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ABSTRACT

The use of plant growth promoting rhizobacteria, is a solution to reduce the application of chemical fertilizers. In this
research, first 51 rhizobacteria isolated from alfalfa rhizosphere, were screened from plant growth promoting point of
view. According to the results of the screening of bacteria, 2 Rhizobium isolates, 2 Bacillus isolates and 4
Pseudomonas isolates were selected as superior strains to prepare the inoculums. To evaluate the effect of selected
isolates on soybean growth indices, a completely randomized block design was carried out with 12 treatments and 3
replications. Treatments were included 4 Pseudomonas isolates, 2 Bacilli isolates and 2 Rhizobium isolates, mix of
Bacillus, Rhizobium and Pseudomonas, control without Fertilizer and bacteria, half of fertilizer recommendation and
Fertilizer recommendation. All Plant Growth Promoting Rhizobacteria treatments were accompany with
Bradyrhizobium. The results indicated that bacteria inoculation significantly increased soybean growth indices, such
shoot dry weight, root dry weight, root nodules, pods, seed weight, Fe, Zn, Mn, concentration of shoot, shoot nitrogen
and phosphorus uptake compared to the control and the highest shoot Mn concentration was related to T8 treatment
and the highest shoot N and P concentrations resulted from T5 (Bacillus), T8 (Rhizobium) and T1 (Pseudomonas)
treatments. Generally, Pseudomonas bacteria were more effective than Bacillus and Rhizobium, to increase soybean
growth indices and it can be attributed to high plant growth promoting properties of bacteria. According to the results,
the usage of plant growth promoting rhizobacteria (PGPR), can decrease consumption of chemical fertilizers,
especially N and P fertilizers. However, their use in field conditions requires further investigation.

Keywords: Bacillus, Bradyrhizobium, Fertilizer recommendation, Inoculum, PGPR, Pseudomonas.

* Corresponding author E-mail: besharati1350@yahoo.com Tel: +98 912 3101247



YYAD ol oF 5,Les FY 6,50 o))l ely5 lS pole YY

Cos aile YU slags 3851 5 il Wl
Olojea jsbar |, olind (SauS > 5 059y
(Rai, 2006) wsb asls
Mg g sgazme ez o wlind glasys mlie
5| (Gyaneshwar et al., 2002) col passe ool
Sl Gl o rhad oS 505k (osm
(oS )lg See) lylilr i) sl Gl Sl
oL 0, S e glngs 1S 5l a5 Slind s0iS >
sloasl mo 5 o, 5l pH ials b wnl o jled &
WliS g «,,6 (YLST (LS colsl)
L og (e g Yo cligS glS guS «uligS olS «ol i
L ST B e R N
pomsiy SBSSL WS o ) pelS slacland
2 Oir BT Iel Cewien ol oS
Srmgn) S SL s wiles wites lapsS)
Sl laasy, wilsi o (PGPR) oL ui, S e
s (Chabot et al., 1996) oo, Juil |, s0s5 e
(Yaani et al., 2001) oS o0 1) oLS o,
S s I sleoland sl oo psmgin) slos SL
skl sy (Antoun et al., 1998) oS J> |,
oS Jo Ly, Olpea begasyn, on,l
Cluds Cuxdy p (Gaiedgw &0 )_usl) «Wlaws
S US> 5 G395 Sl A ymie 4S5 el oS
Jlae lajly, o (Peix et al., 2001) g oo Slawd
(52)5500) a2,z )8 b o] (Grv) (2l58len
(Barea et al., 2002) ool ooy L3l ay Y oSyl
Lilys 0 Grheen, ohlaln, 5l 6ol
ol iz 5 250 b (as)lsy sl ool 25eaS
a5 S e adg 1) poal pbia places 5 S
b poel sl PGPR slas xSt 5L sla S
Bl ol Sl e o b oeiians jolodsy wiilys oo
poyme ol 5 peiae et b 5 2l 5l eolizul ol
oo ok ;o ool Sl jle gladele (o5
Sy oS gl el (BplS el
adg oly 5l ads; (Gigdeiye)  SSLbcs,
sl Sh sla Sy ;s jl die slacsle
ST 09 oo Hlods a0 ol Al S e (S g
St Gl oy Gl e Sl g cadades

o0
Crlols als (S alis 5 Jgol e solicl
a1y Jyame oy Ghals culeiys 9 of < g
g SOl s 4 el slassS o ls JLis
g ST XY RN TRTS o SR U ORI
1y ey (Sogmp &S Jlops wiien (Suiglsn)
iy S 09,5 055 slesszae B
5 Ogdgad a8l s Sleed ladgS o8
Gl 00,5 o 093 1) glofug azgi (g5,0liS o
Owzen (Lucy et al., 2004, Barea et al., 2005)
Sbpose poyd abend slaoss Sl (b
o Jpame adgi 4 5l 5 Sl wlie 51l
o el 0l guny oS 4 jlig a>gi cel
S SL syime GogS Sy oS gl
Aiied (PGPR) o5 ad, S,me (yhwgi,
Wil ge ol WD, Syxme (syhwgn, oS
Ay Gl el eyl b el O jg0d
St Jold it o Sgile aisd oL
(BLS Glaggeyse wdg (i Cemjeals
siile Jslomal IS slapaze odlyd colls il
Sl Sleals-ACC (57 plamsl alsi 5 pand

ot 50 e é sla,Sg3ls o (Glick, 1995)
sl b S slol; slag, 38 51 lag s
s b Caaglie sl ol 51, oalS slo S Lo
b o plssT b U (Seet)
5945 e (Schippers et al., 1987) auS o
(2l slayaie i el il dee  J5SUse
oolitul CollB aal¥l 5 (s89,0) ol adgs
5 PH (2als 0,555 (omalinnSD) ialusT ol
Dol (i loyaie Cir ol all
Sl bl iy ol 5l ailand Jslorol slaceS 5
Baste ol o)l ol alea Sl asblans 4
PGPR ,lse 5 &)l ,o «(Tilak, 2006) ot

1. Plant Growth Promoting Rrhizobacteria



Y e Oy S e (S gy S SL L Sl e 5 (ol

AL dlbe ka9 ekl pamsnstew
My Syme sla Sy ag S ysls uligagases
2 9SSl 6 5L slalaz o (PGP) ol
i8S o ke 4 el 6l S p Age Cote Culs
P9y b ST ady el Sl g slalsls
w3l ode «(1999) Glick et al. lawgs oobasl)
AMIco golpiion by, 5l eolatwl b slusls ~ACC
(HCN) (459,008 albew adgs oLlgs (2005) et al.
Lg oadal)l by, 3l ool L lag Sl o
oy b 2bj,l (2004) Donate-Corre et al.
Alexander & osoizdol o5, LL 5 poal adgs
'CASB.A Lo 5l oolizul L (1991) Zuberer
Boller jig, lawss 5LinS a3l odgs .cd )5 bl
Olg ey Sl b (5T 03lul (1988) & Mauch
Sperber s, 5l Jolowel S5 Slawd  Sos |-
SonS o s oS e b oolizil (1985)
sy 3l osliiul b mle sl dame o SIS Sl
sl by, 8,5 &5 (2003) Bano & Musarrat
Ul Ll lp esliiul 9y5e AS 9 (o5
lns 655 sloarlar b 1 clans s
SoSU Jlg xToll sln oS 3 e,
S el ol bowas eslinul IS olans
S el Sod) sl S yand 1350 o]
el 55 slrar Jolind pie Glgiea (al

.(Sperber, 1985) o colaiw! ilaws

LSk 5y b gw ol

lopsesl @b L » Vb slogtalel plxil 51 g
9 RMA2) 5% (gagmgn) dlax 50 cwsdplxl
ez s (BV2 5 BVL) Lushosl &lox 50 (RM43
P39 P29 PFl2) s sls Luigegogw dlox
ciS o oslinul 5 mil &l A5 o)y (54
OV Jgaz) wuds Ol b gas (glailsds

Lgw glalals cuis gl p S ol
Sol el S S o gloake oo p 5l

1. CAS Blue Agar

bl.sf .A.M:) “\"‘5"&5" d.vyl.v le.ﬁbd.ma) 9 Q“"?‘A 6LQ4...~.J)
Jeaws! (Kapulnik et al., 1987) awas l3dl |,
Sl ml, cdalie (IAA) sl Sl
bgi a5 009 (lgin 5 L (ped ple) jluggm
S9den Sgi pomgn) dhex 5l guiz Ll
.(Mandal et al., 2007; Ghosh & Basu, 2006)
adyy GBSy, S5y porkess] el b
eSSl bgle b ST adgs ol Sl ilgs e
(Tienetal., 1979) ol uaS 5 ol S e

5 oSy Yo solgls )l canl aLS Lgu
Sgi> QLQ,? 5 O—‘ MMSJ.;) @a‘u as wﬁfé}}
ﬁL&a5 YW C-IN TS R SO BN W C PN N
Bl yls 1y Bl 0 BLE ey, el 0 S
coolie Coa S L gy 5l S8 e SO g
665) 6&@1 sw..:.MJS ‘T)P éf.bo W L.’.}“" .CA.»)‘
.(Deputy of Economy and Planning, 2006)
Olie 4 (Gl el Jpaze adgs sl onlpls
858 L8 olS ol sl o slid e aie SIS
bolgil lals  sbaaxin pime SO
sy 6580 Sblg b dlax 5l jeiesS)
9 Sl pomony o L L (5 BaS gl
LS (59,0 5L B Lidu Wilg oo (S je
ol 0, S ymme slais iS5l oalinl oS el |,
395 Oygots bgw Camjen slagiSL L ool o
9 ol.:f .\.w) .)9_:.9‘.3 5‘_;:LM 6[&&55 0).3)[5 wbls
Q—i‘ 1 el S5 Jeaxe ol u;‘;il)'.él Culeiyo
Sl Rl Gl Ban b i
ol sy oy L ol slaogS
W ﬁl;;;\ Lgw cuiS ;0 PGPR (slos 2SL

B9, 9 3lge
sl jo LS ) Syme G SHe iy
ool 8590
5 eadgilulaz 6 xSL Llax O 5l G opl o
S 50 slaalaz ol ol eoliiul axigy Hhugy,

AL YO Geskesl Bl g (iule)]



YYAD ol oF 5,Les FY 6,50 o))l ely5 lS pole 7Y¥

Lol 6oy o 9 L1 S0 o 4 pomgiy0ly
Ban a5 el ol 4 o3V b owliy S
LoolS b, Syme slagysl sl slojles
3 g olpen poSinla ey ysoln sla St
GASL il (935 Aoy bjles 5 well
OlalS Lot atda G 5l e i plnil pomgin o0l 2
Sllls ciS jo .cdl el @y aw 4 lulS j»
o ool ol S gloSsl ok 5l Lges
5392V g 7 Ll 090 (gl sl
g byae clile gFojlul mls a4 a>g b
2 b lp 6085 deog S sl SRy (F
ey Sl pgm coygl &jgots Gilejl 0550 S5
Voo @SSt w4 ey Slilge
Jolee o ) LS ;0 S5k V0- 5 p 5ol
S a0 (IS 5 o )5 L+ o g VWET OYY
S99 Aogs paSy Ol 8L slasles SIS
(©9)) 39 powSe g (e Sland pow) Hiud
b olyon (ol Slilgw) ponsliy (6355 dnoss S 5
Vo olime canl (gy9lob ar o3 o adlal g Lol Ol
@ bolals den 4y 5 0jgl kil LS o 0 SelS
361 o ialeyl s ol e anls sl
plmil pelass BB Cugh) 5 55 e b (g 5958) o)
ST slos cilop U clals flojan Job o o
Sl (s Cusb) (Gugedis A2 0 YA L YO o)
G Sed Pever jocelo VY gam,0 Ve U
Sogh, b @S (Cd) e e Sl Ve g
=hy cedb s s Arys losl Job ) laglals
Sl bl o ey Sbide plalS al e
iy Job &g gl slogasls 5 oud cuils
505 el wady; 5 2lse slaplil Sis 5 5 05
Sl yaie e Glie 53 g ails Sis (455 9 DU
slon loplail ) (55, 5 3350 (] had (g
sy (Emami, 1996) ai s Seslul LS
Sae o o lals 5Ll o s, sloe 5 Lo ol
1 G a5 S8 T BL s dids wix
Sl Bb o olS slasy, plla S 5 ol ais)ls
JSL pad s g Ll laglSs b g azs S5

ada, 5l <o b o5 dodiy, gedidnd g boads,

Sl g il s 4 2lie Gloyaie Ll 5l oS
b Glren g (6,10 paiged (areg)l) any Bolz SILI
J5 59, «(Olsen & Sommers, 1982) i L8
)l ) i b6 weuly (Walkley, 1974)
Colaa  (Richards, 1954) pgbgel liwl L
Emami, ) sl bl sk, 5 PH (S5
«(Nelson & Sommers, 1982 ) GJT oS (1997
(SrwgpieR) gl Gy, a4 SBocdl

(Y Jg9>) o (s 5ol (Bouyoucos, 1951

Sy gili g oo sla S el &ilo dngs

L g
44l lp S b i e V00 R o
A @i Sk Yoo GV el ces
» akBs Ve Sae 4y 2l b g5l slag))
Volid s weeede Az VYV cles) ISyl
Gk dgw Sl ol () g (e
5 eSS g0 L0 oyl bl p g ool bl
S8 gmadas &z 0 YA leo jo cel FA Sow 4
Sl psSigle pgman, élp Sk b S
5 et Wl sy 2 55 g (sbo sy el sl o0
8 gmdos 203 YA los ;5 celis VY oote &
o asl Vet il Al o b S (ST s S
SHSL el 0 e il Ll il 2
948 2l g S Dladed duhe jl Lgw oo
30 4880 00 it Ay o oy Ligww sl du ol s
e Derte iy BSens woys VIO ol
i gy slaia OT L 5L 00 (] 51 ey g 00
o el FA Coe @ cade e la,dy o
syl S 15 gede dxje YA gles
Lloyy Gleme slagl 09y Lgw ol
A g odd widy; oile sl S ((semilig)
G b (S ) olws (59, Cuele 93 v
Sz oled Ll eole IS ands jo 00 £
o SB el Voo Ges jo odlpmals
S5 el Glo 5l Al ) ab S s

1. Bradyrhizobium japonicum



s e Oy S e (S gy S SL L Sl e 5 (ol

Oy doy O Jo! mhe o bSle Al S53le 5 b saslcwsds slassls i (yo,leds g lox
A el (Sl slasels siz oyg031 o, g Wb bl Jd=iga s MSTATC sl

g slaillS cnS )0 ool 5,50 o Lo ) Jgu
Table 1. Treatments which used in soybean green house experiment
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Treatment T3 T4 T5 T6 T7 T8 T9 Tl

o

T11

—
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N

Treatments
description

Pseudomonas fluoresces Pf54
Pseudomonas fluoresces Pf12
Pseudomonas fluoresces Pf39
Pseudomonas fluoresces Pf29
Bacillus isolate BV1
Bacillus isolate BV2
Rhizobium isolate Rm42
Rhizobium isolate Rm43
Mixture of Bacteria
Control
(without Fertilizer& Inoculation)
50% Fertilizer Recommendation
100% Fertilizer Recommendation
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Table 2. Some plant growth characteristics (PGPR) of bacterial strains which used in soybean cultivation

Organic-P Mineral —p
Dissolving Dissolving
-ACC Dissolved- .
Bacteria (IQQI) Siderophore” Deaminase HCN™ Kitinase P pH Hall(r)égglony Hallfellgglony DI?SZ}\rI:I()j_P pH
a (ug/mi) (ug/ml) a
Bvl 4.15 - - 2 - 82.22 4.33 1.9 297 144.28 4.15
Bv2 4.04 - 0.64 2 - 85.72 4.36 2.01 271 127.14 4.30
Rm42 4.04 18 0.16 4 - 96.41 4.67 1.2 - - -
Rm43 474 2.0 0.23 2 - 84.0 5.86 15 - - -
Pf12 2.09 6.02 1.01 3 - 52.5 4.82 3.86 2.23 68.24 4.92
Pf54 3.09 4.96 0.25 3 - 63.21 4.91 3.63 271 70.12 4.79
Pf29 461 4.33 - 3 - 64.12 4.36 2.73 2.36 90.43 421
P39 4.82 4.46 0.67 2 - 32.01 5.65 15 2.43 43.39 6.13
g g -

SETCAS L jo SalS Jad 4y o)L Al a8 Cons
.C,‘-‘aic\)ycﬁj‘sio}@ésL’;.Zj)dlo}e‘éiksa;ié)}#ﬁdgf5“ Al JGBLAALU&)

- No production
The Ratio of Orange colored Hallo to Colony in CAS media
1, 2, 3 and 4 are yellow, pale yellow, white brown and dark brown respectively

Table 3. Physical and chemical properties of the soil used to pot cultivate of soybean

Gos pH EC oC oM P K . EC
Cm) (125 (dSim) % % (mg/kg) (mglkg) Soil Texture o,
0-30 7.2 05 042 07 8.2 2016  Sandy clay loam 30

bga olS 50 0alg S ojlail glaasls  calize sl jlons )-”L‘ osbyls &y B Jgan
Table 4. Analysis variance of different treatments on measured parameters in soybean

Plant Root Shootdry Rootdry Seeddr No. of No. of
sov df Height length Weighty Weighty weighty N P Fe Mn zn Nodule Pod
Rep. 3 83.20 62.7 0.092 0.005 0.002 7.069 0.007 1.684 7.498 29.13 1.715 0.56
Treatment 11 15.77™ 36.49 0.415**  0.017** 0.028** 238.2** 4.38** 25.89** 1559** 151.06** 52.28** 4.35**
Error 33 39.35 16.41 0.067 0.001 0.001 74.54 0.068 1.33 3.63 5.77 2.86 0.29
CV (%) 7.60 1213 11.62 5.99 7.36 14.59 6.36 8.22 9.24 6.86 31.63 11.08

Al IS fxe yuf 5 do,ye ) w10 10 g o0 O mhaw )0 I Je oS T 4 NS g s ok
*, **and ns: are significant at 5% level, significant at 1% level and non significant respectively.
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YV ) S e Sy L SL U bl s 5 (Sl

1,155l 5| (Zhang et al., 2007) sl Lilsél i, Slocdslie 5 olS ab, 5anS ki (glacolplio
oRlB Olgiee bgw Bgr 5 (5 Gl e Lo Sz 559 Gl c2ge (ndsSTD) (g5lueal
oS 5y ol 1y 6,55 b snbmils lalS iy, b , (Silo-Suh, et al., 2002) W LalS ol Gs:
S 2lae slge 5 Of 4w yiws (Gl coge olgagogw b iS5 olS mdl ioloj]
i3 oo Bl ol S w5 0ud VIV, lon pladl 5 059 cpsmginyconly g ool

45

Mean length of soybean root (Cm)

T T2 T3 T4 T5 T6 T/ T8 T9 T0 Tl Ti2
Treatment

b &) Jsbo » ciliin sl Lo 5l Sl dlin ) S

BVLL> sl 55k PF2O PO PFL2 P54 &yliz s sl uligesdges w3 & T12, T11, T10, T9, T8, T7, T6, T5, T4, T3, T2, T1

Al (6355 dnogi Ao yd) 0 v 5 0o 000 oS g (6, g vl da g ST bale RMA3 RMA2 dlox pomgi, 5,5k BV2
Figure 1. Mean comparison of soybean root length in different treatments
T1, T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces Pf39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,
Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%
Fertilizer Recommendation respectively.

| ab ab

abcd abcd
abcd bed

Mean shoot dry weight of
soybean (g pot™)

Tl T2 T3 T4 5 T6 T7 T8 T9 TI0 T11 T12
Treatment

g Bigy S5 ()35 bl (sl Lo b (Silen dlin ¥ S5

Loz usbols 5 25U P29 P39 .« PFL2. P54 &las iyl ligegsgu oo 5 & T12, T11,T10,T9,T8,T7, T6,T5, T4,T3,T2,TL

s (5395 Aoyl do ) v g e 000 oS 5 (6L ey ald g S bgle RMA3 (RMA2 &Llax somsss, 525k BV2 Byl

Figure 2. Mean comparison of soybean shoot dry weight in different treatments
T1,T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces Pf39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,
Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%
Fertilizer Recommendation respectively.
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Figure 3. Mean comparison of soybean root dry weight in different treatments
T1,T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces Pf39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,
Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%
Fertilizer Recommendation respectively.
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Figure 4. Mean comparison of soybean root nodules numbers in different treatments
T1,T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces P39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,
Rhizobium isolate Rm43, Mixture of Bacteria, Control (without Fertilizer& Inoculation), 50% Fertilizer Recommendation and
100% Fertilizer Recommendation respectively.

YA T10 anls Jlaws o ,lads (pyieS 5 (LS
S s 90 pl e g 0p (BE 0 sue
OUSS) cils 0929 wo )0 ) maw jo )b gxe
LM Lol (gauo,0 WYY Liulidl coge T2 s
olgegagm slrs xS ab sall la b anglie )
Jots (T4 T3 T2 T1) poagyuysnly b edls oo
o wslanl woys VoV 1) ead oS5 clacidle
oy AYID (T6 (T5) pgugi,oly b mdli o2
Ve (T8.T7) pomgisooly b el o0 slopsmsin,
Jlesd & Sad o0 PO Lo St 3il 5 wo e
ssle molially e Lo walls
(1975) Zali & Yazdisamadi jluoes 8udos )0
4 glalBla> s ow, ,o (2007) Zhang et al.

poSnlz pomor sdln Gy winm, 4l (nl
Sl Jlogine Grall eely pocly sl b ils o0
olBl 5 ol sl Bgile il Ly o B
Wbl St hwg baty, o of LSS
5 eolaiwl L (Barea et al, 2005) cosloads
baumo yili8l olge a5 wlaxdl o glazl slaaly)o
2 G Amsr, LGS lawg sadadss LS wl,
Manero et al., ) &350 (55 5 Sl 50,5 JuSis
a3l eyl Sl (Soe olge ol 5 S (2003
2 oal SN glacuS s lgea o

;00 VFIYY) T2 LS [0 0,5 jleds oy yides
S5 6055 Aoy slalos jo .0l cvalive (lalS
oS3 0,5 (T1L) (6065 dpogs i Lo 5 (T12)
e iSL a8 sy lis 0,8 i eSad s
Obgee obS 53,5 09l 4y 0B (5 jhumgh; S cag
ol ai, Syme lag xS axus (Infective)
Ly ansls S lalS 0l (55, saiedgm b
ORIl cge (s e 5 08 JSas Gl
Sigbioo pseisity Sl b oS Jize s,
il aios o (Dadarwal & Parmar, 1999)
Sibipiz Lish oS & uslools 5 pomisin oS i
Geetha ) ol o5 soo 5 (39 5 )l iol38l > ge
Dadarwal & Parmar bl zls (et al., 2008
slasgw 51 > S i mdls ol lis 4 (1999)
gy boovskeel 5 elsesdee oS
A 0)8 BSAT g aly Gl carge (S5,20950

Low UM Hlods p ciliseo gl yloui pil
Glaylos b ol las mls ol Julsvisa o0
G jlos  (T12 § T1L bl &) cabise
(¥ 9oz 092 ylosine oo s )0 Liges &gy
39y o gime Dgles bajles Koo L T2 Jled (0
50038 FIV) T2 jlous o e Jlads o ydon .Cuils



YYAD ol oF 5,Les FY 6,50 o))l ely5 lS pole FA-

2y el Sl b ondimdl Gligw obS o Bl
g 50 00d(5 S ojll (i sla Sy Sy
e Giali8l 5o (6350 il b ,iSh 3.8l 5,8
550 Gy Jodo 4 Wilgh oo a5 anils BB g 0,8
am opl g adl KaSs (55, Az slag S
osnlice 5 K0 ladme oS Cewl omls lecen
b psSEinlr pamsneoln (el oo oo S
SES 059 5 sled (eligegdge 9 skl Sl |
) G S dos Lalpd 0 0adiniS Ligw slao)s
oy il oa (SMth et al., 1999) ols iyl
Czse pomsiy 5 ovrkel Sla St b (K805
Geetha et al., ) ol 0,8 LS gawo 0 OO 58l

.(2008

Mean pod No. of soybean (No. pot™?)

o = N w S ] » ~ [ee]
T T T T T T T 1

T T2 T3 T4 T5
Treatment

L M Lo cilie sl Lot 3l Sl Alin 0 JS5

Ol oS il baisS Sl (g ke (59, (Sl
R N
.Joshi et al., 2006) ool ol L o WSLoS
Eoite slaeaS 5 b oS ab, Sazes il L5l
ol Gy, oS bug sadads el
abyl, pl ,0 (Khan et al, 2006) ool oo
g oasads ol .56 (2008) Geetha et al.
PR e e L
30,5 oasline (K 80g50 oLS al,  Sauss il
Slge o pyal oJgi odalciwsa mls 4 axg L
0395 Styed S g olS b saams Sl
Olss |y gl 5o oolial 3550 slag 5L Lawss
5 0 Jled Gl o S5 sla)Sgile lsiea

T7 T8 T9 T10 Ti1 Ti2

Glaz skl 6,550 P29 P39 PFL2 (PS4 &los v yold Lubigegogw a5 4 T12, T11,T10,T9,T8,T7, T6,T5, T4,T3,T2,T1
A (6395 Aoyl Ao 0) 2t g o 300 055 9 (6L ey wall g 2SL bglse RMA3 (RMA24, 102 pomg3, 5 ,55L BV2 Byl
Figure 5. Mean comparison of soybean pod numbers in different treatments
T1,T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces Pf39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,

Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%
Fertilizer Recommendation respectively.
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Figure 6. Mean comparison of soybean seed dry weight in different treatments
T1, T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces P39, Pseudomonas fluoresces P29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,

Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%
Fertilizer Recommendation respectively.
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Figure 7. Mean comparison of soybean shoot N-uptake in different treatments
T1,T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces Pf39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,
Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%
Fertilizer Recommendation respectively.
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Figure 8. Mean comparison of soybean shoot P-uptake in different treatments
T1,T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces Pf39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,
Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%
Fertilizer Recommendation respectively.
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Figure 9. Mean comparison of soybean shoot Fe-concentration in different treatments
T1,T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,
Pseudomonas fluoresces Pf39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,
Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%
Fertilizer Recommendation respectively.
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Figure 10. Mean comparison of soybean shoot Fe& Zn-concentration in different treatments
T1,T2, T3, T4, T5,T6, T7, T8, T9, T10, T11 and T12 are Pseudomonas fluoresces Pf54, Pseudomonas fluoresces Pf12,

Pseudomonas fluoresces Pf39, Pseudomonas fluoresces Pf29, Bacillus isolate BV1, Bacillus isolate BV2, Rhizobium isolate Rm42,
Rhizobium isolate Rm43, Mixture of Bacteria, Control(without Fertilizer& Inoculation), 50% Fertilizer Recommendation and 100%

Fertilizer Recommendation respectively.
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