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Table 1- Some chemical and physical properties of soil and vermicompost

<SR9 SB CowspeS (50,59
Properties Soil Vermicompost
pH 8 75
EC (dS m) 0.18 2.6
CEC (cmol+ kg?) 15.8 -
OC (%) 0.33 7
o Sand (%) 16 -
e Silt (%) 34 -
w, Clay (%) 50 -
<l Texture o, Clay -
CaCOs (%) 34 -
DTPA-TEA - Zn (mg.kg %) 0.37 19
S 48 116

Total Zn (mg.kg?)

DTPA-TEA jl o3&l b ouwi (5 S0 bas (595 ;oo (uilyylg 4300 gl -F Joua
Table 2- Results of ANOVA of extracted Zn using DTPA-TEA

Sources of variation MS
Jelss oo
Between-Subject Effect
(V) CuogpoS o5 1 1.12(0.76)**
(F) (oloss 558 2 23.81(0.99)**
VxF 2 0.05(0.22) ns
s 12 0.03
Error
Jlse 09
Within- Subject Effect
(T) oles 2 6.94(0.95)**
TV 2 0.02(0.05) ns
TxF 4 3.90(0.96)**
TxFxV 4 0.01(0.05)ns
. 24 0.03
Error
(P) cagsS ogail 0.26
O] 1

Boze NS g aoyd V Jlein] paw )3 s iz **
ol Eta? 5l 51 slasl
** Significant at P< 0.01, and ns no significant.
The numbers in parentheses are Eta?.
Eta? = {SSeffect/ (SSef‘fect"‘SSerror)}>
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Table 3- Effect of applied Zn and incubation time on extracted Zn (mg kg*) with DTPA-TEA

Zn olej

ma kgt Time

(mo-ka™) 1h 60d 120d
0 0.29(0.04)Ac  0.41(0.05)Ac  0.43 (0.06)Ac
2 1.67(0.05)Ab  0.95(0.06)Bb  0.89(0.08)Bb
5 4.38(0.11)Aa 1.87(0.16)Ba  1.68(0.13)Ba

20,3 0 gaw 3 LSD (yg0jl Loll 1 giw pr 50 b Sl o cime oglds oy )lis SorgS g y> g Lindy p 0 by uSolio o ime aglis osimdyLis 5y g >
The numbers in parentheses are standard errors (SE).

The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the
significant difference between the means in each column based on the LSD test at the 5 % level.

2.0 4 a
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1.6 b T
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0 1%
CosgraS oy5

(vermicompost)
(1,5 9kS 2 055 o) DTPATEA L ol (650,bas (59, 2 ComignoS 5039 552y 1= JSus
ol LSD 9051 bl 2 3o > & Jlais] grdaws p3 55 sime cglis oy ylss coglie Cig >
Figure 1- Effect of applied vermicompost on extracted Zn (mg.kg?) with DTPA-TEA
The diffrent letters indicate the significant difference between the means based on the LSD test at the 5 % level.
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Table 4- Results of ANOVA of different fractions of Zn

Sl o (10ke
MS
[ XWRY] i s
Ol s alie b owbbign 9 (J3L3 ¢ Jgloee PO 9 13090 b oadnigy
I df ’ 9 o0l sleawsT aud) oz
Sources of variation esty,S g cad g auilondly
Soluble, exchangeable, and ? . associated with residual
associated with carbonates ~ associated with organic matter and
Fe-Mn oxides sulfids
Jolos o
Between-Subject Effect
(V) CasgeaS s 1 0.79(0.99)** 10.47(0.89) ** 23.08(0.91) ** 0.07(0.01) ns
(F) oleosss 558 2 0.20(0.90)** 12.55(0.95) ** 18.96(0.94) ** 4.28(0.51) **
VxF 2 0.002(0.10)ns 0.12(0.15)ns 0.47(0.28)ns 0.76(0.16)ns
s 12 0.003 0.11 0.20 0.68
Error
Jelse 090
Within- Subject Effect
(M) olo; 2 2.54(0.99)** 54.73(0.97) ** 52.27(0.85) ** 182.7(0.94) **
TxV 2 0.10(0.79)** 0.66(0.31) ** 0.59(0.06) ns 2.02(0.14)ns
TxF 4 0.07(0.83)** 0.63(0.47) ** 1.08(0.19)ns 3.04(0.33) *
TXFxV 4 0.02(0.53)** 0.40(0.36) * 3.91(0.46) ** 2.52(0.29)ns
ks 24 0.002 0.12 0.77 1.05
Error
(B) CassS oige]] 0.01 0.09 0.01 0.76
O] 1 1 1 1

Mz wENS g a0y B Jlis! o 5 b dme * o pd V Jlais ] s 3 I e **
ol Eta? 3515 (51 olael
** Significant at P< 0.01 , * Significant at P< 0.05 and ns no significant.
The numbers in parentheses are Eta?.
Eta? = {sSeffect/! (SSeffect"‘SSerror)}
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Table 5- Effect of applied vermicompost, Zn, and incubation time on exchangeable, soluble Zn and Zn associated with
carbonates (mg.kg™)

Vermicompos Zn ;"r:;
% mg.kg* !
(%) (Mg-kg™) 1h 60 d 120d
0 0 0.36(0.00)Bb _ 0.40(0.05)Bc _0.96(0.02)Ad
2 0.42(0.01)Bab  0.50(0.01)Bd  0.96(0.04)Ad
5 0.45(0.01)Cab  0.72(0.00)Bc  1.10(0.01)Ac
1 0 0.50(0.03)Ba  0.56(0.00)Bd  1.32(0.06)Ab
2 044(0.02)Cab 0.82(0.06)Bb 1.34(0.01)Aa
5 0.50(0.00)Ca  1.15(0.03)Ba  1.42(0.01)Aa
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The numbers in parentheses are standard errors (SE).
The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the
significant difference between the means in each column based on the LSD test at the 5 % level.
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Table 6- Effect of applied vermicompost, Zn, and incubation time on Zn associated with Fe/Mn oxides (mg.kg™)

Vermicompos Zn . ol
(%) (mg.kg) fime
1h 60d 120d

0 0 1.60(0.05)Bd  1.52(0.02)Bb  4.22(0.03)Ad

2 1.81(0.13)Bd  1.73(0.08)Bb  4.92(0.39)Ac

5 3.17(0.04)Bb  2.81(0.10)Ba  6.57(0.10)Aa

1 0 2.59(0.14)Bc  2.46(0.08)Ba  5.25(0.26)Ac

2 2.98(0.13)Bbc  2.52(0.00)Ba  5.85(0.35)Ab

5 4.98(0.5)Ba  2.98(0.08)Ca  6.68(0.16)Aa
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The numbers in parentheses are standard errors (SE).

The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the
significant difference between the means in each column based on the LSD test at the 5 % level.
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Table 7- Effect of applied vermicompost, Zn, and incubation time on Zn associated with organic matter and sulfides (mg.kg™)

Vermicompos zZn ;’r:;
% mg.kg*
(%) (mg-kg™) 1h 60 d 120d
0 0 11.70(0.00)Bc _ 13.05(0.25)Ab _ 12.15(0.03)BC
2 11.87(0.36)Bbc  16.18(1.12)Aa  12.53(0.50)Bc
5 14.0000.06)Ba  16.77(0.04)Aa  13.10(0.09)Bc
1 0 1317(052)Ba  16.60(0.00)Aa  12.18(0.13)Bc
2 12.98(057)Bcb  16.60(0.52)Aa  14.33(0.42)Bb
5 1408(0.62)Ba  17.35(058)Aa  15.84(0.08)Ca
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The numbers in parentheses are standard errors (SE).

The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the
significant difference between the means in each column based on the LSD test at the 5 % level.
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Table 8- Effect of applied Zn and incubation time on residual Zn (mg.kg?)

Zn olej
(mg-kg™) Time
1lh 60d 120d
0 36.07(0.56)Ab  35.00(0.33)Ba 31.37(0.53)Ca
2 37.52(0.64)Aa  35.89(0.40)Ba  30.60(0.48)Ca
5 38.46(0.07)Aa  35.67(0.29)Ba  31.18(0.20)Ca

Sl (SE) 5libusl glas sslys 51 slael
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The numbers in parentheses are standard errors (SE).

The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the

significant difference between the means in each column based on the LSD test at the 5 % level.
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Table 9- Pearson correlation matrix between Zn-DTPA and fractions of Zn (n=54)

ol b aauidign g (JoL5 (Jolomo 9 o] SBanST U st 9 18190 b aadnige oailoudls Js
9w bsSS bols,s 5o L) oo Residual  Total
Incubation Soluble, exchangeable, and Associated with Fe-Mn Associated with organic

time associated with carbonates oxides matter and sulfids

1h 0.41ns 0.77** 0.64** 0.64**  0.81**
60d 0.87** 0.76** 0.25 0.56**  0.74**
120d 0.51* 0.89** 0.79** 0.86**  0.82**

P re pENS g doyd O pdaw ) > xe

* o ) aw jd b gae *F

** Significant at P< 0.01, * Significant at P< 0.05 and ns no significant.
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Introduction: Application of organic fertilizers such as vermicompost to agricultural calcareous soils with
low organic matter content is a way to add nutrients to these soils. Different organic fertilizers have different
effects on soil nutrient availability. Moreover, the study of nutrients distribution in the soil allows us to
investigate their mobility and bioavailability. Zinc (Zn) deficiency is an important problem in many calcareous
soils due to its effect on increasing the yield of agricultural products. Organic fertilizers can improve availability
of Zn by impact on its fractionation. On the other hand, their interaction with chemical fertilizers requires careful
consideration of availability and fractionation of Zn in soils treated with organic and chemical fertilizers. The
aim of this research was to investigate the interaction effect of zinc sulphate, and vermicompost on availability
and fractions of Zn in a calcareous clay soil.

Materials and Methods: This study was performed as a completely randomized factorial design including
two levels of vermicompost (0 and 1% w/w) and three levels of Zn (0, 2, and 5 mg kg as ZnSQ,) with three
replications. All treated soils were incubated for 120 days at 22 + 1 °C and constant moisture (17% w/w). Zinc
availability (DTPA-TEA) and other fractions (BCR method) were determined at the beginning of experiment, 60
days, and 120 days after incubation. The soil samples were sequentially extracted using an operationally defined
sequential fractionation procedure, based on that employed by BCR in which increasingly strong extractants
were used to release Zn associated with different soil fractions. Four Zn -fractions were extracted in the
following sequence: Step 1: soluble, exchangeable, and associated with carbonates fraction (a 40 ml of 0.1 M
CH3COOH for 16 h at room temperature), Step 2: iron-manganese oxides-associated fraction (40 ml of 1 M
NH20OH.HCI in 1.5 M HNO; for 16 h at 22 °C), Step 3: organic matter-associated fraction (50 ml of 1 M
CH3COONHj4 in 1.5M HNO;s for 16 h at 85 °C) and Finally step 4: residual fraction was determined using 4 M
HNO; (a 12.5 ml volume of 4 M HNOgz, for 16 h at 80 °C). Concentrations of Zn in all extractants were
determined by Atomic absorption spectroscopy..

Results and Discussion: The results of this study showed that the mean of Zn extracted by DTPA-TEA after
vermicompost application increased significantly (P<0.05). The interaction between vermicompost and time on
Zn extracted by DTPA-TEA was not significant (P>0.05). Zinc extracted by DTPA-TEA decreased with
increasing incubation time. All forms of Zn increased by vermicompost application in soil samples treated with
ZnS0Oq. Soluble, exchangeable, and bound to carbonates Zn and Zn associated to Fe-Mn oxides fractions (except
vermicompost with 5 mg kg Zn at 60 days after incubation) increased with increasing incubation time. Zinc
associated to organic matter increased 60 days after incubation compared to the beginning of the experiment.
However, difference between Zn associated to organic matter at 120 days after incubation and beginning of the
experiment was not significant (except vermicompost with 5 mg kg Zn at 60 days after incubation). The results
of this study showed that residual Zn decreased with increasing incubation time. Results of this study
demonstrated that the fractions of Zn in the soil samples treated with ZnSO, were modified after vermicompost
application and its availability increased. Therefore, the application of chemical fertilizers with organic fertilizers
leads to increase Zn in the soil. The results of correlation study showed that the relation between available Zn
and Zn associated to Fe-Mn oxides at 1 h (r=0.77 p<0.05), 60 days after incubation (r=0.95 p<0.05), and 120
days after incubation (r=0.95, p<0.05) was significant. There was a significant correlation between available Zn
and Zn in forms of solution, exchangeable and associated with carbonates, associated with Fe-Mn oxides, and
associated with organic matter, which indicate the effective role of these fractions in supplying the required Zn
to plant.

Conclusion: Vermicompost application in calcareous soils increased available Zn and the effect of
vermicompost was not dependent on time. Over time, there was a decrease in available Zn in the presence of
chemical fertilizer. Vermicompost application in calcareous soils increased all Zn fractions. According to these
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results, the Zn fractions in the soil treated with zinc sulfate had been changed and its availability increased
during incubation time. The results of this study demonstrated that the fractions of Zn in the soils treated with
ZnSO4 and vermicompost were modified and its availability increased. Therefore, the application of chemical
fertilizers with organic fertilizers can increase Zn in calcareous clay soils
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