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4- Ethylenediaminetetraacetic acid
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4- Substrate-Induced Respiration

OhSen 5 55.(39) amd e s SB 3 o M I3
cbale ¢l 217 4600 (5153l s 4 (23) guiansinl 4 (39)
233,555 EDTA abwg &y 1) SB- Jolora 55 oy
g dy &S Jloj dy s SB  Joloro &jgo 4 il
Aitwd SB 3 550 g ol claawSTL J ol 5 b juSheS
e (41) b S hlasle b, o o e 3]
5 9 ) St 38 L EDTA (lauSlaS” s EDTA
OSoe g 15)b S lase )3 (63 Cuoms g CdMo g o5 olond
OHeSen 5 S5 (27) sley L S 5 ole cpais cly ol
i U wSloS” LS5 ¢l EDTA &8 158 )55 (42)
b goaxio gl yiiSTly (5 yme 13 g lS od Jor polaid] S
8l b ol 1 38 )8 S 3 sl sl pgls S
yolic Cuxdg ) i Jio) SB olows sla Shg p cqu
C)Jaau’.)l)i)u)l I))Lu ..\.wl) Mlb(d).\mwfsd).\mﬁ ‘_s.JL\Q
u_,\(l_mL.S d‘l)_) ‘_s.a_.wl.m 4_..)/5 J‘—"?’u—"" EDTA « .)9».,&
I sl 4 a3 55 059l cpl pli 3L 0y @ 0391 S

Ol g el 03 g a8 {(LMWORAS) o e iy b
©)A8 il e ionen g yeS Comms Vb (phiis I las
‘_;):J som c;l)i'l Aon )a PRES-IWEN )13)95)4 YL Suseds
Je‘ﬁ)alo .( ) ; u‘;lﬁle)e.%deﬂv by pusheS” St
5 (7) w2300 (1al33l olS alsg 411, Clilé Gl g cfMo a2
sbaShy 9 S (29,50 Cllid pudiine 1é j5b 4 Wl oo

(39) stz du0e 1y yhogiey seloord 5 (Su3d
&S K oy Abgrge ol SB Il 5y Hle cpl )

).) Jo)lb Cony m dl))

Cuzo> 9 &94) )I ulygra 9 -‘**fu“ do)>o I) l!bo.lu\” ‘_s.m ul))l
Gy baome (Sapdlamys GLoj)) sl (oad i lsie 4 ol
O oL ol Singy atsiS gl e b ;5 .(35) 5,8 ool
935 ‘20) BY wls), Sk ul)l..\:b).:) » e MS ))).)lf ))I =y
95w cld EDTA &S 15,5 5,15 (35) 51,2136
3y)LS 4S5l Lss (20) 1y lge ol ials |, I)*W%“’ Gyao g
Sl amgs Job e b as |, S g,See cuud EDTA
5 EDTA (3g38l o8 JJ.3>)§ oyl (36) o)) e g loze .zm&,
9 (Jsdoxe (N 3255) DOC (9,8 i (S & "NTA
S 5 2955 g (S 9 Rl (i Sl enld
o=l 5315580 30 (oS CleMbl Lol aad o yialS 1y 59y i
S ol 3l el ) 3939 S slaes 35T cullad y lacsMS

1- Low Molecular Weight Organic Acids
2- Nitrilotriacetic acid
3- Dissolve organic carbon
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Table 1- Some physical and chemical properties of studied soil
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Figure 1- The effects of EDTA and citric acid on concentration of available lead with incubation time
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Figure 2- The effects of EDTA and citric acid on dehydrogenase activity with incubation time

1- Ethylenediamine-N,N'-disuccinic acid
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Figure 3- The effects of EDTA and citric acid on urease activity with incubation time
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Introduction: Application of EDTA may increase the heavy metal availability and phytoextraction
efficiency in contaminated soils. In spite of that, it might also have some adverse effects on soil biological
properties. Metals as freeions are considered to be severely toxic, whereas the complexed form of these
metalswith organic compounds or Fe/Mn oxides may be less available to soil microbes. However, apart from this
fact, some of these compounds like EDTA and EDTA-metal complexes have low bio- chemo- and photo-
degradablity and high solubility in their own characteristics andable to cause toxicity in soil environment. So
more attentions have been paid to use of low molecular weight organic acids. (LMWOAS) such as Citric acid
because of having less unfavorable effects to the environment. Citric acid increases heavy metals solubility in
soils and it also improves soil microbial activity indirectly. Soil enzymes activity is a good indicator of soil
quality, and it is more suitable for monitoring the soil quality compared to physical or.chemical indicators. The
aims of this research were to evaluate the changes of dehydrogenase, urease and alkaline phosphomonoesterase
activities, substrate-induced respiration (SIR) and Pb availability after EDTA and citric acid addition into a
contaminated soil with PbCl,.

Materials and Methods: An experiment was conducted in a completely randomized design with factorial
arrangement and three replications in greenhouse condition. The soil samples collected from surface horizon (0-
20 cm) of the Typic haplocalsids, located in Mashhad, Iran. Soil samples were artificially contaminated with
PbCl, (500 mg Pb per kg of soil) and incubated for one months in 70 % of water holding capacity at room
temperature. The experimental treatments included control, 3 and 5 mmol EDTA (EDTA3 and EDTA5) and
Citric acid (CA3 and CA5) per kg of soil. Soil enzymes activity, substrate-induced respiration and Pb
availability of soil samples were determined by standard methods after 7, 14, 21 and 28 days of chelates
addition.

Results and Discussion: The soil texture was loam and the indigenous Pb content was 25.55 mg kg™. The
soil pH was 7.4 and electrical conductivity of saturated extraction measured 2.5 dS m™. The soil carbonate
calcium was 14% and the content of organic carbon and essential nutrients were low. The results showed that
EDTA3 and EDTAS treatments increased Pb availability by 2.17% and 10% compared to control treatment but
CA3 and CAG5 treatments decreased it by 3.8% and 15.7% respectively. The Pb availability in control and
EDTAGS treatments did not change during the incubation time. The available Pb concentration dropped sharply
during the incubation time in EDTA3, CA3 and CAS5 treatments. The reduction rates in CA3 and CAS5 treatments
were more than EDTAS treatment. This may be due to the high stability and low biodegradability of EDTA than
biodegradable chelators and low molecular weight organic acids. The results showed that urease and
dehydrogenase activities were significantly reduced in EDTA3 and EDTAS treatments compared to control
treatment. Urease and dehydrogenase activities were decreased with the increase of EDTA concentration.
Alkaline phosphomonoesterase activity was not affected by the EDTA3 and EDTAS treatments. In CA3 and
CAG5 treatments, dehydrogenase and alkaline phosphomonoesterase activities significantly increased with
increasing the concentration of citric acid. CA5 treatment showed a prominent effect on urease activity compare
to CA3 treatment. The soil enzyme activities increased with incubation time. It seems that reduction in Pb
availability causes an increase of soil enzymes activities. Significant negative relationships were found between
soil enzymes activities and available Pb concentration (dehydrogenase activity (r=-0.906, P<0.05),
alkalinephosphomonoesterase activity (r=-0.747, P<0.05) and urease activity (r=-0.539, P<0.05)). The results
showed that soil enzyme activities were affected by Pb availability. The results also revealed that substrate
induced respiration enhanced by adding EDTA and Citric acid but additive effect of Citric acid was more than
EDTA. The CA3 and CAS treatments increased substrate induced respiration by 60.14% and 60.5% compared to
control treatment, respectively. The effects of EDTA on substrate induced respiration depended on the EDTA
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concentration. The application of 5 mmol EDTA per kg of soil did not significantly effect substrate induced
respiration but the 3 mmol EDTA per kg of soil incresead it by 22.11% compared to control treatment.

Conclusion: Based on our finding, EDTA application increased Pb availability as compared to control. In
comparison with EDTA, Citric acid did not have ability to increase Pb availability. Activity of soil enzymes
significantly were reduced by EDTA application. On the contrary, soil enzymes and microbial activity improved
significantly by Citric acid applications. It is suggested that lower EDTA application and higher Citric acid
concentrations can be considered for futures studies.
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