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Effects of Exogenous Phosphate-Solubilizing Bacteria on Growth Characteristics
of Soybean Under Different Soil Condition
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Abstract: In order to determine the application effect of phosphate-solubilizing bacteria( PSB) in different soils, the growth
promoting effects of two PSB on soybean in the black soil and saline alkali soil were studied. The photosynthesis, osmotic ad-
Jjustment substances, biomass, N and P uptake and yield of soybean were investigated with a pot experiment. By the addition
of PSB, Pn was increased, the content of leaf soluble protein, soluble sugar and free amino acid were significantly reduced at
R6 and R8, plant height and root dry weight of soybean were increased from R2 to R8. The plant dry weight treated with wjl
and mixed bacteria was better than that of wj3. The WUE of R2 was significantly improved, the content of total N and P of
shoot, root and plant were increased at the stage of V3, R2 and R8 by adding the mixed PSB into black soil. The total of N
and P of shoot and plant growing in the mixed soil were also increased after inoculation with PSB. The pod number, total grain
number, grain weight per plant and 100-seed weight per plant of black soil with wjl and mixed soil with PSB were higher than
that without bacteria. As a result, adding exogenous PSB could improve photosynthesis and enhance adaptability of soybean in
the mixed salt alkaline soil, thereby increase plant biomass, nitrogen and phosphorus uptake and crop yield. The growth pro-

moting effect of mixed PSB was better than single strain of wjl or wj3.

Keywords : Phosphate-solubilizing bacteria( PSB) ; Soybean; Salt-alkaline soil; Growth promoting effect

BEREMYERK EFAT N EH TR —,
TERIAE K S 75 R MR AR o 75 v A 3 T 2 A0 A
Filo AEAl A 7 5 B v, g 3 I 0 7 0, T A
iR, H A R B S 5 Fe’T  CaT Al
AP+ S ST 2 AT RO, 3 ARl 2 7 o A
FHI AR, L e 2w 425 Yebi g L W wE ok
W AT LASE 1 43— 52 BB LR , 15 R v v
FAABERREL T Fe' [ Ca® I AL A TR B
WA R, VR R i W] AR R R L ACC
Fi G BB MR T A HLRR 2, DT 18 o 1 3

rFE B #9:2016-09-23
EE&WA: EE A RF-3 4 (31201687)

B P L pH

KR TEIMEMEY 5256, b T2+
RN A 7 A 0 R o A T T i R O
TR A R Ok — i 25 TR 2% 1 TR B A v
HUE R, AR R, AR AR ZS R G R E Ml
BIBRT | EER 203 Al A P B T R R R L
Geit, 30 EL g AR A2 R 3 600 5 hm? , HAG A
FEITEE 7 1 £ B 5 Mo 5 £k B RS B B 24 1 236 7
hm? ™) A BRA ORI AR B L, A/ R T A
SRR AR T RO R, R, R AR SR R Y

E—EFEB N (1975-) , B, BIHER, W05, FENGAEYARIE A BIBFSY . E-mail : wuzhihail 116@ 163. com,,
BIRAEE AL (1974-) Lo, 1, BB, EEMNFREY A 55> TLEYATE . E-mail : jlaumeiying@ 163. com,



134 GG SN B XA ] IS T R KR 5 79

FREH T £ 5+ ok B A BIF S0 R BT g &2 K S
24U IS 2 WIS 0 TG AL TS W Gl 0 T R AR O
il AR S B S Y I 2 B b o R I R
i, BA R TS B i TR R, KK
T 4O ) P R AT ek e T R A, B R T R
A A R A, T S R O T R U
R T I TE ML e W 2 0 T 00, T B s A - 398 R
TSR R IAR e 4:OE RO - A
Y, A T 95 ol 5 W Tl 2 0y 2 {1 1 A 0 B T, 4R
AR B, HE N AR R X R R, 5 ML
AE K AR L, il P 9 W B e R P S bk v L bR
S SRR TR e R R, R AR SRR

TR T A M B T BT R E A B A
il AR TM TR K W, 32 [ SR 4RI g (R
SN T 1S AF (] 58 Am T 25. 67 J7 km® A
I, R ER Tl M e L oA 1 0 1 A 2k i LA
ROBLSERE o ARG TS T 200 15 B - i
BT wil A wj3 X AR K B S, S A VA
TE 4% T 398 v (41 A 2800 B HE 7 P B85 i

1 RS

1.1 #F#

PR B AR R (BCH B R SR Pseudomonas sp. wil
(KM975675. 1) #1 iz ¥ B J& Enterobacter sp. wj3
(KM975677) ,2012 4F 43 25 F K AR BR -4 rh , P
PRYE BRI TR L STk

R ELAPRE 1 75 R4 AR Bk 25 B R SL 05 BT 4
M, Ay AR 7 I R S A R 406,38 T
R TR

PR R B MR R R 5 Y, i
FEK, RAEEIRE N 0 ~20 em, K5 H AT A4 JBUIR
A6 - (pH10. 72, RERBEAEK ) R A S R A%
DX (E125°157 \N44°45° ) BRI 545+ i i
RE.

1.2 R5git

TR T 2014 F12015 4E 5 HAETHMAL K
AR N TR A kAT . A Ak 6 A Ak
B R owil R0 w3 R IR AR
[wil:wj3(v/v) =1:1] GRA G+ [ 8 4 3w 1
(v/v) =3: 1] FR A FRE G [ wil: wj3 (v/v)
=1:1],

F R MAE 0. 1% W IRE R B W S min,
KR ZERK e 3 U0, SR SR R A TR I IR AR
ORGSR 30°CHE IR B 7% 2 d, FF AR K 2 1 em /2
AT, B+ 2.5 kg, BA S KK ERT,
SETH 3 Mo FEFPETRIILAC, A= KIARIASHEAL . BAVRH

b wil w3 TRERTE NBRIP £33 b 785 5%
PG TEGE T AR B4 1.0 x 10°CFU -mL ™"
FEFRHET, BT mL BERAAH

1.3 WEmMBESR*

Iy ITE R EAER A BN (V3) BEAEWT (R2) |
SORYI(R6) HIBLEIYI (R ) i 5 A B AR . O
BYEHIR A Li-6400XT S5 15 AL IEAT I € , Il %

T4 R EOL A R (Pr) | ZE B R
(Tr) SALFBE(Gs) FIR] CO, ¥ B2 (Ci) , I 2 1)
]2 4 9:00 ~ 11:00, 7K 73 &3 (WUE) =
Pn/Tr, WM 5 E (AMC) =Pn/Ci, % H,S0,-
H, 0, Z K¢ 5, 18 AR 4 A& & ok B IRE &
(KN520) , #E #k 4 Wl 25 50 00 5 >R U 8H B8 10 £ 1k
(760CRT RIROEHEAMA] W3 EE 1) o Tk
B S SR O, ml s M2 1 & s 0 el
LT 2L R B A AR R O i R Bl L L
YRR R 2 A B AT
1.4 HIEHH

XH DPS 7.5 F1 Excel 2013 317 % 45 &b 3¢
o3HT

2 HFRESH

2.1 FEEIEE 406 St &1ERBIFN

M T AT A AR B Pr ¥7E R2 B35 %)
R BEALBEAYS AW Po #Rm TR Lo %
ol B T 114 8 S R S e S AL B, A% T B P
Yy TR L. B wil B9 P {545 AT
e T e, AR A, G B TR,
Ci BEA= 79138 i, 2 Bt e 38 s s/ ke 3 B
RA TS, HE AL B TE RO W35 2 i EH.
BAAEHE GO Gs ¥y TR G R . RAEINR S
1Y CifEAERAE T TR A, Gs {HAE R2 )R
AR AR T 8 e A H . R TR S T Ak A
Ci F1 Gs W] 5 TR A 3h ol 1o B L wil Al wj3
() Ci & TAREERACEL, B wil 93G5 T wid,
V3 ) Tr (Hf R, Jm B WA, S8 A R Tr fER
TER L, PR wil AP Tr EEANMEF N
Fr TR, V3~ R2 IR S R A in v Ak BE S R
WAL BRA Tr (H22 5 AU 5 3 IR & R+
I AL BRI T R Tr (S BRI AL BEAT A [ 72
FERISENT. 0 wj3 FIE 5 B Ak B A5 1 38 T {EL5 TR
AT AR MU TR £k e Ak B K 23 A
MF(WUE) £ V3 ~ R6 1w TR A0 H 25 4]
BN AL B WUE By 708 £, B R2 10145,
AR A WA WUE B & & T g ek
Hl, R2 FI RS IR G0k L WUE & T RIL



80

K T R

1

AbFR . REANEF ], R AR BRI Y FE (AMC)
TR AR, IR T A R A B IR R

B A0 A BEAMC 7R R2 ~ R6 IRy TR 45 16
ﬁiﬂ@

P
—— B+ —— A+ fiiwijl —— 24 ilwj3
Black soil Black soil with wjl Black soil with wj3
== BAIREE = RE T —A— RA N

Black soil with mixed PSB

Mixed salt alksine soil

301
T 25t
4 o 20}
ga i
juf ? 154 EJE
N g
q)&, 3 10+ lLr’
: 5
0
V3 R2 R6 R8
HF B Growth stage
3501
@ 310t
8 3
g | ¥
8“' - 270 tﬁ.ﬂ
= 5230‘ i%
2 3 ™
S 190}
150
V3 R2 R6 R8
HFH BT Growth stage
121
o 10
3
w £ 8 i
M g %
E - o =
i 2 4 =
_ % ®
2|
=
0
V3 R2 R6 R8
HF I Growth stage
B 1
Fig. 1

2.2 FARELEIEFE 406 2EE TR
WK 2 7R, V3 ~ R6 1] 45 4b BEA AR it 5 n] i
PSR S T RS W, RN R L
AEFRAT AR O D IR TR A R . 7E R2 R
B R m NP S AR B R A B - AL FEAR L, B
WA T RERR T T PR & &, B i AR A
Fo BN wil R R AT S R AR V3 A
R2 HABH WA TR 4, A K5 10 8 2 3, 28 4
wj3 7E V3 R2 il R8 Wint F I vEml & i 58 116
ZFARE, V3 ~R2 M, B wil 3 owj3 ZbFE 2
S E 25 R OR 2 R IR A R AL B
V3 ~R6 WIERIH 5B 0 wi3 A A AR LA

Mixed salt alkaline soil with PSB

0357
= 030t
[}

V3 R2 R6
HF B Growth stage

R8

s
—
(=]

Tr/(mmol * m™2 + s~
S

V3 R2 R6
H B Growth stage

R8

0.101

. S-l)

0.081

0.06

0.04

0.021

AMC/(mmol * m™

V3 R2 R6
H B Growth stage

R8

TEAIEXE & 406 & 1E A KIS
Effect of different treatments on photosynthesis of Jiyu 406

AN b B X R 4% A K ) AT v 2
TS A& 3 iR, V3 ~ R6 5 + Lb 3 AT
BHEEASTEDENRTRASM 400, 58+
AL, V3 ~ R2 W18 N ei ab B R s PR R
I 25 RO WA i pa 45 b B 5 ml s R
I S R, RS 1R - n wi3 AR A B AL BE
ERRACER R TR A . 3 V3 ~ Ro R
oy IR G N W oS o e S D s e |
225 IRAERGL 1w 5 iR 5 L6 1 A8 Ll 7E R2
F1 RO W14 & BEAR T AE AR T ml i B 1 B i,
R AT RTE N



134 GG SN B XA ] IS T R KR 5 81

o &t 2+ nwjl 2+ fnwj3
Black soil Black soil with wjl Black soil with wj3
BAEmREE o Ba%E BiRS L

Black soil with mixed PSB

25

20

(63

Soluble sugar content/(mg * g')
)
T

iz

Mixed salt alksine soil

Mixed salt alkaline soil with PSB

V3 R2

R6 R8

HF B Growth stage

ANF/NGFRRRZE R BE (P <0.05) , T,

Different lowercase indicate significant difference (P <0.05), the same below.
B2 FRLEINEE 406 A[AEESEN I
Fig.2 The content of soluble suger of different treatments of Jiyu 406

[ 2+ 2+ Jinwjl 0 2+ Jinwj3
Black soil Black soil with wjl Black soil with wj3
BAIE A O RE 3 BRA LM

Black soil with mixed PSB

]

AR EEAE
Soluble protein content/(mg * g7)
w

V3 R2

Mixed salt alksine soil

Mixed salt alkaline soil with PSB

R6 R8

HF B Growth stage

B3 ARALEXNTE 406 IAEESENHIN
Fig.3 The content of soluble protein of different treatments of Jiyu 406

NSRRI G i B R AR R2 A
B, A HlE s 2 R & i Y o e TR
4, R G R (i R . R8 JHIR & Eh w4k H1
R EERT R TR L, HEm 2R A8 ¥
(E14). V3 1RO, B A wil Ab 3 &5 2 5
S T R A R 0 wi3 AR A R AL B
HELTHERALE . RS MR I gk B2 7t
BER R ENTEL, EENMEFHN, R
+on w3 SIRAFEGEEAEHEES ., V3 H,RA
AR 0 B A Ui S A R 1 i 2 R TR A R e

4,17 R2 VR A O A TR 0 i S s R i
HMTIRGHM A, R AR,
2.3 AEREIFE 406 £ KM

WS firzs , 25 2 30k = 34 7E R6 A i KA
V3 5 R2 PiE B8 4 5 5 oK A bk v 22 /R
12 ,R6 Al RS A+ 4b P i 2 5 TR G btk . 7E
AT, B4 wil dhEbkmE RS TR A,
SR AEAHARLY, B A0 wi3 A7 R2 1 W 2 1 mk
SRk, HAEY I BAE b, R2 ~ R8 BHIIR A&
SR A 0 TR Ak AR R S R T AR IR AR B



82 N 1
o &t 2+ nwjl 2+ finwj3
Black soil Black soil with wjl Black soil with wj3
BAREE o Ra % [« REAS g w1117

Black soil with mixed PSB

240

= 200

1Y)

2 160 [
5 .
§3120-~

=] .
WS
MRE 80 [
&

B 2 4 [

: .

«

§ 0

= V3

Mixed salt alksine soil

Mixed salt alkaline soil with PSB

R6 R8

HF BT Growth stage

B4 FRLLEXHFE 406 HBESEBRSENTN

Fig.4 The content of free amino acid of different treatments of Jiyu 406

m4 o 2+ nwjl 2+ finwj3
Black soil Black soil with wjl Black soil with wj3
BEIEA T (o [RlEE g BiRA LM
Black soil with mixed PSB Mixed salt alksine soil Mixed salt alkaline soil with PSB
6o r b 2 ab ab
50 N
" %\ be
£ ab 4 5 ' §
g 40 be c BN e
s d d RENCE
| 5 ' %\ -
i 30 L B i .' “\\ .
K _:‘:: a - .' %\ -
E oo}l . N NE
E N NCE
= : i . \\\ -
0 L[ }% % E
CRENCE
0 I ' k“ :: 1
V3 R2 R6 R8

HF BT Growth stage

ES AELENES 406 sk
Fig.5 Effect of different treatment on plant height of Jiyu 406

WE 6 iR, V3 ~ R6 1] £ b AR + 5 1 b
A= B HE HE I 3G i, R8 MWIME A R %, R2 ~ R8
1, 28 4 SR A ER B 0 B A PR AR AR AR
AR,

WE 7 Fias, f8Kk G A W), b A & ARG 1
I, 25 Ab FAF AR T S AE RO IR B 5 K AA, BB+
wil AbFRAE R T 2 R T A A A, R A
7 V3 ~ R2 W) g A TR A b6k 1, R6 Al R8 178
AR . AT BIRR 0 wil kT ED
FEmTRA . R2 A1 RS B, M 4 JiniR A& T Ab 3 ik
FETRA RAIRM A INEE R2 ~ R8 ], bk
T = T AR A B

2.4 FAEXEIEHEE 406 FLEFEH NP RIH
=210

MR RT LA R bR U & i R R B K
AR T BTG, A R6 AR bk 2 M 4 i 1
R IRB iR, R WA BT R . 78 V3, SR
PR AL PR SR AT H s B e RO bR 2 R
AR R, SR wil B wi3 R A A B I AR A
AR RAE AR AW i R IR AL B ]
F IR AR b 50 A 3 B0 A B A
EWEE . 78 V3 1, RS xR A i P A
PR PR SR WA T S 35 2 5

7 R2 301, 28 0 T b SERTAR AR 4 R i AR AR



14

GG SN B XA ] IS T R KR 5

0 L o 8 <O = 3 7 S U B A 11

A WER . B4

= A B
R H o

wj3 FR G T W T M b

WA s, B wl MRS EESmM T 2AMewE R,
o =t 2+ finwjl B fnwj3
Black soil Black soil with wjl Black soil with wj3
BAINEAHE o RAELE ENRA 3T
Black soil with mixed PSB Mixed salt alksine soil ~ Mixed salt alkaline soil with PSB
ar a
L b
3.5 a
T f
z a T
'a" 25 1 d
S i b :
5 o d:
= d '
2T s d g
g . R
E 1F 'f' o K-
S L 'k
- aapaa = B
0.5 l: . :
0 l. 1 gy 1
V3 R2 R6 R8
HF B Growth stage
E6 AELLEIES 406 IRTFEHIT
Fig. 6 Effect of different treatment on root dry weight of Jiyu 406
2+ 2+ Jinwjl o 22+ Jinwj3
Black soil Black soil with wjl Black soil with wj3
m R IRE AT O RE+HE# BNRA M
Black soil with mixed PSB Mixed salt alksine soil =~ Mixed salt alkaline soil with PSB
35 r
a
30
o 25 F
g 3
=, L
il W %
2 =
€3 O N
=2 10
B
a
5
0

R2

HF B Growth stage

R6

R8

7 AEAEITES 406 BT ERNHIE
Fig.7 Effect of different treatment on dry biomass of Jiyu 406

SORSE R L, R A SR B N TR
T 31l 1 ERy S 1073 s 7 o o - - i S

TE RO, B A0 wil ARG TE BEH N T H#

75 RS 1, B iR 45 BT Ak BE A AR AR 5 20 ke |

S A ELLE

TR SR e Mk e rE S . Bt ASESE TRL ER L wil 8owi3 A B

I=A
7

T i3 AL SRS BB R K. R 4L
B Bk B L HOROBR A 0 155 4 Kb %
SR L R4 MU BB A OB B Y
.

(7S N e o S )| A e e 9 1=
HUD I T AR PR 1 R A W A ORI PR 4



84 x5 R % 11
£1 AEEMETE 406 REFH NP RIEHISIE
Table 1 Effect of different treatments on absorption of nitrogen and phosphorus of Jiyu 406 (mg-plant™')
AEN= L0 Ab B B 1573 e = N L 1157 = WD 7 = W | 173 0 N1 7 X 04 L7 =R
Stages Treatment Total N of shoot Total N of root Total N of plant Total P of Shoot Total P of root ~ Total P of plant
V3 CK 2.04+£0.07¢ 0.20+0.03c¢ 2.23+0.04b 0.46+0.03 bc 0.09+0.01 d 0.54 +0.03 be
B0 wjl
3.26 £0.74a 0.51+£0.08a 3.77+0.67a 0.65+0.09a 0.13+0.01 ab 0.78£0.08 a
Black soil with wjl
A w3
2.97+£0.40 ab 0.44 £0.10 ab 3.41 +£0.49a 0.60+0.03 ab 0.14+0.02a 0.74+0.04 a
Black soil with wj3
BAINR AT
3.48+0.14a 0.18+0.04c 3.66x0.16 a 0.55+0.01 ab 0.11+£0.01 ¢ 0.67 £0.01 ab
Black soil with mixed PSB
MERS AN
2.33+0.32 bc 0.37+0.07b 2.69+0.38b 0.30+0.20 ¢cd 0.12+0.01 be 0.43+0.21 ¢
Mixed salt alkaline soil
NERSEAN il
2.03+0.29 ¢ 0.40+0.03 b 2.43+0.26b 0.27+0.03d 0.13+0.01 ab 0.40+0.02 ¢
Mixed salt alkaline soil with PSB
R2 CK 7.03+£0.97d 2.3820.16b 9.41+1.13¢ 1.1220.06e 0.36+0.04c¢ 1.483+0.07 d
2B A wjl
7.39£0.51d 3.71+0.51a 11.11+£0.96b 1.30+£0.09d 0.54+0.02b 1.85+0.11 be
Black soil with wjl
R0 w3
9.10£0.55¢ 2.86+0.15b 11.95+0.40b 1.40+0.08 cd 0.483 +0.03 b 1.88 £0.11 be
Black soil with wj3
B IR A
10.84 £0.77b 3.60+0.46 a 14.44+0.43a 1.71+£0.83a 0.73+0.06a 2.44+0.02 a
Black soil with mixed PSB
TRA ML
8.19+0.11 ¢cd 1.43+0.16 ¢ 9.62+0.20c 1.48+0.07 be 0.34+0.05c¢ 1.81+0.04 ¢
Mixed salt alkaline soil
TR A Fh I N vl
12.93 £1.02a 2.29+0.29b 15.22+0.90a 1.60+0.03 ab 0.36 +0.04 ¢ 1.95+0.07 b
Mixed salt alkaline soil with PSB
R6 CK 58.07£6.93 a 3.29+0.35c¢ 61.36+7.25a 4.47+0.06b 0.50+0.16 b 4.96+0.19 ¢
B0 wjl
56.82+8.29 a 4.82+0.56a 61.64+8.76a 6.40+0.95a 0.80+0.02a 7.20+0.95 a
Black soil with wjl
A w3
59.74 £3.86 a 2.04£0.26 de 61.78 +3.65a 4.97+0.11b 0.57+0.04b 5.55+0.14 be
Black soil with wj3
B INE AT
45.58 +7.73 b 4.12+0.17b 49.70+7.81 b 5.23+0.54 b 0.85+0.07a 6.08+0.47 b
Black soil with mixed PSB
RE R+
32.26 £1.53 ¢ 2.21+0.52d 34.47+1.83 ¢ 3.22+0.26c 0.28+0.046 ¢ 3.50+0.23 d
Mixed salt alkaline soil
NERSEAN il
50.42 +4.94 ab 1.51 +0.24 e 51.93+4.96 ab 5.16+0.70 b 0.46+0.04 b 5.62 +0.66 bc
Mixed salt alkaline soil with PSB
R8 CK 47.71£2.01'b 1.28 £0.11 ¢ 49.00 +2.10 be 4.30+0.30 ab 0.37+0.07d 4.65+0.36 b
A+ i wil
40.34 £3.00 ¢ 4.34+0.12a 44.68+2.96c¢ 3.90+0.16 bc¢ 0.60+0.02 ¢ 4.50+0.15b
Black soil with wjl
R0 w3
27.30+2.99d 3.50+0.13b 30.80+2.87d 3.40+0.78 ¢ 0.73+0.03b 4.13+0.79b
Black soil with wj3
B IR A
56.91£6.70 a 3.11+0.58 b 60.02 +6.45a 4.85+0.12a 0.97+0.06a 5.82+0.13 a
Black soil with mixed PSB
TRA ML
16.1£0.76 ¢ 1.74+£0.24 ¢ 17.83+0.95e¢ 1.82+0.15d 0.25+0.05e¢ 2.07+0.20c¢
Mixed salt alkaline soil
TR A ER I N v
51.53 £5.63 ab 1.45+0.10 ¢ 52.98 £5.53 ab 4.42 +0.23 ab 0.33 +£0.01 de 4.75+0.24 b

Mixed salt alkaline soil with PSB

ARG FHREFR IR 25 B3 (P <0.05) .

Different lowercase indicate significant difference( P <0.05).
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Table 2 Effect of different treatments on yield of Jiyu 406

e 2 . LIS Ay PR
b RIEEL SORLEL L
Empty pods Grain weight 100-seed
Treatment Pods per plant Seeds per plant
per plant /(g-plant ') weight/g
Bt
12.25 £0.95 be 1.3+£0.577 b 30.67 +2.08 be 4.51 £0.35 be 16.19 £1.05 be
Black soil
2B A wjl
19.75 £4.11 a 2.5+0.577 a 39+1.15a 7.17£1.72 a 19.44 £0.85 a
Black soil with wjl
A wi3
16 £1.41 ab 1.5+0.577 b 31 +0.57 be 5.01 £0.83 be 15.84 £0.26 be
Black soil with wj3
BAIMEAE
17.25 £3.30 a 1+0.577 b 33+£2.08 b 5.61+0.33 b 17.05+2.11 b
Black soil with mixed PSB
RAHRM L
10.2£1.50 ¢ 2+1.73 a 26.34 +1.00 d 3.32+0.41 ¢ 14.66 +0.62 ¢
Mixed salt alkaline soil
AR A I
11.52 £3.20 be 1+0.00 b 28.71 +1.52 ed 4.29 £0.38 be 15.08 +0.67 ¢

Mixed salt alkaline soil with PSB
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