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Table 2- Analysis of variance of effect of zinc sulphate application and durum wheat genotypes and their interactions on studied
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Figure 1- Interaction effect of zinc sulfate application in genotype on dry weight of aerial parts of bread wheat seedlings
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Figure 2- The relationship between the dry weight of wheat plants in conditions of deficiency and sufficiency of zinc in

bread wheat genotypes and varieties
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Table 3-The effect of zinc sulfate application and genotype on the concentration and content of zinc and the efficiency of zinc use in

the shoot of wheat varieties and genotypes

695 3l esliwl (2,8 slep plil 595 Slgiome lop plail g9, wdals

Zinc use efficiency(mg dry matter/ng Zinc) Zinc content of shoot(ug per plant) Zinc concentration of shoot(mg.Kg")

Sileo $9) 0995 S8 09N il 69y 00938

S0 oSl (89 00938 $9) 9N G 95

Mean Zn+ Zn- Mean Zn+ Zn- Mean Zn+ Zn- Genotypes
69.9(a-d) 62.7(3.92) 77.2(5.96) 2.3(a-d) 2.5(0.13) 2.0(0.19) 14.5(a-d) 16(1.0) 13(1.0) ¥,81
75.6(a-d) 62.7(3.92) 88.6(2.36) 2.0(c-f) 2.4(0.37) 1.8(0.15) 13.8(c-f) 16(2.52) 11.7(1.0) ol
75.6(a-d) 72.1(8.33) 79.1(3.70) 1.9(d-f) 2.0(0.11) 1.8(0.25) 13.3(d-f) 14(0.58) 12.7(1.73) &=l
75.3(a-d) 66.9(4.47) 83.7(7.0) 2.0(c-f) 2.3(0.12) 1.8(0.32) 13.5(c-f) 15(1.0) 12(1.0) Sl
81.5(ab) 71.7(5.13) 91.4(8.34) 1.8(fg) 2.0(0.14) 1.6(0.13) 12.8(fg) 14(1.0) 11(1.0) L1
66.3(cd) 60.4(5.71) 72.2(9.62) 2.6(a) 3.3(0.4) 1.9(0.55) 5.15(a) 16.7(1.73) 14(1.53) L2
73.3(a-d) 63.0(6.42) 83.7(7.0) 2.1(b-f) 2.6(0.14) 1.6(0.33) 14(b-f) 16(1.0) 12(1.73) L3
74.9(a-d) 63.9(2.41) 85.9(17.2) 2.1(b-f) 2.6(0.45) 1.7(0.1) 12.8(b-f) 15.7(2.65) 12(0.58) L4

83.2(a) 73.8(8.58) 92.6(16.0) 1.8(fg) 1.9(0.32) 1.6(0.23) 12.3(fg) 13.7(1.73) 11(1.53) L5
73.7(a-d) 61.6(5.61) 85.9(4.37) 2.6(a) 2.3(0.21) 2.0(0.55) 14(a) 16.3(0.58) 11.7(1.53) L7
79.7(a-c) 70.1(5.92) 89.3(11.6) 2.0(c-f) 2.3(0.23) 1.8(0.16) 12.8(c-f) 14.3(1.53) 11.3(1.15) L10
68.6(a-d) 55.7(3.10) 81.6(8.7) 2.2(a-e) 2.7(0.19) 1.8(0.2) 15.2(a-e) 18(1.15) 12.3(1.0) L11
73.6(a-d) 63.9(2.41) 83.3(0.0) 2.4(a-c) 3.0(0.08) 1.7(0.18) 13.8(a-c) 15.7(0.0) 12(0.58) L13

63.8(d) 58.8(0.0) 68.7(7.42) 2.3(a-d) 2.5(0.42) 2.1(0.19) 15.8(a-d) 17(1.53) 14.7(0.0) L15
68.7(a-d) 60.2(0.0) 77.2(5.96) 2.1(c-f) 2.3(0.23) 1.8(0.25) 14.8(c-f) 16.7(1.0) 13(1.15) L17
73.9(a-d) 64.1(4.53) 83.7(7.0) 2.1(c-f) 2.4(0.14) 1.7(0.33) 13.8(c-f) 15.7(1.0) 12(1.15) L18
73.8(a-d) 61.3(2.12) 86.2(8.7) 1.8(fg) 2.1(0.11) 1.4(0.25) 14(fg) 16.3(1.15) 11.7(0.58) L20
70.2(a-d) 58.8(0.00) 81.6(8.7) 2.3(a-c) 2.7(0.21) 2.0(0.02) 14.7(a-c) 17(1.15) 12.3(0.0) L22

76.9(ab)  653(241)  88.4(437)  18(fg)  2.2(0.21)
702(a-d)  61.3(2.12)  79.1(3.70)  2.3(a-d)  2.6(0.09)

13(009)  13.3(fg)  15.3(058)  11.3(0.58) L25
19(0.06)  145(@-d) 16.3(058)  12.7(0.58) L26

812(a-d)  627(3.92)  99.7(219)  14(g)  17(0.25)  1.2(0.12) 13.2(g) 16(2.8) 1.3(1.0) L27
743(b-d)  62.7(3.92)  85.9(4.37)  25()  29(0.11)  2.0(0.12) 13.8(a) 16(058)  11.7(1.0) L28
69.9(a-d)  60.3(5.71)  79.4(6.87)  20(c-f) 24(027)  16(031)  147(c-f) 16.7(1.15)  12.7(153) L29
746(a-d)  627(3.92)  86.2(8.70)  2.0(c-f)  24(0.18)  1.6(0.34)  138(c-f)  16(1.15)  11.7(1.0) L30
67.9(cd)  59.03.47)  76.9(00)  20(c-f) 24(026)  1.7(0.2) 15(c-f) 17(0.0) 13(1.0) L31
701(a-d)  59.0(347)  81.2(3.70)  19(e-f)  24(0.07)  13(0.12)  147(-f)  17(058)  12.3(1.0) L32
746(a-d)  655(5.15)  83.7(7.00)  21(b-f)  25(0.21)  1.7(0.19)  13.7(b-f)  153(1.0)  12(1.15) L33
71.9(a-d)  60.0(.12)  83.7(7.00)  14(g)  1.7(0.04)  1.2(0.06)  145(a-d)  16.7(1.0)  12(0.58) L34
63.2 (b) 83.4 (a) 2.4 (a) 1.7 (b) 15.9 (a) 121 () Mean,.Sile
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A dash (-) sign between letters indicates the presence of other letters between them. Means in each column by the same letters are not

significantly different at 5% probability level using Duncan's multiple range test.
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Figure 3- Changes in zinc efficiency index as a result of zinc sulfate application in bread wheat varieties and genotypes
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Abstract

Introduction: Zinc is an essential micronutrient in plant nutrition and, plays a critical role in
enzymatic reactions in plants. Zinc deficiency in the soils limits crops' growth and development,
reduces the yield-related quantitative and qualitative traits. Wheat is the main source of food in Iranian
diets. Wheat production is negatively affected by insufficient zinc in soils. Because of the high amount
of lime in Iranian soils, Zinc deficiency is a common phenomenon in these soils. To overcome this
challenge, the selection of zinc deficiency tolerant wheat cultivars could be one of the best strategies.
To reach this goal; in this research, 28 genotypes and bread wheat cultivars were evaluated for their
response to zinc deficiency in a calcareous soil containing 39% CaCOs. We expected that zinc-
deficient tolerant wheat cultivars should perform well under zinc deficiency compared to other wheat
cultivars.

Materials and Methods: To test this hypothesis, 24 genotypes and 4 bread wheat cultivars were
collected from the Institute of Seedlings and Seeds and, their growth characteristics were evaluated
under control and zinc sulfate (5 mg. kg?) application. This experiment was performed as a factorial
based on a randomized complete block design with three replications. Wheat genotypes and cultivars
seedlings were kept under controlled conditions for 45 days and, irrigation was done with deionized
water during the experiment. At the end of the experiment, wheat seedlings were cut from the land
surface and the dry mass of areal part, zinc efficiency, zinc concentration, zinc content, and zinc use
efficiency were assayed in the laboratory of agronomy at the University of Maragheh.

Results and Discussion: Results showed high variation among the cultivars and genotypes of wheat
for the dry weight mass of aerial parts at zinc deficiency and with zinc treatment. The dry weight of
aerial parts was varied between 99.5+3.08 to 172.833+ 2.69 mg.plant™ in L34 and L28 genotypes and
139.889+3.37 to 155.55+1.39 mg.plant? in Sardari and Azar 2 cultivars, respectively under zinc
deficiency conditions. But, the dry weight mass of aerial parts in the conditions of sufficient zinc
absorption was between 101.5+0.92 to 196.611+13.55 mg.plant® in L34 and L2 genotypes and in
wheat cultivars, respectively. Zinc concentration of seedlings in conditions of zinc deficiency in L27
genotype was 10.3 mg.kg? zinc and, Baran cultivar with 11.7 mg.kg* zinc had the lowest and L15
genotype with 14.7 mg.kg™ zinc and Azar 2 cultivar with 13 mg.kg? contained the highest amount.
While with zinc application, L5 genotype with 13.7 mg.kg™ and Ouhadi cultivar with 14 mg.kg*had
the lowest and L11 genotype with 18 mg.kg™ and Azar 2 and Baran cultivar both with 16 mg.kg™ had
the highest amount of zinc. Genotypes L15 with 63.8 and L2 with 66.3 mg dry weight mass per ugr
zinc had the lowest and, L5 and L1 genotypes respectively with 83.2 and 81.5 mg dry weight mass
per ugr zinc, had the highest efficiency of zinc use. Zinc application from zinc sulfate sources
decreased the zinc efficiency of wheat genotypes and cultivars. Also, the efficiency of zinc application
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due to the application of zinc sulfate in seedlings of wheat cultivars and genotypes decreased from
83.4 to 63.2 mg dry weight mass per ugr zinc. Among genotypes, a desirable diversity of zinc
efficiency was observed. The value of this index was varied between 65.15 to 110.94 %.
Conclusion: The results showed that despite the sensitivity of wheat to zinc deficiency, there was a
high diversity between genotypes and cultivars in terms of shoot dry matter, zinc efficiency, and the
content and concentration of zinc. Also, due to the same or more amounts of zinc content and
concentration in sensitive genotypes compared to the resistant ones, the seedlings' zinc concentration
and content are not suitable parameters for genotype selection programs. Overall, among the studied
parameters, shoot dry matter and zinc efficacy are more reliable criteria for selecting sensitive and
resistant zinc-deficient genotypes.
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