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Abstract

One of the most important factors limiting the growth and yield of plants is the zinc deficiency. Considering
the importance of recycling rubber tires and the possibility of using them in agriculture, the present study
aims to investigate the effect of organic ligands on the availability of Zn in rubber ash-treated soils. The
present research was carried out in factorial form in a completely randomized design with three replications
under greenhouse conditions. The treatments included four levels of rubber ash (0, 0.25, 0.5 and 1 %w/w)
and three levels of organic ligands (control, citric acid and EDTA with a concentration of 1.5 mmol kg*
soil). The results showed that the application of organic ligands in soils treated with rubber ash could not
affect the vegetative traits of corn plants, while the concentration of Zn in the aerial organs and plant roots
increased with the application of organic ligands in pots treated with rubber ash. The highest concentration of
Zn was observed at the level of 1 %w/w rubber ash and with the use of EDTA ligand. In addition, the
concentration of Zn extractable by DTPA in the soil increased significantly with the use of rubber ash
treatment. The results also showed that the treatment of rubber ash, ligand and their interactive effects did
not affect the concentration of Cd and Pb in plants. The results of this research showed that the tire rubber
particles could provide zinc required by the plant in a short period of time. Of course, it is necessary to study
the effects of gases produced during rubber ash production on human health and the environment.
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Background and Objective: Zinc deficiency has become a warning factor in many agricultural soils around
the world, including Iran. In order to maximize the productivity of plants, it is imperative to ameliorate the
issue of Zn deficiency (Nasirzadeh et al., 2023). Todays, in addition to chemical fertilizers, the use of soil
amendments such as municipal waste ash, animal and plant fertilizers, and biodegradable polymers has been
considered. Tire rubber is rich in Zn and may be used as an effective and safe fertilizer source for supplying
this nutrient with no risk of heavy metals contamination (Moghaddasi et al., 2015). It is reported that ground
tire rubber and rubber ash are efficient amendments for increasing bioavailable Zn in calcareous soils
(Nasirzadeh et al., 2023). The aim of the present study was to investigate the effect of tire rubber ash and
organic ligands application on the bioavailability of Zn in a calcareous soil and uptake of this element by
corn.
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Methods: The experiment was performed as factorial in a completely randomized design with three
replications. Factors included tire rubber ash at four levels (0, 0.25, 0.5 and 1 %w/w) and organic ligand at
three levels (control, citric acid and EDTA at concentrations of 1.5 mmol kg?). Before planting, soil samples
(0-30 cm) from an agricultural field were collected, air-dried, and crushed to pass a 2-mm sieve. Samples of
tire rubber debris were obtained from the Rubber Industry of Barez Tire in Iran. Rubber ash was produced by
ashing ground tire rubber in a furnace at 550 °C for 12 h. Rubber ash was added to the pots at four levels (0,
0.25, 0.5 and 1 %w/w). The germinated corn seeds were planted in each pot, and each pot was irrigated with
distilled water. After 7 weeks, seedlings were cut at the soil surface and the roots were washed free of soil.
The concentrations of Zn, Fe, Pb and Cd in the shoot and root of corn plant and in the soil were measured by
an atomic absorption spectrometry. Growth traits measured in this experiment include stem diameter and
height, leaf area, shoot and root dry weights, and fluorescence chlorophyll.

Results: The results showed that the Zn concentration in the tire rubber ash samples was about 5%. The
application of rubber ash did not significantly affect the growth traits (stem diameter and height, leaf area,
shoot and root dry weights, and fluorescence chlorophyll). With increasing rubber ash levels, shoot and root
Zn concentrations increased by 4- and 10-folds as compared to control, respectively. Furthermore, the
application of EDTA ligand to the rubber ash treated-soil resulted in 8- and 72-fold increases in the shoot
and root Zn concentrations as compared to the control, respectively. Additionally, adding rubber ash alone to
soil and co-applying EDTA ligand and rubber ash increased bioavailable concentration of Zn by 132- and
161-folds, respectively, as compared to the control. At the highest level of rubber ash (i.e., 1 %w/w), with the
application of EDTA ligand, the concentration of DTPA-extractable Fe in the soil increased by 33%
compared to the treatment without ligand. The concentrations of Pb and Cd in the shoots and roots in all
treatments was below the detection limit of atomic absorption spectrometry. Besides, single addition of
rubber ash to soil and co-application of EDTA ligand and rubber ash increased the bioavailable concentration
of Zn by 132- and 161-folds as compared to the control, respectively.

Conclusions: Results of this study showed that the use of rubber ash can increase the bioavailability of soil
Zn and meet the plants need for zinc. Of course, it is necessary to study the effects of gases produced during
rubber ash production on human health and the environment.
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Table 1. Physical and chemical properties of the studied soil
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Table 2. Results of analysis of tire rubber ash elements
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Fig. 1. Mean comparison of the interactive effect of rubber ash and organic ligand on the DTPA extractable Zn content in soil; The
bars with similar letters are not significantly different (Duncan, p < 0.05).
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Fig. 2. Mean comparison of interactive effect of rubber ash and organic ligand on the DTPA extractable Fe content in soil; The bars
with similar letters are not significantly different (Duncan, p < 0.05).

)5 Gl sean O, 8 fagiy plw mls Ly a S el
S A oly s iash s (Moghaddasi et al., 2015)
SoalS o e o35 b glacsaaY sl 5 3 3 08
o 4l opl cle oS s S S s ez B el Ol
s Skt a b SaaY sdds = Slyd Ll s 4 Ll

(Bidaki et al., 2012) 1L by e ool b 5, nb,

DTPA b (5,5 las | pguosls 5 o chile
e e SRS s aS sl 0L Waesls il )l 45 @L:.l
oL byl a5 d).le-)q,.;:\:djbg.uﬁj‘lj O
B c(v J;\_J) u:i.:l_:o ww @L’b wl.w‘f (K;a.«.«ll s LES 63l
£33 Ao ) 5o/ a5 8 L (ald) WIS 05 Sles
o0 3L Gl e s VY 5 P S e mSb Gl e
Y2 sVe o fas dal o L alie 53 a S el io

A OIS sy S s Rl Shash s B
Lo s 0ls, bl cis s Sbt ez Jlb ool i
Zeinali ) ¢l (aul58l gyl pme jsba SawY s 5,8
05, SIS LEDTA WK dwy o Jkia .(Behzadan, 2011
oal (SanY xSl 5 Sl el gslaslsl 2al3l 5 cal
S ol ol 5155 Ll eals Rl |y S ez LG
Lol o Lol SN L ol jon 5 1200S juolis 3 S
s Sbr e mes BB sl cble 53 (g)lsme M
Sl e il G e St sl CS 5 418 aS gla S
(Madrid et al., 2003) 43 S SULs 55 o iws [0 opal
clale L sl OLS bty (S n bl aS b
53 ol ades | G panaS obe plecble S 5 g
23 s BB AT (RIS Lelse 1 (S il el S
Jslss 4 SUs s pal aal 315 cul 5L pH S
5 oSt gla Sty 5 I esls (SULs pH il aleses
Malakouti Khoshgoftarmanesh, 2008) s ,I5 J<M~ oals
ol bl oS sl L ol tags s (et al., 2006;
Ol 53 35 g0 (555 s S Dl KoY S o

aA



e s3] 5 3 et oS 5 s ad, T s st O, 5 5,850

1.2
B OO0 ECitric acid AEDTA
% - 1.0 f
E
} E PN 0.8 c
o b C ??
gtj 2 3 0.6 | [FLy %
] E -is
S 3 04 [ %
% 2 .
0.0 4
0 0.25 0.5 1

(55 dee)3) S s L
Rubber ash treatment (% w/w)
Gy b gy 1S 3 DTPA L (5, Sojlas bbb o pu Jltis 5 JT UK 5 Ko sl 2iSes il o Ske amlis ¥ K3
(40330 Jlozl o 53 STl 0030 L0 s pme ol Szl

Fig. 3. Mean comparison of interactive effect of rubber ash and organic ligand on the DTPA extractable Pb content in soil; The bars
with similar letters are not significantly different (Duncan, p < 0.05).
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with similar letters are not significantly different (Duncan, p < 0.05).
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Fig. 5. Mean comparison of interactive effect of rubber ash and organic ligand on the root (B) and shoot (A) Zn concentrations; The
bars with similar letters are not significantly different (Duncan, p <0.05).

Ol KT oS (555 e 55 (6 St 4 b Sz
ds 3 olS s sy cale il el bl 5 ST sl
= e J_»lj.o 3l v.<; .(Khoshgoftarmanesh et al., 2012)
355 ol SLs s Dl5ls S o ol (sl Dl anl
B ol e Gl plend slasles Sl sl
00 ¢ sla g (Fazal etal., 2010) 555 0 oslizal
wle _laediS IS 03538 b 3l eal b hll L bLs |
ol el 503 Ll K 5w Al 5 EDDS (EDTA

uﬁ‘ )‘ ERTEEY C)\J.L‘B L L;JL“) J:SJ: J.:A db\b [FYSHATRE LY

Yol

Foo 5l 5t glachle ;5 ol caen 5 S Six U
Havlin et ) Aes 0 &, S S 0 Df,l:S); fﬁdu
s elales s asbis, olals Ll ;s Gl 2017
Sl s S p S S 2 p S ke Yoo Sl e 2l SN
Nasirzadeh et al., 2023; ) cul ol sdal i aLS
sl o wlul o (Khoshgoftarmanesh et al., 2012
e S Do Wl S aSl 58 el
Ars Rl g S5 psban ) b olS A (g5 Ake
03558l 5,8 5,58 o Kiaa s, (Nasirzadeh et al., 2023)



bb&qﬁ 3 GJ@)LL

\f°f_)\.g..1/s.§.lo_)\.~§/r-&.>}'5\g JL«/AL:?}\S\" .h..»b)

o lus Ll opal bl
Shoot Fe concentration
(mg kg1

OO0 BECitric acid BEDTA

0.25
(55 dee)3) S s L
Rubber ash treatment (% w/w)

Gl sme Sl S i Gy b slao gt ol ls cpal il JT K 5 Ko s 2iSen oSl alie £ S

bed

de

O,y

0.5 1

(2033 0 Jlez| o 3 oSSl RIS )IRHRT

Fig. 6. Mean comparison of interactive effect of rubber ash and organic ligand on the shoot Fe concentration; The bars with similar
letters are not significantly different (Duncan, p < 0.05).

g YL s (s il ialS (gl e 5 sbar LK
¥ al ol an o aee EDTA 1S 5, oKy 2sls
WO O Do b amglie 53 o5l il ke gas s
5 G Wl G pnnsS ole 5l ol sl Sl A
SRS L olS il slacand 4 JUSl 5 Dl s pal
sl Sl sl sl bl asg ) sban L)l UG,
o= (Neue et al, 1998) 5,5 o oLS 53 cal Jlasl
LS e L5 e Sz Slols i Sl gy SRl
S 3 iz ol 3 b 5l 535 elS s el Cle
Nasirzadeh et al., ) das o JalS 15 olS 53 65,5 Izl
oAl s dher 5l ol olie & col sl 551582023
L oplest by aio 31 JUasl sladgl b s Yzl 55
e dke (Hamzehpour et al., 2010) 1S o oo, Su
3 S L 35 e 03533l St & EDTA &S Sl o
as S5SN8 oS s 3 5 eds J IS 50
S eals by ol eal 3 2158l 5 03503608 LUl EDTA
S o= EDTA O pas (S (g5, 005 chle w a5 L
SRS e 5 ol sl 4 e oS als SRl 5 A |

(Tandy et al., 2006) » 45 . &T ol

5 Ll @ a0l Jlml 5 Codr e sm «IDlsl 201531 6 5,
oslial oS o)Ll 4 ady, 1 0T plrals JS b
.(January et al., 2008) L & .0
e V0 Clle L EDTA 5 )8 oS ol ol J5)158
o letli 55 (g5 o Rl 4 aie St e S 4 J g
LA:«“‘/VOC,_M.GL&J.::W .L.:.v-" )f)lswé:r.h A Q)J
)‘JTM &.‘J_%‘MJAQ)J el_S)J Sk ¢J§}L§JJJ}4
A 0T 3, Oy gl 5 b alie 53 o5l ls (g5, ol

.(Taheripur et al., 2016)

oLl ool chle
Sl ey S a8 sl 0L Waasls bl s ol
AU bl el cble o 0 5 Sy s
ol o3ly QLS Geiloly e ot Jsdar) Sdls (Gols pms
L O slass 53 (5SSl e s el (el
e AP JS8) Sal S e Al (dall)
33 83,8 L cill olS oylestle ol clale (gl
FeSB 35 Ao /Y0 5 i gl 53 IO 6
O o Ly avglie 3 ol o plels ol clale (SaY



PS5 RPRCTRS S WOR N g SR - SR | P P LA

D‘)Kﬁ.ﬁ 3 LSJ@"L.’.

S L edii s glasts s I gleas&I s LS
U PR CWICH [ R WS SN S H [ JPRE St |
JUTaS sy s e slgndy hass cnl mld 4 e s Lol ol

S Rl 5 S5

é\ﬁdw)f.a&g)a&@\sgu%tw-)‘%} R

ﬁijjajb.ﬁ-urxﬁ:ls‘gyﬂw

e SL slie Jsay sls LS faass ol 5l ol Cb
@)}h)h«éu Cﬂb&%c@&élﬂ@): rﬂ)lfj
u_dlg.le-alf:wsu.a.?'hij.b-jjjéu)LQm):an
MH)LKA‘@YMB-)L@JQJQJ];j):ﬁ
M\ke%uﬁmjd)‘bwﬂtugﬂwja
3,03 Glyseen 50 O‘Ji_:‘.h}}:ﬁl_«: ‘_gl_aulil..c"l:g o2
.(Nasirzadeh et al., 2023)

S (S e

oSl 3 LS S sl QLS ey ol 5l ol il

GL" slas sbwslsT s ] Rosdle ;J wladu!l 5leslatl .ol esls

;WLQ&L& sl Cy@-"é .,U)‘J OL"J\ Jle dgv\-wv-j)-’ )‘Jjj\ﬁﬁl.j)bé})ﬁaw&jcabﬁudlﬂ d))J@&

J;)\Ju J:”'hjj'l U'l‘ LS'JJ JLA)L«A L.[ C‘SJ":" U:"'»'v‘JJ‘ ——r 4 EDTA J_tK.;j )f)ts ‘\SLS“U}f‘U me\ 03 4

\l_7°/()cla_w):¢;)55l_3§4_~i¢")ja)b.>lu‘_;))¢,.&l.&«

oalaul 2,40 cLua

1. Afyuni, M., Khoshgoftarmanesh, A.H., Dorostkar, V., Moshiri, R., 2007. Zinc and cadmium content in fertilizers
commonly used in Iran. International Conference of Zinc Crops, May 24-28, Istanbul, Turkey.

2. Alloway, B.J., 2008. Zinc in soil and crop nutrition. Second ed. International Zinc Association (IZA), Brussels,
Belgium and International Fertilizer Association (IFA), Paris, France.

3. Aravind, P., Narasimba, M., Prasad. V., 2005. Cadmium-Zinc interactions in hydroponic system using
Ceratophyllum demersum L.: Adaptive Ecophysiology, Biochemistry and Molecular Toxicology. Brazilian J. Plant
Physiol. 17(1), 3-20. https://doi.org/10.1590/S1677-04202005000100002.

4. Bidaki, M.Y., Hajabbasi, M.A., Khoshgoftarmanesh, A.H., Eshghizadeh, H.R., 2012. Effect of waste tire rubber
particles on some chemical properties of a calcareous soil. J. Sci. Technol. Agric. Nat. Resour. (J. Water Soil Sci.)
16(59), 101-115. (In Persian with English abstract)

5. Bloem, E., Haneklaus, S., Haensch, R., Schnug, E., 2016. EDTA application on agricultural soils affects
microelement uptake of plants. Sci. Total Environ. 577. https://doi.org/10.1016/j.scitotenv.2016.10.153

6. Brummer, G.W., Gerth, J., Tiller, K.G., 1988. Reaction kinetics of the adsorption and desorption of nickel, zinc and
cadmium by goethite. I. Adsorption and diffusion of metals. Eur. J. Soil Sci. 39(1), 37-52.

7. Cataldo, O.A., Garland, T.R., Wildung, R.E., 1983. Cadmium uptake kinetics in intact soybean plants. Plant
Physiol. 73(3), 844-848.

8. Chaney, R.L., 2007. Effect of ground rubber vs. ZnSO4 on spinach accumulation of Cd from Cd-mineralized
California soil. Abstract, Proceedings of the Water Environment Federation, April 16-18, WEFTECH, Denver,
Colorado. P. 993.

9. Dessureault-Rompre, J., Nowack, B., Schulin, R., Tercier-Waeber, M.L., Luster, J., 2008. Metal solubility and
speciation in the rhizosphere of Lupinus albus cluster roots. Environ. Sci. Technol. 42, 7146—7151.

10. Drazic, G., Mihailovic, N., Lojic, M., 2006. Cadmium concentration in Medicago sativa seedlings treated with
salicylic acid. Plant Biol. Plant. 50(2), 239-244.

11. Estefan, G., Sommer, R., Ryan, J., 2013. Methods of Soil, Plant and Water Analysis: A Manual for The West Asia



Db&mﬁ}d;\f)lﬂ \fﬂ'_)\.e/&o)w/rﬁ.:js\.;d\-w/o\.:f}ssuh.!b)

and North Africa Region: ICARDA. Beirut, Lebanon.

12. Fazal, H., Asghari, B., Fuller, M.P., 2010. The improved phytoextraction of lead (Pb) and the growth of maize (Zea
mays L.): The role of plant growth regulators (GA3 and IAA) and EDTA alone and in combinations. Chemosphere
80(4), 457-462. https://doi.org/10.1016/j.chemosphere.2010.04.020

13. Fine, P., Paresh, R., Beriozkin, A., Hass, A., 2014. Chelate-enhanced heavy metal uptake by Eucalyptus trees under
controlled deficit irrigation. Sci. Total Environ. 493, 995-1005. https://doi.org/10.1016/j.scitotenv.2014.06.085.

14. Grant, A., Bailey, L.D., 1997. Effects of phosphorus and zinc fertilizer management on cadmium accumulation in
flaxseed. J. Sci. Food Agri. 73(3), 307-314.

15. Grant, C.A., Clarke, J.M., Duguid, S., Chaney, R.L., 2008 Selection and breeding of plant cultivars to minimize
cadmium accumulation. Sci. Total Environ. 390, 301-310.

16.Havlin, J.L., Tisdale, S.L. Nelson, W.L., Beaton, J.D., 2017. Soil Fertility and Fertilizers: An Introduction to
Nutrient Management. 8th Edition, Pearson, Chennai Dehli, India.

17. Hamzehpour, N., Malakouti, M.J., Majidi, A., 2010. Zinc, iron and manganese interactions in various organs of
wheat. J. Soil Res. 24(1):1-8. (In Persian with English abstract)

18. January, M.C., Cutright, T.J., Keulen H.V., Wei, R., 2008. Hydroponic phytoremediation of Cd, Cr, Ni, As, and Fe:
can Helianthus annuus hyperaccumulate multiple heavy metals? Chemosphere 70(3), 531-537.

19.Jez, E., Lestan, D., 2016. EDTA retention and emissions from remediated soil. Chemosphere 151, 202-209.
https://doi.org/10.1016/j.chemosphere.2016.02.088.

20.Karimi, A., Moezzi, A., Chorom, M., Enayatizamir, N., 2019. Chemical fractions and availability of Zn in a
calcareous soil in response to biochar amendments. J. Soil Sci. Plant Nutr. 19, 851-864.

21.Kashian, S., Fathivand, A.A., 2015. Estimated daily intake of Fe, Cu, Ca and Zn through common cereals in Tehran,
Iran. Food Chem. 176, 193—196. https://doi.org/10.1016/j.foodchem.2014.12.021.

22.Khoshgoftarmanesh A.H., 2008. Evaluation of Plant Nutritional Status and Optimal Fertilizer Management. Second
ed. Isfahan University of Technology Publishing Center. (In Persian)

23. Khoshgoftarmanesh, A.H., Sanaei Ostovar, A., 2010. Effect of treated polymeric industrial by-products zinc
availability on corn characteristics in a calcareous soil. J. Sci. Technol. Agric. Nat. Resour. (J. Water Soil Sci.) 13, 91-104.
(In Persian with English abstract)

24. Khoshgoftarmanesh, A.H., Behzadan, H.Z., Sanaei Ostovar, A., Chaney, R.L., 2012. Bacterial inoculation speeds
zinc release from ground tire rubber used as Zn fertilizer for corn and sunflower in a calcareous soil. Plant Soil 361, 71-81.
25.Liu, X., Wang, J., Gheni, A., ElGawady, A.A., 2018. Reduced zinc leaching from scrap tire during pavement
applications. Waste Manag. 81, 53—60. https://doi.org/10.1016/j.wasman.2018.09.045

26.Madrid, F., Liphadzi, M.S., Kirkham, M.B., 2003. Heavy metal displacement in chelate-irrigated soil during
phytoremediation. J. Hydrol. 272, 107-119.

27.Malakouti, M.J., Keshavarz, P., Karimian, N.A., 2008. A Comprehensive Approach Towards Identification of
Nutrients Deficiencies and Optimal Fertilization for Sustainable Agriculture, 7" ed. Tarbiat Modares University Press,
Tehran.

28. Moghaddasi, S., Khoshgoftarmanesh, A.H., Karimzadeh, F., Chaney, R., 2015. Fate and effect of tire rubber ash
nano-particles (RANPs) in cucumber. Ecotoxicol. Environ. Saf. 115, 137-143.
https://doi.org/10.1016/j.ecoenv.2015.02.020.

29. Nasirzadeh, A., Hamidpour, M., Abbaszadeh-Dahaji, P., Akhgar, A., Kariman, K., 2023. Zinc-solubilizing
Pseudomonas strains improve zinc nutrition of maize plants grown in sand amended with tire waste powder. J. Plant
Nutr. 46(14), 3450-3468, https://doi.org/10.1080/01904167.2023.2206424.

30.Neue, H.U., Quijano, C., Senadhira, D., Setter, T., 1998. Strategies for dealing with micronutrient disorders and
salinity in lowland rice system. Field Crops Res. 50, 139-155.

31. Saffari, M., Yasrebi, J., Karimian, N., Shan, X.Q., 2009. Evaluation of three sequential extraction methods for
fractionation of zinc in calcareous and acidic soils. Res. J. Biol. Sci. 4(7), 848—-857.

32. Shahid, M., Pinelli, E., Dumat, C., 2012. Review of Pb availability and toxicity to plants in relation with metal
speciation; role of synthetic and natural organic ligands. J. Hazard. Mater. 219, 1-12.
https://doi.org/10.1016/j.jhazmat.2012.01.060

33.Sinhal, V.K., Srivastava, A., Singh, V.P., 2010. EDTA and citric acid mediated phytoextraction of Zn, Cu, Pb and
Cd through marigold (Tagetes erecta). J. Environ. Biol. 31(3), 255-259.

34. Smolders, E., Degryse, F., 2002. Fate and effect of zinc from tire debris in soil. Environ. Sci. Technol. 36(17),
3706-3710.

35. Taheri S., Khoshgoftarmanesh A.H., Shariatmadari H., Chaney R.L., 2011. Kinetics of zinc release from ground tire
rubber and rubber ash in a calcareous soil as alternatives to Zn fertilizers. Plant Soil 341, 89-97.
https://doi.org/10.1007/s11104-010-0624-7.

36. Taheripur, A., Kiani, Sh., Hosseinpur, A., 2016. Effect of EDTA and citric acid on phytoextraction of copper and



e s3] 5 3 et oS 5 s ad, T s st O, 5 5,850

zinc from a naturally contaminated soil by maize (Zea mays L.) cultivars. J. Water Soil 29(6), 1493—1505. (In Persian
with English abstract)

37.Tandy, S., Schulin, R., Nowack, B., 2006. Uptake of metals during chelant-assisted phytoextraction with EDDS
related to the solubilized metal concentration. Environ. Sci. Technol., 40(8), 2753-2758.

38.Udovic, M., Lestan, D., 2009. Pb, Zn and Cd mobility, availability and fractionation in aged soil remediated by
EDTA leaching. Chemosphere 74(10), 1367—1373. https://doi.org/10.1016/j.chemosphere.2008.11.013

39. Wen, J., Stacey, S.P., McLaughlin, M.J., Kirby, J.K., 2009. Biodegradation of rhamnolipid, EDTA and citric acid in
cadmium and zinc contaminated soils. Soil Biol. Biochem. 41(10), 2214-2221.

40. Wu, L.H., Luo, Y.M., Christie, P., Wong, M.H., 2003. Effects of EDTA and low molecular weight organic acids on
soil solution properties of a heavy metal polluted soil. Chemosphere 50(6), 819-822.

41. Yong-Liang, C., Yu-Qiang, G., Shi-Jie, H., Chun-Jing, Z., Yu-Mei, Z., Guo-Ling, C., 2002. Effect of root derived
organic acids on the activation of nutrients in the rhizosphere soil. J. For. Res., 13(2), 115-118.

42. Zeinali Behzadan, H., 2011. Microbial Degradation of Tire Rubber Wastes in Soil and Its Effect on Heavy Metals
Uptake by Corn and Sunflower. MSc Thesis of Soil Science, Isfahan University of Technology, Iran.

43.Zhang, F.S. 1993. Effect of Cu deficiency on Zn uptake rate of wheat plants. Acta-Pedol. Sin. 235, 129-134.

44. Zhang, T., Wei, H., Yang, X.H., Xia, B., Liu, J.M., Su, C.Y., Qiu, R.L., 2014. Influence of the selective EDTA
derivative phenyldiaminetetraacetic acid on the speciation and extraction of heavy metals from a contaminated soil.
Chemosphere 109, 1-6. https://doi.org/10.1016/j.chemosphere.2014.02.039.



