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Introduction

Durum wheat (Triticum turgidum L. var. durum) or hard wheat, is the second most important wheat
crop species. Since durum wheat is mainly cultivated under dryland conditions in the Mediterranean
region, its yield is strongly affected by abiotic stresses, especially drought and salinity. Salinity stress
causes osmotic stress and disrupts the ionic balance of the cells and plant physiologic processes such
as seed germination and seedling growth. This study was conducted to identify durum wheat salinity
tolerant genotypes at germination stage using multi-trait selection indices such as multi-trait genotype-
ideotype distance index (MGIDI) and the ideal genotype selection index (IGSI).

Materials and methods

The plant materials of this research were 50 different durum wheat genotypes, which were
evaluated for salinity tolerance at germination stage. The experiment was conducted as a factorial in a
completely randomized design with three replications. To create salinity stress, sodium chloride
(NaCl) was used at three levels including O (control), 150 mM (~15 dS.m™), and 300 mM (~30 dS.m™)
concentrations. To evaluate the salinity tolerance of the studied genotypes, quantitative stress tolerance
indices were first calculated based on root (radicle) and shoot (plumule) dry weight under non-stress
conditions (Yp) and average salinity levels (Ys) for each genotype. Then according to the results of
factor analysis based on principal component analysis (PCA), the MGIDI index was calculated using
the factor scores of the first two factors with eigen values greater than one. The IGSI index for each
genotype was also calculated using all stress tolerance indices.

Research findings

The results of factor analysis based on principal component analysis (PCA) showed that the first
two factors with eigen values greater than one explained 99.6 of the total variance. The calculation of
the MGIDI index based on the factor scores of the studied genotypes showed that in average salinity
stress conditions, genotypes 6, 23, 5, 30, 34, 29, 31, 2, 10, 39, 13, 9, 47, 12, 52, 48, and 1 with lower
values of MGIDI (between 0.90 and 2.50) and higher values of IGSI (between 0.65 and 0.80) were the
best genotypes in term of salinity tolerance. In contrast, genotypes 46, 43, 19, 26, 4, 15, 42, 38,11, and
37 with the lower values of IGSI and the higher values of MGIDI, were considered as weak and
sensitive genotypes to salinity. The coefficient of determination (R?) between these two indices for all
genotypes was 92%, indicating a high correlation between these two indices and the selection of same
genotypes.
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Conclusion

The results of the present study showed that there was a significant genetic diversity among the
studied durum wheat genotypes for salinity tolerance at the germination stage, which can be used in
the breeding programs of this valuable crop. IGSI and MGIDI indices were also effective in
identifying superior genotypes based on all stress tolerance indices. Therefore, these indices can be
recommended to select salinity tolerant genotypes based on different traits in breeding programs.
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Figure 1. Scattering of the studied traits in durum wheat genotypes under average salinity stress conditions based on

heat map
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Figure 2. Ranking pattern of different durum wheat genotypes in ascending order based on IGSI index in average of
salinity conditions
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Table 1. Factor loadings after Varimax rotation along with eigen value and percentage of variance justified by each
factor in factor analysis at average salinity levels

Variable Factorl Factor2
Stress sensitivity index (SSI) -0.24 -0.97
Tolerance index (TOL) 0.24 -0.97
Seedling dry weight (g) under non-stress conditions (Yp) -0.62 0.78
Seedling dry weight (g) under stressed conditions (Y's) -0.88 -0.47
Stress tolerance index (STI) -0.98 0.17
Yield stability (YSI) -0.24 -0.97
Average productivity index (MP) -0.86 0.50
Geometric mean productivity index (GMP) -0.99 0.16
Yield index (YI) -0.88 -0.47
Harmonic mean (HM) -0.98 -0.17
Eigen value 5.76 4.20
Variance (%) 57.60 42.00
Cumulative variance (%) 57.60 99.60
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Figure 3. The ranking pattern of durum wheat genotypes in descending order based on MGIDI index (a) and the
strengths and weaknesses view of the selected genotypes (b) in average salinity stress conditions
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Table 2. Comparison of sensitivity and tolerance indices of selected durum wheat genotypes to salinity with the

average of selected genotypes and the control genotype as well as selection differential based on MGIDI index in
three selection intensities of 10, 20 and 30 percent

Genotype YP Ys TOL SSI YSI MP GMP HM YI STI MGIDI IGSI

G6 38.00 19.00 19.00 0.84 0.50 2850 26.87 2533 127 053 095 0.76

G23 36.33 18.67 17.66 0.82 0.51 27.50 26.04 2466 125 050 123 074

G5 4033 18.00 2233 093 045 29.17 2694 2489 120 053 140 0.69

G30 4533 18.84 2650 098 042 3208 2922 2661 126 062 1.61 0.69

G34 42.00 1734 2467 099 041 2967 2698 2454 1.16 053 181 0.65

G29 3533 17.34 18.00 0.86 049 2633 2475 2326 1.16 045 1.83 0.68

G31 3833 17.00 21.33 093 044 27.67 2553 2355 1.14 048 1.84 0.65

G2 41.67 1683 2484 1.00 040 2925 2648 2398 1.13 051 202 062

G10 41.00 1650 24.50 1.00 040 2875 26.01 2353 1.10 050 214 0.6l

G39 39.67 1633 2334 099 041 28.00 2545 23.14 1.09 047 217 0.60

G13 39.00 16.17 22.84 098 041 2758 2511 2286 1.08 046 224 0.60

G9 3533 16.17 19.17 091 046 2575 2390 22.18 1.08 042 231 0.6l

G47 32.00 16.84 15.17 0.80 053 2442 2321 2206 1.13 039 239 0.65

G12 39.00 15.84 23.17 1.00 041 2742 2485 2252 1.06 045 239 0.58

Gl 43.00 16.17 26.84 1.05 0.38 29.58 2636 2350 1.08 051 242 0.8

Selected (10%) 4040 1837 2203 091 046 2938 2721 2521 123 054 140 071

genotypes (20%) 39.80 17.58 2222 093 0.44 28.69 2643 2435 1.18 051 170 0.67

means  (30%) 39.09 17.13 21.95 094 044 28.11 2585 2377 1.5 049 192 0.65

Check variet

(Dehdasht, G{) 43.00 16.17 26.84 1.05 0.38 2958 2636 2350 1.08 051 242 0.8

Non-selected 305 1401 2203 101 040 2503 2238 2004 094 037 344 048
genotypes (70%)

Total genotypes ~ 36.96 1495 2201 099 041 2596 2342 21.16 1.00 041 298 0.53

, (10%) 930 2286 0.09 -8.10 11.65 13.21 1620 19.13 22.86 33.80 -53.02 33.62

d?f;;?{‘ft’i‘:ﬂ (20%) 7.68 17.62 093 -579 833 10.54 12.85 1507 17.62 2625 -42.97 26.52

(30%) 576 1460 -025 -533 7.67 830 1038 1236 14.60 20.88 -35.68 22.25
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Table 3. Selected genotypes by MGIDI and IGSI indices at selection intensities of 10, 20, and 30% and Pearson
correlation between them

Selection Selected Uncommon  Pearson Coefficient of
intensit genotypes Based on MGIDI Based on IGSI genotypes correlation determination

Y humber selected  coefficient (R?)

(10%) 5 6,23, 5, 30, 34 6,23, 5, 30, 29 1 0.964 0.93

(20%) 10 6,23,5,30, 34, 29,31, 6,23,5,30,29, 34,47, 31, 2 0.975 0.95

2,10, 39 2,48
(30%) 15 6,23, 5,30, 34,29, 31, 6,23,5, 30,29, 34,47, 31, 2 0.936 0.89
2,10,39,13,9,47,12,1  41,2,48,9,10, 39, 13

Total 0.956 0.92

o 35 @I Cole s I S A
Alas ol (555 50 a5 wuS oo ol () odiny s Esis a5 o slis ol agh 3l Jelb mbs

LS sgu ¢ 23 L s alaz 5 s IS ST JlS by 3590 pg)ys0 poiS slocaie) G 0 Az JB (SIS
ilos ) (g @il¥ge jliil g Jlo)l b g bosls Jao > 0 gHed A Jeod laasls bl 5l adlas
5009 Jrol Slidss I S§ Jol> dlin cpl iren 5 olgiee &5 Culls sgzg slazalS ol 5 gials>
Loayis g 50 5 Gbj @o 4 ol jsbay (65 b 2 Gops e Gl sl sszee (S5 g
SLaasl gly 50 ola8l g g 0ais Jidine 5 Ol cisles Oz .0 S oolawl £l)5 ol 1l (Mol slaasli y
dalyi g 485 Gygo ciuled b o4, me yo o 5 MGIDI) Jloas! 5935 5l 0 pmiinn diz alols a3l
FOtK ¢ oils b dAGSD Jlews! cuigs bl asle

Wog el 5 slacass plolid )0 Yo (Staen

alio jLisl o3l
6‘)" u}){.’o‘ Lglib:\.ol.:): o Libua.>Lw U"‘ )‘ oolaw! 9

S Syg0 & Al ol Gl b (OB) odinss o o o
‘:35&? dgizma Sl oozl 3o aldS g 00,5 cdblse 5L i e g Sy it olle sl AT
WS oo ISy il a1y 0l g b gl o S 8L ol

Sl [0 Gabod (pl a5 aS e 0l (1) soiws g
Slai plsieay Wl oo &5 Jlo b 5 5 Laly) 438 50
el 0 ol (39 yean ogilly adlio

YVY#



VEY 5l Tpges ojlos [po3l55 090 [oMe i Sz Al ye 13 (5558 A Jole pg )90 paiS Slacdsl) (i3S

References

Abdollahi Hesar, A., Sofalian, O., Alizadeh, B., Asghari, A. and Zali, H. 2021. Investigation of
frost stress tolerance in some promising rapeseed genotypes. Journal of Agricultural Science and
Sustainable Production, 31(2), pp. 270-288. [In Persian]. https://doi.org/10.22034/saps.2021.13109.

Amiri, R., Pezeshkpour, P. and Karami, I. 2021. Identification of lentil desirable genotypes using
multivariate statistical methods and selection index of ideal genotype under rainfed conditions.
Journal of Crop Breeding, 13(39), Pp- 140-151. [In Persian].
https://doi.org/10.52547/jcb.13.39.140.

Arif, Y., Singh, P., Siddiqui, H., Bajguz, A. and Hayat, S. 2020. Salinity induced physiological and
biochemical changes in plants: An omic approach towards salt stress tolerance. Plant Physiology
and Biochemistry, 156, pp. 64-77. https://doi.org/10.1016/j.plaphy.2020.08.042.

Ashraf, M. and Akram, N.A. 2009. Improving salinity tolerance of plants through conventional
breeding and genetic engineering: an analytical comparison. Biotechnology Advances, 27(6),
pp. 744-752. https://doi.org/10.1016/].biotechadv.2009.05.026.

Bouslama, M. and Schapaugh, W.T. 1984. Stress tolerance in soybean. Part 1: evaluation of three
screening techniques for heat and drought tolerance. Crop Science, 24, pp. 933-937.
https://doi.org/10.2135/cropsci1984.0011183X002400050026x.

Davenport, R., James, R.A., Zakrisson-Plogander, A., Tester, M. and Munns, R. 2005. Control of
sodium  transport in  durum  wheat. Plant  Physiology, 137(3), pp. 807-818.
https://doi.org/10.1104/pp.104.057307.

El-Hassouni, K., Belkadi, B., Filali-Maltouf, A., Tidiane-Sall, A., Al-Abdallat, A., Nachit, M.,
Bassi, F.M. 2019. Loci controlling adaptation to heat stress occurring at the reproductive stage in
durum wheat. Agronomy, 9(8), pp. 414. https://doi.org/10.3390/agronomy90804 14.

EL-Sabagh, A., Hossain, A., Barutcular, C., Islam, M.S., Ratnasekera, D., Kumar, N., Meena,
R.S., Gharib, H.S., Saneoka, H. and Teixeira da Silva, J.A. 2019. Drought and salinity stress
management for higher and sustainable canola (Brassica napus L.) production: A critical review.
Australian Journal of Crop Science, 13(01), pp. 88-97. https://doi.org/10.21475/ajcs.19.13.01.p1284.

EL-Sabagh, A., Islam, M.S., Skalicky, M., Ali Raza, M., Singh, K., Anwar Hossain, M., Hossain,

A. Mahboob, W., Igbal, M.A., Ratnasekera, D., Singhal, A.K., Ahmed, S., Kumari, A., Wasaya,

A., Sytar, O., Brestic, M., CIG, F., Erman, M., Habib-Ur-Rahman, M., Ullah, N. and Arshad, A.

2021. Salinity stress in wheat (Triticum aestivum L.) in the changing climate: Adaptation and

management strategies. Frontiers in Agronomy, 3, 661932, https://doi.org/10.3389/fagro.2021.661932.

El-Hendawy, S.E., Al-Suhaibani, N., Hassan, W.M., Dewir, Y.H., Elsayed, S., Al-Ashkar, L.,
Abdella, K.A. and Schmidhalter, U. 2019. Evaluation of wavelengths and spectral reflectance
indices for high-throughput assessment of growth, water relations and ion contents of wheat
irrigated  with  saline  water. Agricultural ~ Water ~ Management, 212,  358-377.
https://doi.org/10.1016/j.agwat.2018.09.009.

Fernandez, G.C.J. 1992. Effective selection criteria for assessing stress tolerance. In: Kuo, C.G.
(Ed.). Proceedings of the International Symposium on Adaptation of Vegetables and Other Food
Crops in Temperature and Water Stress. AVRDC Publication, Tainan, Taiwan. pp. 257-270.

Fischer, R. and Maurer, R. 1978. Drought resistance in spring wheat cultivars. 1. Grain yield
responses.  Australian  Journal  of  Agricultural  Research, 29, pp. 897-912.
https://doi.org/10.1071/AR9780897.

Foti, C., Khah, EXM. and Pavli, O.1. 2019. Germination profiling of lentil genotypes subjected to

salinity stress. Plant Biology, 21(3), pp. 480-486. https://doi.org/10.1111/plb.12714.

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

Ghassemi-Golezani, K. and Dalil, B. 2011. Seed ageing and field performance of maize under water
stress. African Journal of Biotechnology, 10(80), Pp- 18377-18380.
https://doi.org/10.5897/AJB11.2154.

Hossain, A.B.S., Sears, A.G., Cox T.S. and Paulsen, G.M. 1990. Desiccation tolerance and its
relationship to assimilate partitioning in winter wheat. Crop Science, 30, pp. 622-627.
https://doi.org/10.2135/cropsci1990.0011183X003000030030x.

vy



VPN b Tpgm o)l [p3l93 09 [Me Slisiow OhlSes 5 plo

Hu, Y. and Schmidhalter, U. 2005. Drought and salinity: A comparison of their effects on mineral
nutrition of plants. Journal of Plant Nutrition and Soil Science, 168(4), pp. 541-549.
https://doi.org/10.1002/jpIn.200420516.

International Grains Council. 2021. IGC, International Grains Council. Accessed on 15 January
2023. Available online: https://www.igc.int/en/default.aspx.

James, R.A., von Caemmerer, S., Condon, A.T., Zwart, A.B. and Munns, R. 2008. Genetic
variation in tolerance to the osmotic stress component of salinity stress in durum wheat. Functional
Plant Biology, 35(2), pp. 111-123. https://doi.org/10.1071/FP07234.

Kaiser, H.F. 1958. The varimax criterion for analytic rotation in factor analysis. Psychometrika, 23,
pp. 187-200. https://doi.org/10.1007/BF02289233.

Mbinda, W. and Kimtai, M. 2019. Evaluation of morphological and biochemical characteristics of
sorghum [Sorghum bicolor [L.] Moench] varieties in response salinity stress. Annual Research and
Review in Biology, 33(1), pp. 1-9. https://doi.org/10.9734/arrb/2019/v33i130110.

Mohammadi, R. 2016. Efficiency of yield-based drought tolerance indices to identify tolerant
genotypes in durum wheat. Euphytica, 211, pp. 71-89. https://doi.org/10.1007/s10681-016-1727-x.

Munns, R. and Tester, M. 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology,
59, pp. 651-681. https://doi.org/10.1146/annurev.arplant.59.032607.092911.

Noreen, S., Ahmad, S., Fatima, Z., Zakir, L., Iqbal, P., Nahar, K. and Hasanuzzaman, M. 2020.
Abiotic Stresses Mediated Changes in Morphophysiology of Cotton Plant. In: Ahmad, S. and
Hassanuzzaman, M. (Eds.). Cotton Production and Uses. Springer, Singapore.
https://doi.org/10.1007/978-981-15-1472-2 18.

Olivoto, T. and Nardino, Am., 2020. MGIDI: Toward an effective multivariate selection in
biological experiments. Bioinformatics, 10, pPp- 981-1093.
https://doi.org/10.1093/bioinformatics/btaa981.

Olivoto, T., Diel, M.I.,, Schmidt D. and Licio, A.D.C. 2021. Multivariate analysis of strawberry
experiments: Where are we now and where can we go? BioRxiv, 2020, 12(30) pp. 1-10.
https://doi.org/10.1101/2020.12.30.424876.

Pour-Aboughadareh, A., Sanjani, S. and Nikkhah-Chamanabad, H. 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, pp. 117-128.
https://doi.org/10.1186/s42269-021-00576-0.

Rajabi Dehnavi, A., Zahedi, M., Ludwiczak, A., Cardenas Perez, S. and Piernik, A. 2020. Effect
of salinity on seed germination and seedling development of sorghum (Sorghum bicolor (L.)
Moench) genotypes. Agronomy, 10(6), pp. 859. https://doi.org/10.3390/agronomy10060859.

Ramzi, E., Asghari, A., Khomari, S. and Mohammaddoust-e-Chamanabad H.R. 2018.
Investigation of durum wheat (Triticum turgidum L. subsp. durum Desf) lines for tolerance to
aluminum stress condition. Journal of Crop Breeding, 10(25), pp. 63-72. [In Persian].
https://doi.org/10.29252/jcb.10.25.63.

Rengasamy, P. 2006. Soil Salinity and Sodicity. In: Stevens, D., Kelly, J., McLaughlin, M. and
Unkovich, M. (Eds). Growing Crops with Reclaimed Waste Water. CSIRO Publishing. pp. 125-138.

Rosielle, A.A. and Hamblin, J. 1981. Theoretical aspects of selection for yield in stress and nonstress
environments. Crop Science, 21(6), pp- 943-946.
https://doi.org/10.2135/cropscil1981.0011183X002100060033x.

Saddiq, M.S., Afzal, 1., Iqbal, S., Hafeez, M.B. and Raza, A. 2021. Low leaf sodium content
improves the grain yield and physiological performance of wheat genotypes in saline-sodic
soil. Pesquisa Agropecudria Tropical, 51, pp. https://doi.org/10.1590/1983-40632021v5167663.

Solat Petloo, N., Asghari Zakaria, R., Ebadi, A. and Sharifi Ziveh, P. 2022. Selection of cow

cockle (Vaccaria hispanica) ecotypes based on agronomic traits under different irrigation

regimes. Journal of Crop Breeding, 14(43), Pp- 135-144. [In Persian].
https://doi.org/10.52547/jcb.14.43.135.

Solat Petloo, N., Asghari Zakaria, R., Ebadi, A. and Sharifi Ziveh, P. 2023. Evaluation of yield
and drought tolerance indices of cow cockle (Vaccaria hispanica (Mill.) Rauschert)
ecotypes. Environmental Stresses in Crop Sciences, 16(2), pp. 517-530. [In Persian].
https://doi.org/10.22077/escs.2023.4779.2069.

YYA



VEY 5l Tpges ojlos [po3l55 090 [oMe i Sz Al ye 13 (5558 A Jole pg )90 paiS Slacdsl) (i3S

Subira, J., Peia, R.]J., Alvaro, F., Ammar, K., Ramdani, A. and Royo, C. 2014. Breeding progress
in the pasta-making quality of durum wheat cultivars released in Italy and Spain during the 20th
Century. Crop Pasture Science, 65, pp. 16-26. https://doi.org/10.1071/CP13238.

Woodrow, P., Ciarmiello, L.F., Annunziata, M.G., Pacifico, S., Iannuzzi, F., Mirto, A.,
D’Amelia, L., Dell’Aversana, E., Piccolella, S., Fuggi, A. and Carillo, P. 2017. Durum wheat
seedling responses to simultaneous high light and salinity involve a fine reconfiguration of amino
acids and carbohydrate metabolism. Physiologia  Plantarum, 159(3), pp. 290-312.
https://doi.org/10.1111/ppl.12513.

Xynias, I.N., Mylonas, 1., Korpetis, E.G., Ninou, E., Tsaballa, A., Avdikos, I.D. and Mavromatis,
A.G. 2020. Durum wheat breeding in the Mediterranean region: Current status and future
prospects. Agronomy, 10(3), pp. 432. https://doi.org/10.3390/agronomy10030432.

Yaghutipoor, A., Farshadfar, E. and Saeedi, M. 2017. Evaluation of drought tolerance in bread
wheat genotypes using new mixed method. Journal of Environmental Stresses in Crop Sciences,
10(2), pp. 247-256. [In Persian]. https://doi.org/10.22077/escs.2017.581.

Zali, H., Sofalian, O., Hasanloo, T., Asghari, A. and Hoseini, S.M. 2015. Appraising of drought
tolerance relying on stability analysis indices in canola genotypes simultaneously, using selection
index of ideal genotype (SIIG) technique: Introduction of new method. Biological Forum-An
International Journal, 7(3), pp. 703-711.

Zali, H., Sofalian, O., Hasanloo, T., Asghari, A. and Enayati Shariatpanahi, M. 2019. Identifying
drought tolerant canola genotypes using selection index of ideal genotype. Journal of Crop
Breeding, 11(29), pp. 117-126. [In Persian]. https://doi.org/10.29252/jcb.11.29.117.

Zanetti, F., Zegada-Lizarazu, W., Lambertini, C. and Monti, A. 2019. Salinity effects on

germination, seedlings and full-grown plants of upland and lowland switchgrass cultivars. Biomass

and Bioenergy, 120, pp. 273-280. https://doi.org/10.1016/j.biombioe.2018.11.031.

yva



