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Table 1. Some physical and chemical properties of used soils in this study

. Zn Fe S P OC TotalN CaCOg3 - . .
Soil Texture " - EC™ (dSm?t) pH Location
mg kg (%)
Silty clay 08 630 7 13 117 011 16 0.56 7.8 Chogha Narges
Silty clay loam 0.7 730 13 96 114 0.11 25 0.6 7.9 Mabhidasht
Silty clay loam 092 77 18 11 106 0.1 30 0.85 7.8  Najaf Abad
Silty clay 095 750 27 15 0.97 0.09 35 1 7.9  Ghomsheh
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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
(Mean Square)

Source df
pH EC P S Fe Zn

(Replication) 2 0.001" 0.062"  1.268" 12.104" 0.003"™  0.002™
Sulfur) 3 0776 2.584™ 18521 918.857™  3.012™ 0.588™
(Error) 6 0.002 0.002 0.616 1.282 0.003 0.002
(Location) 3 0.7747 04177 142.433™ 3123.1277 16.206™ 0.268™
(Sulfur » Location) 9 0.041™ 0.012™ 0.565™ 15.586™ 0.022"  0.042™
(Error) 24 0.041 0.008 0.840 5.358 0.022 0.002
(Time) 2 0.097" 0.823™ 2.063" 561.596™  1.380™ 0.161"
(Sulfur = Time) 6 0.004™ 0.065™ 0.486" 40.781™ 0.012" 0.012™
(Location » Time, 6 0.013™ 0.004™  0.719" 7.425™ 0.012" 0.015™

(Sulfur « Location «Time) 18 0.002"° 0.004™  0.176" 2.755™ 0.006"™  0.004™
(Error) 64 0.001 0.004 0.192 0.855 0.004 0.004

(Coefficient of Variation) 0.27 5.32 3.37 3.79 0.83 3.46
(Significant at 5% probability level) oo, 74 mhaw )0 Jls 2e*  (Significant at 1% probability level) a0 S o jo lo 2aa™™

.(No significant different at 5% probability level) oo, zu oLl gme M| 5g>g pac 1 NS
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Table 3. Mean comparison results for effect of different levels of S° on pH and EC in the different locations of

maize farms
S (kg h) pH EC (dS m?)
6-7 leaf silking after harvest 6-7 leaf silking after harvest
(Chogha Narges)

0 7.7a 7.68 a 7.7a 0.6d 0.8d 0.7d
250 7.5b 7.39 b 75 b 0.92c 1.25¢ 1.08c
500 7.3c 7.28 c 7.3bc 1.07b 1.4b 1.22b
1000 7.2 7.18 d 722 ¢ 1.2a 1.57a 1.44a

(Mahidasht)

0 7.88a 7.8a 7.83a 0.7d 0.8d 0.77c
250 7.7b 7.54b 7.61b 0.89c 1.25¢ 1.03b
500 7.62bc 7.4c 7.44c¢ 1.13b 1.5b 1.25a
1000 7.54¢ 7.3d 7.35d 1.37a 1.61a 1.37a

(Najaf Abad)

0 7.76a 7.74a6 7.74a 0.9b 0.98b 0.93c
250 7.7ab 7.58b 7.59b 0.98b 1.27a 1.13bc
500 7.64ab 7.54bc 7.53bc 1.14a 1.48a 1.37ab
1000 7.52b 7.47c 7.47cc 1.26a 1.67a 1.45a

(Ghomsheh)

0 7.87a 7.85a 7.84b 1.04c 1.08d 1.07c
250 7.81ab 7.75b 7.76ab 1.17bc 1.41c 1.31b
500 7.75b 7.69c 7.7bc 1.28ab 1.59b 1.46ab
1000 7.72b 7.62d 7.66C 1.43a 1.78a 1.62a

o yd iy gl 5o died 5 obl Lz 0 5 SO i (o o sire BB pas ailis (6355 (sl Lo o Cudbdimle g WS Sliz )0 g b 0 alie gy
*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 SO4-S and phosphorus concentration in the
different locations of maize farms

S (kg ) (P, mg kg™ (S, mg kgh)
6-7 leaf silking after harvest 6-7 leaf Silking after harvest
(Chogha Narges)

0 130.4d 13.43d 13.22¢ 7.7c 8.5¢c 8.1c

250 13.7c 14.1c 13.7bc 11.7b 20.7b 15.3b

500 14.1b 14.7b 14.37b 14b 24a 17.5b

1000 14.53a 15.4a 15.2a 10.3b 25a 21.7a
(Mahidasht)

0 9.6d 10.07c 9.9¢c 13.9d 15.2d 14.7d

250 10.07c 10.8bc 10.5b 15.7¢ 22¢c 16.9¢

500 10.7b 11.73ab 11.3a 16.73b 24.3b 21.5b

1000 11.3a 12.7a 11.9a 17.4a 29a 24.4a
(Najaf Abad)

0 11.14c 11.3c 11.26¢ 18.3b 21c 19.8¢c

250 11.53b 12.07b 11.8b 21b 26.3b 24ab

500 11.9ab 12.3ab 12.1b 23.3ab 29.7b 26.7ab

1000 12.2a 12.5a 12.47a 27.5b 33.7a 32a
(Ghomsheh)

0 15.1b 15.3c 15.2b 28d 30.5d 29d

250 15.3ab 15.5b 15.4ab 31.8¢c 39.3c 34.8¢c

500 15.4ab 15.6b 15.6ab 34.7b 45b 38.7b

1000 15.6a 16a 15.9a 38.5a 5la 43a

2o y0 O el (o diied g oLl iz j0 5 ) e [0 o e YIS pac wilis 5055 sloled o Cbiaiale 5 WS laz 48 (ygite pa y0 wlie g %
*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 of maize farms

S (kg ™) (Fe, mg kg (Zn, mg kg™
6-7 leaf silking  after harvest 6-7 leaf  Silking  after harvest
(Chogha Narges)

0 6.37d 6.5¢c 6.4c 0.81b 0.82b 0.8b

250 6.6¢ 7b 6.9b 0.94ab 1.17a 1.1ab

500 6.8b 7.2ab 7ab 1.09ab 1.26a 1.2a

1000 7a 7.4a 7.27a 1.2a 1.31a 1.27a
(Mahidasht)

0 7.5d 7.9¢ 7.8¢c 0.73c 0.76¢ 0.74c

250 7.7¢c 8.1b 7.9b 0.80b 0.98b 0.83bc

500 7.9b 8.3ab 8.17ab 0.86ab 1.13ab 0.98b

1000 8.13a 8.48a 8.4a 0.92a 1.28a 1.14a
(Najaf Abad)

0 7.9b 8.1c 8.03c 0.97c 1b 0.98c

250 8.2ab 8.4b 8.3b 1.05b 1.11ab 1.13b

500 8.4ab 8.6b 8.6a 1.15ab 1.24a 1.20ab

1000 8.5a 8.9a 8.8a 1.2a 1.29% 1.28a
(Ghomsheh)

0 7.6b 7.8d 7.7b 1c 1.05b 1.03b

250 7.7b 8.1c 7.8b 1.03b 1.06b 1.04b

500 7.9b 8.3b 8a 1.05b 1.12ab 1.05b

1000 8.1a 8.5a 8.1a 1.1a 1.18a 1.14a

oy O el j0 adied g LT iz 10 g ) mhaw 48 o e S pue il (5845 (slo Lo (s Cedasmle g (oS il 10 gt ya 40 lie gy *

*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 7. Mean comparison results for effect of different levels of S° on nutrients uptake in the different locations
of maize farms

0 1 (N) (P) (S (Fe) (Zn)
3 (Kgha™) (Kg ha") (gha?)
(Chogha Narges)
0 139c 19.84c 22.89b 250c 171c
250 145bc 23.21b 27.32b 273b 188bc
500 1515b 26.74ab 27.01a 291b 207ab
1000 1615 a 26.63a 28.15a 314a 231a
(Mahidasht)
0 139.5d 22.56¢ 18.83d 259d 182c
250 149c 26.4bc 22.17c 311c 201c
500 163.8b 29.53ab 25.6b 347b 227b
1000 174.6a 32.40a 28.24a 388a 259
(Najaf Abad)
0 153.23c 23.07d 21.36d 282d 206.5d
250 161.28b 25.37c 23.32¢ 299c 227c
500 165.88b 26.4b 25.7b 323.5b 240b
1000 173.52a 28.8a 27.32a 336a 249a
(Ghomsheh)
0 141.5¢ 22.6¢ 19.97b 286.5¢ 207d
250 145.8bc 24bc 21.8b 307b 218c
500 150.8ab 26ab 24.2a 325ab 231b
1000 152.4a 27.6a 25.5a 335a 238a

o yd iy ek 50 Adied g obl Cazi 40 5 S e 50 o e S pae il (5055 sl jlens ym adiadle 5 S iz 0 et 2 50 aline By %
*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 uptake in the different
locations of maize farms

(Mean Square)

Source df

N P S Fe Zn
(Location) 3 637.375"  20.503" 16.43™ 4171.301" 2132.969"
(Location) 8 63.107 10.19 4.924 891.396 385.67
(sulfur) 3 1093.221™ 126.788™  100.472™ 12172.99™ 6177.72"
(Location * Sulfur) 9 61.728™ 4.032™ 1.973™ 728.064™  256.158™
(Error) 24 5.332 1.93 0.52 67.004 40.401
(Coefficient of Variation) 1.5 5.37 2.99 2.66 2.92

«Significant at 5% probability level) os o 7 alaw ,o s xe ™ (Significant at 1% probability level) so s S maw jo s sa™™
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Effect of elemental sulfur and Thiobacillus bacteria on some chemical
properties of soil and nutrients uptake by maize (Zea mays L.) crop
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Abstract

Low availability of some nutrients is one of the major factors for the widespread occurrence of plant
nutrient deficiency in calcareous soils. Therefore, any strategy for solution of this problem is
important. This study aimed to evaluate the elemental sulfur (S°) effect along with Thiobacillus
bacteria on some chemical properties of soil (pH, EC, P, S-SO4, Fe and Zn) and nutrients uptake by
maize (Single Cross 704). For this purpose, 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 kgsoil) in Kermanshah Province. Sulfur was applied at 0, 250, 500, and 1000 kg ha* as S° and
Thiobacillus neapolitanous inoculation using randomized complete block design with three
replications in a during cropping season 2015-2016. Soil samples at 6-7 leaf, silking and post
harvesting stage from each treatment plot was collected for determining pH, EC, P, S-SO4, Fe and Zn.
The result showed that S° significantly decreased the soil pH and adversely, increased EC, P, S-SO4,
soil DTPA- extractable Fe, and Zn in the Chogha Narges, Mahidasht (p<0.01) and in Najaf Abad and
Ghomsheh (p<0.05) at 6-7 leaves, silking and post harvesting stage compared with the control. The
lowest pH and highest EC, P, S-SQOs, Fe and Zn value was observed with 1000 kg ha™ S° at silking
stage. Soil pH of Chogha Narges, Mahidasht, Najaf Abad and Ghomsheh, respectively 0.62, 0.6, 0.33,
0.24 decreased compared with the control. In contrast, soil EC 1.01, 0.91, 0.69 and 0.7 dS m¥,
respectively was enhanced. P also in levels of 2.4, 3.7, 1.5 and 1, available sulfur 18, 16, 15.7 and 24,
Fe 1.4, 1.48, 1.3 and 0.9, Zn 0.51, 0.57, 0.34 and 0.18 mg kgsoil increased compared with control.
After harvesting due to the reduced amount of sulfur oxidation and buffering capacity of soil, pH and
nutrients gradually returned to its initial state. However, N, P, S-SO4, Fe and Zn uptake by maize was
significantly increased with the application of S° compared with the control. The highest nutrients
uptake was observed with 1000 kg ha* S° along with Thiobacillus bacteria.
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