PYW-PIC Oiladwn - 199y lms) g uly /P sylaid /) sla GibA Gblis )s () eole OEAEAT arpin

Saud 202 ol g 23 (T 955 903595 ¢ pwgbewliand S 5 55U !

100 42 g5 (6w (ymxo 9' 59 Julowwl oo 3 (6 )985Uh aebl T 5 a0 - e T Lol pino Ml 0 jos amigs (Shg0

Ol s oils ol s milin 5 (55,5LiS ouSils JLoliwl-)

Ol eaz,S amly ofT ol&tils ¢ 55,9l 0aSiiils 355 5 S (g 5ol g conds = S pole (55,5laS wiigo )| cwolis IS

Q‘)"‘ ‘u‘;@f oKiils uL?z.uy‘ oSy ‘u’_sbl.&’ L_,’_M)L.w <5)L°':"’ ALy, u)w))‘ GNLM)G b]a.n.o 41}9&1 w‘o -f
alikhanmirzai@yahoo.com 4.55e Jsius sdims g Sy pSl sy

IV 05 1 F iy g, VT8 5 YA S5l ge U o) P98 Gt )1 £ il jo o b

ANWT.Y

G soosS 50,565 5 uslawlisd Sl St slojlasd ) plojan oolitnl I o)y jobiie &
oty 3olas Sl gyl B o tglel e d lagi phed i e 5 loand JS 5
wald Jolis e jlad ol |2l o St 0 10 adly ledldS 0 YWY Lo jo 1S5 aw jo Lo
Oy &S 0l i s oy Wl o aw 5 oBgd Sl 5« J1 858 0,555« ualewlss
Sled 3 G a0l Dl Hid g lee el SES (g ) g SIS ()9 (S
355 5 9,555 mmphbiand 055 L3N 9) a5 Jlass 5 JT 855 + 5,555 4 uphskses
S oyiwd BB jand Gilisl el JTogS + 0,565 + Lwslewlos o el caws 4 (J]
2 eSSk 22716 Lyl jles cnl o @i BB jaud e oyt oS GlisS a oS
S il 0ald & Cors (6 it oy BB yid o)l Loz e 4y 5 39 S 6,5 sLS
JEal 0 ghlacme Lials el [0 sla )l 4 Cond 0,565 T walewlas o Ko B )b
Shnd e o s 08,5 CSbT L sign auwd g Slawd pendSos alox 5l S yaud Sane
g I 05 Fpuglewlsd s JTog+ 0,555 lajlas 4 bgyyo i 4 S o IS 5 I
55,555 ol yan 4 Lusleban clgs =S 5l oolizal a5 amae s axlllas ol gl LIS sb &
Syare iz B i 5o 5 51 550 0y pate 5 ST yid e il el ST 055

23,5 oleeds gloogS 5l eolaiwl rals cely aws (o ;o wilgiwe a5

sl (slooS (S fpolic Con i g julog 353s Olals



OhBes g gliLa )an (39 (536

aw 5l S Ygane) wil o iz gy cdile
oolaiwl 0yaud sloogS 5l Cesl o (Voo o
S90S ol slp .(Ha and Tran, 2014) sges
e had (o7 CebB glusl @595 5 H0d
2z 655l b puslSo lalS s S5 o
aS sl eols my):.QJOJS.LQ.C 6")155"\'“") 6‘).: ‘)
e Gnalil 0,8 0 )Lal 59 lse 4 ols o0 ST S
dio) Goless 5 (ST5l8e 50 et alauly 4yl
Tawarayaetal.,2014, Younessi-Hamzekhanlu)
L z,8) b puslS g ;s s jo (et al., 2016
S ode gz ol ads, L (e 55U
&l s (Lopez-Arredondo et al., 2014) ,a.8
(Bustos et al., 2010) @L.o.uug.u 9 6)9“9")“3
gy dhaly 4 S s el Sl Bl
J3 @ bl gisn, dablaws (JT slao!
(Wang et al., 2014) aiy )| 8 4zl
G el Gl 4 Sy o
Gy @B S oy o Sl S
Lol gl il b (285 S 090 (oo iy
40U b oS lg o (il eigd (oo ls TS
abl>l 1) Hlals ads ) sl Jobw Jolo b as,l8
228 b ool Gl abewsy 1) Ll w5 005
5 b s 5 bl & o Jobuls jid
Comox 5 ol yo (Alam ef al., 2002) siins
Slawd caisS o sl 650 S 09,8
sl z)B oS s oo S 1 oy 00 B
Dol 00,0 /0 B o) s THaud saisS >
Ol ;o (Chen et al., 2006) & )ls 1) Slawsd 4y jo
Tslatyy Oom sl aisS S baSL wilsx
G jo g Bacillus 4 Pseudomonas gl g

1- Seed Inoculation
2- Soil Inoculation
3- Phosphorus Solubilizing Fungi (PSF)
4- Ectorhizospheric

doddlo

o) Sl3g g0 dod sl (Sl pare SG jaud
yad LS o (Zhang et al, 2014) ol o
ML (o0 (51978 dae oole (090 (39 5l W
dnwg iz olerdsn slanlp @ly o
Q0L oo 5L 0590 (oialy Ay JeSS sl g eolS
JB Jade & a8 aSUI L .(Mehra et al., 2015)
Coomd a5 Sl 5l Jg0,ls 0929 S 0 >
£5 5 5ld sloaraST ey & S5 s o oaee
rolis iz yaie onlwgd (oo St o il only
Sl GblS ly omb LS eees b
(Xie et al., 2015, Mehra et al., 2015) &
(o, 0 A B 09) S aud odee Cond pl ol
35 (50 Core JI Sl 3 IS0 4 S5 j0 9525
&lp ol 5l as,o Yo s aS (Kong et al., 2014)
2B Sl .l oyiws LB Gl gle aty,
el et 45l R aitly i 1 it S 4
Jgogg]w.%lﬁ)o@mmg)&.:gjou
iz BB cble ol glo S ST s (Sal
Saae AVl g cl Sl o 5l S pate ol
OBl 5L 8,90 yhnd (el (512 0jind 055 (s3L5
Blol o] iS5 sle (e 4 oyd plai el
.(Golmohammad et al., 2016) 54 o

{(Triticum aestivum)r:xf laws(Zea mays) )5
(Oryza sativa) g, ¢ (Hordeum vulgare) >
2588 S8 haw (n S )BSe e YYF L
g Canl ool plasl 0 a4 O o o )
4 g 4l ohg ol ply wdis aew o bns
Moradi) o,.5 o )|, colaiul 550 alizes 90
3 b ol cbale ol ol (et al, 2013
i geS base o5 S o pls oy

1994 oGuws) g 310 / P olad /1 sla Aiha Gblis ) () eole CBABAT asyisd I



1994 oGus) g 300 / P ojladd /1 sla A Gblis ) () egle OEIEAT aspis I

Zea mays o3 youd 33 31110 1 (T 305 § 31505 (uglunlios sl (5)350 1)

S107 il i Jsb) (5, e o3giome 3 (o€l
el 935°3235.43”N glél s> 5 S52.67E
b diges 5 plxl S mhw gy Sl » -V
g5 S 9 5l e 00,5 e ofiule;l 4
Fed b (S g wyp o diged SIS jaud S
S50 a3 5l daze (1o S g Sl YL S
oigle] @ b aiged 5 el Wb 5 i L Ll
g S oges Sis g 5l o w08 e
Sy s T S5l lalS ol oolawl jglaie
pll jehie 4y 50 S 5l (g lade ol ools jgue
0318 jgue gy duo ¥ U5l alKiole;] lles

.(Olsen and Sommers, 1982) o

T ol 5 (K S sl 4 jxT

il ojlac o S dged an gl

Joe e anaawl olfiws SIS @ adllhas o440
Sk S S colas ol 5,5 olasl ELELA
Joe ziw Colas S a4 S gl ojlac o
o>zl g 0ad (6,5 o3lasl JENWAY-4320
a0 YO los jo (dS/M) o ey (g
sly Rowell, 2014) o o) of 5 ol
S0 Sy s gy S IS e
.(Walkley and Black, 1934) ¢35 1,8 ool
JalsS sy 5 S s S ol sl
(e >l e 5lam (5 5l Ao j0 a5 WS solau!
)l S I ud.‘> J;ls J.a.....s 6).5 o)L)u‘ 6‘)—'
(Olsenand Sommers, 1982) yul Lol g yud gl s,
00 Ll ylgie a0 Sy 95T aeol 51000 5 oo lacu!
3eolainl b Jeloee jo yaud cdale g ouds oolaiul

sl oosS > lgie as Rhizobium gl aiy yg,0
(gual et al., 2001) &l ool Carogy Slawd g0

RO T A TN S VO S FUWE LA -
O35 5 Seislse laosS wdgs 5 4 sl
=y Y gazme 55, o ol oo Sl il g (6 5ag
F S abols @mli g cl 485 &g 2L
$3,9LaS DY gazme g yal 0 13gS ol (Gaiedgm
S il b 6 0mg ) Ol iyl Bl oo
2 Sl e 5 Suiele b St Sl (Al
WLS 0, 55, Dlyeas (] dcgarme g 4LiS LS
2 odle W lAE o Cutte il olS Ceodls 5 4dss
S35 Seie Sl Soigln slassS 5l eolazal (nl
el 5w S pled 5 (Sopd Slogas
5 ezl g e o gl sloa
$) (oS plre 4 Wl (0 g 00l Wy pod e
ot oosS sl slhe 5 canlis (23500
3 oolitl Sl oS ol 5 Gas il
2 S ElrasS 50,555 5 usbebsd slo ¢S
29 8yS g jad Dda g ol le SO
Ol > ailansd slaosS 5l oolaiwl yralS asecs
Wl oo S5l 0,90 land

L (g g 3lge

olojf pleil o

O sl Sl S 6l diges ol
b Gialosl adlsl 15 9 05,5 (591 pom alise oo
A o St s 1o gl alielS Lyl 5 il

SL s,yl0 0 digoi 9 LU/
aSol s az g5 b oolawl o )50 S Ol g

Oy diz codis oolawl iz (pl o jawd 565



OhBes g gliLa )an (39 (536

(ko ilw + =¥+) adlllan 550 SIS (2lowd 9 (o128 o S9— VJgo
Table 1- Physical and chemical characteristics of studied soil (0-30 m)

i ikt ir Y P A BV R
S el Uptakeable Uptakeable Soil total a9 Organic - S sle
Soil texture potassium phosphorus phosphorus pH Nltzogen matter Lime Ec(g)
@) &) o O e 0
Kg Kg K
g
o o 152 15.1 1027 78 0326 254 15 2.04
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5- Gas volumetric method
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Table 2- Evaluated fertilizer treatments

45+5 (Sample) (O 3) “4 5 ) (®)
owsbelss (Thiobacillus) 0 1 0 1 0 1 0 1
s,545(Sulfur) 0 0 1 1 0 0 1 1
ST 55 (Organic fertilizer) 0 0 0 0 1 1 1 1

Thiobacillus+ sulfur « 5 ¢S+ juslewbss (F) sulfur ,555 () Thiobacillus « uslewbas (Y) controlwals (1)
sulfur+ organic . JTssS + 5,555 (V) Organic fertilizer  J1 545 + wslowbsaos (%) Organic fertilizer  J1 545 (0)
Thiobacillus + sulfur+ organic fertilizer . J1 545 + 5,555 + _wslewlss (A) fertilizer

alizeo 6 low S 5 Wbl i —F Joua

Table 3- Details of different treatment combinations
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Table 4- Mineral and organic types of tested soil phosphorus

before application of treatments
(All values are according to mg. Kg")

6 it

JS i . Il s
Total o Organic Ca 10-p
phosphorus Uptakeable phosphorus
phosphorus
1024 15.1 288 384
Cag-p Casz-p Caal-p Care-p Ca -0
214 16.2 48 39 13
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Table 5- ANOVA of morphologic characteristics and Phosphorus uptake in shoot under applied treatments

Mean of squares s yo (. Silo

oS galie wolilas o el Ses o5 S ) sl el 55 adoy Fris g glis, ARMIPRIST I USRS
Source of Degree of lse aiy, Shoot fresh Root fresh Plant oo
variation freedom Shoot dry Root dry weight weight height Phosphorus uptak
weight weight in shoot
Jleus 7 7.17% 1.93#* 109.75* 19.22* 10.63* 0.0003**
Treatment
Errorlls 16 0.968 0.193 4113 6.6 2.36 0.00018

r=|5.: oolaiwl Sygo )Lo.u u." as S0 u." EY
& (psblis) 3,555 018 ST L 5,555
Sid (39 55 loe el JT olge duo s i ol o
Bl )3 03,8 SIS 5o )5 AUV lade 4 a4y
039 (S 9555 9 (sl wald sl )les
(OIS o 2,5 VITY s YINY VIV b5 @) adn,
sl 1y

ol €V IS bajlars Sl 5eSilee annlite
VEVIY Jlaie b olgo plail 5 59 o0 5YL &S ols
S5+ phelad Lo 4y bgrpe (IS y5 05
a byrye e plail 5 039 (S 5 IS+
L T oS las 09 HlalS 1o 2,5 VYO/OY L vals
Oty s slacd Slam VE S plem el 5 (5
Jows Jdo 4y wilgy o Ylaixl aS" clilo 1) o Slos
e Slge b izmen g Cush) 65l
gt y0 5 ol by i g Il olge po s9zge
A3l 2lea plsl 5059 a8l

& 8555 5 skl s 7Sk 5l oslin
ady) 5 03 S (s Ghaldl sl I olse ol yan
A S YYNY 5 VYN e 4 i 5 0 )3
ol mizmen (D) JSE) 0 layles lo
sl (Sl b cdy a4 055 Sl g el

w035 S 50 Jloiol geans 53 (619 sho e Ay 3 g
Al SaS (g «gler plal SaS s Gl
gl 53 2l plail awg jaud Cdz g &g gl
aly g 2l el 5 0is p g ey S Jla

ble wo s iy Jleisl a0

S els8 90 Sluogas plilitosls losi i)
ol o e ydud g

om @l el o Sles Sl anylie
Sl o 0Slee gSlas sams lis be,les
VP o Slae b JIogS + 0,565 + Luplowlpd
wall 4 bgpe o Slas (S g IS 50 05
slajles g G5 5o @8 WA o Slee L
ol (AY JS8) Bk oo 3555 5 uphenla
sl S o a4 S50 j0 wes o olid alus
9 ompbolsd 1YL anal 5 U5 Haud b (Sl
20 Wlgs o 09 eolaul JT olge ol et 4y 0,555
@ S Jole o5 g Jolowel sla K3 4528
5 ol @dls aide LS (6l i LB b S0
23,5 olS o Slee yioldl cels

o )los Jloel 51 Jolo gl (S0lee anslia
g e Ul (Sl o)d an, SaS gy 2
2 oS+ 3,555 + Luplealipd jlow Hls (Sne
BY JS&) adl (oo 2lso pladl SaS (59 9,



OhBes g gliLa )an (39 (536

G & bee i g 4 V8 5 VEIFT L 00 Wiy
355 + 0,55+ Lwsbasligd g J 055 + 3,555
sals 5 upleobss jlos ;o gl o yeS 5 I

LIS |y Ay 5 (39 o ykeS YOIVO 5 YOISY
£lis| o 3l (5l sime SIS Lo lacs (s

el i a5 Glaigs 4 culle sgxg wig

‘(Ql.ﬂf 39 p;) u‘.’.‘}“ ,ol&l POl —C.(QL\E 30 .a)f) Al y Sl 37) -B ‘(old.lf 30 ﬁ;)dlgb .a'&l Sl o}—A » iz élb)l.n.; Iﬂ -\ JS.&

JBlas ghyls b (uSilao (p 55 S 30 0,5 (o) LS 3 ool iz padd jladio -F 5 (iowiile) &igs gl )l -E (oIS 50 0 ,5) 4y 5 (339 -D

bl (o0 10 o 5o 510 (o BMST UL ygiw b 0 S pileo By S

Figurel. Effect of different treatments on A- shoot dry weight (gr/pot), B- root dry weight (gr/pot), C- shoot fresh weight
(gr/pot), D- root fresh weight (gr/pot), E- Plant height (cm), F- Plant phosphorus (mgr/Kg). Treatments with at least one
common letter in each column do not have significant difference at 5% level
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Table 6- ANOVA of mineral and organic types of measured phosphorus under applied treatments

Mean of squares lss po (5Sileo

NPV B ,ald oedS (5 fodS LS _ . L odgm youd L s yaud _ . .
Balke 9 bl i * ;
e Degree ode Slawsd Slawsd - N ool pguinasl] < )LJ IS s
Source of of . K R Apatite Organic Total
variation Uptakeable Dicalcium  Octacalcium phosphorus Phgsphorus P_hf)sphoms phosphorus  phosphorus
freedom  phosphorus  phosphate phosphate jointto Fe  joint to Al
s
(T ’t“ N 7 5.56%** 0.7%%* 25.3%* 3.88%* 2.09%* 0.86%* 4.16%* 16.47%*
reatmn
(Errori) Uas 16 0.0042 0.1 2.29 0.66 0.36 0.2 0.83 1.29
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Figure2. Effect of different treatments on A- uptakeable phosphorus (mgr/kg), B- dicalcium phosphate (mgr /kg), C- Octacalcium
phosphate (mgr /kg), D- Apatite phosphorus (mgr /kg), E- Phosphorus joint to Fe (mgr /kg), F- Phosphorus joint to Al (mgr /kg), G-

Organic phosphorus (mgr /kg), and H- total phosphorus (mgr /kg). Treatments with at least one common letter in each column do not
have significant difference at 5% level
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ABSTRACT

To investigate simultaneous effects of Thiobacillus bacteria, sulfur, and organic
fertilizer treatments on chemical forms and quantity of phosphorus absorption by
corn, an experiment was conducted based on completely randomized design using
eight treatments and three replications in a greenhouse located in Hashtgerd, in 2014.
Treatments included control, Thiobacillus, sulfur, organic fertilizer, and two ways and
three ways combinations of these factors. Results showed that the highest and lowest
yield, root dry weight, root fresh weight, shoot weight, and phosphorus uptake were
obtained in the Thiobacillus + sulfur +organic fertilizer treatment and control treatment
(without any added Thiobacillus, sufur, and organic fertilizer), respectively. Thiobacillus
+ sulfur +organic fertilizer treatment caused significant change in inorganic and organic
phosphorus elements and enhanced available phosphorus in soil, so that the highest
available phosphorus was related to the treatment number eight with 16.22 mg/kg
soil and this treatment showed four more mg of available phosphorus compared with
control treatment. On the other hand, the Thiobacillus +sulfur treatment resulted in
more reduction in mineral forms of phosphorus including dicalcium phosphate and
apatite joint phosphorus compared with other treatments. The most organic and
total phosphorus in soil was observed in sulfur + organic phosphorus and Thiobacillus
+ organic phosphorus treatment, respectively. Taken together, results of this study
showed that using Thiobacillus bacteria along with sulfur and organic fertilizer would
result in enhanced phosphorus uptake and improved phosphorus status in the plant,
which would cause more reduction in chemical fertilizers in extensive scale.

Keywords: Biomass; Chemical fertilizers;, Element fixation, Soil
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