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Extended Abstract

Introduction and Objective: Like other crops, wheat also faces several environmental limitations
during its growth period, such as the lack of micronutrients. Zinc deficiency causes limitations in
crop production, especially growth, and yield in calcareous soils. Considering the economic and
agricultural importance of wheat in the world and Iran, it is necessary to pay attention to and
identify genetic relationships, to know the level of genetic diversity, and estimate it in wheat
germplasm by plant breeders. The present research was conducted with the aim of identifying
genetic diversity and investigating stress tolerance indicators on phenological, physiological, and
biochemical traits in desirable spring wheat cultivars under optimal conditions and zinc deficiency
stress.

Material and Methods: Sixty-four spring wheat cultivars under both optimal conditions and zinc
deficiency stress, a simple lattice design was performed in 2019-2020 in the research farm of the
Faculty of Agriculture, Urmia University. In this research, phenological traits including the
number of days to germination, number of days to booting, number of days to pollination, number
of days to physiological maturity, grain filling period, and physiological and biochemical
characteristics including canopy temperature, total chlorophyll, leaf area index, fresh weight and
dry weight, relative water content, grain protein concentration, zinc concentration in shoot and
grain yield were measured.

Results: The results of the analysis of variance revealed a significant difference among the
cultivars in both optimal conditions and zinc deficiency stress in most of the studied traits. positive
and significant correlations of Ys and Yp with MP, GMP, STI, and HM indices showed that these
indices are the most suitable indices for screening cultivars under zinc deficiency stress
conditions.

Conclusion: Generally, based on studied traits, tolerance indices, the results of principal
components analysis, and cluster analysis, Aflak, Darya, Arvand, Roshan, Kavir, and Sirvand
were selected as desirable cultivars and VEE/NAC, Tajan, Parsi, and Panjamo were identified as
undesirable and susceptible cultivars. The selected tolerant and susceptible cultivars can be used
for developing biparental populations, gene expression analysis, and breeding programs to
produce cultivars with high yield.
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Table 2. Analysis of variance of phenological, physiological and biochemical traits in wheat cultivars under optimal
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deficiency stress conditions

Slayyo (5:ke
Mean squares

s . £
T 92 £ e 435 2 g S 5 3
4£ 4% 2 3, 3= 5 3B =E 8 .o 8 3
= %«v JE K8 = 2 38 & ,E 5 % S8 A5 aE X
= ) g g 2 e Qg’ = a)g \—’i\% 3 8 ENE=% 3:_2 HE 5,5 NE XN 1
> %8 9§ & D% 3T Jo g5 g 22 w8 w3F 38 i . A
A o2 =8 8 43 J3 %w X2 5 =xs s 22 3.0 X3 =% 3
28 %3 3¢ ij; \% > B < S AL Y& %E @ e > 2R3 2 .
26 228 *£ Jg 5 @ X% Bz ¥& AT 22 37 24 3209 >
28 4% 58 VA £ e 28 2XE& ~ g 48 2 3
TS %8 g F§ 36 3= 8 S @
= (&) = a
[ % @ \’3 13
001 07 o004 3331 0000 0000 915 082 258 153 063 413 41 393 1 )F‘e);
0.75° 006" 006" 1326 0000 0.01" . 038 441" 104"  3.008 154  24.2 5)
{ J 9 < 7 J 11.4 % t ) o 6.4 o 12 63 Geg‘é’ty
008 001 001 1154 090 0005 743 334 312 58 06 55 45 B9 g3 llas-
3 7 Error
22 166 334 144 456 511 272 146 64 107 03 12 11 177 cv

o ) g0 Jleas! maw 3 5 gxe g )b e ps Gl gy % kNS
ns, * and **: Non-siginficant and siginficant at 5% and 1% probability level, respectively.



odlishigyd Loy g mdle o g Jy s

s 0ylee PS5 Bl )3 (59) 908 i Jeod g (ST 95 (b))
o ) -fALS'nL:é)l).) 65).)9‘45&.‘)5‘)&)) ]a;l).wpouw)):b)youwd]):uhoydhha)ul—\‘ J9A>
Table 4. Descriptive statistics of investigated traits under optimal and zinc deficiency stress conditions in wheat
cultivars
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Table 5. Correlation coefficients between grain yield and stress tolerance indices in wheat cultivars
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Table 6. Factor analysis of investigated traits in wheat cultivars under optimal conditions

S e gl ole el

Coefficients of the common factor Olaos

Szl o5 oy Jole plaz Jole py Jols ped Jolo Jsl Jele Traits
Communality Factor5 Factor4 Factor3 Factor2 Factorl

0.642 -0.275 -0.541 0.126 0.390 0.320 59l b )

Days to germination

0.671 0.114 0.016 0.274 0.658 0.388 bl b 55

Days to booting

0.836 0.150 0.061 0.159 0.755 0.484 Ltdlod,S b g,

Days to pollination

0.751 0.324 -0.057 0.772 0.181 -0.123 Solgsid (S, b 59,

Days to physiological maturity

0.925 0.037 -0.087 -0.563 -0.597 -0.493 > (s g 0)9 Jobo

Grain filling period

0.630 0.745 -0.089 0234 0,078 -0.083 8 glod

Canopy temperature

0.622 0.099 0.574 0.016 -0.066 0.528 S Jdg ks

Total chlorophyll

0.900 0.014 -0.153 0.107 -0.186 0.911 Sy ghaw yadls

Leaf area index

0.935 0.004 0.057 0.118 -0.247 0.926 7 09

Fresh weight

0.871 0.026 0.025 0.099 -0.223 0.900 SIS (i

_ Dry weight

0.635 -0.436 0.491 0.449 0.060 0.008 2l o Slgie

Relative water content

0.426 -0.229 0.264 0.387 0.047 0.390 cstlgm plail 55, clalé

Shoot zinc concentration

0.432 0.042 0.041 0.258 0598 0.069 b g clal

Grain protein concentration

0.399 0.287 0.547 0.060 0.035 -0.113 b 3 Slas

Grain yield

- 1.125 1.311 1.551 2.188 5.287 02 polde

Eigen values

- 7.033 8.195 9.697 13.677 33.045 s o)l

Relative variance

- 71.646 64.613 56.418 46.721 33.045 e obly

Cumulative variance
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Table 7. Factor analysis of investigated traits in wheat cultivars under zinc deficiency stress conditions
S o gl Jole ol s

Coefficients of the common factor Slas

Szl o5 bl Jole ey Jole pilex Jole pgw Jole gy Jele Jsl Jole Traits

Communality Factor6 Factor5 Factor4 Factor3 Factor2 Factorl

0.481 -0.290 -0.090 -0.204 -0.407 0.164 -0.392 Sl U g,
Days to germination
0.796 0023 0373 0.282 0.709 -0.287 -0.044 2l b 5o,
Days to booting
0.753 -0.048 0.039 0.021 -0.159 -0.844 -0.106 tdloa )5 b 5o
Days to pollination
0.534 -0.228 0.057 0.185 -0.049 0.491 -0.449 Silsed (S U 59
Days to physiological maturity
0.912 -0.085 0.00 0.116 0.098 0.926 -0.158 b (i g 0)90 Jobo
Grain filling period
0.603 0.419 0.543 0321 -0.051 -0.166 0.025 w9l slod
Canopy temperature
0.551 0.414 0.207 0.090 -0.033 0.410 0.400 S JdolS
Total chlorophyll
0.879 -0.022 -0.067 0.178 0.077 0.007 0.915 Sy ghaw jadls
Leaf area index
0.883 -0.192 -0.026 0.155 -0.160 0.099 0.886 P 059
Fresh weight

Cin o
0.915 -0.114 -0.009 -0.065 -0.050 0.122 0.938 9
_ Dry weight
0.844 0.502 -0.507 0,021 -0.354 0.045 0.329 o o slgiome
Relative water content
0.926 0.304 0.338 0.838 0.002 -0.110 0.067 ctlgn pll g5, clale
Shoot zinc concentration
0.471 0.231 -0.159 -0.155 -0.060 0.570 -0.200 . s (g clle
Grain protein concentration
0.646 0.145 0.156 -0.297 0.689 0.182 -0.068 o 3, Sdoe
Grain yield
- 1.030 1.110 1.193 1.357 2,509 4.788 ohg polie
Eigen values
- 6.440 6.938 7.456 8.481 15.683 29.924 e ool
Relative variance
- 74.922 68.482 61.544 54.088 45.607 29.924 =35 by

Cumulative variance
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Table 8. Principals components analysis for stress tolerance indices in wheat cultivars

ST e p5> Jo o Jele PE
Communality Factor2 Factorl Indices
0.995 0.281 0.957 (YP) Jloy baslyd 3 3,Shoe
0.996 -0.256 0.965 (Ys) i baslyd 55 5,Slas
0.829 -0.890 0.193 SSI() a5 & Gl sl
0.992 -0.071 0.994 (HAM) Sesgo)ls (Sl jasli
0.992 0.928 0.361 (TOL) Joos (s ls
0.994 -0.016 0.997 (GMP) (5590500 (owtid oo sl
0.996 0.045 0.997 (MP) 5390582 Mg (nSilo asli
0.893 0.827 0.457 (ATI) ajpe Joos asls
0.990 -0.554 0.827 (D1) 5 & pglio yasls
0.981 -0.057 0.989 (STI) L5 Joos5 adls
0.984 0.283 0.951 (KISTLK1S) L5 9 baolyid 3 oa ol el
0.968 -0.295 0.939 (K2STI) a5 baslys p3 o 2ol sl

- 2.967 8.644 ojug plde
Eigen values

- 24.721 72.032 e oslo)ly
Relative variance

- 96.753 72.032 S by

Cumulative variance
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Figure 1. Biplot diagram of (A) traits and (B) distribution of 64 wheat cultivars under optimal conditions
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Figure 2. Biplot diagram of (A) traits and (B) distribution of 64 wheat cultivars under zinc deficiency stress
conditions
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Figure 3. Biplot diagram (A) yield under optimal and zinc deficiency stress conditions and stress tolerance indices
and (B) distribution of 64 wheat cultivars
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(C) stress tolerance indices
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