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Extended abstract

Introduction

Crop yield products reduction due to abiotic stress is estimated at 51 to 82%. Most plants are exposed to
environmental stresses, and water deficit is one of the most important non-abiotic stresses in limiting
and producing crops around the world, especially in arid and semi-arid regions. Plants have developed
various strategies to cope with water deficit stress, including morpho-physiological and
biochemical.Wheat is one of the most important crops in the world, which in 2020 had the highest area
under cultivation at the rate of 221.33 million hectares (with a total production of 766.03 million tons)
worldwide. In the same year in Iran, the area under wheat cultivation was 6.70 million hectares and its
production was 16.75 million tons.

Materials and methods

The research was performed in research farm of Rainfed Agricultural Research Station Gachsaran, Iran,
over 2020-2021 cropping years. In this study, 100 lines obtained from the landrace bread wheat of
different origins from several continents and several countries were studied. The experiment was
performed in a simple lattice design 10x10 with two replications and separately in two environmental
conditions of stress and non-stress. The operation planting is done in January after conventional tillage
implementation of the area by hand. The source of moisture supply for both rain fed (water deficit stress)
and irrigation (no stress) test conditions was rainfall and sprinkler irrigation before the phonological
stage of flowering (pollination (Zadocs scale 61)). Irrigation interruption was applied at the beginning
of flowering in a stress environment (water deficit stress conditions) which continued until harvest, but
the environment without stress in two times when wheat plants to early reproductive stage, flowering
stages, and the beginning of grain filling (Grain paste stage (Zadocs scale 61-83)) Irrigation was
performed. In this study, 16 morphological traits and grain yield were measured under both stress and
non-stress conditions, including flag leaf length and width (cm), flag leaf pod length (cm), and flag leaf
area (cm2), number of nodes and leaves per stem, internodes number, peduncle length (cm), plant height
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(cm), tiller number, fertile and infertile tillers of number, length of awn (cm), spike length (cm) and
spike yield (g).

Results and discussion

The results of the analysis of variance showed high and significant variability in both non-stress and
deficit water stress. TRI 3492 was the most tolerant of geographical origin in Nepal and TRI 4549 had
the lowest STI relative to deficit water stress of geographical origin in China. The highest and lowest
heritability in stress conditions were related to plant height (98.02%) and the number of intermediate
nodes (25.00%), respectively. The greatest decrease in heritability (66%) due to stress conditions was
the leaf sheath length of the flag leaf. Among the traits studied in this study, flag leaf area with 31.41%,
flag leaf length with 25.25% and grain yield with 23.53% had the highest percentage of stress reduction.
The results of cluster analysis of the studied genotypes in both environmental conditions are in six
separate and different groups so that the greatest difference in genetic distance and grain yield in both
environmental conditions was observed between the first and sixth clusters.

Conclusion

Using the genotypes of first cluster (TRI 403, TRI 4013, TRI 3981, TRI 10340, TRI 5262, TRI 4549, TRI
2513, TRI 2656, TRI 3477, TRI 3242, TRI 3526, TRI 3513, TRI 4116 and TRI 4113) with 6TH cluster (TRI
10296, TRI657, TRI755, TRI752, TRI757, TRI 11020, TRI691, TRI 6129 and TRI754) Can be used in
crossbreeding programs as well as genetic studies (such as recombinant populations and association
mapping) and to increase the rate of heterosis used in water-deficit stress conditions.

Keywords: Cluster analysis, Flag leaf, Heritability, Stress Tolerance Index
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Table 1. Names, codes and origin of the studied genotypes
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Code  Genotype  Origin | Code  Genotype  Origin | Code Genotype Origin | Code Genotype Origin
1 TRI403 USA | 26 TRI3926 URY | 51 TRI4942 USA | 76 TRI10591 CYP
2 TRI2513 CHN | 27 TRI3955 NPL 52 TRIS5262 EST 77 TRI10593 CYP
3  TRI2619 NPL 28 TRI3981 NPL 53  TRIS5304 SWE | 78 TRI10620 CYP
4 TRI2656 IND 29 TRI4013 ITA 54 TRIS5310 FRA 79 TRI10625 CYP
5 TRI2679 IND 30 TRI4041 CAN | 55 TRIS315 ARG 80 TRI 10654 CYP
6 TRI2835 AFG | 31 TRI4042 CHN | 56 TRI5325 ARG | 81 TRI10688 GRC
7  TRI2889 NPL 32 TRI4056 IND 57 TRIS5332 USA 82 TRI10692 GRC
8 TRI3126 PRT 33 TRI4081 PRT 58 TRIS5333 ESP 83 TRI 10693 GRC
9 TRI3242 USA | 34 TRI4112 AFG | 59 TRI5342 GER | 84 TRI10697 GRC
10 TRI3477 NZL 35 TRI4113 AFG | 60 TRIS5357 GBR | 8 TRI10702 GRC
11 TRI3492 NPL 36 TRI4116 ITA 61 TRIS538 BGR | 8 TRI10703 GRC
12 TRI3511 PRT 37 TRI4117 1ITA 62  TRI5425 ESP 87 TRI 10704 GRC
13 TRI3513 GBR 38 TRI4118 ITA 63  TRI5438 USA 88 TRI10705 GRC
14 TRI3526 PRT 39 TRI4126 ITA 64 TRI6503 IRN 89 TRI 10707 GRC
15 TRI3564 PRT 40 TRI4141 ITA 65 TRIS5645 IRN 90 TRI10710 GRC
16 TRI3569 URY | 41 TRI4144 ITA 66  TRIS5984 IRN 91 TRI10781 GRC
17 TRI3570 IND 42 TRI4545 AUT 67  TRI6094 IRN 92  TRI10785 GRC
18 TRI3631 CAN | 43 TRI4145 ITA 68 TRI6108 IRN 93 TRI11020 USA
19 TRI3633 CAN | 44 TRI4148 ITA 69 TRI6129 IRN 94 TRI657 IRN
20 TRI3839 FRA 45 TRI4149 1ITA 70  TRI6148 IRN 95 TRI691 IRN
21 TRI3842 PRT 46 TRI4540 SUN 71 TRI10296 MEX | 96 TRI696 IRN
22 TRI3874 ITA 47 TRI4549 CHL 72 TRI10297 BRA 97 TRI752 IRN
23 TRI3881 ITA 48 TRI4563 ITA 73 TRI10311 JPN 98 TRI754 IRN
24 TRI3925 URY | 49 TRI4919 AUT | 74 TRI10336 CHN | 99 TRI755 IRN
25 TRI3929 CHN | 50 TRI4940 USA | 75 TRI10340 CHN | 100  TRI757 IRN
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USA, United States of America, CHN, China, NPL, Nepal, IND, India, AFG, Afghanistan; PRT, Portugal; GER, Germany;
NZL, New Zealand; GBR, England; URY, Uruguay; CAN, Canada; FRA, France, ITA, Italy; AUT, Australia; USSR,
Union of Soviet Socialist Republics; CHL, Chile; SWE, Sweden; EST, Estonia; ARG, Argentina; ESP, Spain; BGR,
Bulgaria; IRN, Iran; BRA, Brazil; JPN, Japan, CYP, Cyprus; GRC, Greece
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Fig. 1. Monthly total rainfall (mm), Evaporation and average min and max temperature ("C) in 2020-2021

cropping season in Gachsaran Station.
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Table 2. Analysis of variance for the morphological and grain yield traits in spring bread wheat genotypes under non
stress and water-deficit stress.

Mean squares <l po (a5lbeo

o)l oladl Ol ki oy
Sob LT D] Error Coefficient of
. Block Genotype experiment variation

trait e N S N S N S N S
Flag leaf length w2 Sadsb 15117 00003  40.12 16077 094 269 810 643
Flag leaf width o Sppye 0007 0.006™ 0137 011" 0009 001 839 856
f; ':é’t:faf sheath @ S Jsb  3486™ 0247 3012 1741 060 1865 2034  3.68
Flag leaf area oz S 1045 050%™ 10581 4168 188 605 1349 1095
Number of node oS olasi  0.14™ 023%™ 0577 081" 024 010 735 1224
Internode number o) obw dlaxy 72278 0.02ms 7.18™ 0.70™ 0.01 684 7695 334
1;:;‘;’“ of per Wlo s Spolas 0027 0020% 048”071 001 001 236 251
:::lr:;lllntem‘)de o5 ol gl Jeb 01178 0.211s 7.7 2.53" 0.18 0.26 5.36 5.30
Peduncle length JSilag Jsb 00067 1.43™ 6380 6834 414 139 381 773
Plant height Gy e, 2064° 4580  201.15"  158.04" 580 3.6 241 3.7
Tiller number axgslas 5100 6430™ 15977 2354 297 369 1819 13.41
Fertile tiller sl amgolas 47247 2995 7172 983" 117 198 1697 16.04
number
Infertile tiller sl olas  242° 722%™ 425" 2064 055 103 3271 2598
number
Awn length Koy Jsb 003" 036™  27.19™ 20877 018 071 1530 9.13
Spike length aliws Job 6497 131m 10577 752" 028 117 834 48l
Yield spike aliws 5,5kas 0.006™ 046" 034 027" 005 010 905 13.08

oS =S (i e =N s )Y 50 Jleixl mlaw 1o o sse g o Sae e oS 5 4 s g S
ns, * and ** Non-significant and significant at 5% and 1% probability levels, respectively; N=Non stress, S=Water deficit stress
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Table 3. Coefficient of genotype and phenotype variation, broad heritability, genetic advanced of the studied traits in

100 bread wheat genotypes under non-stress and water-deficit stress conditions.

Ol o 08
Coefficient of variation (%) (S b ey
T3] i SRidly Genetic
. Genotype Phenotype Heritability (%) advance (%)

Trait — N S N S N S N S
Flag leaf length 2 Spdsb 21.86 2537 2238 2759 9542  84.55 44.00 48.05
Flag leaf width e Se ey 2046 2928 2193 30.64 87.05 9130 3933 57.63
Flag leaf sheath length 20 S o 3 Job 18.09 13.54 1846 24.62 96.09 3024 36.54 1534
Flag leaf Area 2 Spakw 3953 4941 4024 5346  96.51 86.47 7999 95.22
Number of node oy olaxi 959 21.72 1502 23.10 40.74 8837 12.61 42.06
Internode number 0,5 sl dloxi 5569  17.76 5577 3451 99.72 2500 114.56 18.29
Leaves per steam Wl jo Spolaxy 1151 2120 11.76  21.35 9592 98.60 23.23 43.37
First internode length o) ol ool Job 2024 19.08  20.71 20.09 9547 9023 40.73 37.34
Peduncle length JSlay Jeb  17.67 3122 1885 31.54 87.81 97.99 3411 63.67
Plant height G els,l 1342 19.06 13.82 1925 9439 98.02 26.86 38.87
Tiller number azg olaxi 2419 3627 2920 3923 68.64 8546 4128 69.07
Fertile tiller number b axig olaxs 71.59  44.03  72.77 4871 96.79  81.70 145.09 81.98
Infertile tiller number 9Ll asiy dlaas 49.85 7489  84.87 7679 3451 9513 60.33 150.48
Awn length Sy Jeb 6649 96.05 6693 97.70 98.68  96.65 136.06 194.53
Spike length aboww Job 1749 2413 1795 26.09 9484 8556 35.08 4598
Yield spike aloww o, Sloe 2483 40.16 2879 4843 7436 6875 44.10 68.059

N=Non stress, S=Water-deficit stress

Jolse a5 s 10 a5 Conl poS Olao oigis Slallas
Crippaetal.,) s ls s Slas 55, 50 S5 b oo
G5 e ks e ala Jsb s pdyedlyy (2009
i bl jrals ws o dads AVA sgas i 4 S
sl Jsb Sl (s pdpcdlyy rals cel oleS 5l 5L
OIVE) s e s @ s i a0 0,5k
Ol aS iles ST 18 L Kaeehy 5l g s (aeyo
Slas 55T Sss b gl )by el cos paiS o (S
OLhSer g e (Allah et al, 2011) o5
audl o alie Edss o (Monajjem et al., 2016)
3w 0,8 Sl vozyy Sy o ye Slio (6 pdycilyg e
29,0 4y olasi 5wy el (JSShay Jobo el 5 Sy
ol ey ol bl s 4y s S8 2 Ll )0
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Table 4. The index of water deficit stress tolerance (STI) in the wheat genotypes

TEEepp TR g TR g SEH g TR g7
Genotype Genotype Genotype Genotype Genotype
1 1.20 21 0.81 41 1.47 61 0.70 81 1.04
2 0.42 22 0.61 42 0.38 62 0.93 82 0.34
3 0.84 23 0.97 43 0.29 63 0.60 83 0.59
4 0.64 24 1.83 44 0.30 64 0.36 84 0.47
5 0.65 25 1.28 45 0.44 65 0.40 85 0.89
6 1.10 26 0.45 46 0.40 66 0.67 86 0.92
7 0.54 27 1.57 47 0.22 67 2.18 87 1.16
8 1.65 28 0.80 48 1.14 68 1.29 88 0.93
9 0.99 29 0.48 49 0.72 69 0.36 89 1.17
10 0.39 30 0.35 50 0.31 70 0.49 90 1.19
11 2.26 31 0.47 51 0.33 71 0.83 91 0.87
12 2.09 32 0.94 52 0.24 72 1.08 92 0.48
13 0.53 33 0.80 53 0.42 73 0.78 93 1.51
14 1.29 34 0.34 54 0.43 74 0.43 94 1.58
15 0.59 35 0.36 55 0.87 75 0.45 95 0.91
16 1.00 36 0.38 56 0.35 76 0.66 96 1.93
17 1.08 37 0.45 57 0.28 77 1.07 97 0.98
18 0.49 38 1.08 58 0.99 78 1.06 98 1.30
19 0.48 39 0.40 59 0.41 79 0.84 99 1.21
20 0.82 40 0.60 60 0.54 80 1.00 100 1.36
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Fig. 2. Dendrogram of spring bread wheat genotypes based on the morphological and grain yield traits applying
minimum variance ward's method under non stress condition. For names of genotypes see Table 1
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Fig. 3. Dendrogram of spring bread wheat genotypes based on the morphological and grain yield traits applying
minimum variance ward's method under water deficit stress condition. For names of genotypes see Table 1
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Table 5. Mean and standard deviation of the morphological traits and grain yield for eight cluster of spring bread wheat
genotype under non-stress (NS) and water deficit stress (WD) conditions.

. Number il
S 0 ylouds
s ey of cluster 1 2 3 4 S 6 Total
S oe
ORI NS) 10 17 23 21 18 12 -
Number TS i
of variety e o 14 15 23 21 18 9 -
(WD)
¢ oA ane 25.34+3.03  19.89+2.42 23.62+3.74 15.99+£2.11 21.44+3.08 15.33+2.20  20.24+4.48
Flag leaf length TS s
(Mean=SD) "(WI;’;“ 18.43+3.26 15374193 16.51+1.88 13.92+1.56 13.59+£2.20 11.93+2.05  15.13+2.83
O 9w
S 1.45+0.18 1.13£0.17  1.46£0.30  1.05+0.13  1.07+0.13  1.06+0.10 1.20£0.26
PR SR P (NS)
Flag leaf width TS s
(Mean=SD) "'(W];’:“ 1.38+0.28 1.14+0.17  1.21£0.18  0.98+0.13  0.97£0.12  0.92+0.16 1.11+0.23
o
2 S SN Job W;‘S” 25.5743.09  19.48+2.24 23.86+3.63 19.0842.82 21.47+3.50 18.30+2.70  21.23+3.88
Flag leaf sheath (N5)
length SIS s
(MeanSD) WD) 22124236 20.75£1.90 22.21+1.65 22.35+1.71 19.79+222  15.82+1.41  21.00+2.95
S o
= 26.28+3.80  16.46+3.24 25.5447.86 12.36+2.59 16.85+3.89 11.95+2.51  18.2447.27
2 S b (NS)
Flag leaf area TS i
(Mean+SD) "'(WI‘)’;“ 18.87+6.01  12.89+2.88  14.60+2.73  9.98+1.71  9.69+2.34  8.18+2.42  12.51+4.57
O 9N
o5 olasi 5.07+0.41 5.00£0.00  4.00£0.00  3.9540.22  4.00+0.00  3.75+0.45 4.2440.53
(NS)
Number of node TS i
(Mean+SD) "(WI;’;“ 4.07+0.27 5.00£0.00  4.04+0.14  4.0040.00  3.47+0.86  3.33+0.50 4.01+0.64
055 ol Slaes “’“';;’ 3.85+0.34  4.00£0.00  3.00£0.00  2.95+0.22  3.00£0.00  2.79+0.50 3.22+0.50
Internode _( )
Number &l o
(MeanSD) WD) 3.11£0.29  4.00£0.00  3.00+0.00  3.00+£0.00  2.31+0.46  2.33+0.50 2.98+0.59
TR
Al jo Sy olaws W;‘S” 4.80+0.35 5.00£0.00  4.00£0.00  3.95+0.22  4.00+0.00  3.75+0.45 4.2140.49
Number of per _( )
steam &S g
(Mean=SD) WD) 4.07+0.27 5.00£0.00  4.00£0.00  3.98+0.11  3.25+0.43  3.33+0.50 3.96+0.60
o
0)5 ol olsl Job ";;’ 11.19+4.18  9.40+£1.32  10.15£1.61  9.64+1.08  9.70+1.34  7.51+0.64 9.63+1.97
First internode NS)
length NPCRt
(Meam:SD) "(w];’;“ 8524113 783110 783:110  8.13£1.03 847092 6511080  8.12£1.12
O 9N
Uil Jab 31.08+4.74  30.79+5.82 30.29+4.17 35.37+4.88 31.67+4.29 23.60+4.34  30.91+5.65
) (NS)
Peduncle length S i
(Mean+SD) '(WD) 22474599  23.43+5.01  8.20+0.88  28.29+3.51 29.16+6.52 19.43+3.40  26.34+5.85
O 9w
Sy £ ) 73724540  78.68+7.70  73.2247.62  78.57+6.43  76.15+721 55.18+7.82  73.63+10.03
Plant height TS s
(Mean=SD) o 62.84+10.04 67.66£5.90 29.3143.77 67.84+4.44  65.78+6.53 46.44+5.42  65.64+8.89

(WD)
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Table 5. Continued

alol.d Jous

Number el
NS o Loty
Tm e of cluster 1 2 3 4 5 6 Total
O 9w
o5, Slass ) 10 17 23 21 18 12 -
Number TS i
of variety “ 14 15 23 21 18 9 -
(WD)
O 9w
s slass 11.8543.94  11.85+1.63 11.1142.56 11.20+3.06  8.69+1.82  8.38+2.12  10.57+2.83
Ay O (NS)
Tiller number TS i
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