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Table 2. Combined analysis of variance for effect of different levels of S° on some chemical properties of soil in

the different locations.

Sl e (1 Sle
Mean Square

63')] 4

Al o Ol pers 2
Sahalh Dooadiecs
7 ¢ ¢ e H Degree of Sour f variation
S0 e 35 A < P freedom ource of vanatio
Zn Fe S P e
EC
e
0.117%%  13.000%%  156.63**  3511.62%%  2.460%*  0.263%* 3
Location
. . O (gl
0.005™  0.056**  025%  10282%*  0.010®  0.001** 8
Error
k% *%k *%k *%k *%k *%k J;)f
0.522 3.695 11.63 1081.33 1.930 0413 3
Sulfur
o
0.165%% 1208  2.60%*  42496%*  1205%  0.456%* 2 SR O
Time
$5 ol i
0.030%%  0.030%*  0.79%* 14.46% 0.015%  0.011%* 9 5 e e
Sulfur * Location
R
0.010%*  0.010% 0.17% 5.78%% 0.031%%  0.027% 6 ol g o 5 O S0 2
Location * Time
| PRI & .
0.006*  0.001™ 007 36.31% 0.046%*  0.03% 6 Soloptiped loj 52558 e
Sulfur * Time
15 55 5o Olo s YR COTR
0.002™  0.007™ 0.02™ 1.14™ 0.004™  0.003%* 18 Gl ptiges Qlef 5 28 S0l S s
Sulfur * Location * Time
o
0.02 04 0.03 0.93 0.6 0.8 88 £
Error
Ol s 5
447 3.96 2.8 3.90 34 42 i

Coefficient of Variation

Ao ) 50 Jlaxs! CEM 23 la e (S5la sme pde S S

# ns

S % #%* indicated: non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 3. Mean comparison results for effect of different levels of S° on soil pH and EC in the different locations
under grown of wheat.

oo e o) SosSl gla oSty o
EC (dS m™) pH 255
O s r; 5S)
il 3l e oy wle Sy il ol g NoSE S S°(Kg ha™)
Post harvesting stem elongation Tillering Post harvesting stem elongation Tillering
(Chogha Narges) .5 ; b
0.78¢ 0.70° 0.64° 7.79* 7.71¢ 7.76* 0
0.96° 0.81% 0.72° 7.68° 7.40° 7.75% 250
1.22° 1.08%* 0.81° 7.58° 7.29° 7.66™ 500
1.43° 1.21° 1.04° 7.47° 7.18" 7.60° 1000
(Mahidasht) c.samale
0.79° 0.51° 0.43° 7.76* 7.81° 7.78* 0
0.85° 0.69° 0.48% 7.77* 7.60° 7.72% 250
1.12° 0.77* 0.62" 7.68° 7.48° 7.77* 500
147 1.14° 0.85" 7.56° 7.39° 7.73° 1000
(Najaf Abad) slici=s
1.02¢ 0.98° 0.95¢ 7.75° 7.72° 797" 0
1.32° 1.19° 0.99° 7.70" 7.58° 7.73% 250
1.52° 1.37° 1.18° 7.63% 7.53° 7.69% 500
1.88° 1.50° 1.29° 7.55° 7.39° 7.65° 1000
(Ghomsheh) 4.3
1.12° 1.09° 1.04° 7.86 7.81° 7.87 0
1.43° 1.33% 1.18* 7.82° 7.76™ 7.84° 250
1.60° 1.50° 1.31° 7.77* 7.69% 7.79% 500
2.14* 1.65" 1.43° 7.71° 7.62° 7.73° 1000

aiad g sblcizs 3 5 ) ez o 53 15 me SNl ple Lt (5355 Glalos o Sdioale 5 (o8 Sl 53 Dt 8 3 il oy
Aoy 0 JL@J}‘dﬁ—w))

* Means followed by the common letters in each column at Chogha Narges and Mahidasht not significant at 1% level of
probability and Najaf Abad and Ghomsheh at 5% level according to the Duncan's Multiple Range Test.
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Table 4. Mean comparison results for different levels of S° on SO,-S and phosphorus concentration in the

different locations under grown of wheat.

(SAS oS e) 355 (¢ SAS 5 05 ) i S5
S (mgkg") P (mgkg") )
K . . K . . O s (15)1:5)
Sl 5l e oy ala ey Sl 5l e oy ale ey S (Ke ha")
Post harvestin stem elongation Tillerin Post harvestin stem elongation Tillering
g g g g
(Chogha Narges) .5 ; b
8.1¢ 8.2¢ 7.7¢ 13.2° 13.4° 13.3° 0
15.6° 16.8° 10.4° 13.8° 14.1° 13.6° 250
17.3° 18.9° 11.6° 14.3% 14.6™ 13.9° 500
20.0° 21.0° 135 14.7° 15.1° 14.4° 1000
(Mahidasht) c.samale
13.8¢ 15.5° 13.7¢ 9.8° 9.9° 9.5¢ 0
21.1° 23.4° 16.4° 10.5° 10.7° 10.1° 250
24.5° 28.0° 18.7° 11.4° 11.6* 10.8¢ 500
28.0° 30.0° 20.1° 11.9° 12.4° 11.3° 1000
(Najaf Abad) slici=s
19.8¢ 20.1° 19.0¢ 11.4° 11.6° 11.30° 0
25.7° 27.0° 22.7° 11.9* 12.1° 11.6b° 250
28.0° 30.3° 25.0° 12.3 12.5° 12.1* 500
34.0° 36.0° 30.0° 12.5° 12.8° 12.4° 1000
(Ghomsheh) 4.3
29.5° 30.2° 28.6¢ 15.3° 15.4¢ 15.2° 0
36.3° 38.3° 31.7° 15.4% 15.5 15.3° 250
40.3° 43.7° 35.0° 15.6™ 15.7° 15.5° 500
47.0° 50.3° 39.0° 15.8° 16.0° 15.6" 1000
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* Means followed by the common letters in each column at Chogha Narges and Mahidasht not significant at 1% level of
probability and Najaf Abad and Ghomsheh at 5% level according to the Duncan's Multiple Range Test.
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Table 5. Mean comparison results for effect of different levels of S° on Fe and Zn concentration in the different

locations under grown of wheat.

(eSS np S ko) su) (S5 5 e Ske) ol ¥y
Zn (mgkg") Fe (mgkg")
A o 4 A o - s 0 555L5)
LT oo, sl ey LT oo, s ey 5° (Kg ha”)
Post harvesting  stem elongation Tillering Post harvesting  stem elongation Tillering
(Chogha Narges) .5 ; b
0.8° 0.9 0.9° 6.6° 6.7 6.5 0
1.0° 1.1° 1.0° 7.1° 7.1° 6.8° 250
1.2° 1.3% 1.1° 7.2° 7.3° 6.9° 500
12 14 1.2° 7.4° 7.6° 7.2 1000
(Mahidasht) c.samale
0.8° 0.9 0.8° 7.5¢ 7.7° 7.3¢ 0
1.0 1.0° 0.9% 7.9 8.1° 7.6° 250
1.1% 1.1° 1.0™ 8.2° 8.4° 7.9 500
12 1.3 1.1° 8.4 8.5 8.2 1000
(Najaf Abad) slici=s
1.0° 1.0° 1.0° 8.2° 7.8° 7.8° 0
1.1° 1.2° 1.1% 8.5° 8.3° 8.3% 250
1.2° 1.3% 12" 8.7% 8.5% 8.5% 500
1.3 1.4 1.3 8.8 8.6" 8.6a 1000
(Ghomsheh) 4.3

1.0° 1.0° 1.0° 7.7¢ 7.9 7.6° 0
1.0° 1.1° 1.1° 7.9¢ 8.1° 7.8% 250
1.1% 1.2° 1.1° 8.2° 8.2° 7.9% 500
12 12 1.1° 8.4 8.5 8.2 1000

aied g oblcims 55 5 ) Jlazt o 53 s gme SO ple 6LES (6355 Slasless o Suddanle 5 S Sl 3 Ot 58 53 il Gy

o3 0 Jlea| Cb—w 33

* Means followed by the common letters in each column at Chogha Narges and Mahidasht not significant at 1% level of

probability and Najaf Abad and Ghomsheh at 5% level according to the Duncan's Multiple Range Test.
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Table 6. Combined analysis of variance for effect of different levels of S° on nutrients concentration in the
different locations under grown of wheat.

Sl e SSle ;
3151 a8 ..
Mean Square ; ? )f i
S5 ol 558 ed O ffegggzrz Source of variation
Zn Fe S P N
O\e
180.64** 220.22%%* 0.05%%* 0.052%* 0.002* 3 ¢
Location
5.23™ 4.65™ 0.001™ 0.001™ 0.001™ 8 e
Error
46.34%* 35.35%* 0.002%** 0.003** 0.026** 3 ead
Sulfur
) ) ) O\e S5
3.9 2.65%* 0.001™ 0.001™ 1.00% 9 M A
Sulfur * Location
Uas
2.37 0.51 0.001 0.001 0.001 24 Fo
Error
] oS >
5.14 420 4.14 351 3.05 S

Coefficient of Variation

o3\ 50 JL@}\CEMﬁ)bJ'M (ol e pde S S
", #* ** indicated: non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 7. Mean comparison results for effect of different levels of S’ on nutrients concentration in the different
locations under grown of wheat.

¢ o (Lo 3) 3,58 (Ao,5) jaud (o y3) OJ5 20 o
(¢SS 5 Sk (¢SS 5 Sk S (%) P (%) N (%) ’ s 0 555L5)
Zn (mg kg™) Fe (mg kg™ S°(Kgha™)
(Chogha Narges) .5 ; b
24.5° 56.5° 0.26 0.29° 2.10° 0
27.0% 59.6° 0.29° 0.32° 2.15° 250
27.0% 61.9° 0.29° 0.32° 2.19® 500
28.0° 62.7° 0.28° 0.33" 223" 1000
(Mahidasht) c.samale
30.5° 62.0° 0.40° 0.44° 2.11° 0
33.8% 64.8" 0.43° 0.47° 2.15" 250
36.8° 65.3" 0.43° 0.47° 2.19° 500
38.5° 64.5° 0.45° 0.46° 226" 1000
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Continue Table 7.
< . o) 3855 (Aoyd) b (o) D550 o
(SAS 2 eSSk (SAS 2 eSSk S (%) P (%) N (%) s ¢ SHLS)
Zn (mg kg™) Fe (mg kg™ S°(Kgha™)
(Najaf Abad) sLiciss
29.0° 54.0° 0.30° 0.35° 2.12° 0
30.3% 55.0™ 0.32° 0.37° 2.16® 250
32.0% 56.0° 0.32° 0.37° 2.19° 500
33.0° 56.3" 0.33" 0.38° 221° 1000
(Ghomsheh) 4.3
25.5° 53.0° 0.30° 0.31° 2.10° 0
26.6™ 55% 0.31° 0.32° 2.14™ 250
27.7° 56™ 0.32° 0.34® 2.17° 500
28.2° 57.3° 0.33" 0.36a 2.17° 1000
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* Means followed by the common letters in each column at Chogha Narges and Mahidasht not significant at 1% level of
probability and Najaf Abad and Ghomsheh at 5% level according to the Duncan's Multiple Range Test.
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Abstract

Background and Objectives: In calcareous soils of Iran, due to high pH, nutrients are slightly
soluble and their absorption by plants is difficult. In order to solve these problems and to achieve
optimal yield in such soils, the use of sulfur as a correction agent is necessary to reduce the local pH
of the soil and increase the solubility of nutrients. The aim of this study was to evaluate the sulfur
effect inoculated with Thiobacillus bacteria on some chemical properties of soil (pH, electrical
conductivity, phosphorous, sulfate iron and available zinc) and nutrients concentration in wheat
grain in four areas of Kermanshah province with different available sulfur.

Materials and Methods: An experiment was carried out in four sites (Chogha Narges, Mahidasht,
Najaf Abad and Ghomsheh) with different levels of available sulfur (7, 13, 18, 27 mg kg 'soil) in
Kermanshah Province. Sulfur was applied at 0, 250, 500 and 1000 kg ha™ as Pastille Sulfur (PS),
using complete randomized blocks design with three replications in a during cropping season
2015-2016. Seeds of wheat were planted in plots. Before cultivation, the phytochemical properties of
soils were analyzed using standard laboratory methods. Soil samples at tillering, stem elongation and
post harvesting stage was collected for determination of pH, electrical conductivity (EC),
phosphorous (P), sulfate (S-SOy), iron (Fe) and available zinc (Zn). Finally, grain yield and
concentration of nutrients were determined using routine methods.

Results: The result showed that PS significantly decreased the soil pH and adversely, increased EC,
P, S-S0, soil DTPA- extractable Fe and Zn in the Chogha Narges, Mahidasht (P<0.01) and in Najaf
Abad and Ghomsheh (P<0.05) at tillering, stem elongation and post harvesting stage compared
with the control. The lowest pH and highest EC, P, S-SO,, Fe and Zn value were observed with 1000
kg ha™ S° at stem elongation. After harvesting due to the reduction of sulfur oxidation and buffering
capacity of soils, pH and nutrients gradually reduced in comparison to the stem elongation stage.
Also, nutrients concentration (P, S, Fe and Zn) in wheat grain was significantly increased by the
application of PS compared to control. The highest nutrients concentration was observed with
application of 1000 kg S° ha™.

Conclusion: The effect of simultaneous application of sulfur and Thiobacillus bacteria on the
chemical properties of the soil and nutrients concentration in wheat grain was promising, which
indicates its good potential for use in agriculture. Each calcareous soil, has a specific potential for
sulfur oxidation which depends on its characteristics and the only amount of calcium carbonate is
not a suitable measure for the application of sulfur to increase the solubility of nutrients.
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