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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.
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Table 1. Treatments which used in soybean green house experiment
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Treatment T3 T4 T5 T6 T7 T8 T9 Tl

o

Ti1

—
[
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

50 SE alerd 5 (Susd slo Sy S o g @l
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el o0y G PN dii)\Y de.?; 9O ey

bgws S o ool 9550 (6,551 (sloasgus (PGP) (50, S e slo S (&0 ¥ Jsox
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%ﬁglony HaIIchE/igglony D?sg}\rﬁg'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 - 63.21 491 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 -

ST CAS L jo gl b 4y )b Al o s o
.w'oa%oﬁé'o}@és&9)6‘0}&5(@)5(3)}#J:4€f5“1 Al ilssLad.clfs_i\)

- 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 g,
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

A IS fxe yuf g doy0 ) w0 I8 S o0 O mhe o s pxe i S ans
*, ** and ns: are significant at 5% level, significant at 1% level and non significant respectively.
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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 (5 5SL PF2O PO PFL2 P54 &ylis s sl uligesdges w3 & T12, T11, T10, T9, T8, T7, T6, T5, T4, T3, T2, T1

Al (6355 dnogi doyd) 0t 5 0o 000 oS g (6 Sy vl da g iSL bale RMA3 RMA2 dlox pomgh, 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.
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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.
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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 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 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 Pf39, 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.

ol 4 Cowd (TS 5 T6) pomginysoln b gl o
P3229525500y b il o2 lopgmgiy b o ,YVIT
bole L g woyo Veuals 4 Cad (T8 4 T7)
SOln 9 skl paman, ligegdg slags S
8L mli8l oo o FO vals 4 Coes (T9) powsin,
(2002) Esitken et al. lawg a5 ados o
clile BAB &ygus pobigagoges 3l ooliceusl s ploxl
Qo VEN 1 e o1 oS e glaolail yo oyl
OSU- &350 poslensls b oy s o1 peils cols i3l
YAA T olS Llsn slaplil o ool clalé 55142
alizee glocdale (guazs (pl jo ol (iliEl as s
L o..\.mc.._aL uLbL.f 6"9’“ (5LQP‘JJ‘ o u.b—|
Sslite S lly @ lyes 1) Wi slas 5L
Sl 4 axg Lol Cas popl adg o gl
55 200) adsi S5l Wlisegoges ax gLy Ul
sladale 13wl axie ,5L,¢ Lgl.muig'l.nﬂ

belul ol clile » Gl gyl p5b

Lgw 2192
cloles b a5 ol mlbs bl Julss
v 55 Lgw 2lon sloplail ol cdale , Galise
sbles aen (F Jgo) cunl o sme oy )
e aals 4 ces (T11 2a) il
Sl ) Lgw oles Lisw sal cdale o ls sxe
90 QLA&, &—4)5-04) T8 9 T4 T2 6[_@)[‘“3 auals
500 4 g Wad aalds 4 Cas ol s ae il
chle ppeS 5 i a5 ba)les
T2 slojloss 4 iy & Lgw (25 slaplul ol
5 LoV F2) T10 5 (p,55kS j0 0,5 Lo VAIAS)
bl Sl (A JS) sl 3l (p,55LS 50
lf °M6“d‘ ul‘“’L‘f ) (59‘9.% GLQPLL)‘ U‘z’i
T2 T1) pomgi, olp 5 bgegosm slogSL
Sl skl b oo A% wall 4 Cos (T4 5 T3


http://www.sid.ir

YYAD ol oF 5,Les FY 6,50 )l pl ey lS pole ZA¥

35 03,8 SheS 1, S sl a5 wil ol
ol 00l )|)$ ol.:f LSLQM) )L*-*-'>|

20 1
18
16 |
14 ¢
12 r
10 ¢

Fe-concentration of soybean shoot (mg kg™?)

o N b~ O @

T1 T2 T3 T4 T5

Jdo 4 agu ol b osdmils ols o Q.:J YL

Foe adgs g hwgn, y0 6L ol ol

T T8 T9 T10 T11 TI12

Treatment
bses alpp ool Cale 5y alises slo o 5ol eSloo dglie A S
Llas usksl 6,35k P29 P39 PFL2 P54 &laz i gld wligegdgm o i 4 T12, T11,T10,T9,T8,T7, T6,T5, T4,T3,T2,T1

A (6395 Aoyl Qo0 2t g o 300 w355 5 (6L ey wald dag SL bglie RMA3 RMA2 &lox pogi, s 5SL BV2 BVl

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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