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Effects of cultivation modes on soil enzyme activities and bacterial
community structures in the cucumber rhizosphere
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Abstract: To solve the problem of soil degradation with the increase of continuous cropping years, changes of
rhizosphere soil enzyme activities and bacterial community structures under different cultivation modes were studied.
The cultivation modes ( accompany and intercropping) were set up with cucumber as the main crop. Wheat and
oats were accompanied with cucumber, respectively, and Chinese onion, Chinese cabbage and celery were
intercropped with cucumber, respectively. The results suggest that the soil catalase activities are increased when
cucumber is cultivated with wheat, oats and Chinese onion, the soil urease activities are increased under the celery
treatment, and the soil invertase activities are increased significantly in all cultivation modes. The results of the
cloning and sequencing of DGGE bands amplified from cucumber rhizospheric soil samples show a high homology to
uncultured bacterial species. The bands in cucumber rhizosphere soil are affiliated with Alphaproteobacteria,
Betaproteobacteria, Sphingobacteria and Gemmatimonadetes. This study shows that soil enzyme activities and soil
bacterial community structures are influenced by different cultivation modes, the soil environment is influenced by
the cultivation modes, and the accompanied with wheat is a better mode of cucumber.
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BHEA A TR, BORE ™ R 3R
i 2 BUNER SR L B R B B Aw , IR s A A
HAuFEE A RERE, HBREFUE,
BG4 = EZRR T ILM S A R R R
5, HNRRERENZ —. FEESFPHEERY
W, B N E RS B B AT 1R
HEEAL, BRR R EE, EREE. ME TR
ERRHIL,

KB B SIE , FIRAS R Y 2 [ 1L
BAER L BN R E A R TGEERIG I — T E
B, R AR RSN E S
RGEAE h ZFPH Y EAER , R 5 R R
B, MR —RIERE D 5 BATHAE EHEY 1R
BRIEDEES N REY SRR E A RS
SHRETEAER., BRANSREY . REEYHBY
ERERRZER, REHZEF &, XTHE K,
R EEEER B EER, REEY X6
HIFART , KM RS ENAEEET
HNEBRFEN, Bk T R EY , FE2EH
KGiZKH TR RSB Z R E LA BERE
WHER, R AT RERERD

HIRASER BT S E IR BEWAHR, K
EREERNEREZFT R, #EF-2MHR, B R
P AR LY BRI AT, AR
HIRAE . BEFMIBIES R TS ™ 8w B3R
BT R R A AR R LA D, B
DL AT . ABIRIER/NE . #E, BR. T
. BRSNS HE SELE, SR A F F s
X B IR B SR M 1 K 0 B A VR S5 T R T,
R VE AR SRS R IE A BOR S
1B
L1 #f @A R kiR

B3R 3 JK ( Cucumis sativus L. ) i fp HiEES 3
5, /N& ( Triticum aeslivum L. ) 5 Fp 5 B 08 750, e
7 (Avena fatua L.) iFp R B3z, D EEVEA (Allium
cepa L. ) [ 7 oy Bl 3% 6 &, € (Apium graveolens
L. ) #5767, E3E ( Brassica rapa pekinensis L. )
m A ARAR 701,

REF 2008 42 B & 7 AAERILRI K¥5H
A A SR EMARILR R R E 2 TR
O EFEEEETR BRI N E R il
PN ZAEEE RN B L, BARAEER N Bl
Ji4.51 g/kg, BRABER, 276. 6 mg/kg., TR BE 264. 1

mg/kg., P 341.8 mg/kg, pH 7.81, EC 0.93
mS/cm, ZAFRINER AL B Bk,
L2 Rt

AE DL N B 3 IR, B/ /B R
/BN, BA/EK, FR/ER, AR/ ELS F
IO, EREVEITCIERATH,4 A27THE
TH,ZBEE5 0.6 m, BREE 7 0.3 m, EH T ZE WM,
WhNE, M, BRET 4 A 17 HHETERRZS S
W, TRMARERTE TS A5 HEATELH
B2, NEFBERMN B AEE2S g, EEK
SEKPERK, SKF 30 on ZANEHES ~ 10
cm, B £ BER AR E)NHEZZ MWEASIE; BA
BZERHE N 250 g,6 A 19 B8 8 A KRR
FrRRREE 15 om, 28R Z BIEME 3 17,6 A 28 H
WHl; HSEEEE 35 cm, FZ2ENZE LA K
FPHPIAT, T 5 A 24 HEEATRE, BB & oV H3E
BEER—F,6 6 HRIK

R AREYLEES , G408 3 REE , FRAFE
H, A TEIEMS 20, 40, 60 £1 80 d EI%
HREE TR, Jrat 482 0.2 mm 5,
T HEERE BN ERE G T 4CRE, BT 1 EH
HRERSHNER THT -70CR7F,
1.3 WEmMBSHE
131 HIEREEMARME T IREE I e R A
LS B, B, B B E S R A
SRS EYS ; EALYEE R AR =M A
s WEALERE SR 3,5 - I EK R e
JOk e T R PR By - IR R BRN LAk,
1.3.2 RERHAEFESHEHERNE TR NE
Ve DNA BY3REL: REKEFEERNTRARKX
HU AR5 DNA $2BUR ] & Soil DNA out 32 3%
AR 4 DNA, PCR 43 [N 4- 145 2% i il ie
Uik, BTABI 9 F338 #1 RS18™ i k¥
HETARE M. PCR AR : 94CAEH: 7 min,
94C AR 45 8,52°CIR K 45 5,72°C FEff1 45 s, 3£ 35
AMER; 72°C L GEH 10 min, 4°C {7, PCR =ik
#4230 bp, PCR RitkZ& %: 50 pL A%, DNA #
# 8 uL,Buffer-Mg’*5 wL,Mg**4 pL,dNTP 4 pL,3|
Y14 1.5 uL,Taq 0.4 pL, EEEF 7K 25.6 ul,

AR BER B Uk (DGGE) : R 6% HKIRW
o TRz BB B Pl UK, 2B 19 ok B A 30% ~ 80% (100%
B MR A 7 mol/L B FRE N 40% 88 1 BERE Y
BAY) , 78 P50 Bk BE DA BB 7 1) F 7 AR
B, EBHECY 30 uL PCR =G & BN
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¥ . M Bio-Rad AE]HJ D —code System HiL3kAY , H,
8 V,BE 60C,11 h R)5, 5, FH
Alphalmager HP - 1. 2. 0. 1 &R REE K,

TIERAEY) DNA Fr Ry ey : 0T B
BT AN E L E P BHE, A 50 pL TE (pH
8.0)37 CLRIE 6 h Lh L {5 DNA MBERE B, FIER
PO B BRI IS itn) & B, AR S B 10 WL 1By
Bt , A F338 (R GC 3&F) f RS18 1B 45| ¥
WHEAT PCR 3, ™= W 455 PucM -
Tvector(1§A R ) EHI W, RSEHALT) TGL FRZ
AR, P BRI G P P TR R, O 2 B Y FH
TRERIER RESFEYMRARA TN
1.4 BEGitIH

Wi Fr18 7 3R F§ NCBI i) Blast #2 ¢ (hup://
www. ncbi. nlm. nih. gov/) #£47 7 5 B ¥R 4 4347, R
Fi Sequence match & ¥ (http://rdp. cme. msu.
edw/) FEATHE 532853047 , ¥ 51 2% 1% % NCBI 1
Genbank (4%, DGGE f84r EIEHFIL . triEiL
4187 % F§ Bio-Rad Quantityone 4. 3. 0 3441, ik
15 S E AR AL B K FH Microsoft Excel 2003 4k 4
TR A SAS 9.0 #kf4-H9 ANOVA ##2K) LSD
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2.1 FRBIEERA TR TR BT A MR R0
2. 1. 1 AR BIAR bR 38 AL S Mg
PR A FE R A TR bR 3 B R
ErE PR RN, S5 R (B 1) R, EME 20 d, B3R/
BNACEE 0 A AL S 1 BT AR AL
BI(P <0.05) g/ s B 5 B AR AL B 22 52
A AT B T 8 IAE, o, e/ 3R
EE MR R, SEMEELEEZRBE (P <
0.05) ; MG 40 d, H3/#H/NAHE HIRT AR
T T 2 3 I T B (P <0.. 05) , 3/ 8R4k
B ER BT BN SELE, B2RARE, HAluk
BE M R m T 8RR /e A L el
Sk 8NEEMBRA/ B EERARE; E
TG 60 d, BRFTse/ &AL B B 38/ BN AL B 4,
RS S E N AR B Z 7 A B35, HAbsh
B B E R T HENEALE (P <0.05) [BiX =F4bH
RIZRABE; TH/E 80 d, FrAA B 58N HE
AT REESR

Catalase activitiy T &L EBFE M

1
60 80

TEAEJG R HU(d) Days after planting

0O #/LE4E Cucumber monoculture

B )3/ L Wheat/Cucumber

ez /3 JI\ Oat/Cucumber

O &2/ Chinese onion/Cucumber [ F3¢/#5 /I Celery/Cucumber [ F43%/#%JK Chinese cabbage/Cucumber

BH1 FAEHEEEXHNRELIEIEXSEFTERNm
Fig.1 Effects of different cultivation modes on catalase activities in rhizosphere soil
[ (Note) ;: ¥ _EARRIFREFRF—I B4R Z 753 5% $.3E 7K Different letters above bars at the same stage mean significant at the 5% level. ]

2. 1.2 AR BIARFR T35 AL i
PeRE I A 2 WTRUE ), MR 20 d, /B
JRAL BB 2/ B AL B 4 3t AL Y B T S5
BN SARAN TG B35 2 57, Mt Ab B B E R T 8|
JRHAE(P <0.05) 5 EAHJE 40 d, B NSRBI
SNYBEE R ERTSLE(P <0.05) , /M /8]
JRACELTE ey, B B T H A LB (P <0.05) 5

TEMEJE 60 d,FHeZe/ B NALEL S B IAAE A BTG B2
Z5, HARA B B T B8N E, Kb B 5)RAL
B EN AL HEER AR, N/ BB
SR/ 8 NACBREE VS B s EARLUG 80 d, H3R/ BN
AT SE ALY P B AR, T H A A A R B T 8
JRRAEALEE N/ BN B R i, B R AN 2 57
Z(P<0.05),
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= B 5 RE(d) Days after planting

O # X H4E Cucumber monoculture W /3%/5 N Wheat/Cucumber HeZE /2 T Oat/Cucumber
O #%&%/5)RK Chinese onion/Cucumber [ 432/ )T Celery/Cucumber O F13%/#5 K Chinese cabbage/Cucumber
B2 FEFEEESLETSDEEERR
Fig.2 Effects of different cultivation modes on peroxidase activities in rhizosphere soil
[¥E(Note) ;: ¥ EARRIFRFRF—IHIAEEIZRED] 5% H3E /K Different letters above bars at the same stage mean significant at the 5% level. ]

[NH,-N mg/(g-d)]
= o B
1

Urease activitiy JRESE
wn

[=1

60
E MG R %(d) Days after planting

O &) HA4E Cucumber monoculture W /7 /3 Wheat/Cucumber T3 /# I\ Oat/Cucumber
O FEZUF K Chinese onion/Cucumber [ #3%/2 K Celery/Cucumber O FA3%/# /I Chinese cabbage/Cucumber

B3 FRZDMBERAX L RIREEEARE
Fig.3 Effects of different cultivation modes on urease activities in rhizosphere soil
[¥E(Note) ;: ¥ EARRIFRFRF—IHIAEEIZRED] 5% H3E /K Different letters above bars at the same stage mean significant at the 5% level. ]

2. 1. 3 RIFFR AR 3 AR B 358 IR 1 5 1 1 5
&38R, A 20 d, g 3R/ AL IR
MEAERER TR NRELE(P <0.05); EHE
40 d,/NZE/ B RAL BN T 38/ 8 R A 3 R B 075 1k .
ERTENAELHE (P<0.05); EMEE60d,H
JRBAER BRE ERAR, 5/ BN EERAE
= MBERTHMSALB(P <0.05), F3H/#K
EEEERES, FEES TALHE(P<0.05);
FEME 80 d, B A3/ #MAHE S BN BRI TR
FEZFHMNP <0.05) , HAthsh 3 IRERTE 3y B & =
T8RRI, e/ BN B, 5/hE/ &K
HHMER BN HEEZRAEE,

2. 1. 4 RFEFRIFER AR PR i b B S0
Em E4 2R RN, EEE 20 d, BRBAELHE
TIEFLEE R, BE R T HAMS LB (P <

0.05), BA/H /MRS &R, S/ 84
HWEEADE,; EME 40 d, B)RAELEE RS
%, 5/ 82 R A B, 8 &K T HAi
FHE(P <0.05) , BA/HMAHE SRS, BF
BT HAMA AL (P <0.05); EH/G 60 d, 8 )JKH
YEACHRTE t A, BB F H A& AL (P <0.05),
MHER A MEERIHFERANZRADE; EHE 80
d, BB S R, BT HMELE(P
<0.05) , e/ 2 )N E i, S BR8N
HEZFABE(P<0.05),

2.2 IRBR IR EE L1496 PCR-DGGE 447
2.2. 1 REFRIEF 5K AR RN
T MBS TTLUR N, BB G EIEA &KW,
m&H AL B | C, D; WAZERAH, AW a Ll
PR EMG 20 d Ryfiese/ BNAL B, 457 £ H7E M
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FEHJE RH(d) Days after planting

O #/RE4F Cucumber monoculture

B /NZE/7 ) Wheat/Cucumber /3% K Oat/Cucumber
0O &% /#JK Chinese onion/Cucumber [ F=3%7/%5 JIK Celery/Cucumber

O A 3/# K Chinese cabbage/Cucumber

H4 FRZDEE LR EEERRm
Fig.4 Effects of different cultivation modes on invertase activities in rhizosphere soil
[ (Note) ;: ¥ _EARRIFREFRF—I B4R Z 753 5% $.3E 7K Different letters above bars at the same stage mean significant at the 5% level. ]

SEAEJG R AU(d) Days after planting

20 40

60 80

B5 LiE4H 16S rDNA DGGE jkiE tL 5E
Fig.5 Comparison of the 16S rDNA DGGE lands of bacterial communities
[#(Note) ; M 3 Marker,1. 7. 13, 19 S/NE/JR 1, 7. 13, 19 Indicate Wheat/Cucumber; 2. 8. 14, 20 H7kE /)N 2. 8. 14, 20 Indicate
Oat/Cucumber; 3.9, 15, 21 HEHE/FHJK 3. 9. 15, 21 Indicate Chinese onion/Cucumber; 4. 40, 16, 22 H & JREIE 4. 40, 16.22 Indicate
cucumber monoculture; 5. 11, 17,23 H /8K 5. 11 17 23 Indicate Celery/Cucumber; 6 12 18, 24 HHFE/HJK 6. 12, 18 24 Indicate
Chinese cabbage/Cucumber; A ~ H Jy3£# &7 Mean common bands; a ~ n JyZF4%7HF Mean different bands. ]

J5 40 d W AR/ E NGB P HE, & ¢ R7EEM
JG 40 d josiesE/ #RAL B B, & n REEM)E
80 d WBA/ BN, LA EREHNT
R PARF IR RN LIRS RS ST
Z 5 KRR O R A BRI 2K, TR X
— BB AE R,

2.2.2 RFEFRIEEA K AN R R

%} DGGE & AR 457 BEAT I, 973 | TafE
S FF, # 0P 45 R 5 NCBI GenBank 2 {232 HY
BRRFFFHEAT L AT R R . R & 168
rDNA EEWFLERRE 1, ERFFFF SR
FEH IR T F IR . S5 XNy
3 RIBE KRS : I ] (Proteobacteria) | 3 B
{1 ( Gemmatimonadetes ) FN L ¥F 5 ] ( Bacteroidetes ) ,
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&4 A, B, C B TZEHE ] ( Proteobacteria) , o, vy
-TREN X CRBTHFRBEI
( Gemmatimonadetes) , LR H; &4 C. D, H B
THIFFE ] (Bacteroidetes) , BEHRFF N, 2 FATW
16S rDNA FLERM PR WK 2, ZRFAHFFI5AT
B BAE R REERRE. 255 X
4 REELERE: I ] (Proteobacteria) | JEH

{1 Actinobacteria ) . ZE I 7] ( Gemmatimonadetes )
FORAFE ] ( Bacteroidetes) , 454 a\ b, c. e g j )&
TAEFEEE ) Proteobacteria) , o, y - ZETE W45 4-7H
d, k BT L H ] (Actinobacteria) , TR HE 45 &%
Wm0 AHEEME BTHFEBE
( Gemmatimonadetes) , ZEBARE N ; &1 1 |@ THAF
B 1] (Bacteroidetes ) , B HEHF B 44,

&1 HLFHKW16S rDNA EEFMFER
Table 1 Closest relatives of partial of the 16S rDNA sequences derived from common DGGE bands

DGGE

[RI¥E 14 %) . BLAST match

P Fr Bt (bp) HEARLBE
DGGE Sequence FeIE HEMFR#E Putative population BRE Similarity
band length Resource #} Familia J& Genera Accession code (%)
A 200 uncultured prokaryote Xanthomonadaceae Arenimonas GU208372.1 98
B 175 uncultured alpha Rhodospirillaceae  Inquilinus FJ569550. 1 98
proteobacterium
C 195 uncultured Chitinophaga sp.  Sphingobacteriaceae Mucilaginibacter EU300389. 1 98
D 196 uncultured soil bacterium Saprospiraceae Haliscomenobacter ~ EF540355. 1 100
E 175 uncultured bacterium Erythrobacteraceae  Altererythrobacter ~ EU563185. 1 100
F 195 uncultured Bacteroidetes Cyclobacteriaceae  Ferruginibacter GJ486916. 1 97
bacterium
175 uncultured bacterium Gemmatimonadaceae Gemmatimonas GU256623. 1 99
195 uncultured bacterium Chitinophagaceae  Niabella EF018856. 1 99

XA [ e 3 A = %ok 3 K+ 3 40 B DGGE &3
A BT, Quantity One K 43¢ DGGE [&
BHEATINT , S M HEATIKE AR ) B 3R, 1538
T BHAH R B, DOGE K ET LA
RIMAEHENEER, FHELITSR(E6)
BN, AR B KA HREBR AR, RAAR
BRI AN TR & AR R A R, R —3
BEAAEA RN RN Z R R G SERTEZ
5o ARMEERYMFBIFEZAE BT HIR R L
RAEFREE L, 18 TR L RARHENE
HE. mE 6 XTLIAH, €M)5 20 d, %/ H/L
ALBRIBE/ BN BTk B AR B L, BN HAE
AL BRI/ BN AR D AR R 40 d, /B
%/ BB B3/ 8 A B R Ik B AR Z,
BN AR B R A B BRI RO s B
J& 60 d, e/ B)RAL BRI s/ 8 AL B R UK TE 4

REBZ , BN BIEAL B SR s EMLE 80 d,
TR/ EICBEIKER TR L , N REA R
HEE L

3 g

YRR RAE —FhiE A () 7= 4
FUAER WU 08023 8 55 07 K 1 3R R OR
Y R RIGEHEEY (ZR) ERET
MR A RERER A= PR
B, TLE R B R, R R AR 18]
Y. B, B, BN, BELBUBEMRNE
w o A DAL R o R T o G SR
PR TR TR G SR PR SEXT R, 3 JLAS
BB R EERER AR AT ST, FE
BB N H B IRA BB RIS %
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x2 ERKH16S rDNA EENFER
Table 2 Closest relatives of partial of the 16S rDNA sequences derived from differential DGGE bands
o KD FIRHERTE: BLAST match AL
DGGE Sequence S YE YN FEE Putative Population BRE Similarity
band length Resource # Familia J& Genera Accession code (%)
a 195 uncultured Ruminococcaceae Inquilinus FJ579540. 1 95
Bacteroidetes bacterium
b 175 bacterium N44 Sphingomonadaceae  Sphingomonas (GQ389786. 1 98
c 176 Sphingomonadaceae Erythrobacteraceae  Erythromicrobiu GU567798. 1 97
bacterium UBF4
d 176 uncultured bacterium Tamiaceae Iamia GQ214120.1 95
e 176 uncultured bacterium Pseudomonadaceae  Rhizobacte FJ933431. 1 99
f 192 uncultured Gemmati- Gemmatimonadacea Gemmatimonas EF665981. 1 98
monadetes bacterium
g 200 uncultured bacterium Vibrionaceae Catenococcu GU256586. 1 96
h 195 uncultured bacterium Sphaerobacteracea  Sphaerobacte FJ479983. 1 97
i 199 uncultured bacterium Chitinophagaceae Algoriphagus GU325915. 1 98
j 177 uncultured bacterium Bartonellaceae Grahamell GU601932. 1 98
k 195 uncultured bacterium Cellulomonadaceae  Qerskoui GQ264255. 1 98
1 194 uncultured bacterium Sphingobacteriaceae  Olivibacte GU294416. 1 98
m 201 uncultured bacterium Gemmatimonadacea  Gemmatimonas EU160131. 1 98
n 201 uncultured Gemmati- Gemmatimona Gemmatimonas EF665981. 1 97

monadetes bacterium

IS
o

Bacteria DGGE band number
P 4B
[\=]
S

0O # L #4E Cucumber monoculture
B £ A/# K Chinese onion/Cucumber

TR R Y,
YR AR T+ SR A R RA L TR i e

60

|

40

60

FEM 5 REU(d) Days after planting

B /N % /E /X Wheat/Cucumber
B 7 3%2/#% K Celery/Cucumber

-

80

Lase

#FE/H N Oat/Cucumber
O {32/ K Chinese cabbage/Cucumber

E6 FEBHEEXXNEZMRELEMAE DGGE il kiE K HEHHIRM
Fig.6 Effects of different cultivation methods on bacterial DGGE band numbers of rhizosphere soil
H(Note) ; = FARFRFR F—EAERRIZRIE T 5% $3E 7K Different letters above the bars at the same stage mean significant at the 5% level. ]

B, BT LR IR B R AL RE ) LA K R A= W)
EHERID, 25 2 ETHAFREHER AR
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AT B R TR S R A A AR E
AR RBFRW, N/ ER, e/ EIR,
BA/EABHEKXRER TR L8 A IS
e, PSR BN/ BN B 1R 9 T ARFR 1 3ad
SANYEHE M, IR/ BRI B R T RE
TIRAREEE A, AR B ERE T &0
bR LIRS (P <0.05) . AR, B
A FPEAF R BN , 00 L SRS 1 HH BB AR AR
FIRaS Y 5 TS AR L, B4R T LI LR
BEROTEIE s AR T LR LR S R
PN BERTEMEHE, L EMERO A RE—
ERE EUI T DR RER R T AR,

AW T BRI AR R AR LEE
HEREA, IRMEYREA D TEFIAR L
SR PR, BRI R B W R B
it Gz Ep ol Sy O L A
AR T XE R T HREEYR &S AR
AEP®) A% DGGE R %W, R HEARF
FEEEHIE AN T IR TPR, BR TR TR
EEE, X HRAERE S AARTE T —ERH,
HRRAEEP PG R, Kb, N/ E A
B, e/ 8N BB A/ BN B R mAE R
AR , 3R Wb S0 Ui SR A Y P, T
REAE BEAE AR IR 2 R . 3RS A K
AR K T, R RA R SR RER
Y - SR T N B BURE It S AR s R S R i, =
R HERR R, ARBERE T, Y
FRARFIR R YI7E PR R, TR EN
FRA B, BHBEY TR, HEMEHF
HET B E R RUE W E R U R FR 0
5, BAFEYIRIR TR R A E AR, AT
REFRBAARER, FlinREEAN T LES
REMARAA , AR E BT R
RIS RS AR

4 Zhg

AT LMERBIEER N E R, SRR E/FH
Y1oF- 50 SR, K BT A 24, DU ] R4
BRI N B T IR T B, XA R #
AR BTAR R SRS M R R S A 1
HATBIR . SRFT, A RRREEEE A XT + Gemg 5 1
M RAE R SR E—E R, KPS
BN R RE R A 1R R BB R BOR B,

B R BN TSR SR R a5 7% S A AR 5C
By # TR EETEA .

& % X W
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