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Table 1. Selected physicochemical properties of soil before cultivation.
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Table 2. Sequential extraction procedure of Sing et al, 1988.
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Used extractant
Specific gravity (g.cm™)

(Cels) 08l OS wde

Time of shaking (h)

Cedle
S50 herd sla K

Chemical forms of Zn

ol

abbreviation

1.10 1 M Mg(NO;),
1.04 1 M NaOAC (PH=5)
1.00 0.7 M NaOCl (pH=8.5)

0.1 M NH,OH, HCI
1.00 S

(pH=2, HNO3)

. 0.25M NH,OH,
‘ HCI +0.25 M HCI
2M (NH +

1.02 0-2 M (NH,)>C204

0.2 MH,C,04+ 0.1 M C¢HgOp

5L s d
2 WsEx-Zn P2 e
Exchangeable and soluble
5Ly
5 Car-Zn Shs
carbonatic
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0.5 OM-Zn S
organic
O I P
0.5 MnOx-Zn e
Mn oxide
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0.5 AFeOx-Zn S
Amorphous Fe oxides
ok oAl ek 4 e
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Crystaline Fe oxides
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Table 3. Mean of squares of zinc chemical forms in soil after harvesting corn as affected by microbial

inoculation and different levels of soil salinity.
oAl St Al s S| i Jslos N
NYRE! _ I e o e
S S el fae” sl s
Res OM Car N ]?:grge of Source of variation
CFeOx AFeOx Mn-Ox WsEx cedom
. . S
1.03%* 0.040™ 0.126™ 0.157*  0.027*%  0.075%*%  0.122%* 2 o
salinity
7.39%%* 0.062™ 0.821%** 1.05%* 0.003™ 0.379%*%  0.234%** 3 5 CJL
microbial inoculation
. . . . _ 295 Jlad X (5
0.116™  0.177%%  0.052™  0.015®  0.003™  0.016¥*  0.004™ 6 s >
salinity x microbial inoculation
o
0.160 0.056 0.103 0.046 0.001 0.003 0.003 24
Error
0.680 4.00 14.6 16.8 6.95 5.59 9.90 % CV
R T e R S gl 3 lo pe NPV

** % are significant at 1 and 5 % probability level, respectively and ™ not significant.
» = f)f}-L.S 2» f}fg;?‘) (WEX) 55,5 Jol5 5 Jlome JSKS 51 1525 5500 G)B 9 My S e S8 -t g
RUBY) C.C.G‘éﬁ}‘ o S SS9 il C}h—w

Table 4. Effect of PGPR and mycorrhizae funfi application on WsEx-Zn (mg kg™) in different levels of soil

salinity after corn harvesting.
(St o S kS Sas OV ST k) (5555 7 s

Levels of salinity (meq salt/ kg soil)
bl i
o 30 15 0
Main effects
D f h el
0.374 0.517¢ 0.351¢ 0.254
control
sSL
0.539¢ 0.623¢ 0.540%" 0.454"
bacteria
B b d d C)b
0.645 0.726" 0.636° 0.573%
fungi
-6+ St
0.752* 0.838" 0.801% 0.617% &
Fungi + bacteria

bl i

0.676" 0.582° 0.474¢ o
Main effects
A3 0 bl o 55 bl b 51 Jsdr e 03 o b Ot 8 3 S ie S8 5 Sop oY Gy b sl ke ©
.Li.w.:.v _)‘)L;JJ

* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 5. Effect of PGPR and mycorrhizae funfi application on Car-Zn (mg kg™) in different levels of soil

salinity after corn harvesting.

(S ¢ SAS 5 Sas OVl S1he) (5058 sl
Levels of salinity (meq salt/ kg soil)
|l
el el 30 15 0
Main effects
D dals
0.728 0.740° 0.725° 0.720°
control
S
0.828° 0.908° 0.884° 0.693¢ 2
bacteria
B a a b G,Jb
1.08 1.17 1.17 0.896
fungi
5B+ o SU
116" 1.21° 1.15° 1.13° gl et
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1.014 0.9834 0.860° el els
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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. Effect of PGPR and mycorrhizae funfi application on OM-Zn (mg kg™) in different levels of soil

salinity after corn harvesting.

(S ¢ SoAS 5 Sas OV ST he) (5058 sl
Levels of salinity (meq salt/ kg soil)
|l 3
el 30 15 0
Main effects
dals
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control
L,
0.568" 0.497°% 0.550" 0.659° 2
bacteria
JLE
0.534* 0.510% 0.515F 0.576 &
fungi
5B+ o SU
0.556" 0.544% 0.530F 0.595° @bt s
Fungi + bacteria
|l 3
0.506° 0.539° 0.600 el

Main effects
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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 7. Effect of PGPR and mycorrhizae funfi application on MnOX-Zn (mg kg™) in different levels of soil

salinity after corn harvesting.

(S ¢ SHkS 5 Sas OVl S1he) (5058 sl
Levels of salinity (meq salt/ kg soil)
|l 3
Sl 30 15 0
Main effects
dals
0.853° 0.893% 0.760¢ 0.853%
control
st
1.308 1.50® 1.22% 1.19% ~
bacteria
B
1.29° 1.43% .25 1.19% €
fungi
=0+ ¢ SL
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Fungi + bacteria
|l 3
1.40* 12348 1.19° Sl
Main effects
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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. Effect of PGPR and mycorrhizae funfi application on AFeOX-Zn (mg kg") in different levels of soil

salinity after corn harvesting.

(Sb ¢SS Kb 5V5 51 k) 555 o
Levels of salinity (meq salt/ kg soil)
ool 3t
S 30 15 0
Main effects
Jals
1.90% 1.95% 2.01% 1.749
control
s
2.62% 2.75° 2.67° 2.45% <
bacteria
B d bd d &b
2.12 2.33% 2.09 1.95¢
fungi
=B+ 5 SL
2.16° 2.19% 2.04% 2264 @bt es
Fungi + bacteria
ool 3t
2300 2,20 2.10% Sl
Main effects
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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 PGPR and mycorrhizae funfi application on CFeOX-Zn (mg kg) in different levels of soil

salinity after corn harvesting.

(S ¢ SAS 5 Sas OVl S1he) (5058 sl
Levels of salinity (meq salt/ kg soil)
|l 3
Sl 30 15 0
Main effects
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A b Gb
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fungi
=0+ ¢ SL
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Fungi + bacteria
|l 3
5.88" 5.04% 5.92% et
Main effects

J\éﬁ.&.ﬁ)é@;ﬂ.«b\dﬁ.ﬂ)éé)bijﬁ)’\ s e 5w b Ot 8 50 S e S S 5 Syp oY G b b xSl

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 PGPR and mycorrhizae funfi application on Res-Zn (mg kg™) in different levels of soil

salinity after corn harvesting.

(S ¢ SHAS 5 Sas OV S1he) (5058 sl
Levels of salinity (meq salt/ kg soil)
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Sl 30 15 0
Main effects
A b dald
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Fungi + bacteria
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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 11. Changes of relative percentage of Zn chemical forms reated to main effects of microbial treatments.

b+ st zb ssL Aol
Fungi + bacteria fungi bacteria control
S5 5 Ul IS
WsEx
1.06 0.91 0.76 0.53
BN
OM
0.78 0.75 0.8 0.75
e
Car
1.65 1.53 1.17 1.03
3K ST Jaze
MnOx
2.37 1.83 1.84 1.18
g_é)),e] U,AI LSl fate
AFeOX
3.07 3.01 3.71 2.70
oty ol Sl st
CFeOx
8.39 8.44 8.53 8.24
sle 3L S
Res
82.6 83.5 83.1 85.5
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Table 12. Changes of relative percentage of Zn chemical forms reated to main effects of different salinity levels.

(Sb o S48  Sas OV SIee) (5555 sk

Levels of salinity (meq salt/ kg soil)

30

15

PENMERIPENI
WsEx

0.95

0.82

0.67

s

OM

0.71

0.46

0.84

Shs S

Car

1.42

1.39

3K ST Jaze
MnOx
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1.74

g_é)),e] U,AI LSl fate
AFeOx

3.27

3.12
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oty ol Sl et
CFeOx

8.35

8.44

8.40
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83.30
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Table 13. Person correlation coefficient (r) within Zn chemical forms in soil after corn harvesting as influenced

by microbial inoculation and soil salinity.

T O A e e B U RN
Res CFeOx AFeOX MnOx oM Car WsEx
Lo+ J
0.86%* ns ns 0.90%* ns  0.87% ) S e
WsEx
5L
-0.72%* ns ns 0.82% ns \ S
Car
\ S
ns ns ns ns
oM
s S |
-0.94%* ns ns \ )
MnOx
by gel palanS]
0.64* ns ) A
AFeOX
. \ Stk s
CFeOx
\ eJJLc‘ngg
Res

R T e R < Cth»—/‘)ﬁ By ;.,._JJSA;.nS) '
** % are significant at 1 and 5 % probability level, respectively and ™ not significant.
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Table 14. Person correlation coefficient (r) between Zn chemical forms and Zn-DTPA in soil after corn
harvesting as influenced by microbial inoculation and soil salinity.

oLl b sk calas] Gl palast 3 &eanst JT Sl s L+ J s

Res CFeOx AFeOX MnOx OM Car WsEx

-0.72%* ns ns 0.77%* ns 0.72%* 0.91%* Zn-DTPA

B R T e R < Cth»—/‘)ﬁ By ;.,._JJSA;.nS) '
** ¥ are significant at 1 and 5 % probability level, respectively and ™ not significant.
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Tanle 15. Effect of PGPR and mycorrhizae funfi application on root dry matter(g pot™) in different levels of

soil salinity after corn harvesting.
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Main effects
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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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Abstract

Background and Objectives: Zinc (Zn) is one of the most important essential nutrients that
plants require it for their physiological and generation functions.The low bioavailability of Zn is
in calcareous and saline soil, therefore the study of chemical forms and bioavailability of Zn in
these soils is necessary to estimate the potential availability. The objective of this study was to
evaluate the effect of plant growth promoting rhizobacteria and mycorrhizae fungi inoculation
on the chemical forms of Zn in a calcareous soil at different salinity levels after harvesting corn
by a sequential extraction method.

Materials and Methods: In order to do this study, apporpirate amount of surface soil (0-30 cm)
that had low organic matter and electerical conductivity, was collected and then, selected
physicochemical properties of soil were measured by laboratory standard methods. A factorial
experiment as a completely random design with three replications was conducted in greenhouse
conditions. The first factor consisted of three salinity levels (0, 15 and 30 Meq salt kg™ soil) and
the second factor was microbial inoculation (without inoculation, Glumus Intraradices,
Pesudomonas bacteria and fungi + bacteria). After applying treatments, corn seeds (Zea mays
L.) were planted in plastic pots and held for 10 weeks. Sequential extraction procedure of Sing
et al. (1988) was used to measure chemical forms of Zn in soil after corn harvesting. The
Zn was separated into 7 fractions by this method that include WsEx-Zn, Car-Zn, Om-Zn,
MnOx-Zn, AFeOx-Zn, CFeOx-Zn and Res-Zn.

Results: The results showed that increasing salinity levels increased the concentrations of
soluble;exchangeable, carbonatic and manganese oxide fractions and the concentrations of
residual and organic fractions decreased. By application of all microbial treatments, the
concentration of soluble + exchangeable, carbonatic and manganese oxide fractions increased and
the concentration of residual fraction declined. The higher increase of concentrations of soluble +
exchangeable (101%), carbonatic (59.3%) and manganese oxide (100%) fractions were observed
in co-inoculation of bacteria and fungi treatment. There were positive and significant correlation
between soluble.exchangeable, carbonatic and manganese oxide fractions with DTPA extractable
Zn which indicates the role of these fractions in the supply of Zn to plant.

Conclusion: Results showed that the biological treatments caused the redistribution of Zn from
low available fractions to high available fractions in soil. Also, increasing soil salinity levels
caused the redistribution of Zn from insoluble fractions to more soluble fractions and therefore,
the mobility of Zn in soil increased.

Keywords: Glomus intradices fungi, Pseudomonas sp. bacteria, Salinity, Sequential extraction,
Zinc
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