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Table 1- Physical and chemical properties of soil
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Table 2- Anions and cations in soil sample (meq.L%)
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Table 3- Analysis of variance of qualitative traits and cadmium in soil, root and shoots
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3 @b W AdEl by adglinls (e plail pgsesls TR Soil
S.0.V = Chlorophyll a Chlorophyll b Carotenoid Shoots cadmium . R
d.f cadmium cadmium
25 g5 1 12572 0.48%  5000.36™ 8.688" 260.33"  0.0854"
Chelator types
25 D sl 3 755.49™ 981.20" 222.26™ 20.76™ 770.58™ 0.512™
Chelator levels
”’A‘?E Ty 2 1389.121™ 167.63™ 722.35™ 130.69™ 4106.44™ 2.086™
Cadmium levels
oS U golaw XoaiST I g5 3 287.05™ 407.33™ 2037.32™ 0.325" 1.993ms 0.295™
Chelator typesx Chelator levels
”’A.Ols XoaS O g5 2 167.24™ 167.17 6667.12™ 2.146™ 97.65™ 0.154™
Cadmiumx Chelator types
poreadls XoaiS I sk 6 463.20™ 870.11" 418.00" 6.578" 207.47™ 0.167"
Cadmiumx Chelator levels
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porels® x *x x o - ox
Cadmiumx Chelator types x 6 759.20 352.18 2037.22 0.250 2.563 0.1906
Chelator levels
""JLE;:,Sf&’ 48 5142.43 44611 628.44 0.1713 1.34 0.0168
St oy - 4.12 1.66 5.17 0.414 1.16 0.129

Coefficient of Variance (%)

Qo0 S g g Jleizl ok 1o lo cre oS 5 4 T ¢ s e 8 NS
ns: not significant; * and **: significant at five and one percent probability levels, respectively
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Table 4- Means comparison of qualitative traits and cadmium in soil, root and shoots
2 ¢ 2 g g 3 e e a g 6*;‘ - g .
EE gEb gET gfe off Py git g2f g0
s ¢ £z ¢ #£f & £3% £I% £y Fgg £z £ o
2% &2 % &Eiqg REY ORTy wil FE o oZEY ZEY
S o = 2 J%‘E— £ & <“i %K “E 8 S22y S E ¢ “E &
g ‘e = \E‘ s = - 5 2 5 & =
0 84533 a 416.66 de 589 bc 0.523 k 2.23k 0.197 f
0 15 490 def 364 efg 270.3fg 2.227 hi 6.10 k 0.367 ef
30 255 hi 302.33 ghi 349.3 ef 3.123 ef 17.18 h 1.137 ab
0 852.66 a 520.33 ¢ 640.6 b 0.593] 2.231 0.197 f
0.5 15 760 ab 390 def 648 ab 2.267 gh 1797 h 1.017 b
EDTA 30 312.33 ghi 315 ghi 447.6 ef 5.100d 33.70c 1.190a
0 843.66 a 586.33b 623.3ab 0.697 j 2501 0.220 f
1 15 418.33 efg 391 def 393 ef 3.467e 23.77f 0.930 cd
30 360.33 ghi 343.6 fgh 488.3 ef 6.833 b 37.98b 0.793 cd
0 878.33 a 426.3d 655.6 a 0.767 2.001 0.267 ef
15 15 810 a 414.3d 425.6 ef 4.560 d 29.53d 0.263 ef
30 467.33 ef 318 ghi 553.3 de 8.57a 40.03 a 0.123 f
0 519 de 650.3b 575d 0.4271 1.971 0.263 ef
0 15 396.66 efg 222.6 kl 594 bc 1.837i 5101 0.320 ef
30 185.33 j 205.31 213649 2.707g 7.841 0.950 ¢
0 669.66 bc 752 a 564.6d 0.457 ki 2.141 0.300 ef
0.5 15 359.66 ghi 357 ghi 586 d 1.860 i 14979 0.753d
PIOA 30 219.6 j 236 jki 2453 f 3.107 f 2753¢ 1.090 ab
0 680.66 bc 7373 a 595.6 bc 0.580 jk 2471 0.277 ef
1 15 368 fgh 249.6 jki 629.6 ab 2.597¢g 20.23¢g 0.170 f
30 231ij 250.6 jkI 253.3 ef 5.583 ¢ 29.77d 0.763d
0 596.33 cd 594.6 bc 623.3¢c 0.697 j 1.86 | 0.267 ef
15 15 413 efg 286.3 ijk 2646 f 3.513e 2447 f 0.200 f
30 249.33 hi 264.3 jki 371 ef 7.03b 31.27d 0.503 e

55 (5l e BB doyo gy Jleim s 4o 4SSl (glaials axz ygel bl s il g (gl (slaSilie (g 8 0
In each column, the means with similar letters, according to Duncan's Multiple Range Test, did not differ significantly at the five percent

probability level.
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Abstract

Introduction: Today, soil pollution is one of the important environmental issues that must be taken
into consideration. Industrial activities cause pollution and accumulation of heavy metals in the soil.
The rate of absorption of pollutants, especially heavy metals, by different plants is different. If
resistant plants can be found that are able to reduce some of the pollution in water or soil, they can be
used to remove pollution from polluted sources. Heavy metals are considered as an important
environmental problem due to their toxicity, cumulative effects, long persistence time in the
environment, carcinogenicity and non-degradability. Chemical phytoremediation is a method in
which different chelating agents are used to increase the absorption of metals by the plant. The
purpose of this research is to investigate the ability of morale as a weed with a wide geographical
spread in the country, to absorb cadmium metal pollution.

Material and Methods: This research was carried out in the agricultural year of 2018-2019 in the
greenhouse of agricultural Research Institute of Zabul University, located in Zahak city, with a
geographic location of 61 41 east longitude and 30° and 54' north latitude and an altitude of 483
meters above sea level. The research was carried out as a factorial experiment in the form of a
completely randomized design with three replications. The experimental treatments include EDTA
and PIOA chelate at four levels (0, 0.5, 1 and 1.5 mg/kg of soil) as the first and second factors,
respectively, and cadmium at three levels (0, 15 and 30 mg/kg of soil) from the source of cadmium
nitrate as the third factor. This research aims to investigate the phytoremediation ability of Morale in
the presence of EDTA and PIOA chelating agents in a selected soil from the drainage area of zabol
in the form of a pot test on a soil contaminated with cadmium, in the greenhouse of the agricultural
research institute was done of the zabol university. In each pot, 4 morale seedlings prepared from the
treasury of Zabol University Agricultural Research Institute were planted at a depth of 10 cm.
Analysis of data was done using SAS software version 9.1. The mean comparison of the treatments
was analyzed using Duncan's multiple range test at the 5% level.

Results and Discussion: The application of chelating agent increased chlorophyll a in all treatments
affected by cadmium, so that the highest amount of chlorophyll a (878.33 mg/g) was in the treatment
of 1.5 mg/kg EDTA and soil without cadmium, which ratio It showed an increase of about 3.75%
compared to the control (without chelating agent and without cadmium). The highest amount of
cadmium in aerial parts (8.57 mg/kg) corresponds to the treatment containing 1.5 mg/kg of EDTA
chelated and soil with 30 mg/kg of cadmium and the lowest amount of cadmium in aerial parts (0.427
mg/kg) was related to the control treatment (without chelating agent and without cadmium). The
application of chelating agent increased root cadmium in all treatments under the influence of
cadmium, in a way that showed an increase of about 94.42% compared to the control (without
chelating agent and without cadmium).

Conclusion: In sum, the results of this research show that the Morale plant is a plant resistant to soil
pollution and can tolerate the levels of pollution to a certain extent. Refinement and separation of
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cadmium metal from the soil was done better by the plant. Due to the high tendency of EDTA to bind
to metals, when EDTA is used in high concentrations. It has a potential effect on the release of metals
from the solid phase by forming soluble complexes, and the formation of EDTA complexes with
metals in the soil solution may advance the balance of precipitation and absorption towards the
dissolution of metals.

Keywords: Chlorophyll, Heavy metals, Root cadmium, Shoots



