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Abstract

Introduction

Bread wheat is the first grain and the most important annual crop in the world. Like other crops, wheat faces
many environmental constraints such as a lack of trace elements during its growth period. Zinc deficiency is
a common micronutrient disorder in wheat-growing areas of the world. The growing degree-days (GDD)
index is reliable compared to the time calendar due to its stability. These indices are important for comparing
genotypes whose physiological developmental stages do not match. Temperature is an important
meteorological variable in the study of plant growth and development processes and therefore its study on
short time scales leads to a more accurate estimate of thermal need due to the relatively wide range of
temperature changes in different phenological stages, setting the planting date. Studying the effect of
temperature on wheat genotypes should be based on sufficient time and temperature to complete the
phenological stages in which grain yield components are formed.

Materials and Methods

To study the phenological stages, cuamulative growing degree-days, and grain yield and its components in 64
spring wheat cultivars under optimal and zinc deficiency conditions, a study was conducted in the 2019-2020
cropping season based on a simple lattice design in the research field of Urmia University, Iran. Phenological
stages include the number of days to germination, the number of days to booting, the number of days to
pollination, the number of days to physiological maturity, and the grain filling period with their GDDs during
the growing season in each pot based on 50% of the samples were determined to have reached the relevant
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vegetative stage. In addition to phenological stages along with the number of grains per spike, thousand-grain
weight, and grain yield were examined.

Results and Discussion

Analysis of variance revealed that there is a statistically significant difference among all cultivars in terms of all
studied traits except the number of days to pollination under optimal and zinc deficiency conditions.
According to the results of descriptive statistics, grain yield, the number of grains per spike, and thousand-
grain weight decreased and phenological traits increased under zinc deficiency conditions compared to optimal
conditions. Among phenological traits, not only the number of days to spike showed relatively high variability
but also had a significant relationship with grain yield under zinc deficiency based on the results of correlation
and regression analyses. The factor analysis showed that under optimal conditions, the first four components
explained 87.81 percent of the total variation, so that the contribution of the first to fourth components were
38.38, 21.52, 15.88, and 12.3 percent. Under zinc deficiency stress conditions, the first five components
explained 95.68 percent of the total variation, so that the first to fifth components explained 34.62, 18.48, 17.51,
14.66, and 10.40 percent, respectively. Cluster analysis classified all spring wheat cultivars into three and four
clusters under optimal and zinc deficiency stress conditions.

Conclusion

Based on the results of cluster analysis under optimal and zinc deficiency stress conditions, Neishabour,
Golestan, and Gahar cultivars were identified as desirable and tolerant cultivars that can be used in future
breeding programs. The results of cluster analysis were confirmed by results of canonical discriminant function
results.
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phenological stages and yield traits and some yield components under normal conditions

Mean of squares

s E 0z % g B _ ¢ 2 95 B
- S o Do o8 c o9 e = g s ° 5
> < 2 =3 ° = £ [T 2 = S E = © s v g Y =
. < 2.5 < 23 2 &g < 232 2 o B 2% =2g7 32
o £ 5F E&88 &&= € &2 3 £ 9 g g ER® & =
4 5 < = 5 < & 5T =g 5 © 2 g S ﬁ = 5 B
7 Z g Z A ] O 5 4
Rep 1 855.94' 269.11"  2675.46™ 3.64™ 2481.60™  0.015™ 102.24™ 0.09"
Cultivar 63 305.47" 6274.61" 36784.44' 1640.63™ 4664.9"  68.03" 908.89" 1.14"
Error 63 200.419 2214.86 15179.32 138.38 1842.73 11.25 65.22 0.12
C.V. (%) 17.19 5.14 3.29 0.7 9.2 11.30 12.62 18.12

ns, * and **: not significant, significant at 5 and 1% probability levels, respectively.
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Table 2. Analysis of variance corresponding to the degree-day of cumulative growth from planting to some

phenological stages and yield traits and some yield components under zinc deficiency stress conditions

Mean of squares
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Rep 1 458.66" 1724.31" 1549.15™ 318.78™ 462.46"™ 0.08™ 72.30" 0.01™
Cultivar 63 312.19° 4517.85" 2359.67™ 1527.06™ 428629" 70.18” 672.87" 0.75"
Error 63 191.22 1304.17 2056.96 304.47 2190.53 16.45 56.09 0.08
C.V. (%) 17.19 3.5 3.6 1.03 10.11 16.04 14.84 22.24

ns, * and **: not significant, significant at 5 and 1% probability levels, respectively.

Table 3. Descriptive statistics of investigated traits under normal and zinc deficiency stress conditions in wheat

cultivars
. . . . Coefficient
Mean Minimum = Maximum Range Variance L.
of Variation
Traits = & = g = o = oy = & — & §
E 285% £ 23% E 28% £ 288 E 28% £ gsi -
o o o o o s

Number of days to 208 212 13 155 29 28 16 125 115 123 181 17.7 -0.594™
germination
Growing degree-days to 80.05 804 41.6 55.8 1041 1023 625 465 1538 1588 17.6 171 -0.457™
germination
Number of days to 177.5 183.09 171 1755 185 187 14 115 14.6 7.6 1.7 1.1 -9.057"
booting
Growing degree-days to 915.4 1014 822.7 897.6 1046 1082 223.3 1844 2927.8 2241.02 5.1 35  -10.5.8"
booting
Number of days to 194 1943 19 190 198 197 75 7 4.7 32 105 12 -0.753™
pollination
Growing degree-days to 1205 1228 1136 1144 1282 1280 146.6 1356 17761 1206 3.2 3.6  -2.960°
pollination
Number of days to 2168 2169 215 215 219 219 4 4 1.5 14 024 035 -0.448™
physiological maturity
Growing degree-daysto 1669 1691 1629 1648 1718 1738 886 899 7783 7122 0.7 103 -4477"
physiological maturity
Grain filling period 227 226 18 185 27 275 9 9 5.5 507 95 107 0415™
Growing degree-days to 463.5 462.5 3678 379 5622 559.6 1834 180.6 2251.06 2075.03 9.2 101 -0.170™
grain filling period
Number of grain per 296 252 183 125 428 383 246 258 355 358 11.3 16.04 4.0747
spike
Thousand grain weight 63.9 504 26.6 214 1104 90.3 838 689 451.09 3254 126 148 3.827"
Yield 1.9 1.3 055 03 33 25 27 227 057 037 181 222 4985

ns, * and **: not significant, significant at 5 and 1% probability levels, respectively.
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Table 4. Correlation coefficients among investigated traits in wheat cultivars (upper diagonal is related under normal conditions and below diagonal is related under

zinc deficiency stress conditions)
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3 3 5 3 ‘G
Z z < £ Z z Zz5 25 &5 & E E
S S - - S
O 3 O S = 0 = O 2 =
Z Z
Number of days to germination 1 0.94" -0.19* -0.19™ 0.01™ 0.02™ 025 025 0.13™ 0.13™ 0.0002™ 021™ 0.14™
Growing degree-days to germination 0.98" 1 -0.15™ -0.15™ -0.02™ -0.01™ 0.30° 0.30"  0.18™ 0.18™ -0.01™ 022" 0.14™
Number of days to booting 0.377 0377 1 0.99"  0.09™ 0.09™ -006" -0.06™ -0.11" -0.11™ 0.05 -0.10" -0.09™
Growing degree-days to booting 0.38" 038"  0.997 1 0.08™ 0.08"* -0.08" -0.08™ -0.11™ -0.11™ 0.04™ -0.11"™ -0.11"
Number of days to pollination 0.27" 026" 052"  0.52" 1 0.99" -0.11™ -0.11™ -0.85" -0.81" 0.16™ -0.32° -0.12™
Growing degree-days to pollination 027 026 0537 0527 0997 1 -0.11™ -0.11™ -0.84" -0.80" 0.16™ -031" -0.12"™
Number of days to physiological maturity 0.03™ 0.05™ 022* 022* 014™ 0.14" 1 0.99" 063" 063" -0.06™ -0.04"™ -0.01"
Growing degree-days to physiological maturity 0.03™ 0.05™ 022" 022™ 014™ 0.13™ 099" 1 0.63" 0.63" -0.06™ -0.04" -0.01™
Grain filling period -0.24™ -021™ -0.37" -0.367 -0.85" -0.857 0417 0417 1 0.99" -0.16™ 027 0.09"
Growing degree-days to grain filling period -0.22™ -0.19™ -033" -034" -0.817 -0.81" 047" 0477 0997 1 -0.16™  0.26° 0.08™
Number of grain per spike -0.14™ -0.15™ -030" -0.30" 0.30° -0.30" -0.01™ -0.01™ 027 026 1 034" 0.73"
Thousand grain weight -0.05™ -0.06" -0.15" -0.13* 0.07™ 0.07™ 015* 0.15*™ 0.02* 0.03* 0.19* 1 0.87"
Yield -0.11™ -0.11™ -0.28 -0.27° -0.09™ -0.09™ 0.11" 0.11™ 0.14"™ 0.14™ 0.63" 0.87" 1

ns, * and **: not significant, significant at 5 and 1% probability levels, respectively.
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Table 5. Stepwise regression analysis under normal conditions in wheat cultivars

Step  Traits A b b, R-square P-value

1 Number of grain per spike -0.063°  0.031" 0.76 P<0.0001

2 Thousand grain weight -1.69” 0.062™ 0.027" 0.98 P<0.0001
ns, * and **: not significant, significant at 5 and 1% probability levels, respectively. b: Regression coefficients A:
Intercept

Table 6. Stepwise regression analysis under zinc deficiency stress conditions in wheat cultivars

Step Traits A b, b, bs  bs R-square P-value
1 Number of grain per spike 0.16° 0.02° 0.74  P<0.0001
2 Thousand grain weight 1177 005" 0.02” 0.97  P<0.0001
3 Growing degree days to booting -0-53 -0.0006” 0.05" 002 0.98  P<0.0001
4 Number of days to booting -10.01™ 0.07 -0.005" 0.05” 0.02" 0.98 P<0.0001

ns, * and **: not significant, significant at 5 and 1% probability levels, respectively. b: Regression
coefficients A: Intercept

Table 7. Principal's components analysis of studied traits under normal conditions in wheat cultivars

Traits 1 2 3 4 Subscription rate
Number of days to germination 0.544 0215 0.004 0.799 0.980
Growing degree-days to germination 0.523 0.245 -0.022 0.805 0.982
Number of days to booting 0.725 0.386 -0.218 -0.094 0.731
Growing degree-days to booting 0.731 0.393 -0.205 -0.093 0.740
Number of days to pollination 0.903  0.097 0234 -0.250 0.942
Growing degree-days to pollination 0.903  0.094 -0.233 -0.252 0.942
Number of days to physiological maturity -0.046 0941 -0.111 -0.196 0.937
Growing degree-days to physiological maturity -0.046 0940 -0.113 -0.198 0.938
Grain filling period -0.855 0.413 -0274 0.125 0.992
Growing degree-days to grain filling period -0.830 0470 -0.273  0.108 0.995
Number of grain per spike -0.449 0.070 0.498  0.159 0.480
Thousand grain weight -0.099 0344 0.808 -0.030 0.782
Yield -0.305 0296  0.889  0.064 0.975
Eigenvalues 4989 2798 2.064 1.564 -
Relative variance 38.380 21.524 15.877 12.032 -
Cumulative variance 38.380 59.904 75781 87.813 -

1-4: Principals components

Table 8. Principal's components analysis of studied traits under zinc deficiency stress conditions in wheat cultivars
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Traits 1 2 3 4 5 Subscription rate
Number of days to germination 0.303  0.720 -0.130 0.087 -0.575 0.967
Growing degree-days to germination 0.349 0.696 -0.132 0.118 -0.573 0.965
Number of days to booting -0.231 -0.411 0.013 0853 -0.218 0.998
Growing degree-days to booting -0.236 -0.421 0.011 0.843 -0.234 0.998
Number of days to pollination -0.781 0516 -0.136 0.195 0.236 0.998
Growing degree-days to pollination -0.775  0.524 -0.139 0.198 0.232 0.987
Number of days to physiological maturity 0.648 0.358 -0.342 0379 0434 0.997
Growing degree-days to physiological maturity =~ 0.648  0.358  -0.343 0.379  0.433 0.997
Grain filling period 0968 -0.226 -0.070 0.043 0.039 0.997
Growing degree-days to grain filling period 0.970  -0.190 -0.095 0.071 0.077 0.997
Number of grain per spike -0.093 0287 0726 0.238 0.282 0.754
Thousand grain weight 0.430 0.135 0.767 0.059 -0.091 0.804
Yield 0237 0260 0917 012  0.100 0.989
Eigenvalues 4501 2402 2277 1906 1.352 -
Relative variance 34.621 18.476 17.513 14.662 10.403 -
Cumulative variance 34.621 53.097 70.611 85.273 95.676 -

1-5: Principals components
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Figure 1. Cluster analysis dendrogram in wheat
cultivars on investigated traits in (A) under normal
and (B) zinc deficiency conditions
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Table 9. Discriminant analysis (cross-validated) to grouping accuracy of cluster analysis under normal conditions

and zinc deficiency stress in wheat cultivars

Expected membership
Total

Group 1 4

1 16 (84.2%) 3 (15.8%) 0 (0%) - 19 (100%)
Normal 2 1(6.3%) 13 (81.3%) 2 (12.5%) - 16 (100%)

3 1 (4%) 1 (4%) 23 (92%) ; 25 (100%)

1 11 (100%) 0 (0%) 0 (0%) 0 (0%) 11 (100%)
Zinc deficiency 2 1(5.9%) 15 (82.2%) 1(5.9%) 0 (0%) 17 (100%)
Stress 3 1(6.3%) 1(6.3%) 13 (81.3%) 1(6.3%) 16 (100%)

4 0 (0%) 0 (0%) 1(6.3%) 15 (93.8%) 16 (100%)

Table 10. Canonical structure matrix of investigated traits under normal conditions and zinc deficiency stress in

wheat cultivars

Traits Normal Zinc deficiency stress
Function 1 Function 2 Function 1 Function2  Function 3

Number of days to germination 0.358’ -0.80 0.185 0.019 0.150
Number of days to booting 0.554" -0.237 -0.281 0.153 -0.094
Number of days to pollination 0.514' -0.455 -0.478 0.427" 0.497
Number of days to physiological maturity 0.381 0.782" 0.321 -0.204 0.822"
Grain filling period -0.277 0.831° 0.673 -0.717" 0.183
Growing degree days to germination 0.376’ -0.064 0.116 0.009 0.189"
Growing degree days to booting 0578’ -0.222 -0.285 0.165 -0.105
Growing degree days to pollination 0.513" -0.456 -0.469 0.609° 0.480
Growing degree days to physiological maturity 0.380 0.782" 0.321 -0.205 0.822°
Growing degree days to grain filling -0.243 0.861" 0.667 -0.688" 0.287
Number of grains per spike 0.111 0.199° 0.483’ 0.374 -0.368
Thousand grain weight -0.341" 0.141 0.224 0.599" -0.107
Yield -0.068 0.239° 0.554 0.736" -0.390
Eigenvalues 2.495 1.052 3.633 1415 0.405
Cumulative share. 70.3 100 66.6 92.6 100
Canonical correlation 0.845" 0.716" 0.886" 0.765" 0.537"

ns, * and **: not significant, significant at 5 and 1% probability levels, respectively.
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Figure 2. Classification of studied wheat cultivars based on the first two canonical variables in (A) under normal
conditions and (B) under zinc stress deficiency condition
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