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Table 1- Kinetic models used in this study

Aol T &
Equation M odel Reference
Zero-order reaction ,as 450 iSly (Eo—E)=aKpt Y-
First-order reaction Jsl 45,0 281y In(Eg—E)=a-K;t Y-
Parabolic diffusion SJsl,b Ll E;=a+Rt%® 1
Power function il o E=at’ N
Simplified Elovich sl g4l E=a+1/BInt Al

Lt bl &6y clys 1B bR Ky &Ko st loj 53 (MG KGY) 0ol oo 5 (555 e Ep sl 0+F 1 sy (MG KG™) 055151 o 5 (55, 5o 2 Ep
Eo: amount of Zn or Cu (mg kg™) desorded at 504 h., E: amount of Zn or Cu (mg kg™) desorbed at timet (h) and aand Ko, K1, R, b
and 1/B are constants
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Table 2- Results of chemical analysis of used organic fertilizer

R $9b 295 CowgpeS o059
Properties Cow manure Vermicompost

OC (%) 25 22

EC (dS/m) 24 23

pH 8.3 8.0

Total Zn (mg kg™ JS ) 138 121
Total Cu (mgkg™) Js e 7.7 3.7
Soluble Zn (mg kg Jsixe s, 0.82 0.24
Soluble Cu (Mg kg™) Jstes e 0.34 ND

8w jasuis s> 55 :ND

OgewligSSl 09 51 (g 2l jlous 9 2L (LSK (b Sy (A2 Y Jgo
Table 3- Some of properties of control and treated soils after incubation period

SB EC Js DTPA-TEA
Sail @dsm? PH _(mgkg?) (mgkg™)

Cu Zn Cu Zn

Control .als 013 7.3 240 470 164 073
(0.5% CM) (c5l5 55 7.+ /0 028 7.3 240 476 171 1.06
(1% CM) (i8S 355 7\ 050 74 240 483 164 130
(0.5% VC) CuwgseS poys /o106 027 7.4 240 475 160 0091
(1% CM) usguoS o9 /) 050 7.4 240 481 161 093
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Figure 1- Amount of desorbed Zn and Cu in control and treated soils
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Table 4- Results of analysis variance of desorbed Zn and Cu

- Cu Zn
sv ‘—’l“i)" u*SJL-" R2 cv ‘-’l"?)" L)‘S’L"’ R2 cVv
MS MS
Sod 4 0.368** 093 37 0.922** 094 43
Treatments
s 10 0.023 0.024
Error

*

Loyd Vo 53 Iy ixe *
Significant at the 1%



WAL jui — 210 5 ¥ ojlo ¥ “\1’“‘5&5%’7 A i DAF

3l s 39 p)S5S )3 £ )5 o YI¥ 5 VIFY i a4 (s 0lie
dald SB & Caws CavgpeS 0)g 2oyd Vg /0 glojlog ;o ol
L8l sl asy V0

CungeaS s0y9 b 0Ad jlad ST 50 e 9 (59) Rl (ol
S s d ales o (655 058 b o Hlos ST L dwslis )
395 ogdedn (¥ Jodz) Ml CumgeaS' (019 33 e 9 S9) (92
48 39 (p )55k 13 5 hen YIV) e o8 B e sl (55
o 04 3] e )3 (6y0% o) iz polie L ST les 1o
Sl sdalie LS 3 celw Y

cLacSs 3 00 il aess e jlade dmd o L ¥ S

ol als S 4y s (555 358 Cilises a9 L 0 jlogs
OF 5l s 0ad il o a5 Jbs > cudlis (P> +/40) (gyb xe
DL CgraS (opg g 53 Ly 0and jlegd SLS 3 sl
355 Lok jlog g dald sl SB &y Cand (P< +/40) ()l gine
Vg /0L oo jlew cals SLS 3 ond 3] e il (g8
YIVY o YIAY STAD sy 4o (s pdlin (sl (55L5 555 ao)d

D 5l g 035 Sl e d S Jo 3 35 £ SlS 3 25 o
b ClwgeS oy o) V 5 /0 L ok jlos S > celw

[ S P
Co(mgkg)

B Ml

2 vl Y2

(595255 M g CawgeeS 1059 V) o o 9 (B) walid (SBS K 1 (0,558 13 05 Shua) w0 9 (595 (elo =Y USG5
Cawl 2o )3 B s )3 )b Sire gles ok LS puais o (gl Ciglite gy
Figure 2- Mean of Zn and Cu (mg kg™?) in control (B) and treated soils with (Vermicompost (V) and Cow manure (M))
Different letters for each elementsindicated different significant at the 5%
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Table 5- Coefficient of determination (R?) and standard error of the estimate (SE) of various kinetic models for desor bed Zn

and Cu
Se Sy &b o3l g9 Syl Lt Jol 45 0 o 45 0
Soil Power function Simplified Elovich Parabalic diffusion First-order Zero-order
SE R? SE R? SE R? SE R SE R?
Zn
Control sals 0.12 0.99 0.18 0.94 0.79 0.93 022 0.93 151 0.72
0.5% CM (548 565 7=/ 0.07 0.99 0.20 0.95 0.19 0.96 019 0.9 205 0.78
1% CM (45 55 7 0.09 0.99 0.14 0.98 0.30 0.91 037 0% 199 0.70
0.5% VC cusgoS opg 4010 0.12 0.99 0.20 0.96 0.99 0.96 128 0.98 179 0.79
1% CM CuwguoS o092V 0.07 0.99 0.20 0.94 113 0.95 0.28 0.96 166 0.75
Cu
Control sals 0.23 0.98 0.40 0.88 1.37 0.97 0.30 0.98 194 086
0.5% CM (59l8 565 7+ /3 0.20 0.98 0.37 0.90 172 0.96 049 0.98 187 083
1% CM (45 55 /) 0.24 0.98 0.37 0.87 1.64 0.97 0.24 0.98 110 0.85
0.5% VC cusgoS o9 /010 0.27 0.96 0.39 0.85 1.22 0.95 153 0.95 180 0.85
1% CM CunsguaS soyg %) 0.16 0.99 0.29 0.90 1.10 0.97 022 0.98 172 084

s 3 ine 23 O o s )3 (RP) Larets el a8 s MG kG sy SE &
SE, mg kg™. All coefficients of determination (R?) are significant at the 5%
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Introduction: Use of organic fertilizers such as vermicompost in agricultural soils with low organic matter
content is almost considered as a one way for adding nutrients in these soils. However, application of these
fertilizers may affect micronutrient release characteristics. Micronutrient release Kinetics in soils especialy in
amended soils give information about potential of amended soils to release these elements into solution.
Although it is important to study kinetics of micronutrient release from soils to identify soil micronutrients
buffering capacity, little attention has been paid to micronutrients desorption rate studies especially in amended
soils. The rate of release micronutrients from soil solid phase by considering micronutrients as adsorbed ions or
in mineral forms is an important parameter in nutrition of plants by microelements and a dynamic factor that
regulates its continuous supply to growing plants; nonetheless, little attention has been paid to micronutrients
kinetics inrelease studies.

Material and Methods: In this study, kinetics of zinc (Zn) and copper (Cu) were compared in one
calcareous soil amended with 0, 0.5, and 1% (w/w) of manure and vermicompost in a completely randomized
design and then amended and un-amended soils were incubated at field capacity, for 30 days. After incubation
period, amended and un-amended soils were air-dried and were prepared to kinetics study. Kinetics of Zn and Cu
release were studied by successive extraction with DTPA-TEA solution. Two grams of the amended and un-
amended soils, in triplicate, suspended in 20 ml DTPA-TEA solution were equilibrated at 25+1°C for 1, 8, 24,
48, 72, 96, 120, 144, 168, 336 and 504 h by shaking for 15 min. before incubation and 15 min. before the
suspensions were centrifuged. Seven drops of toluene were added to each 1000 ml of extractant to inhibit
microbial activity. Zinc and copper desorption with time was fitted by using different equations (Zero-order,
First-order, Parabolic diffusion, Simplified Elovich, and Power function).

Results and Discussion: Results showed that released Zn in soils amended with manure and vermicompost
compared to control soil significantly increased (p<0.05). While, released Cu in soil amended with manure with
respect to control soil did not change (p>0.05) and released Cu in soil amended with vermicompost decreased
significantly (p<0.05) with respect to control soil. Released Zn and Cu in soils amended with vermicompost
decreased significantly (p<0.05) compared to soils amended with manure. The amount of releamd Zn in
reclaimed soil with 0.5 and 1% manure and vermicompost was 2.54, 2.98, 2.14, and 2.61 mg kg™, respectively.
In addition, the amount of released Cu in amended soil with 0.5 and 1% manure and vermicompost was 2.92,
2.72, 2.41, and 2.40 mg kg™, respectively. Different mathematical models were tested for therr suitability to
describe desorption of Zn and Cu from the amended and un-amended soils. Comparisons of R? and SE values
indicated that the power function equation described the reaction rates fairy well, as evidenced by the high
coefficients of determination and low standard error of the estimate. The constant a in the power function may be
indicated the number of surface sites available for desorption. In addition, the constant b is a measure of the
affinity of elements for these sites with increasing affinity of sites being indicated by the value of 1/b. In the
other words, an increase in the value of a decrease in the value of b probably indicates an increase in the rate of
metal desorption from the soils with DTPA. The results showed that rate constant of released Zn, a constant in
amended soils with 0.5 and 1 % manure were 0.882 and 1.097 mg kg respectively. This constant in amended
soils with 0.5 and 1 % vermicompost were 0.659 and 0.825 mg kg™, respectrvely Also, the b constant, ranged
from 0.231 (soil amended with 0.5% manure) to 0.267 (sail amended with 0.5% vermicompost) (mg kg*h™).
Rate constant of released Cu, a constant in amended soils with 0.5 and 1 % manure were 0.916 and 0.834 mg kg

! respectively. This constant in amended soils with 0.5 and 1 % vermicompost were 0.745 and 0.787 mg kg™,
respectrvely Also, the b constant, ranged from 0.231 (soil amended with 0.5% manure) to 0.267 (soil amended
with 0.5% vermicompost) (mg kg‘lh'l). Rate constant (a*b) of released Zn in the amended soils with 0.5 and 1 %
vermicompost were 0.216 and 0.176, respectively. While this constant in the amended soils with 0.5 and 1 %
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manure were 0.214 and 0.254 respectively. Moreover, rate constant (a*b) of released Cu in the amended soils
with 0.5 and 1 % vermicompost were 0.197 and 0.199, respectively. While this constant in the amended soils
with 0.5 and 1 % manure were 0.242 and 0.222, respectively.

Conclusion: Our results revealed that the rate of released Zn and Cu in soils amended with vermicompost
was lower than the soils amended with manure. In the other words the difference between rates of release
constants indicated that Zn and Cu supplying power of the amended soils with manure was higher than amended
soils with vermicompost
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