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Table 2- Some physical and chemical properties of soils in different regions

Texture Mn Cu Zn Fe K P o.C TNV  pH ECe* : -
Region
mg kg* % - dS mt
Loam 1326 142 134 52 405 132 0.37 19.6 7.83 0.92 s
Mashhad
Loam 122 069 062 122 215 6.7 0.5 7.44 7.81 1 A5
Qazvin
i " olzile
SityClay 538 12 092 678 30 10 102 -~ 770 1 -
Loam Kermanshah
Loam 1326 142 134 52 405 132 0.37 19.6 7.80 0.92 Dii]ial
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" ECe: Electrical conductivity in saturation extract, ™ not determined
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Table 3- Mean Comparison of effects of treatments on yield and nutrients uptake in Mashhad

sl o,Sles b ) oo S 5 F O3 Shed S
Final Phosphorous Zinc Iron Dry Weight Wet Phosphorous  Sulfur
yield Weight

kg 5m? mg kg mg kg mg kg kg m? kg m?*
50.82 f 0.16 ab 22.11a 144.56 ab 13.56d 3259 f PO
57.43 df 0.14 ab 20.35a 105.26 ab 14.81 cd 34.50 df P1 SO
61.67 df 0.13ab 18.60 a 128.07 ab 14.89 cd 35.03 df P2
56.69 df 0.12a 1754 a 110.88 ab 14.83 cd 33.99 ef PO
65.76 cd 0.11la 1474 a 117.89 ab 14.89 cd 36.49 be P1 S1
71.75 bc 0.14ab 17.31a 119.65ab 17.75ab 36.91 be P2
54.42 ef 0.16 ab 13.68a 98.95b 15.81c 36.45 be PO
70.67 bc 0.16 ab 16.49a 102.81 ab 17.39b 38.09 bd P1 S2
72.89 be 0.13ab 14.04 a 117.54 ab 19.12a 39.34 ac P2
56.32 ef 0.17 ab 21.93a 14754 a 14.60 cd 35.76 cf PO
76.32 ab 0.18a 19.47a 109.82 ab 18.87 ab 39.73 ab P1 S3
81.77a 0.18a 19.30a 122.46 ab 18.31ab 42.22 a P2
S bl e Sy o 0 S5ks™
02938 50 polie Qi 95 Sdos byl (il duylio -F Jouar
Table 4- Mean Comparison of effects of treatments on yield and nutrients uptake in Qazvin
sl o ,Shes Saed &3, ol SaS () 5039 Shd 3555
';'ir;?(lj Phosphorous Zinc Iron Dry Weight Wet Weight Phosphorous  Sulfur
kg 5m't mg kg* mg kg* mg kg? kg m! kg m!
27.00ac 0.47a 221.00a 0.53cd 4.60ac PO
28.02ac 0.46a 253.33a 0.46d 5.06a P1 SO
29.48ab 0.46a 246.17a 0.78b 4.80ab P2
27.52ac 0.41a 228.00a 0.46d 4.87ab PO
28.43ac 0.46a 316.75a 0.50cd 4.00c P1 S1
28.48ac 0.47a 299.33a 0.51cd 5.25a P2
26.57¢c 0.46a 253.33a 0.44d 4.70ac PO
29.65a 0.44a 280.83a 0.47d 5.30a P1 S2
26.60c 0.52a 269.17a 0.58c 4.95ab P2
26.85hc 0.44a 255.67a 0.70b 4.95ab PO
28.80ac 0.49a 275.83a 0.94a 5.11a P1 S3
27.43ac 0.48a 212.17a 0.48d 4.27bc P2

\-



Sy 05y Slaatll p p jied 95595 (ushwlig Sl (o)

oLiila S 30 yoli sior 5.9, Kkos 53 losd (5aSileo Augllio —0 Jgar

Table 5- Mean Comparison of effects of treatments on yield and nutrients uptake in Kermanshah

sl 3 Shes Sed S35 o2l SeS o T Ok Sd S5
';/Iig?(; Phosphorous Zinc Iron WZirg);/ht Wvé/iztht Phosphorous  Sulfur

kg 5m? mg kg* mg kg* mg kg* kg mt kg mt
34.67f 0.56 ¢ 34.67 ab 198.00 bc 0.07c 0.53¢ PO

37.17 ce 0.62 bc 33.00ab 255.33 a 0.09 ab 0.57 bc P1 SO
35.50 ef 0.75a 35.00 ab 188.33 ¢ 0.09ab  0.63bc P2

37.33ce 0.68 ab 31.33ab 197.67 bc 0.10a 0.58 bc PO

38.67 ac 0.65 ac 35.67 ab 198.00 bc 0.09ab  0.60bc P1 S1
35.83 ef 0.60 bc 37.33a 219.67 ab 0.08ac  0.57hc P2

36.17 df 0.59 bc 32.33ab 230.67 a 0.10a 0.62 bc PO

38.33 bc 0.59 bc 33.00ab 219.67 ab 0.11a 0.75a P1 52
38.50 ac 0.61 bc 32.67 ab 189.67 ¢ 0.08 ac 0.59 bc P2

40.33 ab 0.61 bc 34.00 ab 184.67 c 0.08 ac 0.57 bc PO

38.17 cd 0.58 bc 30.33b 181.00c 0.10a 0.67 ab P1 S3
40.50 a 0.59 bc 33.00ab 184.33 ¢ 0.11a 0.68 ab P2

S 5 5555 s 5 Jol sl gl o
il sLaphisl o jand clle (sl gixe 55l
- e U yid 53,555 lg g Lol Sl el
0,5 clla glse slaslal jo gq, clale 1y g ls
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)...>l_. S8 0, e 90,585 r>|5_> 3,15 Lol eccisls
ol V7V als> o 5 0, Sles 10 (5)l0 —e
S ae 3 Hand 9 0,555 plgi 0 )5 (pizmon
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ol 6l il paie 98 ol ol 515 Ll
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Table 6- Mean Comparison of effects of treatments on yield and nutrients uptake in Dezful

sl 0 ,Shee b S35 ol )] 5O e 55
I;Iig?cli Phosphorous Zinc Iron Wzi?;lht Wet Weight  Phosphorous Sulfur

kg 5m? mg kg! mg kg! mg kg! kg m! kg m?
15.83bc 0.44a 46.33 ab 121.50ab 0.007a 0.065a PO
16.83ab 0.39% 33.50b 117.83 ab 0.009a 0.079a P1 SO
18.67a 0.45a 37.67 ab 106.83b 0.010a 0.088a P2
16.17ac 0.39% 38.83 ab 127.17 ab 0.008a 0.071a PO
15.00bc 0.45a 37.83 ab 126.33 ab 0.008a 0.074a P1 S1
16.67ac 0.46a 37.50 ab 113.00 ab 0.008a 0.071a P2
16.50ac 0.45a 41.83 ab 115.67 ab 0.008a 0.077a PO
16.17ac 0.41a 41.67 ab 144.33 ab 0.008a 0.076a P1 S2
14.83bc 0.41a 42.50 ab 123.50 ab 0.008a 0.070a P2
14.00c 0.46a 47.67a 125.17 ab 0.009a 0.077a PO
15.17bc 0.43a 39.33 ab 149.00a 0.009a 0.055a P1 S3
15.83bc 0.47a 41.00 ab 125.17 ab 0.009a 0.075a P2

VoA

S s e s 5ok



WWAD sl ) o)l F ul>

S 60,5 Sladss

Ciz JB jaad gl g 95 GerulannST
mam il glapH L oS s (23 ol
celb S 4 08565 ogj8l a5 canl ouls (6,5
Nor & ) ssisce Sb Cir BB i ilisl
30 6,lee o ek opl o (Tabatabai, 1977
syles 536 cov polie wix (gble (S
Mahler & ) uble 5 ale .cd3,5 )13 60,55
I, Gpaie 5,548 &Il ados o (Maples, 1986
@l yolie 5l (Fp i g S PH als
st 590 Sl s S K 55 g gy
o 0,58 Bpae a5 w8 F a5 ool )8
Daz ;3 g oad oS hug jaud od> telS
50 2055 ssmlie ols i) (59, 5 ool S
czge 3595 op)l5 a5 wd easlie agh (nl
2l 5 59l (chaghy 5o b el Lda )
i (Sal slSk o a5 e pbl Jgaze
Srae o5 yolic g 3555 35:e5 4 Loy oad
ol 8 Slas 8,555 G pan oizpan aiidls Las o
ol s )3 AN B AF sals b awlis jo 1) coe)

.(Chaudhari & Singh 1997) sls
wSlae 2 0555 Gpan 3l 5500 Stagh
S SO0 bgw 50 008 olasd g (59,0 Conds
Sas Gjs 4T wb SIS 5 WS seyn S
L LS )0 9,565 0,56k Ve g jled g9 50 Lge
slles a5 Jl o sl o pme Oglas o
aals b awslas o LSe o p,5elS v 4 V- Ve
G59 oys YYYY 5 YA Y0 AVIFF iy 4
.(Dubey & Billore 1995) cély jsliél o5 S
3 Oy kS 3 39S Lde pile hagh o
SIS Jy 235 Qb)) 95 0p)8 axs
lapssd ;o jars @iz ;0 058 U p S
Pl cwypn SO0 aSSl alez 510 ls 0924
o Sl (ier @ p 958 s polie
Scherer & ) coul oo b, cuda 1) 0956 g axigy
Sad placl isu Sal slass o (Lange, 1996
desd 5l i BB e US54 SB s a5z
G o8 oLE 5 0 6,058 Slind S |y ol

S o sl colatnl jaud e ol 4 ol

\-

Dizr 9, 5hes b jlad il s F-¥
J$938 y0 )5 53 (2Iaé yole

@l olic Ciz 5o Slee p bajles 3l gl
oad ools las el Jeaz j0 Jgdi0 ,0 3,3 50
el g ol 51 Job3o y0 a5 ols )lad el el
Sad g 5 oShee 2 g)lssan b yhd g 0558
Sloplil )3 5hud g (53, ool ke V-V al> 1
Syiie 5, )lS 90,545 0,06 0,5 il Sls
B 5, Skae) algi 0, Sha (s Joisinn o3l jind
30 Gyl e 53 a8 0 LS Lol sl (e
5,8Los oV cils 1556 ol Ly (P<0.05) zbans
e 5l e 050 @ S LS VAPV (e 0 (2l
Sl sy SOP2

S slye (Fr e el i @l a5y jshiles
b cuS 5 Sy @ dx 5 0500 Ojgo & 4z 3555
) o als p glogme SIS g s 35S
Gl o a5 wliee Giolejl g0 jo b flas o))
5 oogpil S 4y 0,555 il mlie s el
30 0,568 o8 e Vo CBras as ol lis mls
ouds iz Olagw Jade ¢ 0,Sles vl b anslio
E M azg Lo, P U T ol &) hauy
«(Singh & Chhibba, 1991) sls ]33l 8,565 avie
e egh onl o Glesl 9y5e S
5 o5 Sy ey G o gl e SB el
Omlb @ At ol 4 oS Eub 5l s
2 Eybse ol b 3 03,5 o p S b oy,
5 pind e 8 15 o ST K hesy
3 sl Sl vl e ol i BB ol
Alisee b jlod Jloz 50 wlS ciS 5 S g
Sfdes Pl cage g b ABlAl SI 4 jiul
oo 3,595 ymluST as coul o 905 O3
0955 ST 5 Il L ol 5L 590 Dlidges sl
wio B jind Gl el 0T 5 s5ge shud
(Bromfield et al,. 1981) &0, &,3

s s S Lla BB i ol agh
aS ol ol yal cpl Jdo .l gil58l 0,565 8 pae
- oo Ol3T yind 5 il zals 5y, bl e Sl pH
S pH SIS adayly jo g0l Olalllas b 00 )5



Sy 05y Slaatll p p jied 95595 (ushwlig Sl (o)

Besharati & ) wal el gLl 51
aS ols las ol g zoulo (Salehrastin 1999
oo 4 5,555 5l eolatul Sal sl o
S SRy e ) Sl oo el Slas 5L
258 &8ly Sge oS o Shoe l3l 5 S olerd
AL ey R o akl) pes o
3 ed ilealil Gl o 0,58 5 uskeslss
ol eal ol cui s S as

.(Khavazi et al., 2001)

NGRS

V-V al> 10 &)3 0 Shae 0 0,565 )"JL' Egaima 4o
2 05l do s So e y5 2l 0 Sles
S Bras 03gaze wdlyr e 4 ax5i L ggee
Slidos plo g &5 ciS 6lp LS )3 0565 o5
3,555 Sl ook onl Ol 4lS 0sdoe aogi S
sl JolS cols, olKinghy lawgs ool ags
Slles S plasl Sl (LB slos 565 >
L1 s ssmlive S 45 0,555 51 b7 o el
2 (e ALBIS 50 (pdiizme Sl (6l Oledl 4 4z g5
33 Sl (o0 S 500555 Gla gl S i pus
L olyed 3,565 156 00,5 6,555k ool Canss gl
Slgdesl )5 3 Slee p uplnla lag St
29l lp o 0o Jomily Slbe g 0092 0uiS
@4y b ablioe o Slee 1l 5 (655laS A5
Ly 0595 Spae pgad ;0 ol Cawny mli
Vero odgazme bgpyaliy yo (S Olidss
D55 18 B e b US55 0,565 0,56l

K

290 ol L0558 L3 5l ol Slge Brae
Glply S o 0ad 0,5 jaud wilg oo « S pH
slalds iolesl jo adaly aed jo aules ol5T oLS
Gy 0,565 5 Slawd S bolse 5l solatwl Sl
oo D 5y ok sy (S 35 Sl
b 4 555 5 Slawd e bglxe a5 cul
o 1y el Qs e e g 0,8l (g0 s
& ) ol il (Sl 4 olawd S b anglis
oislesl SOy ien (Kittmas Attoe, 1965
Grae b (Juw oS S S e slalls
S ool wyhed laogS 5 0,555 byl
sl 7Sl S il 5 (CaugeeS)
Ciz e 5 psS g OShee p N peilbenSTo
g Cel i8S 15 sy 0y50 |y o] Ly jaud
S g 355 bl il wlol mls G.b
ez ge il T upbevlsd 5 3SL L Sl
psS yow A, slp (B el 4 ) Sy 0429
Ol 50 p95 e o, Sles 4S5 (6 ebds .l ool o4l
g 055 Brae 3l Jols o Slee ojlail 4 oS
(Rosaetal., 1989) s Ju 5 Slawd
il o8 e o eSS 5 IS 5b
(s bzl By gl Gwalawbss slas pSU canl Sl
b5 Sy sl el b alio 53 5y 3 Skos
sbclss Sl Sl g5 2l s o o
o35 §,kxl S5l Glas 2L g 5l eslinal 550
oS e bE Olee a S Sl 5l S
35> 3L 9,50 ($5l S lp g 00,5 eolanul
olS 59y » (A 5 ablai oo aST ) 056
VNSRS H INCRP R PP A
(S S5l elgil gkl Bg sl slaaisS)
ygax 5 (oais il wall 5 g9 g0 (pl byl
12 35 Bpan by olyan uslnld gils 4l
s Sy oad ,503lul gla mile g, S

Gkl Gla Sl g sl o gme Sl LS

1 -Thiobacillus thiooxidans



VWA ol ) oles F al> S (50,5 wladod

Reference

Ali-Ehyaii M. 1997. Methods of Soil Chemical Analysis. Technical Manual No. 1024,
Research, Education and Extension Organization. Soil and Water Research Institute,
Tehran, Iran, 129p. (In Persian)

Amirmokri H. and Malakouti M.J. 1983. Overview to industry production and consumption of
sulfur in Iran and role of it in agriculture. Soil and Water research Institute, Technical Note
No. 324.

Banaee M.H., Moemeni A., Baybordi M. and Malakouti, M.J. 2004. Soils of Iran. Soil and
Water Research Institute, 481p.

Besharati H. and Salehrastin N. 1999. Evaluation of sulfur application and Thiobacillus on
phosphorous uptake. Journal of Soil and Water, 13(1): 23-35.

Besharati H. 1998. Evaluation of sulfur application and Thiobacillus on some nutrients uptake
in soil. MSc Thesis. Agriculture College, Tehran University. 176 p.

Besharati H. 2016. Effects of sulfur application and Thiobacillus inoculation on soil nutrient
availability, wheat yield and plant nutrient concentration in calcareous soils with different
calcium carbonate content. Journal of Plant Nutrition (In press).

Besharati H. 2016. Evaluation of sulfur application and Thiobacillus on yield and nutrients
uptake of corn and some physical and chemical characteristics of soil. Final Reports of
Project No. 9352-930009.

Bromfield A.R., Hancock I.R. and Debenhm D.F. 1981. Effect of ground rock phosphate and
elemental S on yield and P uptake of maize in western Kenya. Experimental Agriculture,
17: 383-387.

Dubey S.K. and Billore S.D. 1995. Effect of level and source of sulfur on symbiotic and
biometrical parameters of soybean (Glycin max). Indian Journal of Agricultural Sciences,
65(2): 140-144.

Imamy A. 1996. Methods of Plant Analysis (Vol. 1). Technical manual No. 982, Research,
Education and Extension Organization. Soil and Water Research Institute, Tehran, Iran.
128 p. (In Persian)

Kalbasi M., Filsoof F. and Rezai-Nejad Y. 1988. Effect of sulfur treatment on yield and uptake
of Fe, Zn and Mn by corn, sorghum and soybean. Journal of Plant Nutrition, 11: 1353-
1360.

Kaplan M. and Orman S. 1998. Effect of elemental sulfur and sulfur containing west in
calcareouse soil in Turkry. Journal of Plant Nutrition, 21 (8): 1655-1665.

Khadem A. Gholchin A., Shafiee S. and Zare A. 2014. Effect of manures and sulfure on
nutrients uptake of corn. Journal of Farming, 103: 1-10.

Khan M.I., Ibrahim M. and Rashid-Ayub A. 1986. Berseen response to sulfur application.
Agronomy Abstract, 411-426.

Khavazi K., Nourgholipour F. and Malakouti M.J. 2001. Effect of Thiobacillus and phosphate
solubilizing bacteria on increasing P availability from rock phosphate and related
Appropriate Technology-Latest Development and Practical Experiences. Kuala Lampur,
Malasia.

Kittmas H.A. and Attoe O.J. 1965. Availability of phosphorus in rock phosphate-sulfur fusion.
Agronomy Journal, 57: 331-334.

Kochar R.K., Arora B.R. and Nayyar V.K. 1990. Effect of sulfur and zinc application on maize
crop. Journal of the Indian Society of Soil Science, 38: 339-341.

Mahler R.J. and Maples, R.L. 1986. Response of wheat to sulfur fertilization. Communication in
Soil Science and Plant Analysis, 17: 975-988.

Malakouti M.J. and Gheibi, M.N. 2000. Determination of critical levels of nutrients in soil,
plant and fruit. Agricutural Education Publishing, 92 p. (In Persian)

Malakouti M.J. and Homaee M. 1994. Soil Fertility in Arid Regions. University of Tarbiate
Modares Publication, 494 p. (In Persian)

Malakouti M.J. and Rezaee H. 2001. Role of Sulfur, calcium and magnesium on yield and
quality of agricultural crops. Agriculture Education Publication, 98p. (In Persian)

ARR



Sy 05y Slaatll p p jied 95595 (ushwlig Sl (o)

Nor Y.M. and Tabatabai M.A. 1977. Oxidation of elemental sulfur in soils. Soil Science Society
of American Journal, 41; 736-741.

Postgate J.R. 1966. Media for sulfur bacteria. Laboratory Practice Journal, 15: 1239-1244,

Rosa M.C., Muchovey J.J. and Alwares J.V.H. 1989. Temporal relations of phosphorous
fraction in an oxisol amended with rock phosphate and Thiobacillus thiooxidans. Soil
Science Society of America Journal, 53:1096-1100.

Scherer HW. and Lange A. 1996. N, fixation and growth of legume as affected by sulfur
fertilization. Biology and Fertility of Soils, 23: 449-453.

Singh A.L. and Chaudhari V. 1997. Sulfur and micronutrient of groundnut in a calcareous soil.
Journal of Agronomy and Crop Science, 179: 107- 114.

Singh A.L. and Chhibba I.M. 1991. Evaluation of some sources of sulfur using maize and what
as test crops. Journal of the Indian Society of Soil Science, 39: 514-516.

Y



VWA ol ) oles F al> S (50,5 wladod

Evaluation of Effects of Thiobacillus, Sulfur and Phosphorous on Corn
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Abstract

The availability of some nutrient elements in many soils of Iran is low because of high pH
values. Therefore, any strategy for solution of this problem is important. This study carried out
to evaluate the possibility of sulfur-bentonite application and Thiobacillus neapolitanous
inoculation on corn (Single Cross 704) growth as factorial field experiments in Mashhad,
Kermanshah, Qazvin and Dezful regions. The treatments were sulfur (control, 500, 1000 and
2000 kg ha!) and triple super phosphate (control, 65 and 100% of recommended based on soil
testing). The results revealed that sulphur, phosphorous and their interaction increased
significantly corn shoot dry and wet weight. The sulfur application compared to control,
significantly increased corn wet and dry matter. There was no significant difference between
1000 and 2000 kg S ha, but these levels showed significant difference with 500 kg S ha™. All
of the sulfur levels increased significantly the Fe uptake compared to the control, however, no
difference observed between 500 and 1000 kg S ha*, while application of 2000 kg sulfur
resulted to the highest Fe uptake. The best treatment increased corn yield by 61, 9.8, 16.8 and
17.9 % in Mashhad, Qazvin, Kermanshah and Dezful respectively. Iron uptake increment at
mentioned regions were 2%, 43%, 16.6% and 22.6%, respectively.

Keywords: Sulfur, Phosphorous, Sulfur oxidizer
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