptibility indices Selection indices
Durum wheat genotypes = ATI SSPI SNPI YSI %R Yl SIIG MGIDI CSI
Gl 12936274 (19)*  19.5(19) 10093 (16) 0.65(18) 34.5(18) 1.005 (11) 0.809 (4) 0.86 (5) 1.003 (5)
G2 14041200 (20) 20.7 (20) 10155(15) 0.64(20) 35.6(20) 1.018(8) 0.869 (2) 0.50 (2) 1.028 (2)
G3 6917809 (8) 11.2(7) 11291 (8) 077 (7) 23.1(7) 1.015 (9) 0.524 (12) 1.78(11)  0.933 (12)
G4 5625736 (3) 8.9(2) 12553 (1) 0.81(1) 18.6(1) 1.062 (2) 0.595 (10) 1.35(9) 0.958 (10)
G5 9161426 (14) 15.3 (15) 9636 (19) 0.69 (15) 30.8(15) 0.934 (18) 0.399 (15) 2.51(16)  0.892 (16)
G6 7621168 (12) 11.9 (10) 11548 (5) 0.76 (10) 23.7(10) 1.045 (6) 0.665 (7) 1.21(7) 0.971 (7)
G7 7403684 (9) 12.6 (11) 10075(17) 0.73(13) 26.7(13) 0.942 (17) 0.316 (18)  2.74(18)  0.875(18)
G8 6315776 (6) 9.9 (5) 12217 (2) 0.80(2) 20.3(2) 1.060 (3) 0.631 (9) 1.24 (8) 0.966 (8)
G9 4585749 (1) 85(1) 10376(12) 0.80(3) 20.4(3)  0.901 (20) 0.000 (20)  3.92(20)  0.797 (20)
G10 9084174 (13) 13.8 (13) 11382 (7) 0.74 (11) 26.2(11) 1.058 (4) 0.793 (5) 0.75 (3) 1.003 (4)
Gl1 6875754 (7) 11.2(8) 11108(10) 0.77(8) 23.4(8) 1.002 (12) 0.479 (13)  1.97(14) 0.921 (14)
G12 5079480 (2) 9.2(3) 10334(13) 0.78(6) 21.6(6) 0.912(19) 0.068 (19) 3.65(19) 0.814 (19)
G13 7608842 (11) 11.8(9) 11640 (4) 0.77(9) 235(9) 1.051 (5) 0.683 (6) 1.12 (6) 0.976 (6)
G14 11233946 (17) 17.9 (17) 9612 (20) 0.66 (17) 33.9(17) 0.953(15) 0.570 (11) 1.87(12) 0.935 (11)
G15 5788870 (4) 9.7 (4) 11281 (9) 0.79(4) 21.1(4)  0.989 (13) 0.369 (16)  2.38(15)  0.893 (15)
G16 7540268 (10) 12.7 (12) 10155(14) 0.73(14) 26.7(14) 0.949 (16) 0.349 (17) 2.60(17) 0.883 (17)
G17 11167255 (16) 16.9 (16) 10620(11) 0.69(16) 30.8(16) 1.030 (7) 0.814 (3) 0.80 (4) 1.004 (3)
G18 9756178 (15) 14.4 (14) 11704 (3) 0.74 (12) 26.4(12) 1.090 (1) 0.903 (1) 0.18 (1) 1.041 (1)
G19 12111167 (18) 18.9 (18) 9731 (18) 0.65(19) 34.6(19) 0.970 (14) 0.665 (8) 1.49 (10)  0.961 (9)
G20 6165512 (5) 10.1(6) 11534 (6) 0.79(5) 21.3(5 1.014 (10) 0.475(14) 1.94(13) 0.922 (13)
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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; %R: Percentage of yield reduction; Y1: Yield index; YSI: Yield stability index; RDI: Relative drought index; ATI: Abiotic-
stress tolerance index; SSPI: Stress susceptibility percentage index; SNPI: Stress non-stress production index; SIIG: selection index of ideal genotype; CSI: combination of significant
indices; MGIDI: multi-trait genotype-ideotype distance index. *: Numbers in the parentheses are the rank of the genotypes in terms of those indices
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