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3- Ethylenediaminetetraacetic acid

4- Ethylenediamine-N,N'-disuccinic acid
5- Low molecular weight organic acid 1- Phytoremediation
6- Nitrilotriacetic acid 2- Phytoextraction
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1- Dissolve organic carbon
2- Alkaline dimethyl sulfoxide
3- Adenylates
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1- Geometric mean of enzyme activities
2- Total enzyme activity
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Table 1. Some physical and chemical properties of studied soil.
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Figure 1. Concentration of soil available lead in studied treatments. Control (without chelating agent), EDTA3
and EDTAS (3 and 5 mmol EDTA per kg of soil) CA3 and CAS (3 and 5 mmol CA per kg of soil).

Sloles romen L3l (L15 dald Sled 4 Sl
TN 5 Y Ll e o e CAS 5 CA3
I 5T s ol Skl s plul i 035
Jeds) Ldd s Js = olsa (‘mt i O
UL 5 Ola ags ol b b sl (O
sldie 4 EDTA 5 )8 a8 Wsges 55058 (Y0V)
o)l St S s eSS 53 Jpeden Y 5 00
oS aiy, S O3y obsme Lsba o v
5,8 O e 4 ol |y Iris halophila Pall.
CA 5,5 &S > 55 sls rals amsed S bl
3 oAby S Ohs Rl e GBS e s
(08 43 oS sl a el
EDTA slajles 3 oS i 035 el
cble pmes 5 EDTA e 31 Jsa Yl
St s s PB-EDTA sl .SLaS VU

oy

plod 53 S ysbarialgn Il 5 ady; S 05
3 Sk Ol Sl oS S 035 slde Lajles
S ol DL i g s Ja 5 olS SE 0
ol 5 ady, St O35 e 4 S Sa)
050 NP s 4 ol 1 6lS 53 a alss
Jsdz) sls 1als (ol imn sbay (G (So 41
sl il s Aty S 033 EDTA 5,8 (Y
Al sles 4 Cand (ol3 sme Hsba ) olS 5> e
e CA 5,05 EDTA ool , sls ials
33 03 gl Pl el S 05
Gis P eme S CA S s elS
oLS 53 a3 glsm plll b aslie 55wl S
SMds CAS 5 CA3 (sl s o 5ls 0l s 3
SV e 1 O Soll i, i 0gs



SR ba 1 elS as, S lagls 4
Ll 55 o Yo CA SIS (67 X)) das e 35
S s ededse spg 15 olS (55 5 sl e
A (8Y) 255 oS sy bl crse b
oS Wiy il 5l iss hasn ol s J
Ao Al e BE el e Ll

il Sl 53 CA 5,8

Wioy S5 80 5 Else Llg o EDTA 1,5 asl
(08) 03,5 5 S o 35 15 Pl e &S
Golae 4 olS Uy5s Sl Vb e o
03,5 Jd ol cpl 5 555 olS Ol 5l 5 ke
anSy g laslh o blie s el la)lS 5L
Sodaze Sla iass (EY) 55 e olS A, alS
031 lalams ;3 CA 5,8 &S Kles S 5,158

(OIS 5 ¢ 3) (plgn phiil 5 ady) Sis 055 » CA HEDTA lacd S 5 o S1-Y Jgor
Table 2. Effect of lead, EDTA and CA on root and shoot dry weight (g pot™).
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NP (without Pb and without chelating agent), Control (without chelating agent), EDTA3 and EDTAS (3 and 5 mmol
EDTA per kg of soil) CA3 and CAS (3 and 5 mmol CA per kg of soil). The rows with different letters indicate

significant difference at P<0.05.
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Figure 2. Effect of EDTA and CA on amount of Pb accumulation in plant organs. Control (without
chelating agent), EDTA3 and EDTAS (3 and S mmol EDTA per kg of soil) CA3 and CAS (3 and S mmol CA
per kg of soil).
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Abstract

Background and Objectives: Chelate induced-phytoextraction is one of the methods for
remediation of heavy metal contaminated soils that have been attracted a lot of attention in the past
decade. So far more attentions have been placed to effects of chelating agents on heavy metal
solubility in soil and their uptake by plants, while there are less information about their side effects
on soil environment and organisms. Soil enzyme activities can be suitable indicators to assess soil
recovery after different remediation processes. The aim of this study was to evaluate the effects of
EDTA and Citric acid (CA) on soil enzyme activities as well as lead (Pb) uptake by Indian mustard
and sun flower.

Materials and Methods: This study was conducted in a completely randomized design with factorial
arrangement and three replications in greenhouse condition. The experimental factors were chelating
agent treatments and plant types. The chelating agent treatments were including Control (without
chelating agent), EDTA3 and EDTAS (3 and 5 mmol EDTA per kg dry soil), CA3 and CAS5 (3 and 5
mmol CA per kg dry soil). The plant species were Indian mustard (Brassica juncea) and sun flower
(Helianthus annus). Also additional treatment (without Pb and without chelating agent) was considered
to evaluate the effect of Pb on plant dry weight and soil enzymes activities (NP treatment).

Results: The results showed that EDTA was more effective than CA for increasing available Pb
concentration. Unexpectedly, the addition of CA into soil significantly decreased available Pb
concentration compared with the control treatment. The results showed that between two studied
chelating agents, the EDTA was appropriate for increasing Pb uptake by shoots and CA was
appropriate for increasing Pb uptake by roots. The highest Pb uptake by root (2.99 mg Pb per pot) was
observed in Indian mustard using 5 mmol CA per kg dry soil. Also the highest Pb uptake by shoot
(1.74 mg Pb per pot) was obtained by Indian mustard with EDTA3 treatment. The results showed that
soil treated with EDTA led to hormesis effect on dehydrogenase and phosphomonoestrase activity,
GMea and TEA indices. The EDTAS treatment decreased GMea and TEA indices while, the EDTA3
treatment increased these indices compared with the control treatment. The addition of both
concentration of CA into soil significantly and considerably increased the studied soil enzyme
activities as well as GMea and TEA indices compared with the control treatment.

Conclusion: In EDTA3 treatment the shoot Pb uptake amount was higher than control treatment
and, furthermore, it improved GMea and TEA indices. The EDTAS treatment had lower efficiency
than EDTA3 in increasing of shoot Pb uptake and also it decreased GMea and TEA indices
compared with the control treatment. The addition of CA into soil was probably more suitable option
for Pb phytostabilization in the studied soil and also considerably increased TEA and GMea indices
compared with the control and NP treatments.

Keywords: Chelating agents, TEA and GMea indices, Available Pb concentration, Phytoextraction
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