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Extended abstract

Introduction

Wheat is one of the most important crops and an essential source of calories and protein in the world.
Food security depends on agricultural production to supply the growing world population with certain
nutrients. Plants are often exposed to stressful conditions. Stress can occur within minutes, days, or even
months. Temperature is the most important environmental variable that affects the growth,
development, and final productivity of agricultural grain products. Cold or freezing temperatures cause
a lot of damage to agriculture, especially in cereal crops in subtropical and temperate regions. Most of
the world's wheat fields are often under low-temperature stress. The ability of plants to tolerate cold
without damaging their growth cycle is called cold tolerance. Crop plants, including wheat, tend to
overcome cold stress through cold adaptation. In winter cereals, low-temperature stress in the vegetative
stage causes chlorosis and wilting of leaves and eventually leads to necrosis and growth inhibition.
Wheat needs an ideal temperature range for growth and ideal performance, and any deviation from it
affects the natural growth process. In general, winter cereals like wheat have two varieties, sensitive to
cold and resistant to cold. Numerous studies show that the intraspecies genetic diversity of wheat has
not yet been fully exploited. The purpose of this study is to investigate the diversity of durum wheat lines
under conditions of freezing stress, identify cold-resistant lines in durum wheat based on some
morphophysiological traits, and determine the relationship between durum wheat traits and cold
tolerance.

Materials and methods

Freezing and laboratory experiments were carried out in the greenhouse and plant breeding laboratory
of Mohaghegh Ardabili University in 2019 on 45 durum wheat genotypes as a factorial experiment in
the form of a randomized complete block design with three replications. In this experiment, four control
temperature treatments (without freezing), -8, -10 and -12 degrees Celsius were investigated. LT50 of
several applied temperatures (-8, -10, and -12), and by analyzing Probit was calculated for each
genotype. The mean comparison was done with the LSD method at the five percent probability level.
Lines grouping was done by Ward's clustering method using the square measure of Euclidean distance.
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Results and discussion

The highest amount of LT50 trait was observed in genotype number 44, and the lowest amount was
observed in genotype number 36. LT50, survival percentage, height, fresh weight of shoots, dry weight
of shoots, saturated weight of shoots, number of leaves, relative water content, and electrolyte leakage
were investigated. The correlation was calculated separately in stress levels. Lines with high height in
terms of LT50 trait were also included in the group of resistant lines. Multivariate variance analysis
based on unbalanced one-way variance analysis was used to determine the most favorable groups. The
lines were placed in four groups in the control conditions, the stress of -8, and -12°C, and in five groups
in the -10°C stresses. The traits of shoot weight, number of leaves, relative leaf water content and
electrical conductivity had an important role in the average of the groups. Decomposition into factors
was done in separate stress levels. Four factors were selected in control levels, and -8°C stress, and three
factors were selected in the -10°C, and -12°C stress levels.

Conclusion

In general, lines 35, 40, and 44 were recognized as lines with higher averages in all clusters, and lines 4,
5, 6, and 20 were placed in groups with lower averages. The traits of shoot weight, number of leaves,
relative leaf water content, and electrical conductivity had an important role in the average of the groups.
According to the final results of the study, lines 17, 24, 27, 35, 38, and 40 were recognized as resistant
lines. Lines 3, 12, 18, 20, and 44 were found to be sensitive.
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ALTARB84/STINT//SILVER_45/3/LLARETAINIACDSS99 Y00376S-0M-0Y-13Y-0M-0Y-2M-0Y
SIMETO/3/SORA/2*PLATA_12//SRN_3/NIGRIS_4/5/TOSKA_26/RASCON_37//SNITAN/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1CDSS06
B00488T-099Y-099M-11Y-0M-04Y-0B

BCRIS/BICUM//LLARETA INIA/3/DUKEM_12/2*RASCON _21/5/1A. 1D 5+1-06/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/
CANELO_9.1CDSS07Y00068S-099Y-099M-4Y-3M-04Y-0B

Icarasha2-1CD99-0091-T-3AP-AP-10AP-AP

BELLAROI/5/1A.1D 5+1-06/3*MOJO//RCOL/4/ARMENT//SRN_3/ NIGRIS_4/3/CANELO_9. 1CDSS07Y00444S-099Y-099M-8Y-2M-04Y-0B
E90040/MFOWL_13//LOTAIL_6/3/PROZANA/ARLIN//MUSK_6/9/USDA595/3/D67.3/RABI//ICRA/4/ALO/S/HUI/Y AV_1/6/ARDENTE/7/HUI/YA
V/79/8/POD_9/10/TOSKA_26/RASCON_37//SNITAN/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1CDSS06Y00497S-11Y-0M-1Y-2M-0Y

1A.1D 5+1-06/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/ CANELO _9.1/8/ SHAG_21/DIPPER_2//PATA_2/6/ARAM_7 //[CREX/
ALLA/S/ENTE/ MEXI_2//HUI/4/Y AV _1/3/LD357E/2*TC60//J069/7/ ARMENT// SRN_3/ NIGRIS_4/3/CANELO_9.1CDSS07Y00151S5-099Y-099M-
19Y-2M-04Y-0B

YAV79/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/10/INRAM_1805/9/USDA595/3/D67.3/RABI//ICRA/4/ALO/S5/HUI/Y AV_1/6/ARDENTE/7/H
UI/YAV79/8/POD_9CDSS05B00936D-7Y-0M-3Y-4M-0Y

JUPARE C 2001*2/IM/6/ADAMAR_15//ALBIA_1/ALTAR 84/3/ SNITAN /4/SOMAT_4/INTER_8/5/SOOTY_9/RASCON_37/7/ GUAYACAN INIA/
KUCUK/4/ARMENT//SRN_3/NIGRIS_4/3/ CANELO_9.1CDSS07Y00533T-099Y-099M-2Y-2M-04Y-0B
ICAMOR-TAO04-1/Quabrach-1//Adnan-11CD06-0877-0AP-4AP-0AP-5AP-0THTD -0TR
CandocrossH25/Ysf1//CM829/CandocrossH251CD07-497-BLMSD-0AP-0Tr-2AP-0Tr-1AP-0THT-0AP -0TR
Ossl1/Stj5/5/Bicrederaal/4/BezaizSHF//SD19539/Waha/3/Stj/Mrb3/6/Icajihan12 1ICD07-094-BLMSD-0AP-6 AP-0Tr-1AP-0THT-0AP -0TR
Sebatel-2//Wdz6/Gil4-1CD02-0992-C-12 AP-0AP-7AP-0AP-7AP-0AP-1AP-0AP
Mgnl3/Ainzen-1/4/Aghrass-1/3/Mrfl//Mrb16/Ru-ICD06-1620-0AP-3AP-0AP-2AP-0THTD

ALTARB4/STINT//SILVER_45/3/LLARETAINIACDSS99 Y00376S-0M-0Y-13Y-0M-0Y-2M-0Y
OROBEL//BUSHEN_4/2*GREEN_18/8/GEDIZ/FGO//GTA/3/SRN_1/4/TOTUS/5/ENTE/MEXI_2//HUI/4/Y AV_1/3/LD357E/2*TC60//J069/6/SOMB
RA_20/7/JUPARE C 2001CDSS07Y00746T-099Y-099M-5Y-3M-04Y-0B
Bezajihan*Ossl1/Stj5/5/Bicrederaal/4/BezaizSHF//SD19539/Waha/3/Stj/Mrb3/6/Icajihan12

BCRIS/BICUM//LLARETA INIA/3/DUKEM_12/2*RASCON_21/5/1A.1D 5+1 -06/3*MOJO//
RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1 CDSS07Y00068S-099Y-099M-4Y-3M-04Y-0B
MAALI/6/MUSK_1//ACO89/FNFOOT_2/4/MUSK_4/3/PLATA_3//CREX/ALLA/5/OLUS*2/ILBOR//PATKA_7/YAZI_1/10/SELIM/9/ALTAR
84/860137 //YAZI _1/4/LIS_8/FILLO_6/3/FUUT// HORA/JOR/8/GEDIZ/FGO//GTA/3/ SRN_1/4/

TOTUS/S/ENTE/MEXI_2//HUI/4/Y AV_1/3/LD357E/2*TC60// JO69/6/SOMBRACDSS07Y00784D-2B-07Y-07M-8Y-1B-04Y-0B
WID22202/4/SORA/2*PLATA_12//SOMAT_3/3/AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)//PLATA_13/5/CF4-JS 21//TECA96/TILO_1CDSS07B00
683T-0TOPY-099Y-014M-20Y-1M-0Y

EXELDUR/8/GEDIZ/FGO//GTA/3/SRN_1/4/TOTUS/S/ENTE/MEXI_2//HUI/4/Y AV_1/3/LD357E/2*TC60//J069/6/SOMBRA_20/7/JUPARE C
2001/9/ SOMAT_3/ PHAX_1/ITILO_1/ LOTUS_ 4/3/RASCON_22/RASCON_21// MOJO_2 CDSS08Y00900T-0TOPB-099Y-07M-13Y-3M-0Y
PLATA_6/GREEN_17//SNITAN/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/11/ARTICO/AJAIA_3//[HUALITA/10/PLATA_10/6/MQUE/4/USD
A573//QFN/AA_T7/3/ALBA-D/5/AVO/HUI /7T/PLATA _13/8/THKNEE_11/9/CHEN/ ALTAR 84/3/HUI/ POC//BUB/RUFO/4/FNFOOT
CDSS08Y00518S-099Y-025M-11Y-1M-0Y

SOMAT_3/GREEN_22/4/GODRIN/GUTROS//DUKEM/3/THKNEE_11/7/CMH83.2578/4/D88059//WARD/Y AV79/3/AC089/5/2*SOOTY_9/RASCO
N_37/6/1A.1D 5+1-06/3*MOJO/3/AJAIA _12/F3LOCAL(SEL.ETHIO.135.85)// PLATA_13 CDSS08Y00394S5-099Y-025M-9Y-2M-0Y
TOPDY_18/FOCHA_1//ALTAR 84/3/AJAIA_12/F3LOCAL(SEL.ETHIO. 135.85)// PLATA_13/4/ SOMAT_3/GREEN_22/6/LAHN/HCN//PATA_2/3/
SOMAT_4/INTER_8/5/CREX//BOY/ YAV_1/3/PLATA_6/4/PORRON_11CDSS07B00051S-099Y-018M-1Y-2M-0Y

Mrf1/Stj2/3/1718/BT24//Karim = Icajihan*ICD01-0251-T-8 AP-TR-8 AP-0AP-5AP-0AP-2AP-0AP-2AP-0AP-0TR
Terbol975/Geruftel2*ICD06-1790-0AP-4AP-0AP-4AP-0THTD-0TR
Maamouril/5/IcamorTA0462/4/Stj3//Bcr/Lks4/3/Icamor”s"/6/Mgnl3/Ainzen1*ICD06-0367-BLMSD-0AP-2AP-0Tr-2AP-0Tr-4AP-0THT-0AP-0TR
Mgnl3/Ainzen1/3/IcamorTA0463//H.mouline/Sbl2/4/Mgnl3/Ainzen1*ICD06-0261-BLMSD-0AP-1AP-0Tr-4AP-0Tr-2AP-0THT-0AP-0TR
PH896-21/5/BRAK_2/AJAIA_2//SOLGA_8/3/CANELO_8//SORA/2*PLATA _ 12/4/YAZI_1/AKAKI_4//
SOMAT_3/3/AUK/GUIL//GREEN/6/HUBEI// SOOTY_9/RASCON_37/3/2*SOOTY_9/RASCON_ 37/4/SOOTY_9/ RASCON_37CDSS07Y00461T-
099Y-099M-1Y-3M-04Y-0B

CBC 509 CHILE/4/SKEST//HUI/TUB/3/SILVER/5/GREEN_14//YAV_10/AUK

STOT//IALTAR 84/ALD*2/3/AUK/GUIL//GREEN
AINZEN-1/3/SNTURKMI83-84503/LOTUS_4//MUSK_4/6/CMH82A.1062/3/GGOVZ394//SBA81/PLC/4/AAZ_1/CREX/5/HUI/ICIT71/CI
TRN//21563/AA/3/BD2080/4/BD2339/5/RASCON_37/TARRO_2//RASCON_37/6/AUK/GUIL//GREEN,CDSS00B00364T-0TOPY-0B-2Y-0M-0Y -
1B-0Y
TRN//21563/AA/3/BD2080/4/BD2339/5/RASCON_37/TARRO_2//RASCON_37/6/AUK/GUIL//GREEN,CDSS00B00364T-0TOPY-0B-33Y-0M-0Y -
1B-0Y

STOT//IALTAR 84/ALD*2/3/YAV79/CROC_1

SNITAN/3/RASCON_37/TARRO_2//RASCON_37/4/STOT//ALTAR 84/ALD

HAAHKA_1/SNITAN/9/USDA595/3/D67.3/RABI/ICRA/AIALO/5/HUINY AV_1/6/ARDENTE/7/HUI/Y AV79/8/POD_9
KUCUK_2/PATA_2/IAJAIA_13/YAZI/4IYAZI_1/AKAKI_4//SOMAT_3/3/AUK/GUIL//GREEN

AKAKI_7/BEJAH_7//BUSCA_3/3/STOT//ALTAR 84/ALD/4/AKAKI_7/BEJAH_7//BUSCA_3

SOOTY_9/RASCON_37//STORLOM
AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)//PLATA_13/3/SOMAT_3/4/SOOTY_9/RASCON_37,CDSS97Y00729S-0TOPM-2Y-0M-0Y-0B-0B-1Y -
0BLR-4Y-0B

GEDIZ/FGO/IGTA/3/SRN_1/4/TOTUS/5/ENTE/MEXI_2//HUI/3/Y AV_1/GEDIZ/6/SOMBRA_20/7/STOT//ALTAR 84/ALD
GODRIN/GUTROS//DUKEM/3/DF900.83/2*RASCON_37/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1

Stk/Hau//Heca-1/3/1536-OGDOI
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Fig. 1. Survival percentage of different
durum wheat lines at different levels of
freezing stress
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durum wheat lines based on three applied
stress levels (-8, -10 and -12°C)
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Table 2. The effect of stress levels on traits in different lines of durum wheat

Ol yuas’ dolo ey
variation range lines s Bl o
PR ()
) t’w les oeilbe ‘Jé""’ "’ﬂ"\’ Oy “"""'“S )s;[andaf::
(81,8 6lw Mean Minimum Maximum  max min deviation
LTso Degre?féf) SUeSS 5136 -24.94 0.91 36 44 6.99162
normal 80.248 0.52 9 22 30 14.642
Slooai; wuoys -8 64.924 0.42 97.3 15 9 19.381
Survival rate -10 47667 032 80 27 35 15477
12 31.324 0.3 70.91 7 37 19.638
normal 35.778  19.33 49.33 44 4 7.736
el -8 28.482  18.33 39.67 44 5 5.137
Height -10 27.459  17.33 41 44 24 4.547
12 24.748 1567 37 44 4 4.045
PN normal 0.358 0.11 0.64 9 38 0.118
7y o -8 0.283 0.08 0.58 1 38 0.121
Fresh weight of -10 0.228 0.05 0.54 12 38 0.124
leaves -12 0.219 0.06 0.53 19 38 0.125
normal 0.191 0.08 0.36 9 27 0.079
Sy S (439 -8 0.092 0.04 0.19 16 26 0.041
12 0.103 0.02 0.22 12 22 0.063
o elisl s normal 0.522 0.27 0.8 9 38 0.135
R EWT 09 -8 0422 019 0.69 44 38 0.122
Saturation weight of -10 0.323 0.1 0.62 12 38 0.131
leaves 12 0.301 0.11 0.6 12 38 0.133
normal 3149 052 41 3% 4 2?5 3?6"27' 8.312
Sy olas -8 28.564 0.42 39 3 41, 44 7.265
Number of leaves -10 22.627 0.32 335 6 45 5.769
12 16.4087 0.3 40 28, 30 38 8.406
normal 47.431 0.52 72.2 1 38 17.607
S O (o (glgino -8 56.053 0.42 82.96 45 17 16.697
RWC -10 48.034 0.32 76.05 19 44 15.48
12 51.72 0.3 79.29 42 37 15.252
normal 49.894 0.52 92.1 4 16 17.501
S S g lan -8 45.951 0.42 82.23 18 17 15.444
EC -10 37.019 0.32 57.17 9 16 11.214
12 37.953 0.3 62.32 9 36 11.798
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Table 3. Average traits in the clusters resulting from cluster analysis in stress levels

W g eSSl Syl
4?)9) u*il:w 05,5 o 5o
(15 b L 095 Deviation of oo
Stress level abgs glacl Group the group survival e,
(°C) cluster members average mean LTso rate Height
Control
1 1,9,10,33,37,43 22.167 17.555 -9.915 75.536  29.533
2 13, 16, 17, 29, 30, 36, 42 26.143 11.037 -10.405 95.026  35.778
3 22, 25, 26, 35, 39, 40, 44, 45 34.5 9.024 -8.953 82.425 35.095
2,3,4,56,7,8,11, 12, 14, 15, 18, 19, 20,
4 21 23,247 27, 28, 31, 32, 34, 38, 41 18.458 11.651 -10.301  83.138 39.778
-8
1 1,26, 34, 35, 42, 44, 45 32.429 15.393 -5.702 53.864 24.222
2 2318910.11,16,18.20.28. 29,30, 47933 13008 7248 80839 29.333
3 6,17, 21, 31, 32, 33, 36, 37, 40, 41 29.4 11.266 -13.779 72425 30.359
4 5,7,12,13, 14, 15,19, 22, 23,24, 25, 27,39 18.846 9.2 -4.274 49.134  27.583
-10
1 1,7,13,25,27,28,34,37,42, 44 25.091 14.903 -4.886  35.973 24.667
2 2,3, 35, 36, 38, 39, 40, 43 27.25 15.471 -19.526  71.765 26.708
3 4, 8,10, 14, 17, 19, 24, 26, 30, 33 18.091 12.581 -5.821 41581 27.167
4 9,11,12,29,31,41 22.571 15.098 -4.912 49.129 29.3
5 5, 6, 15, 16, 18, 20, 21, 22, 23, 32, 45 17.273 11.172 -8.829 55.26  31.667
-12
1 53> 0 0 810.18,20,23,24,25.29, 4625 12631  -6.345 13.975 27.208
2 59121410,2,22,26,268,30.92.38, 25067 12859  -4461 20223 22.222
3 33, 36, 37 35.333 2.082 -18.122  54.482  23.593
4 11, 13,15, 17,18, 27, 34, 35, 40, 41, 42, 44 30.357 12.983 -5.338 43.238 23.762




VEF s DA Al sl pole o awme sla i AY

Table 3. Continued alol.Y Jous
S Sl 39 bl B39 Slin
) Spyoy  Sx Sy
_ . 4 [&D) " 4 B R _ T ’ . w‘M
(o5 b L Fresh Dry Saturatio S»oMs T N
Stress level adg glacl weight of weight of nweight number of Sy Sl
(°C) cluster members leaves leaves of leaves leaves RWC EC
Control
1 1,9, 10,33, 37, 43 0265 0181 0466 328 29.73 54.2
2 13, 16, 17, 29, 30, 36, 42 0.243 0.157 0.41 33 29.83 78.67
3 22, 25, 26, 35, 39, 40, 44, 45 0.408 0.184 0.561 31.857 60.3 59.99
2,3,4,5,6,7,8,11, 12, 14, 15,
s 18192 03885 0207 0541  31.944 5279 376
21,23, 247, 27,28, 31, 32, 34, : : : : : :
38, 41
8
1 1, 26, 34, 35, 42, 44, 45 0186  0.103 0345 34667 34081 50869
2.3, 4,8,9 10, 11, 16, 18, 20,
2 7o 0. 30, 38,43 0274 0079 0408 2675 57.706 35512
3 2‘117’ 21,31,32,33,36,37,40, (397 0.1 0476 32308  62.037 61.914
5,7,12,13, 14, 15, 19, 22, 23,
4 > 96 2759 0294 0092 0418 25917 63.264 42174
10
1 17,1325 27,28, 34 37, 42. 44 0.323 0161 0412 24222 61579  38.365
2 2,3, 35, 36, 38, 39, 40, 43 0285 0147 0374 2525 52058  44.632
3 4,8, 10,14,17,19,24,26,30,33 0141 0081 0236  21.929 35185  31.27
4 9,11, 12, 29, 31, 41 0.2 0105 0292 2275  50.68  44.636
5 2'26'4;5' 16, 18,20, 21, 22, 23, 0278 0098  0.398 215 59793  29.016
-12
1.3,4.5,6, 7, 8,10, 19, 20, 23,
1 2126 2051 45 0215 0111 0312 14219 48396  39.886
2,9,1,21,4 16,21, 22, 26, 28,
2 30,30 38,99, 43 0261 0109 0315 2625 68338  32.08
3 33,36, 37 0262 0111 0343 22778 59.344  49.054
4 ﬂ Llé ﬁ 17,18,27,34,35 40, 9477 008 0256 1175  47.168  33.815

aald by 50 (pSlos g i 52 51 Lole calpd o ylo F Jga
Table 4. Matrix of factor coefficients after varimax rotation in control conditions

Jsl Jole pg> Jole pas Jale polez ol
Componentl  Component2  Component3  Component 4
Height el 0.788 0.213 -0.033 -0.051
RWC Sy o o Slgizme 0.635 0.086 -0.380 0.012
Saturation weight of leaves S ebedl (39 0.101 0.947 0.036 0.035
Fresh weight of leaves Sy ¥ 039 0.321 0.915 -0.040 0.047
Dry weight of leaves S g S 39 0.011 0.854 0.179 -0.105
number of leaves S g ol -0.048 0.281 0.774 0.103
LTso 0.207 -0.071 0.729 -0.148
EC S S Cylan -0.235 0.028 0.090 0.775
survival rate Slosdsy wuo 3o 0.327 -0.066 -0.180 0.719
Total variance 5 byl 2.618 2.614 1.474 1.183
Percentage of variance il g duo o 23.796 23.767 13.397 10.751

Cumulative variance o5 il ylg 23.796 47.563 60.96 71.711




AY C St A Cwglie gy pgyes paiS isuael lacnY (saies )T ] Ken 4 )S]‘_gm

315 il 42 33 —A G5 Ll ph 53 (uSloy g G 52 31 s aole calpd o o O Jga
Table 5. Matrix of factor coefficients after varimax rotation in -8 stress

Js! Jole P33 Jole Py Jole ool Jole
Component 1 Component 2 Component 3 Component 4
Fresh weight of leaves Sy o9 0.974 0.110 0.003 0.014
Saturation weight of leaves S elail o3 0.950 0.067 -0.088 0.111
Dry weight of leaves S g Sl (459 0.758 -0.255 -0.141 0.058
RWC S 3 01 (o (Slgizxo 0.707 0.384 0.272 -0.111
survival rate oty wo -0.027 0.842 -0.172 0.120
Height el 0.140 0.700 0.532 -0.074
EC S S o lan -0.017 -0.068 0.555 0.767
LTso 0.014 -0.353 0.097 -0.739
number of leaves S g ol 0.244 -0.368 -0.279 0.623
Total variance IS il ylg 3.031 1.786 1.69 1.624
Percentage of variance ol ylg oy 27.556 16.24 15.362 14.762
Cumulative variance i il ylg 27.556 43.796 59.158 73.92

31y il 453 =V G5 Laylpd 3 uSlaa g G5 52 31 ole ol pd il £ Jgu
Table 6. Matrix of coefficients of factors after varimax rotation in stress conditions of -10 stress

Jol Jele s Jole Py Jole
Component 1 Component 2 Component 3
Fresh weight of leaves Sy o 0.983 0.063 -0.035
Saturation weight of leaves S, glul 439 0.934 0.060 -0.041
Dry weight of leaves S g SS9 0.889 0.048 -0.038
survival rate Sloodiy wo o -0.015 0.859 -0.109
LTso -0.019 -0.824 0.111
Height el -0.026 0.123 0.845
number of leaves S g olaws 0.113 0.197 -0.798
RWC Sy ol e Slgixo 0.674 0.067 -0.049
EC L VRtIN] JORRVY -0.017 -0.068 0.255
Total variance L P Y 3.139 1.714 1.432
Percentage of variance ol lg sy 34.881 19.043 15.915
Cumulative variance o il ylg 34.881 53.924 69.839

)5 il azyo VY idd Ll 50 (uSTle ylg s 2 5 o b Jole ol b s ile Y Jgue
Table 7. Matrix of coefficients of factors after varimax rotation in stress conditions of -12 stress

Jol Jele P90 Jole pom Jole
Component 1 Component 2 Component 3
Fresh weight of leaves S o0l 0.978 0.021 0.102
Saturation weight of leaves &y gludl (439 0.951 -0.101 0.109
Dry weight of leaves S g S 39 0.938 -0.035 0.009
Height eyl 0.088 -0.805 -0.056
number of leaves K JUIREY) 0.109 0.748 0.045
LTso -0.089 0.165 -0.823
survival rate P PYRES WS -0.149 0.343 0.714
EC S S o lan 0.352 0.095 0.529
Total variance J5 il ylg 3.246 1.523 1.498
Percentage of variance b ylg oy 36.069 16.923 16.648

Cumulative variance o il 5lg 36.069 52.992 69.64
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Fig. 3. Distribution of durum wheat lines based on the first three factors. a, b and ¢ control, d, e and f stress -8, g, h and

i stress -10, j, k and 1 stress -12
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