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ABSTRACT

Introduction: Heavy metals refer to a group of metals or semi-metals whose atomic density is greater than 4 or 5 grams per cubic centimeter.
What has caused concern about environmental pollution today is the accumulation of the chemical waste in the soil. Although copper is a micro-
element for plants, it is toxic at high concentrations. This element causes structural, morphological, physiological, and biochemical changes in
plants. Today, the phytoremediation technique is used as a suitable method for cleaning and removing water, soil, and air pollution. More than
400 species of overgrown plants have been identified. Studies have shown that Aegilops tauschii is a drought-resistant plant. Since, the stress of
heavy metals can cause secondary drought stress.

Materials and methods: This research was performed to investigate the effect of the heavy metal copper on some physiological, morphological,
and biochemical parameters of Aegilops tauschii. Therefore, the effect of different concentrations of copper (zero, 5, 25, and 125 micromolar)
was studied on the physiological, biochemical, and morphological characteristics of 37 genotypes of Aegilops tauschii in the greenhouse
condition.

Results: The results showed that increasing copper concentrations decreased the amount of chlorophyll b, carotenoid, cell membrane stability,
seed diameter, relative leaf water content, leaf retained water and single plant yield; while total chlorophyll, chlorophyll a, carbohydrate, proline,
relative leaf water loss, root length, and root weight increased significantly. In terms of biochemical parameters, Genotypes 11, 58, and 85 with
the highest values of morphological, physiological, and biochemical indices were resistant to copper. Among the mentioned genotypes, Genotype
58 with the highest yield as a resistant genotype, and Genotype 23, 28, 30, 52, 99 and 123 were subjected to copper stress more than other
genotypes based on the morphological, physiological and biochemical indicators, among which Genotype 99 with the lowest yield could be
introduced as the most sensitive genotype.

Conclusion: According to the results, it seems that some genotypes of Aegilops tauschii were resistant to the heavy metal copper. Resistant
genotypes could be recommended for phytoremediation in copper-contaminated areas.
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Table 1. The genotypes of Aegilops tauschii used in this study

) o5 Sk slice @, 05 Sk s slice

No  Accession number Origin No Accession humber Origin
1 IUGB-00157 Iran/sadrodin village 20 IUGB-00362 Armenia
2 IUGB-00196 Iran/Ramsar 21 IUGB-00365 Iran/Amol
3 IUGB-00198 Iran/Zanjan 22 IUGB-00366 Iran/Lahijan
4 IUGB-00223 Iran/Salmanshahr 23 IUGB-00367 Iran/Caliber
5 IUGB-00224 Iran/Kochesfahan 24 IUGB-00374 Iran/Astaneh
6 IUGB-00249 Iran/Salmanshahr 25 IUGB-00375 Iran/Moghan
7 IUGB-00260 Iran/Gilan 26 IUGB-00396 Iran/Noshahr
8 IUGB-00261 Iran/Chaloos 27 TN-01-0312 Iran/Orumieh
9 IUGB-00263 Iran/Amol 28 TN-01-0569 Iran/Gilan
10 IUGB-00269 Iran/Rasht 29 TN-01-0699 Iran/golestan
11 IUGB-00276 Iran/Behshahr 30 IUGB-02054 Iran/Rasht
12 IUGB-00289 Afghanistan 31 IUGB-02055 Iran/Rasht
13 IUGB-00293 Japan 32 IUGB-02065 Iran/Astara
14 IUGB-00295 Turkey 33 IUGB-00205 Iran/Ardebil
15 IUGB-00296 Armenia 34 IUGB-00205 Iran/golestan
16 IUGB-00299 Afghanistan 35 IUGB-00205 Iran/Ardebil
17 IUGB-00308 Azarbaijan 36 IUGB-00205 Iran/Astara
18 IUGB-00311 Sweden 37 IUGB-00205 Iran/Harsin
19 IUGB-00314 Azarbaijan
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Table 2. Analysis of variance of the effect of different concentrations of copper on some
biochemical traits of Aegilops tauschii
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Table 3. Analysis of variance of the effect of different concentrations of copper on some physiological traits of

Aegilops tauschii
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Figure 6. Effect of different concentrations of copper
on carotenoid content in Aegilops tauschii
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Figure 8. The effect of different concentrations of

copper on the amount of water retained in leaves in
Aegilops tauschii
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Figure 10. Effect of different concentrations of

copper on membrane stability index in Aegilops
tauschii
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Figure 5. The effect of different concentrations of
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Figure 7. Effect of different concentrations of copper
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Figure 9. Effect of Different Concentrations of

Copper on Relative Leaf Water Loss in Aegilops
tauschii
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Table 5. Analysis of variance of the effect of different concentrations of copper on some
morphological traits of Aegilops tauschii
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Sress*Genotype
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Error
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Figure 12. Effect of different concentrations of Figure 11. The effect of different concentrations of

copper on grain diameter in Aegilops tauschii copper on single plant yield in Aegilops tauschii
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Figure 14. Effect of different concentrations of
copper on root length in Aegilops tauschii
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Figure 13. Effect of different concentrations of
copper on root weight in Aegilops tauschii
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Table No. 6 - Mean of studied traits in Aegilops genotypes

a Jds,ls b sy ks J5 Jedo)ls S9s, 8 RS Sy S )]
Chlorophyll a Chlorophyll b Chlorophyll Carotenoid Prolin Carbohydrate Genotype
55.70 31.58 71.8 31925 12.96 0.385 17
28.07 41.92 70.3 4171.2 9.10 0.408 46
30.88 38.93 78.8 3808.3 11.05 0.383 55
2241 52.46 84.8 5130.6 9.25 0.478 57
29.6 41.52 80.03 4154.1 7.19 0.416 123
43.66 35.35 81.4 3539.2 11.30 0.403 35
28.64 55.87 98.05 5445.5 16.46 0.464 58
54.95 244 64.76 2614.8 9.05 0.444 99
33.49 64 102.7 6134.02 11.80 0.478 11
24.82 339 70.21 3466.7 10.96 0.425 25
27.32 33.51 76.68 3377.2 14.72 0.423 34
30.58 48.32 73.04 4673.3 10.67 0.417 16
34.35 335 89.2 33744 1.85 0.427 56
37.10 43.74 71.8 4317.3 9.54 0.203 21
55.12 51.09 81.98 5002.2 11.8 0.465 85
32.88 25.74 48.16 2550.05 11.01 0.456 52
33.96 50.36 79.96 49417 10.21 0.42 66
29.94 38.57 82.01 3769.8 8.01 0.01 22
31.40 51.35 80 4977.3 10.87 0.418 122
35.77 24.32 79.35 2512.04 9.13 0.461 121
37.41 46.62 80.12 4498.3 9.74 0.415 83
34.18 39.39 64.22 4025.7 10.20 0.350 23
61.54 40.39 67.72 4931.7 12.58 0.442 120
37.54 43.09 73.67 4203.9 7.97 0.433 24
30.88 46.76 79.64 4626.6 11.05 0.383 124
22.41 46.99 80.96 4631.03 9.25 0.442 100
29.6 45.74 75.68 4375.1 7.19 0.416 39

43.44 37.41 68.81 3717.7 113 0.403 63
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Table 6. Continued

a Jd,l5 b Juds,ls S5 JeBe ks SSgSg)lS oo Slyaeg,S )
Chlorophylla  Chlorophyll b Chlorophyll Carotenoid Prolin Carbohydrate Genotype
YA,E 32.73 68.50 3331.7 12.96 0.433 14
54.95 45.34 82.75 4464.8 9.05 0.444 79
33.49 45.65 79.84 4518.4 7.12 0.442 49
24.82 43.14 104.6 4171.8 10.96 0.425 30
27.32 34.82 72.36 3442.7 14.72 0.423 110
30.58 29.15 74.03 2972.1 10.67 0.417 28
44.87 4417 78.52 4293.1 15.26 0.458 36
55.7 37.28 74.39 3740.6 16.46 0.385 62

28.07 33.22 88.34 3387.05 9.1 0.408 15
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Table 6. Continued

55 Shas Sl 0 S5 5 Shas W
6y PEEE 6D <555 P s 55

el diamStr:rlr(]mm) Root V\i?grt]t Gynotype A diamc;tr::?mm) Root Root Genotype

Yeild (kg) "(*:31‘)“ © Yeild(kg) "Z:rg]t)h weight (g)

0.004 0.793 272 1.20 122 0.045 317 2732 12 36
0.053 2.97 26.64 1.18 121 0.05 3.00 2712 12 62
0.007 0.772 28.07 1.22 83 0.052 2.78 271 1.19 15
0.004 0.001 275 1.19 23 0.03 3.2 27.01 118 124
0.047 3.17 27.01 1.19 120 0.038 3.22 26.25 1.18 100
0.008 3.00 26.87 12 24 0.017 4.06 29.7 1.25 39
0.046 3.27 26.87 1.19 17 0.108 2.98 28.75 1.23 63
0.019 3.09 27.00 1.20 46 0.028 2.38 25.25 1.16 14
0.009 3.32 26.25 1.19 55 0.027 2.65 28.62 1.23 79
0.059 2.67 2557 117 57 0.075 3.71 28.07 121 49
0.053 3.48 2556 113 123 0.001 0.001 28.87 1.23 30
0.007 2.89 26.00 1.19 35 0.057 3.01 28.12 1.22 110
0.124 2.95 26.00 1.18 58 0.001 0.001 28.7 1.23 28
0.101 3.26 25.75 1.18 99 0.038 2.52 27.75 1.23 56
0.078 3.00 28.62 1.24 11 0.049 3.04 28.45 1.23 21
0.062 2.74 28.12 1.22 25 0.034 373 28.00 1.22 85
0.034 2.94 28.62 124 34 0.014 2.1 27.62 122 52
0.035 2.64 28.7 124 16 0.027 33 27.62 121 66

0.031 3.41 28.07 1.22 22
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Table 6. Continued

ST g w: = bj’ <! = ) T o w: = Ja:? <! = <S55
B Kool Ko Lk glul B Kool e e gl
= Genotype > Genotype
RWL ELWR MSI RWL ELWR MSI

RWC RWC

69.57 17.20 28.42 16.74 121 75.24 22.21 58.9 18.75 63
69.25 22.18 60.19 25.74 62 74.29 20.29 57.95 -21.25 83
69.12 18.25 57.62 42.22 52 73.75 21.09 50.41 13.15 120
69.00 18.34 54.97 15.81 15 73.64 20.87 58.7 -9.26 16
68.92 15.63 62.53 1541 122 60.54 18.07 65.29 224 46
68.75 21.26 62.37 -20.35 66 72.23 22.38 54.65 23.29 17
68.56 20.30 63.23 22.27 39 72.13 21.8 40.25 22.15 56
68.54 18.61 61.73 11.12 24 71.00 19.5 58.1 8.49 25
68.21 19.86 62.61 19.63 34 70.79 20.26 58.61 17.39 85
67.75 25.33 57.99 7.78 123 63.32 21.09 53.76 20.05 35
67.54 174 45.48 12.13 21 70.78 22.09 50.26 12.28 28
67.20 23.63 52.91 6.8 124 65.01 26.11 62.1 24.95 14
66.95 20.36 56.37 1.32 57 64.61 22.29 56.04 44.14 110
66.89 21.29 67.07 -17.37 55 63.94 18.25 49.31 4.05 79
66.61 25.38 58.16 2.00 49 63.48 16.91 69.61 22.1 100
66.18 21.6 55.49 19.39 22 72.51 15.55 54.07 -13.54 11
66.16 18.25 63.82 28.51 23 69.95 19.75 52.21 39.45 30
65.86 19.62 45.16 26.89 99 69.93 15.37 64.45 11.86 58

69.62 19.34 55.05 22.29 36
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