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Table 1. Analysis of variance measured traits wheat cultivars under the effect of different levels of copper sulfate
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e L s ST 5wl Seedling axelS Seedling axalS S odin S Jslee RSS2 ke
S0V 903! .~ Germination _ ~ ~ s . T Proli Seed reserve  Seed reserve Seed
Germination t Seedling Seedling  length vigor weight vigor Total roln€ Total soluble . S .
ercentage e lenght dry weight index i chlorophyll sugars depletion utilization  consumptive
P & e yweg index Py & percentage efficiency reserve
Copper sulfate e olalgw 4 24.53" 19.03"  392.71™ 12523 402.02"" 136.18" 48.99™  0.216™ 0.157" 895.36™ 0.032" 164.15™
Cultivar 3, 3 164.40™ 10.06™  49.97™ 105.78" 51.90™ 101.51™ 84.60™  0.194**  (0.402™ 787.89™ 0.029™ 205.72™
X o QMWA 12 131.20 1.15™ 10.49™ 234 10.24™ 2.96" 5.60" 0.083#* 0.116" 15.72m 0.002 s 3.23m
Copper sulfatexcultivar
Error Us 40 54.533 1.44 2.51 1.005 2.45 1.08 1411 0.0003 0.046 56.60 0.006 2.43
CV(%) &l s oy - 5.08 11.66 14.71 9.81 14.74 10.39 16.74 11.38 26.44 23.07 10.66 11.20
ol 6l me pae g 003 0 ) Jlkol mgha o ls sime cud NS gF KE
** * and ns are significant at 1 and 5 percent probability levels and non-significant, respectively.
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Table 2. Mean comparison main effects of copper sulfate on measured traits of wheat cultivars
e e Zslaws Si¥ler sy (5 o) yds (B e 005D o 2l Al a0 G p S oo oS o) s 153 5l oolinl LIS
Treatment Treatment levels Germination rate  Seed consumptive reserve (mg)  Seed reserve depletion percentage  Seed reserve utilization efficiency (mg.mg™! seed)
0 11.192 18.452 43.012 0.77%
sl 10 10.83* 16.40° 38.55%® 0.74*
o 20 10.922 13.86¢ 32.500 0.75
Copper sulfate 30 10.520 11.87¢ 27.874 0.73
40 8.10° 9.03¢ 21.10¢ 0.63°
Arg S 9.13° 11.60¢ 28.67° 0.76*
) Bahar 10.75% 11.10¢ 24.47° 0.722
Cultivar 3,
Back cross roshan :,5, (!, 10.94° 15.88° 37.392 0.66°
Roshan b, 10.432 18.10° 39.89° 0.75*
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Each column and treatment similar letter or letters is indicative no significant difference based on the LSD test.
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Table 3. Mean squares cutting of wheat cultivars in each level of copper sulfate for measured triats
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Copper w31 Germination seedling Dry weight of o e Total Proline Total soluble
sulfate df percentage Length seedling See_dllng length  Seedling weight  chlorophyll sugars

vigor index vigor index
0 3 1.33m 27.44™ 37.006™ 29.17" 37.51™ 25.74™ 0.002™ 0.034"
10 3 7.11m 36.75™ 24.62™ 33.41™ 21.89™ 19.19™ 0.007™ 0.134"
20 3 1.49™ 16.39™ 26.30" 16.39™ 26.30" 23.05™ 0.030™ 0.234"
30 3 30.22m 2.22m 9.84™ 2.23ms 10.62™ 32.80™ 0.084™ 0.104™
40 3 310.66™ 9.11" 17.71™ 11.66™ 17.03" 6.25" 0.403™ 0.358"

el (5,0 me pas 90 5 ) Jleixl zolaw 10 o e oS jay DS g F K
** *and ns are significant at 1 and 5 percent probability levels and non-significant, respectively.
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Table 4. Mean comparison measured traits of wheat cultivars in each level of copper sulfate
Treatment Lo Sy S s axalS Job Job Lo 9 AFLE 5o Se) U5 Jdo)lS Uses)See) dsn JsessSes) JS Jslone (slaai
Slsr (a5 k) el S (rogsle) azalS a4 azalS 4 (SrioneSn (Srpiopnesr (S» 5 0i9pS 2

e lilgn o5 Germination  Dry weight of Seedling Seedling length ~ Seedling weight Total chlorophyll Proline (pm/g Total soluble sugars

Copper sulfate Cultivar percentage seedling (mg) length (mm) vigor index vigor index (pm/g fresh weight) fresh weight) (pm/g fresh weight)
Arg 5 98.66% 12.86% 16.66° 16.41° 12.68% 5.59¢ 0.07¢ 0.72¢
Bahar . 1002 10.24¢ 20.43%® 20.43® 10.24¢ 12.56* 0.05% 0.62%
0 Back kars roshan .z, 55 100° 15.02: 18.97%® 18.97%® 15.02%® 7.67% 0.02° 0.58°
Roshan .44, 1002 18.542 23.88% 23.88% 18.542 9.08° 0.072 0.822
Arg 5 97.332 10.60% 10.04° 9.74° 10.34¢ 5.47° 0.07° 0.732
Bahar . 100* 9.28°¢ 11.85° 11.85P 9.28°¢ 11.06* 0.06° 0.63%
19" Back cross roshan by oSS 100 12.80° 8.97° 8.97° 12.80° 10574 0.02¢ 0.61°
Roshan .z, 97.33 15.792 16.87% 16.40° 15.332 9.03% 0.14* 1.07#
Arg 5 1002 9.61° 6.80P 6.80° 9.61° 3.55b 0.02¢ 0.534
Bahar . 1002 7.34¢ 9.55% 9.55% 7.34¢ 9.74% 0.232 0.59¢
2" Back cross roshan RESSNAR ¢ 100¢ 10.18° 9.28w 9.28aP 10.18° 8.20° 0.08b 1.13
Roshan 4, 1002 14.432 12.512 12.512 14.432 8.90* 0.02¢ 0.91°
Arg 5 93.332 8.15b 7.17% 6.72% 7.63° 1.28° 0.17¢ 0.60?
30 Bahar . 100* 7.05° 8.032 8.032 7.05° 6.64% 0.53¢% 0.73%
Back cross roshan ;,5;, /5 98.66% 8.03° 6.22° 6.15% 7.93° 6.40* 0.19¢ 1.042
Roshan 4, 100* 11.232 6.26° 6.26% 11.232 9.17% 0.33° 0.97%
Arg 5 77.33° 4.05° 3.04° 1.45° 3.20° 2.20° 0.04¢ 0.80°
40 Bahar . 97.332 3.36P 6.99* 6.79* 3.27° 4.75% 0.792 0.72°
Back cross roshan .5, l,5 100? 7.20% 6.412 6.412 7.202 5.582 0.43° 1.492
Roshan,ss, 89.33% 8.40° 5370 4,78 7.51° 4.40% 0.01¢ 0.95

Ll LSD (5051 (bl 5 (5,l0 sime glis pas saims s alie gy b By s 18 g gt 0 )0

Each column and treatment similar letter or letters is indicative no significant difference based on the LSD test.
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Abstract

Existence of copper sulfate in water and soil could leads to decreasing of germination and seedling
establishment and also reduction in growth and crop productivity. A factorial experiment was
conducted as a completely randomized design with three replications in agriculture faculty of Yasouj
University. Experimental factors were included different concentrations of copper sulfate (0, 10, 20,
30 and 40 mg per liter) and different cultivars of wheat (Arg, Bahar, Back cross roshan and Roshan),
respectively. The results indicated that the most length vigor (23.88), weight vigor (18.54) and dry
weight of seedlling (18.54) were obtained from Roshan cultivar in 0 concentration of copper sulfate.
Also the highest slouble sugars content (1.49 umol/g) was achieved from Back cross roshan cultivar in
40 concentration of copper sulfate and the most amount of proline (0.79 um/g) from Bahar cultivar in
40 concentration of copper sulfate. Among the main effects of copper sulfate the highest seed
consumptive reserve (18.45 mg), seed reserve utilization efficiency (0.77 mg/mg seed) and seed
reserve depletion percentage (53.1 percent) was obtained form O concenteration of copper sulfate and
among the different wheat cultivars the most seed consumptive reserve (18.10 mg) and seed reserve
depletion percentage (39.89%) form Roshan cultivar, the highest seed reserve utilization efficiency
(0.76 mg.mg™' seed) from Arg cultivar and the most germination rate (10.94) were obtained from Back
cross roshan cultivar. Among the different wheat cultivars, Roshan and Back crass roshan cultivars in
terms of tolerance to copper sulphate were superior to Arg and Bahar cultivars.
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