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Table 1. Selected physico-chemical properties of the soil used in the experiment.
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Value Unit Parameter
Ll e
36.65 (%) Flsl sk
Saturation moisture
32.36 (%) o
Clay
28 (%) o
Sand
e
39.64 (%)
Silt
8.2 - pH
Ll KEC
0.832 (dS/m) & E
EC of saturation paste
[
0.8 (%) s
Organic Carbon
0.06 (%) O
Total Nitrogen
(,,,..ls =L
14 (%) et
Calcium Carbonate
15 (mg/kg soil) e A
concentration of available phosphorus
e LG b cble
320 (mg/kg soil) Pl ey
concentration of available potassium
0.15 (mg/kg soil) e

concentration of available Pb
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Figure 1. The Effects of types and rates of amendments on dry weight of aerial parts of radish.
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Figure 2. The Effects of types and rates of amendments on dry weight of below ground part of radish.
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Figure 3. The Effects of types and rates of amendments on total dry weight of radish.
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Figure 6. The Effects of different levels of soil Zn on total dry weight of radish.
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Table 2. The interactive effects of different levels of soil Zn and types and rates of amendments on dry weights
and elemental composition of aerial parts of radish.

S U el chle A chle oal clls ©oo ks ©oo ks e
Dry weight K concentration P concentration  Fe concentration ~ Zn concentration ~ Zn concentration Treatment
(g. pot) (%) (%) (mg/kg soil) (mg/kg soil) (mg/kg soil)
3.463°" 2.763"° 0.4304° 1017% 45.56" 0
3217 2.87% 0.4154" 951.3¢! 388.7" 200
3.747%¢ 2.31% 0.3883° 819.7" 749.7¢" 400
2.541 2.18% 0.3764° 766.44 783" 600 EDTA-1
2.09 2.329%* 0.3559' 859.1™ 1022¢ 800
1.647™ 1.729' 0.3187" 913™ 1277° 1000
112" 1.886™" 0.2994 973.5¢! 1077 1200
3.773%¢ 2.49F 0.3742" 1152 4221 0
3.897°° 2.386°¢ 0.3531" 999.4¢! 44431 200
3517 2.294% 0.3328” 918™ 721.9" 400
2710 2.280% 0.3154" 830.2" 821.9° 600 EDTAZ
1.65™ 1.748™ 0.2811% 1030%* 1261° 800
1.24™" 1.698" 0.2540” 1206"¢ 1288* 1000
3.83°F 3.098° 0.3990' 1519° 44.98" 0
3.517°" 2.763"° 0.3819° 1103 311™ 200
3.943°° 2571 0.3594° 1374 383.2 400
4,067 1.848"! 0.3503" 865.2" 410.9* 600 H,S0,-1
3.723%¢ 2.527"¢ 03771 939.1¢! 727.5" 800
3.17" 2.439°¢ 0.3257" 763.61 794.1% 1000
2.097¢ 2.252%* 0.31287 740.3' 883° 1200
4273 2455 0.4284 1296 44.43" 0
3.943°° 22664 0.4103' 10504 355.44 200
3.713% 2.095™ 0.4032% 1374 638.6 400
3367 2.138°™ 0.44624 1243% 635.9' 600 H,80,-2
3.28%h 1.803™ 0.4223¢ 1030%* 877.4° 800
3.203" 1.735™" 0.3928" 10794 977.44 1000
3.153" 1.872™ 0.3468" 941.3¢ 1127° 1200
4.52° 2.50>" 0.5750° 1142°" 39.98" 0
4,963 2.237%* 0.5598" 1079 261™ 200
3397 1.942M 0.4714° 1277°F 361 400
3.527°" 2.439°¢ 0.4069 958" 44431 600 Blank
317" 2.026%* 0.4146" 10124 721.9" 800
2,593 1.941™ 0.3961™ 10714 838.6 1000
2.17% 1.708" 0.36° 1036%* 877.4° 1200
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Table 3. The interactive effects of different levels of soil Zn and types and rates of amendments on dry weight
and elemental composition of below ground part of radish.

S U el bl A bl ol ks Sy hle ©oo ks e
Dry weight K Concentration P Concentration  Fe concentration  Zn concentration Zn concentration Treat ;
reatmen
(g. pot) (%) (%) (mg/kg soil) (mg/kg soil) (mg/kg soil)
5923 2453 0.5175* 886.3 & 41.65" 0
2.577 ¢ 2.542 7 0.3854 ° 879.6 &1 261 200
3.573 ¢ 3.020 > 0.3121° 1088 > 383.2M 400
2433 M 2.959 ¢! 0.2413" 990.2 4 422.1°¢¢ 600 EDTA-1
1.753 ™ 2.809 ¢! 0.2221° 1276 ** 483.1¢ 800
1.197 % 2.631 ™ 0.2064 " 1339*¢ 533.1° 1000
1.107™° 2469 0.1594 1293 *¢ 4332 1200
4.190 ¢ 2.839 ¢ 0.4381° 702.59 45.54° 0
4973 2.980 ¢ 0.2962 " 952.4 ¢ 283.24m 200
3.00 ™ 2.457! 0.28117 731.97 438.7° 400
1.963 ™ 290! 0.2612F 1276 *F 492¢ 600 EDTA-2
1.593 0 2.899 ¢ 0.2514% 1477°¢ 512 800
1.04™ 2.50M 0.2393 ™ 1443 ® 572° 1000
0.7333° 25124 0.2216° 1395 < 633.1° 1200
3.593 ¢f 3.10 % 0.2344 " 1077 ¢ 37217 0
3.890 ®© 3.283 ¢ 0.2193 ¢ 1167 *" 199.9 ¢ 200
4077 3237 0.1826" 1068 249.9 ™° 400
2.260 " 2.884 ¢ 0.1743 " 1074 ¢ 277.7 %" 600 H,S0,-1
2.073 3.190 *f 0.1599 * 1084 29437 800
1.6374™" 2.674™ 0.1239* 957.4 ¢ 305.4 % 1000
0.710° 2.690 &' 0.1152* 1040 ¢ 3611 1200
4323 %4 2.839 ¢ 0.2544 1001 % 39.98" 0
4260 "¢ 2915 ¢ 0.2379 ™ 851.3 ¢ 2443 ™ 200
4.823%° 3.159 *¢ 0.2008° 909.1 4 277.7%" 400
2.113 3.174 0.1835" 1083 > 37210 600 H>S04-2
2.043 3.346*¢ 0.1621" 1083 > 3943 ¢ 800
2.040 ™ 3.378 ¢ 0.1570 ¥ 966.3 ¢ 405.4°h 1000
1.850 ™" 3.457® 0.1382*% 1190 *¢ 399.8 ™ 1200
4777 *° 3.068 > 0.3220¢ 808.6 M 41.65° 0
4,887 3.567° 0.3116°¢ 1210 *¢ 208.3 P4 200
4.140 *¢ 3.134 " 0.2972° 985.7 4 233.2 °4 400
3.267 ¢ 27211 0.2642" 851.3 ¢ 233.2°4 600 Blank
3.010 ™ 3.190 *f 0.2360 " 1149 *h 29437 800
2.393 M 3.284 ¢ 0.2240° 1105 " 316.57 1000
1.327 % 3.067 0.1770" 1100 > 377.6M 1200
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Figure 7. The Effects of types and rates of amendments on Zn concentration in aerial parts of radish.
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Table 4. The Effects of types and rates of amendments on Zn uptake and translocation factor in radish.
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Figure 11. The Effects of types and rates of amendments on P concentration in aerial part of radish.
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Figure 16. The Effects of different levels of soil Zn on Fe concentration in aerial parts of radish.
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Figure 17. The Effects of different levels of soil Zn on Fe concentration in below ground part of radish.
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Abstract

Background and Objectives: Soil pollution by heavy metals is a major environmental problem
which has negative effects on human, animal, ecosystem and agricultural productions health.
Phytoremediation, a technology that involves plants, is an effective, cheap and environmental
friendly method for cleaning polluted soils. Chemical phytoextraction is a method that makes
use of chelating agents and mineral acids to enhance uptake of heavy metals by plants. The aims
of this study were: (a) determining the potential of the radish plant for Zn extraction from
polluted soils, (b) assessing the effects of different additives (EDTA and H,SO,4) on enhancing
Zn uptake by radish plant and (c) assessing the effects of different levels of soil Zn on radish
growth and Zn concentrations in above and below ground parts of this plant.

Materials and Methods: A Factorial experiment was conducted in soil science lab, using a
completely randomized design and three replications. The experimental factors were types and
rates of additives (10 and 20 mg EDTA /kg and 0, 750 and 1500 mg H,SO4kg) and levels of
soil Zn (0, 200, 400, 600, 800, 1000 and 1200 mg/kg).

Results: The results showed that the application of additives increased the concentrations and
uptake of Zn in above and below ground parts of radish and decreased their dry weights.
Application of 20 mg EDTA/kg soil caused the highest concentrations of Zn in the above and
below ground parts of radish and increased 304 and 182 mg/kg respectively compared to the
control. Application of 20 mg EDTA/kg soil increased Zn uptake by plant by 28.7 percent. 20
mg EDTA /kg soil, 10 mg EDTA /kg soil, 1500 mg H,SO, /kg soil and 750 mg H,SO, /kg soil
were better treatments respectively. Zinc concentrations in aerial parts were higher than those of
below ground parts and the highest concentration of Zn in these parts were 8§10 and 425 mg/kg
respectively. The dry weights of above and below ground parts of radish decreased but Zn
concentration of these parts increased as the Zn levels of soils increased. An antagonistic effect
between p, K, Fe and Zn uptake was also observed.

Conclusion: In general the results showed that the radish was a Zn hyperaccumulator plant
having translocation factor of greater than 1 and can be used for phytoremediation of Zn
polluted soils. The application rate of amendments had significant effects on their performance
and inappropriate application rate, had negative effects on phytoremediation. Based on the
results obtained in this experiment, the application of 20 mg EDTA/kg soil is recommend for Zn
phytoremediation.
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