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1- Funneliformis mosseae
2- Glomus versiform
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Table 2. Sequential extraction procedure of Sing et al, 1988.
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Table 2. Some chemical characteristics of organic manures and their biochars.

FrS s FrS Gl 8358 Sl g SNy Sus
Poultry manure biochar Poultry manure Sheep manure biochar Sheep manure Property
S ol el
8.80 6.80 12,6 10.92 A e e

EC (1:10)(dS m™)

10.26 8.42 1021 8.08 e
pH (1:20)
27.07 18.81 34.11 31.89 o5
Carbon (%)
2.56 2.61 1.84 2.01 0325
Nitrogen (%)
210.50 156.50 36.50 22.95 & o
Total zinc (mg kg™)
chle Lol bl ol emen 5 JT S 5 SBUKS 2 1555500k 7,6 5 JT 58 5,8 3
JL;::—\CE.NJJSBJJL;))LQJL.JJJJINJ@ S 53 69y 2lesd
(¥ dsd) 25 hlas do s SO s a s iy BB 5 gl S

|)‘i)j§:’.l’° G)B CJL? &L¢‘ CJ‘}\ 45 J\b QL.:..: Lﬁeb\b

W33 S 5 15550l B T 555 5,8 Sheos ) bt S 55 Sla e Rl Yy
Table 3. The mean squares of distribution of zinc chemical forms as affected by organic manure and
mycorrhizae fungi application in soil after corn cultivation.

- JJJL.J a2
ol 3L lades! lads! ladens! S SWS ; e il
Jsle el
Res . .al 5o, Al e Org Car S.0.V
ook o S o o WsEx DF
CFeOx AFeOx MnOx
Hoss
8.783%+ 3.287%* 0.480%* 0.149%* 0.401%%  3915%%  []]18%+ 4
(OM)
G il
1.756" 0.858** 0.094* 0.054™ 0.180%  0.895™  0.633** 2 ettt
F)
) B il i
5.957%% 1.036%* 0.046* 0.044™ 0.116™  1.919%*  0.969%* 8 et oSS
(OM x F)
et
1271 0.132 0.019 0.021 0.056 0.366 0.014 30
Error
Sl o 8 o3
424 5.87 3.62 6.42 17.91 21.45 8.52

cv)

.ﬂ:t;.aﬁéj.kaﬁ@‘w):&JL»::—\CEMﬁJ\:t.«.A NP

** % ™ are significant at 0.01, 0.05 probability level and not significant respectively.
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Table 4. Effect of organic manure and mycorrhiza fungi on the zinc concentration (mg kg™) in exchangeable

and soluble form in a calcareous soil after corn cultivation.

e S 38 s FeaS e sRieS S S Jleloo
(SMB) (PMB) (SM) (PM) *(C)
122°¢ 1.54°¢ 129 149 127° 0.509" TN) ils 05
1328 220° 1.14 % 120 1.13 0.93¢ (M) ey pusa s il 45
1614 1.03 % 2.08° 121 2.74° 1.01% GV) s g5l
1.590 8 1508 130°€ 1.724 0.815°

O3l A3 0 bzl a3 LT 5 31 o b Ot 8 53 S pie S S 5 S e Sop oY G sl gl Sk

A lsbae STl

* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
* In all tables: C: without organic matter, PM: poultry manure, SM: sheep manure, PMB: poultry manure biochar,
SMB:sheep manure biochar, N: without inoculation, FM: Funneliformis mosseae, GV: Glomus versiform.
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Table 5. Effect of organic manure and mycorrhiza fungi on the zinc concentration (mg kg™) in carbonate form

in a calcareous soil after corn cultivation.
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* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 6. The main effects of organic treatments on the zinc concentration (mg kg) in organic form in a
calcareous soil after corn cultivation.
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* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.

(Ll e sSBg ) N sSasl 555500 26 ol i Sl el ml poees
oo SIS sl il o bl b 65 53 58 WS ol Ol 6 bl
e bl (0) o)1y illas Sl e LS A e oy J IS ke I e 6
Gl ks (Y)) 0L 5 Sliwg 5 (Y4)) 4 s FM 2,6 30 o8 dr ja s dals e
g ey =6 ) S U sl V Jad) 55 Jblas bl b 5l aals s
3 Sl S s VSl b Chle gao, WV Ll o GV 26 5,08
U)W SO dalie o3 oS Oy SVL s dals Sles & s 3, JI S5

ot o 4 L3 gad S 5 (VD) B

W3 S G ey ST S s T SS s (RS 335 p 8 k) s55 clile 2,8 (slaslag )08 ol 131V Jpotr

Table 7. The main effects of fungi treatments on the zinc concentration (mg kg') in organic form in a
calcareous soil after corn cultivation.
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* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 8. The main effects of organic treatments on the zinc concentration (mg kg™) in manganese oxides form
in a calcareous soil after corn cultivation.
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* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 9. Effect of organic manure and mycorrhiza fungi on the zinc concentration (mg kg") in amorphous iron
oxides form in a calcareous soil after corn cultivation.
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* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 10. Effect of organic manure and mycorrhiza fungi on the zinc concentration (mg kg) in crystalline

iron oxides form in a calcareous soil after corn cultivation.

e S 38 s FeaS e skieS oS geos Jlelos
(SMB) (PMB) (SM) (PM) H(®)
6.44 473" 6.36 " 7.60° 6.86" 6.63" TN) s 05
6.14 " 5.13° 6.84° 6.14 6.68" 5.72% (FM) g ooy 3L 58
596" 5.77% 5.89 % 6.08 < 6.73 > 536 GV) p s o335
527" 636" 6.61° 6.76 * 591°¢

O3l A3 0 Jlazl a3 LT 5 51 o b Ot 8 53 S pie S S 5 S te Sop oY Gy bl sl Sk

s lsbae STl

* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 11. Effect of organic manure and mycorrhiza fungi on the zinc concentration (mg kg'l) in residual form

in a calcareous soil after corn cultivation.
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* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 12. Person correlation coefficient (r) within Zn chemical forms in soil after corn cultivation as influenced
by mycorrhizae fungi and organic manure application (N = 45).
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** * are significant at 1 and 5% probability level, respectively and ™ not significant.
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Table 13. Person correlation coefficient (r) between Zn chemical forms and Zn-DTPA in soil after corn
cultivation as influenced by mycorrhizae fungi and organic manure application (N =45).
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** * are significant at 1 and 5% probability level, respectively and ™ not significant.
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Table 14. Changes of relative percentage of Zn chemical forms related to main effects of organic treatments.
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Table 15. Changes of relative percentage of Zn chemical forms related to main effects of mycorrhizae fungi application.
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Abstract

Background and Objectives: Zinc (Zn) is an essential micronutrient that the higher plants require it for
normal growth and quality and quantity development. High soil pH, low amount of soil organic matter and
high calcium carbonate content are the most important factors that led to a decrease of Zn bioavailability in
soil. The aim of this research was to investigate the effects of arbuscular mycorrhizae fungi inoculation and
application of two types of organic manures and their derived biochars on distribution of Zn chemical forms
in a calcareous soil after corn cultivation using a sequential extraction procedure.

Materials and Methods: To do this research, appropriate amount of soil from the surface layer (0-30 cm)
of a calcareous soil was collected, air dried and passed through 2 mm sieve. A factorial experiment as a
completely randomized design was performed with three replications under greenhouse conditions. The
first factor including organic manure at five levels (without organic manure (C), sheep manure (SM),
poultry manure (PM), sheep manure biochar (SMB) and poultry manure biochar (PMB) each at 2% w/w)
and the second factor was fungal inoculation at three levels (non-inoculation (NG), inoculation with
Funneliformis mosseae (FM) and Glomus versiform (GV)). Biochars were produced using the pyrolysis
of organic manures (500 °C during 4 h) in the limited oxygen conditions. After applying treatments to the
soil, corn seeds (Zea mays L.) were planted in plastic pots and held for 10 weeks. Sequential extraction
procedure of sing et al. was used to determine the zinc chemical forms in the soil after corn cultivation.
This procedure separate the soil Zn into 7 different fractions including: soluble,exchangeable (WsEx-Zn),
carbonatic (Car-Zn), Organic (OM-Zn), Manganese oxide (MnOx-Zn), Amorphous iron oxides (AFeOx-
Zn), Crystalline iron oxides (CFeOx-Zn) and Residual (Res-Zn).

Results: The concentration of WsEx and OM fractions of Zn were significantly increased and Zn
concentration in AFeOx and CFeOx forms were significantly decreased compared to control by
application of fungi treatments. The greatest increase of Zn concentration in WsEx (31.9%) and OM
(12.9%) forms were observed in the GV treatment. The sequence of effect of various organic treatments
application on enhancement of Zn concentration in each chemical forms were different however, the
effect of PMB treatment on increasing the concentration of most Zn chemical forms (Car-Zn (81.1%),
OM-Zn (42%), MnOx-Zn (15%) and AFeOx-Zn (14.1%)) was more than the other organic treatments.
Distribution of native Zn chemical fractions were as follows: Res >> CFeOx > AFeOx > Car > MnOx >
OM > WsEx whereas the distribution of Zn chemical fractions as influenced by application of GV, PM
and SMB treatments were changes in this way: Res >> CFeOx > AFeOx > Car > MnOx > WsEx > OM.
There were positive and significant correlations between WsEx-Zn, Car-Zn, AFeOx-Zn and CFeOx-Zn
fractions with DTPA extractable Zn, which is indicating the effective role of these fractions in the supply
of required Zn plant. The results of interaction effects of treatments showed that the effect of
simultaneous application of fungi and organic manure on the concentration of each Zn chemical fractions
was different and depended on type of organic manure and mycorrhizae fungi applied.

Conclusions: Application of both species of arbuscular mycorrhizae fungi caused the conversion of Zn
from less available forms to fractions with more bioavailability in the soil and the effect of the GV
species was considerably more than the FM species. Also, Zn added to the soil as affected by application
of organic manures, concentrated in fractions with more bioavailability and the effect of the PMB
treatment was more obvious than the other treatments.
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