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Table 1 Characteristics of the tested strains

T H R s

Pa-2 i 58 2F ST 1 (Bacillus subtilis) [ 28053 W6 TA A S B0 5 7
Pa4 BORZEATF I (B, mycoides) i L A B

Pa-7 il 2 AT I (B subrilis) L A DU T B 2RI TAA
Pa-21 RENFFHE (Acinetobacter sp. ) [ VB ISP R 4 I TAA
Pa-29 DCAR AL ( Pseudomonas fluorescens) [0 A W S PUR R i TAA

1.1.2 gk AH4 MR Y R 7o & R R 20K (P
alpigena) i WF 584 R 5 HH M W B Z 8 5 KA
B

1.1.3 X 2 il RHERIZ A 2N T4l X AE
JERAR I . BRI A PLT & i 14, 11 g/kg.
NE&e 0. 35g/kg P& ar0.85g/kg EM P &
10. 21 mg/kg GERL K 7 1 226. 63 mg/kg,pH {H 7. 8.
1.2 Fik

1.2.1 %33t PRk 0 & Bl iy e e R OR
FiF,70% BRI N 1 min, 0. 1% 4 HgCL ¥ =
L H 3 2 min, JC K 0Pk 3~5 7k, TG B B AR T
FIMK . 25 CTFMEZF, BUE 2F — B A T 3% Fh T
AEN B 10RR, R 10K E T, B PR —3.
A8 43 A B 5T 0 S kR4 i AT — 20 S . S
& YRR 11 &y AL 0 o 0 30 5 0 TR (R 0 T b G
W, T T8 35 W NA 5 38,306 18 ik B2 2 10°CFU/
mL) Bk 2 mL, DAOR B2 B 0 55 352000k X R A Ak B
WHEABER 545 dFIE R AR R PR + 58 R PR
+ HE I 4R 2 IR Hafeez 55 (14 J7 31, 1 I i AR B + 458
AR K A A & TR

1.2.2 E2EEAFNT  0RAEREILIKE

AR KCH 4R TE 7 5 + 18 4 AR R A
1.2.3 XM AHAEHER(SMBN)m 2 S
5 B8 7% VSR B A B L SR S 0.5 mol/L KoSOL I i
P B, AR AR LI AR E L A
mr:

T A YRR (mg/kg) =(Ec—Ec,) /0. 54",

X Ec B EZE IR P A HLA G Ec AR
R TR R T A HLA R 0. 54 AL IE R AL
1.2.4  E3E kB &k eyml 2 DR S MR R 6
M b A S5 RT24 h)5 1 g 13 NH,— N |
2 HOR KR
125 xgpEEWwaE (DM ALERAE
f R ek BB Z50 DL (Ashby) G RUBS R 5 PR
U AT R GO A T RO B DL T R R
FEWC 7 o - A A B 10 ¢ (K,HPO, 0.2 g . MgSO,-7H,0
0.2g.K,S0,0.2g.NaCl 0.2 g.CaCO;5 g . 5518 g.
ZEM7K 1000 mL,

(2) M AR AR I e R oK IR 3%
B PRV A T A R A A T AU B AR T
75 h:E KM S5 g.CaCO,0. 5 g, F 2K/K 1000 mL,
1.2.6 XEBERBAuHABRGMNE K real-time
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PCR J5 0 5& + & v [ A
BRI 1, DA A R

(1)K 20 DNA @ 2 Bk A + 3588 DNA
) $2 B R Al OMEGA Soil DNA isolation kit
(OMEGA,USA) , £ %2 B Ui W] 45 . Total DNA Ji
i N BE R I 4% 4 43 % % B T (Beckman DU
640, USA) B 4E .

(2)Real-time PCR 514 T3S 415 16S rRNA
HE B i R TR 519 /& 341F (5'-CCTACGGG
AGGCAGCAG-3") fl 518R (5'-ATTACCGCGGC
TGCTGG-3")"™ . [ R W nifH 3 R 14 fir % H 5951
P Pol F (5" TGCGAYCCSAARGCB GACTC-
3") Ml Pol R(5'-ATSGCCATCATYTCRCCGGA -

3O B 1 IR AR AR R A PR F AR

(3)Real-time PCR £ )¥ H SYBR Premix Ex
TaqTM (TaKaRa Shuzo, Osaka, Japan) & 7. & i {4
L, HAR R DNA AR 2 pL . LA R iE51 4045 0.5
pL . SYBR Green I 256 44 L #U IR 120 ) 10 pLL . ddH.O
12 pl'#,

Pul &8 - 95 CHILAE 14 30 sec, 95 “CAE 14 5 sec,
60 ‘CiB K HMIFEA 20 sec I RAEDGIF 5 , 45 WAE .

(4)Real-time PCRE /1 A4 LT A HE
8 v SRR A 2 R X T A R

FIARTE (% M 16S rDNA )= 2 (Criomeet Crootl bucteri
X100, Ct target 24 HAR & 514 B il Ct {6, Ct total bac-
teria g LLEVAH TR Ry 51 4 i 459 Co (B
1.2.5 #¥EHH R Excel 2010 2 HL 545, DPS v
7. 65 BAFIHAT BT AT

2 FHRE5HMH
2.1 REBEMNTEERENEN
e A= T 0T S 4 RUR S R AR A A B
P VR L ABAS [m] B Ak 19 A OR8], %) 3 4
A H NSO BRI B. subtilis Pa-7 Wk AR PR
TS FESE T 0.51 g/kg, HIk & P. fluorescens
Pa-29 W Pk , o 53k 0. 49 g/kg, R 55 )& B. my-
coides Pa-d bk, H AR &R 0.42 g/kg. 124 @A
g R AR S ROR R T e A R
J5 AR PR b R CR E E EO  ROR e
2 Pa-7 BB , R8RS ik 97. 00 mg/kg, R

TR 5 AR R T e R A

Pa-29 & ¥k , J9 89. 99 mg/kg, Pa-21 X 3 &% % HY &% H 41
XL, M 69. 25 mg/kg(#2) .
R2 tELENIEFERNRSE

Table 2 Soil total nitrogen and soil available nitrogen

contents
GRS FHEH/(gkg ) iiﬁ%ﬁ?ﬂiﬁ/
(mgkg )
CK 0.36 +0.01 66.60 4-0. 52
Pa=2 0.46 £0.01" 81.39 £0.56°
Pa-4 0.42 £0.01° 75.50 0. 37"
Pa-7 0.51 £0.01° 97.00 £1. 26"
Pa—21 0.39 £0.01° 69.25 £0. 36°
Pa-29 0.49 +£0.01° 89.99 +0. 70"

VB 2 PR T R AR AR AR 2 L RIS R R
BEF7R 2 Duncan [CH & W 2K 50 78 P<<0. 05 K F 2% 5 B % .
I
2.2 RAEEKNTEREVEINZIN

A A 25 TR Pk AR I 2 B v e IR R AR PR 1
P AR i R AHUAS T) B R 1) RS TR HG v B B Pa-7
X A S A W A AR T B ROR B B A8 S AR PR
R A W R AR T 34, 28 %0, HIRJE R bk Pa4, 12
= T 31.85% , Wtk Pa-2 X i A= W i ALY HRE v e A
fiC, #2121, 27 % , HoAv 1 K Pa-21 FlEE £k Pa-29 J&
F(FE3),

F3 TEMEVERSEN T EREEY
Table 3 Soil microbial biomass nitrogen and soil

urease activity

_— THEMAEYRR SR/ EERERE I/
" (mg-kg ") (mgeg '+d")
CK 141.08+0. 82° 0.45+0.01°
Pa-2 170.10+0. 80° 0.54+0. 00"
Pa-4 186.01+0. 70 0.57-+0.01°
Pa-7 189.44-+1.18" 0.58-+0.01°
Pa-21 178. 54+0. 58 0.5740.01"
Pa-29 176.0340. 97° 0.5540. 00"

2.2 REBEHRN T IEREEENZND

TR RS 5 1 R R A 0 )
IR Tl 9% A s ) S - b A B AR R AR
il 1 A S TC ML A B 0 R T, R T A R Y —
TUEE G bR o (P AE AR PR AR AR B S AR PR A 1 b iR
Tl % P 35 A T AR o AN T R R KT Ol 9 R N
[v] |, 8 0 d5 kg ¥ B 2 T Pk Pa- 7, H Uk S B AR Pa-d IR
Pk Pa—21, 34 MR 55 /N R T BR Pa-2(3 3) 6
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2.3 REEBKMNTERREARNEN

i F AR A TR, 308 v p e SR 1 A R R
M A R R B R T AR L AR
P A LT R A R R LM A AR
B, M B R Pa-7 J5 , 3 rE A AR AR S
1K 8.95X 10" cfu/g, b CK #7517 64.52% ; H Wl 2 1
Pk Pa-4,h 7.99X 10" cfu/g, b CK#& & T 46. 87% ; 4&
o W A I Y 2 A PR Pa2, H CKE & 17 37. 98 %0 X
M 2 T 2R R AR e B B A A TR R Pac 7,
P T 24. 6%, BCR A X B 2 1 S B PR Pa-29, $E T
5.56% , KRR FE

*4 TEHLEERESE
Table 4 Effects of PGPR on soil autogenous nitrogen—

fixing bacteria

" IPAE B AR/ e B A AR
RN ,
(X10* cfu/g) (X 10" cfu/g)
CK 5.4440.09° 1.26+0.01"
Pa-2 7.49+0.01° 1.54+0.01°
Pa-4 7.99+0.01° 1.494+0.01°
Pa-7 8.95+0.01° 1.5740.00°
Pa-21 7.6240.01° 1.4040. 02°
Pa-29 7.5440.03% 1.33 £0.01°

2.4 AEEKITEERE nifHE BB G

nifTH 5 PR S [ R0 f 2k 4 [ SRt A S A S TR, 38
nifH K& PR AR = B O 0 o N AR A T
FE TR bR o T bR Pa-d XF 38 nifH PR B0 A G 3 B A
B2 00 B o0 WA S 6 B bR Pa-4 05, nafH R B AR % 3
JEFE T 18. 500, HoR S B Ak Pa-7, nifH 3 R 1 AH X
FREEAR T 16.55% , £ T AR AH XL 55 (14 J2 P Bk Pa-
21, nifH B R AR X B4R = T 4. 6400, AR W bR =
i (%5),

%5 tEdaHERBMER

Table 5 Influence of plant growth—promoting rhizobacte-

rium strains on the relative content of nifH gene in soil

[E5R7S nifH 3 RURE X 32 8 /10° %
CK 1.5140.01¢

Pa2 1.7540.01°

Pa4 1.7940.01°

Pa~7 1.76£0.01%

Pa-21 1.58-0.01¢

Pa29 1.7540.01

3 itig

RV EMITECE RN R 7/ N e IR
PR RS R, R A A DL K
A R A AR TS R R R R R S e
P 2GR E AR WA I TS S
Rl Al v, 20 HE R 06 R AT A B SR 15 48 Al Y R
F B IR A2 MR VL ARk B AR R )
48 O A0 T FH S 1 AN BT 1 L AN 3Lt 4 5 1 R
— B ARl PR S () H g T B0 R ) -
WAl - AR Y | TS Y A5 5 A M T A G A )
Bisl KT, T EEERVESRE R ATE
PR LRl P FH T R A 19 A £ 39 2 3 Y T
Sete M EETRERE P ZE, ARG RE
7L M BRI A A 0 LR LA 0 [ e 1 T b T
DA S8 4 e U3 0 & i AL ik, BF YR R
TR A S, e i R EURCAE P 0 AR R
AT W R A W R R IS Y
A DA e A A B R B, R T Rk kR 1 AR
Bio A AE BRSO RT DU A8 R R R & L i g
RO IR Y s

AW 5 K B A HE A TR RN H R B AR Ak
A REAR G- b W A, B & B0 39 1R R AU A
A T AR, A A A TR AR S B AR 40 s T 59
g AREATERFE Y BT A S A
I U , % I F /D R K 5 DR 2 A £ B B 1 R
nifH 5 DR 2 0% 110 8 28 1R B P, BRI IT A Y [ 2R TR T
A M N 55— 07 T, nifH 3 PR K 0k Ak i
FErh il IR R N, AR T B A M Ay b,
ARG RS 16S rDNA H—2. Kb, nifH 3 H
S WF 5 1 260 BR R 7 45 R B A i B e B TR R S TR 4R
RS T B o H S D] A R 2% S Tk R 2 AR LT Y
TR 25 M R B I S 1 22 S5 RIS R UE T mifH
BE AR W 5T AR ) AR A0 D T BT O, O 4
WP RIS TAE P RA I TR

AT IE I, BRI SR Y SRR AR A TR AR R 4
AME A AR T AU BRSSO A AR
EENE s S R TAOR DI I TRER: SR e S RE -
TR (1 5 St B S e D PR R A R 4 v
T MR, G T IR A AR B B+
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Effects of plant growth—promoting rhizobacteria on
nitrogen and nitrogen—fixing microorganisms in rhi-
zosphere soil of Poa alpigena

ZHAO Shu-dong, WANG Chao,CHEN Jian-kun, HUANG Cai-cheng,
YANG Xiao-lei, LI Jian-hong

(College of Pratacultural Science , Gansu Agricultural University,Key Laboratory for Grassland Ecosystem of
Ministry of Education, Pratacultural Engineering Laboratory of Gansu Province ,Sino-U. S. Centers for

Grazingland Ecosystem Sustainability,Lanzhou 730070, China)

Abstract: To investigate the effects of plant growth-promoting rhizobacteria (PGPR) on the contents of soil ni-
trogen and nitrogen-fixing microorganisms, five excellent PGPR strains which were obtained in previous study were
explored on their effects on soil total nitrogen, available nitrogen content, soil urease activity, soil nitrogen-fixing bac-
teria and soil nifH gene. The results showed that PGPR could significantly increase the contents of soil nitrogen and
nitrogen-fixing microorganisms, and the degrees of effect varied among the strains. After PGPR application, the soil
total nitrogen increased by 8. 3% ~41. 67 % , the soil available nitrogen increased by 3. 98 % ~45. 64% , the soil micro-
bial biomass nitrogen increased by 21. 27 % ~34. 28 % , the soil urease activity increased by 20. 0% ~28. 89% , the soil
aerobic autotrophic nitrogen-fixing bacteria increased by 37. 98% ~64. 52% , the content of soil anaerobic autotrophic
nitrogen-fixing bacteria increased by 5. 56 % ~24. 6% ,and the relative abundance of nifH gene in soil nitrogen-fixing
bacteria increased by 4. 64 % ~18.5%. In this study, the effects of PGPR on soil were investigated from the perspec-
tives of soil nitrogen and nitrogen-fixing microorganisms. The results suggested that PGPR could play an important
role in soil health through promoting soil nitrogen metabolism, improve the soil nitrogen-fixing microorganisms.

Key words: plant growth promoting rhizobacteria; soil nitrogen; urease activity ; nitrogen - fixing bacteria; nifH

gene



