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Table 1. Summary of the Tessier sequential extraction method used in this study (38 and 43).
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Figure 1. Effect of aluminum and iron sulfates on Zn-DTPA in different times.



OySed 9 (3 o

S g3 4 S Aol 0558l L (Y0Y0) e
Ol e et = 058 sl S5 b Sl
L5,8 SS L Kp cuyb 53 gdos VO 5 Y
sl S L2 glder o I/ (YY)
UL el R L ke 5B ol 4 S
AL opl JMae il e SRl S ol 4 Joled
el Dl 53 /8T 4 dals S s v /EY
S Aoy W ol Sl 3 /810 w5 S s
o S Ll ulpl 5 s Sl s Sa
VW) OLes 5 Gl ol Gy) e ol
NCVES P RC IS (I-PCIS V2 P ST X5 505 Ol
T Sl s stk Sl KL WSl e
Sl (8) il 3l e (el
(Yorr) OLas 5 Ot A3l st gy
Ol Sl eS|y g5y e ol
LKE ol o pslas 5 dsls 513 anlas 3540 )y
Ll/n s VWG eey oy cilise glaS (gl
YY) s ged Jasl8 /M B0 /EY
SSlim Sy 5 oSN dokes G ool
DAl b 5l GlYSS Gl e b
Sled 3 iji:S 33 {‘;&L\» Yo ol s
S dds ij.l.:s Y ¢J§&u Yodr ool g V.M.\.ajﬂ
£/0 5 VY als 5 il Sl oo a5 el
sl el b J-<.’.J e dala b oanslis 5o gdo
LS ol Kp b 25V il 3K Jue
SLOT s 5 Wb e Sialil Ol (6550 il
Sl Sl e e T Sles Jleel L 0 /0Y a0/t
I R e
222 D S S dase 0L Gl 8
Cde By sl e S J e 23 s
S YU slie 5 asb e s 1 OLLS baw 5 0l
5ol W (S 5 e s ol S
el Dl Jlesl by (10) cd S

Byher S gl 3 58 sl o DU e

Yy

S s bu g gh) cla gy Cdr gldes
oAl 035 b s SalS Sl g e T 025380
Sl (Y IS8 il il S ow ol
Ol Wl L bl glaesls s i
@il —oeesd 5 ST @i b e
Ot it AL Il ol a8 ol 0L
sy olatl st o 1 SE el 5 R
OLer 5 Ol 2015 4 (7 Jsax)
Gl gl s s L RT (YD)
SE 3l ol olie Ll odas 8 S 1, oder
5oL Sa, (0T Ll e Sl sed e il L2
S 2l Do past sy b (V0)0) O
Sted e O Sal sl s
sdalin =d s b doles L1, AT slaesls
adlas b (Y9)0) g 5 33005 (M) W3 S
e e YL Sal gl s g5 ol
03 masSaly m s 5wl B Sl L
S 3 G (V) Lged 5055 5 5e80Y L a i
e Dl S dol S aallas s (Y010)
o e S il Sal g s s
Slp /A= AY 5 SN sl (gl v/q0-0 V1
SL Sl (YY) a1 s | s sl
g Sl S Bl Gl e B ()
doles oS 3l 0Lz Ol 5l Sal glasls s g3,
e Sl S Gl Sl 5 18 =N 8 o
() LS o i 5 ) S0 i slaesls
s S cl o2 dole K @JJJJJA aslre
1y 5 5,8 el piode chale 5l sl slie (ol
3ol jsbas LIy s e O pall ST >
[ R P N PO R PR G BNV PR A |
ol ol (1Y) il e Sl Saal Che G
S ke ol c b Sl 8 Kp) g8
W ol Jls 53 ¥04 & (dals L ) YYY

3 G ey S g (’f‘:‘ﬁﬂ Sl 53 YVO 4



IAR(F) ojland 3 +) s plasly g 9 S& Capaite @y i

5 Gtess VU Gl Sl oS wel cwsa V)
u‘i‘fl"" ’:J).z Jall l.: wLip B LSM)D /0 u,:n.&ls
le.«h;fl;— B ol ebjj'.é‘ X3 )l Aoy 19 B \'43
o Sl g wa 1 5 Sl g ol b ek Sl
Lok sles S bl zals Sl & ol 0
bodd Slog St fles Sl 5 Sl il
Loy g, ol el Jlat LY 51 S
Sasder (Sl e T e Jlesl L S 23
3 7 . . 7
Sbra Al Kl 5 Sk s Sl e
Sl wn s il e dols 6 Zn?
s88) syl L H (ol slaws g LUl S s
o I Gl bl bl Lo (1
Los o clr SR o 0l sbaolse
Sl g ol s sl 58 0 St ol
Ui 4 e Yol Sl s 0T dyssts s
CLSSE) a5 5K 5 oAl Sxie s
S ol sl (ZnMnFe™) (Fe’'Mn’"),0,)
5K s ol Sris gbaSsde S
e DS S 5l DS S S
S aoda slaey S slyls slse ol s S s
L) s dols o5l

Adsorption (mg kg™)
©
8
&

“ by i Kro s B oS gla bl
AL sl e e il e G550 5 b
Sl VL Ol Dl e ASL 5
Y Cs o oWaw ool Jles s b eyl ol
i O el 3 5 1 A
e S (1 ) S3L AalS Ao Vo VY
oslizul 4 3 Ol Sl 5 e Ll S
Cl Sdd 5 i ials 5 ol e el s
2y Uy vc*:*’}ﬂ Sbes 03
5 Selusse s slazelly Sl bl s,
@ji.i-ﬁ\)—mjs dales 5l Code V.M...;Li.a cls
ﬂ)&‘y dolre alie dslee pl 555 o eslinad
B P S S P T
E jJuas (Y 5 8)) 5,05 65 o Casges a oyl
w4y il Sl sl 3 e Sl
VUG A e bl ol e a0l (Yor)) S
351 A 3 5eS Sl alesd Sl g AL
e (00) ad dalgs blonal S cd 58
dol Cest A S 5ol andlas 300 glasles 5 E
oo DL (S ol Kb« (7 Jsax)
Cdd wlad g adlas 3550 glail- C]a" Y
s S gl 5 VA wale Sk gl SD s

Sy sl o 53 5 A Sl ] L e

A
A *
I S
O B---

& ald

(SIS 25 o) ol e

BAI2(SO4)3
498 AFeSO4
-2 T T T 1
0 20 60 80 100
G2 08 ) J e Joles i

Equilibrium concentration (mg L)

(835 DI S g al 5 S g a1 ST - IS

Figure 2. Effect of aluminum and iron sulfates on zinc adsorption.
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Figure 3. Effect of iron and aluminum sulfate on Zn-DTPA.

Sl S g peme ol ol s w1 el
VA) Sls (e SHhS  pSike V) Dol
RS YO s IS e Sk
S s oy LSS Ao Vol 5eS (S kS
O Ohes 5 Y L K8) 5y dals
Sro S 3 oy Sote &S S 158
SAemST 5 o kile SL S 55 o Fay edomte YU
355 33 31 (Yoo A) L 5 Lis o (YY) s)ls Jl 3
2l LS eslinal Sl Sl gl Sdae 5
Ko w sy des VO 0 s sl Ol
OF) el stile 3L

e s sbess sy S miy
SheST < (UVEA) okibe JL Oy smas Dl 5
Sl ool 4 e < (14) LS < ()
S sl sl L3 5 (L) Jsls <UYA)
< AN gaenSE < (IVE/A) sdile 3L 5 Sa
S <UY) Jesle & Juaze < (1)) by S
(8 )8 del ey (Lr/v0)

wi

ibord SBJSS 155 p AW DLS 5 5L
SIS e 2 G mis S s g
ks gl 53 el S il e
(P s Jdoe Gos LS S Sls pa
SLdSs (T sl st s 5 (1) Sl s
G Jeate s S s Ll s g e 2
S35 3 oalp el Gols B el Al Glass]
wlledl S 5 Ju S al sladnst 4 oo
(VE) Xl o o ren JB 2
AN adllas 5550 St s sy S Sl
Jblr oIS 4 o8 dal Cvses 0 SIS 0 S s
18 LS s sy JS Slie (Te20) 0lKos
() cl ize pSAS S e NYU
e Sk VIN ke b (g, edile 3L (sl S
om0 1y DlEe o S (Ao ss WIA) o S ALS
RPN NN PPNt
(YO) s a8 (Yeeo) Jyse buy glis
2 S VL ke b s IS
S 531 Gy S pess (4o 3310/0) ¢ SUS



OySed 9 (3 o

100% -
80% A
RES
3 ﬁ 60% A BOM
S £ 40% 1 80X
20% 4 == BCAR
0% iR . OEX
Control Al2(SO4)3 FeSO4
s O g p gl O g ol

S g e I

S ool SITY ol b s o Soslas 51 Jols oy pberd LSS S w58 -E JSS

(okiladly isw RES ¢ JT osbs 4 Jozie s OM (g s OX ¢ 5l S Jisu CAR ¢ Jsls sy EX)

Figure 4. Sequential chemical distribution of Zn in soils with 2% of iron and aluminum sulfates (EX,
Exchangeable fraction; CAR, Carbonate fraction; OX, Oxide fraction; OM, Bonded to organic matter

fraction; RES, Residual fraction).
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Abstract

Background and Objectives: In recent years, the use of aluminum sulfate has been considered
by farmers as an alternative compound to sulfuric acid due to the high risks and the need for
special tools and equipment, as well as elemental sulfur due to the slowly oxidation in
unsuitable conditions of calcareous soil in vineyards and agriculture lands. For this purpose, the
present study was conducted to investigate the effect of aluminum sulfate and iron sulfate on the
adsorption and chemical forms of zinc in a calcareous soil.

Materials and Methods: The amounts of 22.21 and 27.8 g of aluminum and iron sulfate
calculated for neutralizing of 2% of lime, respectively and were added to 500 g of soil
The samples were incubated for two weeks at 25+1 °C under field capacity (FC) condition,
according to the kinetic experiment. At the end of incubation, adsorption experiments carried
out with different initial concentration of Zn (0-300 mg L Zn) with 0.01 M CaCl, as a
background solution, Zn-extractable by DTPA method and Zn distribution by Tessier sequential
extraction method were determined.

Results: The results showed that adding of aluminum and iron sulfate to soil reduced and
increased zinc adsorption, respectively. Nonlinear fitting of experimental showed that the
Freundlich model (with highest R* and lowest SE) was better fitted to the experimental data
compared to the Langmuir, Temkin, and Doublebin-Raduskvich models, and sorption capacity
factors (qmax» B, K¢, qp) and sorption energy factors (Kr, K;, n) decreased with application of
aluminum sulfate but increased with application of iron sulfate. The sorption energy parameter
(E) of Dubinin-Radushkevich was less than 8 kJ mol™”, indicating that the Zn adsorption
process was physical. The sorption intensity (SI) index of zinc decreased with application of
aluminum sulfate and increased with application of iron sulfate, respectively. Application of
aluminum sulfate reduced the exchangeable form of zinc and increased carbonate form, while
the application of iron sulfate significantly decreased the exchangeable form and increased
oxide forms.

Conclusion: It was concluded that application of aluminum sulfate in soil lead to
transformation of the zinc from insoluble forms into more soluble forms and increased zinc
bioavailability, while the application of iron sulfate decreased Zn bioavailability due to
reduction of zinc sorption in the soil.

Keywords: Adsorption equation, Aluminum, Iron, DTPA-zinc, Sequential extraction
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