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Soil Pseudomonas spp., Bacillus spp., and microbial communities under tomato continuous cropping in
greenhouse production

GE Xiao-ying'?, SUN Zhi-gang', LI Tao'?, OUYANG Zhu'"

(1. Key Laboratory of Ecosystem Network Observation and Modeling / Institute of Geographic Sciences and Natural Resources Research, Chi—
nese Academy of Sciences, Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China )
Abstract : Long—term continuous cropping is unsustainable for vegetable production, especially for greenhouse vegetables. Most researchers
have attributed the harmful effects of continuous cropping to the changes in soil microbial ecology. However, soil Pseudomonas spp. and
Bacillus spp., two most important PGPR (plant growth promoting rhizobacteria) and dominant bacteria, have seldom been examined in inves—
tigating the microbial processes of continuous cropping obstacles until now. In this study, we investigated changes in soil Pseudomonas spp.
and Bacillus spp. populations under continuous cropping and their relationships with soil microbial community using samples from 54 green—
house tomato fields across continuous cropping years of 1~21 in Shouguang County and Yucheng County, Shandong, China. Results show
that the number of total soil bacteria decreased as continuous cropping years increased, whereas the populations of Bacillus spp. and Pseu—
domonas spp. increased when continuous cropping years were shorter than 6~10 and then decreased after that. Results from PCR-DGGE
(Denaturing Gradient Gel Electrophoresis ) profile and sequence showed that Bacillus spp. and Pseudomonas spp. decreased after 4~5-year

continuous cropping, which was similar to the actual period during which continuous cropping obstacles commonly occur ( mainly 5~10
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years ). Soil organic carbon and C/N ratio significantly increased with the extension of continuous cropping time, and soil microbial C and N

were a logarithmic function of continuous cropping year(R?* were 0.20 and 0.30, respectively, P<0.001 ). Soil bacteria were significantly neg—

atively correlated to soil C/N. Our investigation indicates that the occurrence of continuous cropping obstacles closely relates to the dynamic

changes in these two dominant populations, suggesting that soil Bacillus spp. and Pseudomonas spp. play vital roles in maintaining soil ecol—

ogy and soil health under long—term continuous cropping.

Keywords: greenhouse tomato; continuous cropping; microbial community structure; Bacillus spp.; Pseudomonas spp.
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Table 1 Annual nitrogen, phosphorus, and potassium fertilizer inputs in soils of greenhouse tomato under continuous operation for a wide

range of years in Shouguang(SG ) and Yucheng(YC) Counties

NER}FH & Fertilizer inputs/kg+hm

\ N P,0 K0
T =2 -
AL e AL 1o AL (e
Organic fertilizer Chemical fertilizer Organic fertilizer Chemical fertilizer Organic fertilizer Chemical fertilizer
# SG(n=32) 1144+819 288+241 1087+786 180+151 989+706 236+176
I YC(n=22) 2027+1023 594+164 1636+1367 352+124 1461+764 342+131
i Total(n=54) 1560+987 414+249 1357+1091 251+214 1223+749 280+159
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Table 2 Primers for total bacteria, Bacillus spp. and Pseudomonas spp.

2016 &£ 3 H
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Bac R 5'-AAGTTCCCCAGTTTCCAATGACC-3’
Pse F 5'-GAGTTTGATCCTGGCTCAG-3’
Pse R 5'-CCTTCCTCCCAACTT-3’
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Table 3 Chemical properties of soils in tomato continuous cropping in greenhouses for a wide range of years

MEIF H Index CCY3(n=13) CCY5(n=7) CCY10(n=17) CCY10+(n=17) AHS 2B Correlation coefficient(r)
pH 8.02+0.37a 7.99+0.40a 7.91+0.31a 7.88+0.24a -0.20
SOM/g-kg™ 16.38+2.48a 16.42+3.33ab 19.13+4.19b 22.28+4.98¢ 0.45%
TN/g-kg 1.2+0.2a 1.23+0.32ab 1.27+0.26ab 1.410.26bc 0.19
C/N 8.34+0.93ab 7.86+0.88a 8.78+1.73bc 9.18+1.04¢ 0.36%*
AP/mg-kg™! 231.92+84.26ab 258.18+38.52a 201.67%58.37hc 233.91x72.13ab -0.19
AK/mg- kg™ 510.72+196.62a 514.37+193.80a 679.34£361.96a 685.01£298.62a 0.21

12 :SOM, L HEA MU TN, 152 R AP, LI R0 (P05) s AK, T HEH R K(K0), 7] —47 M AH R T 5E3R7R 22 7 A B 2 (P>0.05, By Jin)
ANOVA,LSD #5565 ;7 FRn AN ] 45 b 22 55 3 E A E AR R IE] (1~21 4 )11 Spearman #5625 ** |, F/n B35 A 26 (P<0.01 /KK, 2—tailed ),
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Figure 1 Soil microbial biomass—C and N over years of tomato

continuous cropping in greenhouse
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Figure 2 Standard curves for total bacteria, Bacillus spp. and

Pseudomonas spp.
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Figure 3 Soil total bacteria, Bacillus spp. and Pseudomonas spp.

copy number changed with years of tomato continuous cropping
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Figure 4 DGGE patterns under different continuous

tomato cropping years
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Table 4 Spearman correlation coefficients between chemical properties and microbial properties of soils

with different continuous cropping years

559 F Index pH SOM ™ C/IN P,0; K0 TB Ba Ps

pH 1.00

SOM —0.44%% 1.00

™ —0.51%* 0.80%* 1.00

CIN 0.08 0.42%% -0.15 1.00

P,0; -0.20 031% 0.37#* 0.01 1.00

K0 -0.09 0.26 0.32%% -0.06 -0.05 1.00

TB 0.05 0.12 -0.10 ~0.46%* 0.11 0.03 1.00
Ba -0.26 0.12 0.36%* -0.10 0.33 0.34 0.36%* 1.00
Ps -0.12 039+ 0.37 ~0.06 025 0.14 0.14 0.45%* 1.00

12 SOM +HEA ML ; TN + 34 %5 P.0s +3E Olsen-P; K0 + 304 %% K; TB + 35 S 41 1% (PCR ) ; Ba M Ps 435 405E Bacillus spp. K Pseu—
domonas spp.(qPCR ) ; #* g 15 (P<0.01 /K-, 2—tailed ) ;* 2.2 (P<0.05 K F-, 2—tailed ) .

RS ILFEREYEEERY LIBERE 2NN
Table 5 Soil properties and yield responses to continuous cropping

years for several commonly continuously—cultured crops
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RE R IA PR (-2 928 55 ) B Bt 7 in 45
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VERT 10 4F30E F P R BRI 3, 14 10 4 )5 R
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0.697 4,n=54), 13 TN 5 + 4% pH 2 B E AR,
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SR S AR A A 5T 45 SR, Naranjo 2540 ffF 57 %6
H] SOC K& TN Rt H e AEAEBR (5~30 48 ) B3 fin i
FEAIK, {H SOC J2 TN MIREARIE AR FEOH I~ 2 TR,
TAESE N 67% A4 AT ik B 3% VR 2 3k 1 3N
A SIZH R IR AR A, R Bt
i AR A B KT H R A S, Hit
SOM % TN (A fE a5 R 243
3.2 ANEEMEERYT 115 MBC & MBN B840
T A RS HIEERIK ISR AR
DI LR SO R, B e R R AR LA
BARGYIREMEZHFE R, R 0 i 2
FrZz— WF5E B, % 13 MBC K2 MBN 540 2
FIRAVUE AR M HAD SR 5 A EE R 2, A
WFFR L5 F22 8], MBC 5 MBN [ 25 i 11 45 R A 488 o i
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s L SRR W A i ) DGR R R, - A AL
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IR BEEAEAEBR G T A0
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Y (351421 mg-ke™, Cynthia F519) 4 G 3h 238 i
X —BG K 22—, G QAN Doy b it FF AR AL 8 T 55
S T R IERE YA R IR A I A
TEAL THFEL I B WRSIRAS  BRULLAST | 3R d AT AH
KA TR 2 NE R B AR T SR A Y = A
PR Bt A A P i AR v AR S B AG
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6~10 4E[E] KRB T REEH(E 3 T 4), 5477 i
VEREf B B B (] A A o

REZ TR B AR T3 A f A A F i
Wy3d A TP AR A R TR AR A S, AR
LR ARSI R FR D, SRS, LSRRI
PR ST, A 22 AR YD A FH AR,
AFTEYER . SHBTCA TR, RZHE
R PGPR 40 TH J& T 2 AT i J& A S G s,
XA T 1 22 Pl R AR AR AT 400 ] LA 3 A
BRI A T RED, 1 a2 S GIR BT ( Pseudomonas
Sfluorescens ) N K B ZE 0T B ( Bacillus subtilis ), {HIF
AEFTA 1Y 2 AT TR A R M TR R 2 PGPR 4T, Ui
FEEA B T4 25 B - 398 2R A T R AR B TR Y
S AT AURDRAE N TR bR, T57n ok,
{BABIFE e 30 T 2 FU 1 S A B T 14 6~10 4F
TG R, 5 A Rk e A i (R B A — 3, PRI, 36
ATTAT AEWT , 4338 v 26 A B AR BRI TR R B 55 R
SR A TR B T RN, B A T A XS 47 R
U 1) 3B S A —E BIPE .

- S AN T B B VR AR BR A 1S R B R B
Fetadh (& 3), AR 2R, THEIE S AL
Yo R AR | 48 pH AT R AN B R R
V&S5 F A EE B W ZEWER T qPCR 1Y 7 vA B
FEK RS AE 1 v A TR 1 A8 Ak, 25 SRR AT
IRy SR 1) I P A B R R o Wessen 4811
5 ARL R RIS 25 5, BRI IB it RS 1R 55 St R 4 1)

TIEHABGSAE R . R, b A ACAE A B T
I SEA TR B, TEAHTTE R SRARFE AL A X I
AP IR AE T3 ORPESCARAL , 357 D St A 1 e
HERHER 1), FATHEWRTEIEA & 52 T A Eos T
W9 BB LA o Shen SEMORRIESE R I, L 340 IR AY
16S rRNA JEPH$% DUES -3 pH 52 525 IEAHSG AR
X452 AT P AL 3 ) pH BEIE/RAR FRAS
W e T RE SR B AN TR RO T AR B A

DGGE &3 (&1 4) 2 W] - 38 20 T {0 40 7R 1 1 14
VE 4~5 AFJ5 TG AR5 SOk P A Rt B
Al —H. % DGGE [ AMI P45 R 2, &L 4 40
SAR LSRRGS T A VORI, AR 7 450 4
AR SR 25 TRV A 28 AT 1T o AR 28 2517 114
2 JE kT DGGE Xt P b 40 1 /Y % MBI 58 45 2R 5
qPCR MIWFFEEE R —E0. 1AM, DGGE X Bt 7 il -3
TR BT 2 R 1) A A 7 o -5 O A e Ay T
TEAER—E TR YIRS AT R B YIS 2h
REAEAL , B MM

4 Zig

SR TRt A A A IR B i 22 i b, AT g
55 5 pH B 5% ; HIEARAEIR DT 6~10 4RI, 2
FEAT TR A R bR B i S B B e, 1E4F 6~
10 4FJ5 B #i 0 s DGGE &3 K i e 45 R 7 st S
Wl 1A g kRO H TR ) 2 AT 1 AR ER D T A i
VB 4~5 475 Pl RE ARG , 24945 22 i A 2 ) s 1]
FAWG o Rl AR08 IR LA & PGPR (1
L B 2 AT IR SRR A A RO AR T RE S
HOEAE R Y L S YU RETS AR AT 5% AR B AE
FErp, BT Z R T BUEA R 1A 2 o b 2540
PR B A BRI TR 5 S VR BRSO 2R, X5 A e
B B MLEE R A A R S

S

[1] FAO. Production: Crops. 2015b. http :/faostat. fao. org/site/567/default.
aspx#ancor.

[2] M, B3, AR A2, 4. il R A - e 52 5 Bt I OR
FHIMI. B3 ol A2 Rt 2011 :46-48.
WANG Jing—guo, CHEN Qing, LIN Shan, et al. Management of degrad—
ed vegetable soils in greenhouses[M]. Beijing : China Agricultural
University Press, 2011:46-48.

(31T SC 3. Bt A< b AP A7 A4 - S Rk K FEX SEWFFE ik e J]. -3,
2004, 36(3):235-242.
HE Wen-shou. Soil problems and countermeasure in facility agriculture

in Chinal[J]. Soils, 2004, 36(3):235-242.



522

KA IMERF 217 M IRRECT IRE.

[4] SRR, B, Do, BBt S MR I R 255 0 A 5 B A

RG] AR bl K241, 2000, 31(3):241-247.
WU Feng—zhi, ZHAO Feng-yan, LIU Yuan—-ying. Comprehensive anal—
ysis and preventive measures for the cause of continuous cropping ob—
stacle of facilities[]]. Journal of Northeast A gricultural University, 2000,
31(3).241-247.

[5] Xiong W, Zhao Q Y, Zhao J, et al. Different continuous cropping spans
significantly affect microbial community membership and structure in a
vanilla—grown soil as revealed by deep pyrosequencing[J]. Microbial E-
cology, 2015, 70(1) :209-218.

[6] Bashan Y, Holguin G. Proposal for the division of plant growth—promot—
ing rhizobacteria into two classifications : Biocontrol —PGPB ( Plant
Growth—Promoting Bacteria ) and PGPB[]]. Soil Biology and Biochem-
istry, 1998, 30(4) : 1225-1228.

[7] Gravel V, Antoun H, Tweddell R J. Growth stimulation and fruit yield
improvement of greenhouse tomato plants by inoculation with Pseu—
domonas putida or Trichoderma airoviride ; Possible role of indole acetic
acid(TAA)[J). Soil Biology and Biochemistry,2007,39(8):1968-1977.

[8] Ruan W B, Ren T, Chen Q, et al. Effects of conventional and reduced N
inputs on nematode communities and plant yield under intensive veg—
etable production[J]. Applied Soil Ecology, 2013, 66(4 ):48-55.

[9] Xiong W, Li Z G, Liu H J, et al. The effect of long—term continuous
cropping of black pepper on soil bacterial communities as determined by
454 pyrosequencing[J]. Plos ONE, 2015, 10(8): 1-13.

[10] Zhou T T, Chen D, Li C Y, et al. Isolation and characterization of Pseu—
domonas brassicacearum J12 as an antagonist against Ralsionia
solanacearum and identification of its antimicrobial components[J].
Microbiological Research, 2012, 167(7) :388-394.

[11] Chen B, Ouyang Z, Sun Z G, et al. Evaluation on the potential of im—
proving border irrigation performance through border dimensions opti—
mization: A case study on the irrigation districts along the lower Yellow
River [J]. Irrigation Science, 2013,31(4):715-728.

[12] Nelson D W, Sommers L E. Total carbon, organic carbon and organic
matter| M]//Methods of soil analysis. Part 3 :Chemical methods, soil
science society of America. Wisconsin : Madison, 1996:961-1010.

(13] - H. 5 bS], JE5T: A R, 2005.

BAO Shi-dan. Soil agro—chemistrical analysis[M]. Beijing: China A—
griculture Press, 2005.

[14] Ge T D, Chen X J, Yuan H Z, et al. Microbial biomass, activity, and
community structure in horticultural soils under conventional and or—
ganic management strategies[J]. European Journal of Soil Biology, 2013,
96(6):122-128.

[15] Tian Y Q, Zhang X Y, Liu J, et al. Microbial properties of rhizosphere
soils as affected by rotation, grafting, and soil sterilization in intensive
vegetable production systems[J]. Scientia Horticulturae, 2009, 123
(2):139-147.

[16] Castillo M, Mart1'n—Oru’e S M, Manzanilla E G, et al. Quantification of
total bacteria, enter bacteria and lactobacilli population in pig digesta
by real-time PCR[J]. Veterinary Microbiology, 2006, 114(1-2):165-
170.

[17] Mori K, R Iriye, M Hirata. Quantification of Bacillus species in a

wastewater treatment system by the molecular analyses[J]. Biotechnolo—
gy and Bioprocess Engineering, 2004, 9(6).482-489.

[18] Kaare J, Oivind E, CarstenS J, et al. Quantitative selective PCR of 16S
ribosomal DNA correlates well with selective agar plating in describing
population dynamics of indigenous Pseudomonas spp. in soil hot spots
[J]. Applied Environmental Microbiology, 1999, 65(4).:1786—1788.

[19] Muyzer G, Smalla K. Application of denaturing gradient gel elec —
trophoresis ( DGGE ) and temperature gradient gel electrophoresis
(TGGE) in microbial ecology[J]. Antonie Van Leeuwenhoek Interna—
tional Journal of General and Molecular Microbiology, 1998, 73 (1)
127-141.

(201 W3 ICRR. BRI RRERT A 0 M M G A W8 S S it RS D). e«
AR KA, 2005.

HU Yuan-sen. Factors analysis of continuous cucumber cropping ob—
stacle and its preparatory bioremediation[D]. Nanjing: Nanjing Agricul—-
tural University, 2005.

211 Date, 8 B, 5. H G %% 1 BUTR XRUE Y X R N
TR AR N A 252741, 2004, 6(6) - 1005-1008.

MA Yun-hua, WEI Min, WANG Xiu-feng. Variation of microflora and
enzyme activity in continuous cropping cucumber soil in solar green—
house[J]. Chinese Journal of Applied Ecology, 2004, 6(6):1005-1008.

[22] W DM, BRASSE, kA BT, S5 R [RIHE A5 01 T BRSSO R
T ) B AR AL)]. L HEER, 2008, 45(1):137-142.

SHEN Wei-shou, LIN Xian—gui, ZHANG Hua—yong, et al. Numbers of
Fusartum oxysporum in different greenhouse vegetable soils[J]. Acta
Pedologica Sinica, 2008, 45(1):137-142.

(23] AP 3737 A AR B B AR TR 2 AR el L SR 2 o K B ) S e Y
WHRID]. 2822 Il ARl Rz, 2009.

SHI Li-bo. Effects of continuous tomato —cropping and different ne—
maticides on soil nematodes and soil microorganism from rhizosphere
soil[D]. Taian: Shandong Agricultural University, 2009.

[24] K ARG VRN H LR 2 2387 J2 PGPR TR BRI

BE[D]. B EATE : AR K2, 2000.
ZHANG Jing—wen. Soil microbial diversity analysis in cotton continu—
ous fields under continuous and rotation cropping systems and screen—
ing of plant—growth promoting rhizobacteria strains[D]. Urumchi:Xin—
jiang Agricultural University, 2009.

[25] BSE48, TR0 L, B 4%, S EVEXS BT aR AR AR M LSRR Bt
T B PERIFE AL T 5 XA 85T, 2009, 27(1) - 1-11.

GU Mei—ying, XU Wan-li, MAO Jun, et al. Effects of cotton continuous
cropping on the amount of soil microbes and enzyme activities in Xin—
jiang[J]. A gricultural Research in the Arid Areas, 2009,27(1):1-11.

Q6] X, 5k i, R, . BRI AL I X 1 Rk
R RS MR R ). Ol RRE, 2009, 42(2) :725-733.
LIU Jian—guo, ZHANG Wei, LI Yan-bin, et al. Effects of long—term
continuous cropping system of cotton on soil physical-chemical proper—
ties and activities of soil enzyme in oasis in Xinjiang[J]. Scientia agri—
culture sinica, 2009, 42(2):725-733.

[27] SLEEIH, TRAAER, 1 BORF, 5. JR B A X S - S Wy M

GREMALT]. S RREERETE S 4 g, 2008, 30(3):295-297.
PAN Mo-yi, ZHANG Yang-zhu, XIAO Nen-qun, et al. Effect of con—



BOER, 4« T A R 5 A U RSP M PR S U R B R AT 523

tinuous cropping tobacco on the microbes and enzyme activities in dry
land soil[J]. World Sci—tech R&D, 2008, 30(3):295-297.

(28] B2, AT SOME, Bk =2 2%, 45 JEVEXT I IAAR B LS AN BT 7% %
REVEREIALT]. WA 25240, 2010, 21(7): 1751-1758.
CHEN Dong-mei, KE Wen —hui, CHEN Lan-lan, et al. Diversity of
bacterial community in rhizosphere soil under effects of continuously
planting burley tobacco[J]. Chinese Journal of Applied Ecology, 2010,
21(7):1751-1758.

[29] B 0L, WRAHE, B #, S5 SRR RE 13 Rl A W X RS Y
T-RFLP Z3#7[J]. o E A 24, 2012, 18(1):40-45.
YANG Yu-hong, CHEN Dong-mei, JIN Yan, et al. T-RFLP analysis of
soil microbial diversity after continuous tobacco cropping[J]. Acta
Tabacaria Sinica, 2012, 18(1) :40-45.

[30] BEUCH. 1% A A Mo R s 200 T F) BB S A% AR PE RS2 WA D). 22
M ROl KA, 2013,
JIA Huan-huan. Effect of continuous potato cropping on genetic diver—
sity of bacterium and fungi in potato rhizosphere[D]. Lanzhou : Gansu
Agricultural University, 2013.

[31] VR A A A R R B R G HEDFR D] AR vh Al R,
2014.
XU Yong-li. Regulation on ginger continuous cropping soil ecosystem
[D]. Beijing: China Agriculture University, 2014.

(32 B B A A AR BR L i A= W RE 4540 4 [D]. F8 %2 1L R
£l k2%, 2013.
CHEN Zheng. Analysis of continuous cropping on rhizosphere micro—-
bial community structure in ginger field[D]. Taian:Shandong Agricul-
ture University, 2013.

[33] SRR, da S, FAAME. BOitish S5 VR R L T 1 A B 52
[J]. P 5= S kL4, 2006, 12(4) :554-558.
WU Feng-zhi, MENG Li—jun, WANG Xue-zheng. Soil enzyme activi—
ties in vegetable rotation and continuous cropping system of under shed
protection[J]. Plant Nutrition and Fertilizer Science, 2006, 12(4) .
554-558.

[34] BN, EARN, &, S VRO I R B e
EVERIFZ [T, TR R 7244, 2008, 36(5) : 155 ~159.
HE Li-na, LIANG Yin-li, GAO Jing, et al. The effect of continuous
cropping on yield, quality of cucumber and soil enzymes activities in
solar greenhouse[J]. Journal of Northwest A&F University, 2008, 36
(5):155-159.

[35] SRELA. e XS LSRRI & A A QA2 R [D]. R L
MR R, 2011
GUO Hong —wei. Effect of continuous cropping on physicochemical
properties of soil and growth, physiological metabolism of pepper[D].
Nanjing: Agriculture University, 2011.

[36] Vi, XUEVK, TEbEsY, 5. RSB A KR E s K- it

ST h O, 1999, 32(35 1) 1) :62-68.

XU Yan-li, LIU Xiao—bing, HAN Xiao—zeng, et al. Effect of continuous
cropping on yield and growth development of soybean[]]. Scientia A -
gricultura Sinica, 1999, 32(Suppl1):62-68.

(371 X PR, B . KM X ™ R 3535 43 i 2 I [T, A4
EFEENERIR, 2010, 16(4) . 840-845.

DENG Yang—chun, HUANG Jian—guo. Effect of long continuous crop—
ping on the yields of flue—cured tobacco and nutrients in soils[J]. Plant
Nutrition and Fertilizer Science, 2010, 16(4 ) . 840-845.

[38]Guo J H, Liu X J, Zhang Y, et al. Significant acidification in major Chi—
nese croplands|J]. Science, 2010, 327(5968 ) : 1008-1010.

[BOME ¥ A[E) BN KA HUIE A it i L9 A 2 1] 1 32 [ D).
et Ol R, 2011:9-11.

REN Tao. Effect of different nitrogen fertilizer and organic fertilizer on
the soil nitrogen in greenhouse tomato[D]. Beijing: China Agriculture
University, 2011:9-11.

[40] Yang Y H, Luo Y Q, Finzi A C. Carbon and nitrogen dynamics during
forest stand development: A global synthesis[J]. New Phytologist, 2011,
190(4):977-989.

[41] Naranjo D L F, Salgado —Garcia S, Lagunes —Espinoza L C, et al.
Changes in the properties of a Mexican Fluvisol following 30 years of
sugarcane cultivation[]]. Soil & Tillage Research, 2006, 88(1):160-
167.

[42] Cynthia K, Stuart A G. Controls over soil microbial biomass responses
to carbon amendments in agricultural systems: A meta—analysis[J]. A -
griculture Ecosystems & Environment, 2011, 144(1):241-252.

[43] Fierer N, Strickland M S, Liptzin D, et al. Global patterns in below—
ground communities[J]. Ecology Letters, 2009, 12(11):1238-1249.
[44] Trasar—Cepeda C, Leirés M C, Seoane S, et al. Biochemical properties
of soils under crop rotation[J]. Applied Soil Ecology, 2008, 39(2):

133-143.

[45] Farah A, Igbal A, Khan M S. Screening of free-living rhizospheric bac—
teria for their multiple plant growth promoting activities[J]. Microbio—
logical Research, 2008, 163(2):173-181.

[46] Shen J P, Zhang L. M, Guo J F, et al. Impact of long—term fertilization
practices on the abundance and composition of soil bacterial communi—
ties in Northeast China[J]. Applied Soil Ecology, 2010, 46(1):119-
214.

[47] Wu M N, Qin H L, Chen Z, et al. Effect of long—term fertilization on
bacterial composition in rice paddy soil[]J]. Biology and Fertility of Soil,
2011, 47(4):397-405.

[48] Wessén E, Hallin S, Philippot L. Differential responses of bacterial and
archaeal groups at high taxonomical ranks to soil management[J]. Soil

Biology and Biochemistry, 2010, 42(10) :1759-1765.



