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B B DUEME S TN S IO OSSR, Wih T 4 PR EIE, BRCS; AR A,
eI G A TR, DMESG M. ERRIR A5, BT 3 AEIARIRse, RIS 3
SRR IS B VPR AN [F) R R L AR TR S 2 AR, BRUERI, SRR BRI AR I
JRF=EE R 45 R, AR IR T3 N KER (CSo). T (CSp). HER—r3K (CSy) Jatk
EIRER R 2 RENE L 3551 FiBiolog ECOMUHAL Y Bt AR {h % (AWCD) x5t By 25 1 I, 1L
72 h AWCDIE 3 I3 N T 57.0% . 26.1% . 57.2%, R84 1 At 1 2 3 Ik b, xR 5 sk 2
AERE XS CSyy CSyv CSJIEZ BRI A WA - 52 & TXHE, HCS, %y &R AW
FIH BT AL, CS,. CS3v CSAIMZEMRC/NIY B 144, 149, 9.3, BEF T, HCS, 5
CS,REWIN T KA BN B LA E R CSy CS3v CSIRE % o8 L E Wi, A
SR A DA 1 4 1 B ok - SR (R R

FKBIA: HUN BRI LR

hESHES: S642.2 CHRFRIREE: A XEHS: 0513-353X (2011) 07-1317-08

The Effect of Different Cultivation Systems in Greenhouse Cucumber on
Soil Microbial Function Structure

ZHANG Xue-yan'?, TIAN Yong-qiang®, Gao Yan-ming', and GAO Li—hongz’*

('School of Agriculture, Ningxia University, Yinchuan 750021, China; 2Department of Vegetable Science, College of
Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract: The soil continuous cropping cucumber 8 years was as material, 4 different cultivation
systems were designed, excepting the tomato was planting in the early spring season in CS; and cucumber
was in the traditional two season. The experiment was carried by pot experiment 3-year. The summer
season data in third year was used to examine the effect of four different cultivation systems on soil
microbial function structure diversity, carbon sources, microbial biomass C and N, and autumn winter
season cucumber yield. The results showed that, catching garlic (CS4), crown daisy (CS,) and
spinach-chinese cabbage (CS;3) could significantly increase microbial community function structure
diversity, evenness and Average well color develop (AWCD) comparing to control. The AWCD value in

the 72 h were increased by 57.0%, 26.1%, 57.2% separately. Principal component 1 and 1 to 3 weighting,

R EH: 2011 -02-24; fEEIRMA: 2011 -05-03
EEWE: ERARFPEIEGTH (30972034); B M ARK R B LI (Nycytx-35-gw22); L5t ARG B 0 H
* {5154 Author for correspondence (E-mail: gaolh@cau.edu.cn; Tel: 010-62732825)
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control was obviously differed from other cultivation systems. Comparing to control, the utilization of
polymer and carbohydrate by CS,, CS3, CS4 were significantly higher, and their microbial biomass C/N
were 14.4, 14.9, 9.3, also significantly higher than control, the utilization of phenolic compounds by CS,
was significantly higher than others, and CS, and CS, increased autumn winter cucumber yield as well as.
Sum the results up, CS,, CS; and CS4 could change the carbon sources significantly, thus change the
component of microbial community and the utilization of carbon sources.

Key words: cucumber; cultivation systems; soil microbial community

PR R ERE ) FREW 2 —, B EEES R TR A 80 58 . IEAERIR AR
BB -, AE “anE R g CBURET T LIEEEAL, RS WIORIE S e, AL T R
A R ) R, AT SR SRR A E PR T S E R TR T R SRR (P 4%,
2004) . T HEHAEY) IR S E VR RGP AL I P B R s 2, HOEMERERS 2 02  TRUEYIX KA RN
(Komada, 1988; Zeels, 1999). %2 2= 510 o INHIIEAERASAE T e R A W v A A Al 1 #R35
. HaiE (2005) BFSCIEA B EVE R SRS n, OG5 5 TOEAE T 58 b i R 254 i
B, BB TR P i ek BRI AR 4 s 8 350 B 3 1 R A o () B4 N i S T FE B o BHOC RS
(2007) KJHASPERL BB HIIK (DGGED) Wl 2 AR B AL A B B M 2 A8 4k, R IBE AT R 2 K
REn, TR IR E B CE >, S gl B ECRE BROU N R R, TS AR S DA L B R R
£, POREAAL R — A, ZRMEACTIRG. MEESE (2005) R H G = b I 1 + 3
MR TAE YA A ) 53 AT 45 B AR ) B0 AR I ] S IR = Y, AR LR AR, AR g
TLRHR I I 2 . A ZEE (2008) KW BB T4 AT Biolog ECO ARAFFFT/INEE FHOK 5726 11X}
TN I E ) A AR AE I R, R IR AR 1135 0 3 4 v 1 B I B 0T L 40 v R A R B
BB T HE BRI A cE, B RS T LIERE YA 1Y) Shannon FEEL. ¥4
fe ¥, Simpson FEHUFI Mclntosh Fi5 %5 LA K + 35 A4 it .

AR AR IR 25 AR, W S TR B T BN T ar s R, AR AR G R
M (RN BESCE T LI E DR A R E Y A 2 A CRHETE 45, 2008; 5K

B, 20090 AH BRI AR B TR AN [R) R 5 i B Ak 3RS 1 A= P o D e an T A48, BicdlsiA) F
AR fk, B ILAGE .. AR LUEAE 8 4FE 3 NN = LA 4, N [AfE. BAEAH
RRER RS, BRIUIRSS 0 0 HE A i N I A MR D e 2 Pk 3Bt A e R 4 DL 2 3R 3R
PER AR, AR R R o i S TG VR = i, 4R I R R B e Al

O Vi SRS DAREN

1.1 Rt

BRI 490 AR 8 AF A S 3%, HIEECH 0.73 ms - em™, pH 6.88, 4% 1.81 g - kg,
WA 192.4 mg - kg, TR0 824.0 mg - kg, M 805.0 mg - kg, dHEE. kR . HE. HE)
B4 4 1.02 x 105, 7.1 x 10°, 9.2 x 10*H1 7.0 x 10° Cfu - g, FR4r & W T sSE M 1%,
IFC ™ IR A B A .

2004 £E 6 J1—2007 £ 1 AEH ER MK 2R 240 H G = A 3EA T AN R R 15 R 16 7R e,
R AR 25 cm, ¥ 28 cmo A B IERE R p R 2 AN SRS R, K R TR, 7
15 b 7 551
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P33 (Cucumis sativus L.) fhFich “HL 3457, 3% (Spinacia oleracea L.) & Ay ifi #4
ff) ‘Kerdion RZ’, [13% (Brassica cam pestris ssp. chinensis Makino) fhFih ‘AT, K5 (Allium
sativum L.) @Bl el —KE, Fatish A ‘th2% 957, Wi (Chrysanthemum segetum L.) i
i IR IW ) DN =/

RIG BT WAL 1, UM SR H I ZR I (1 A 3R 56 B . S Ab B BRCS 341, ¥ RLA =3 R
h A, A ERIEEAE T ma b B T R AR 2 B3 N B S R, A ALY 3 IRES, AN ER
ANRARES 12 4, LB BENLIX ALHES o AR R ] A AL BRI AN, FOARSE RIS VEYIX 7K 3 (0 75 =k
AT . BRI E A R T, RIS 500 g, AIRIF & HFR NG
FATAL, 76 3 JICAE ] 1) 45 Ak B 70 A ) 6 1) 1L 083 38 STV SRV, (R IH3 ilR A K pe K i — 3. 7RG
(55 3 4F 5 75 45 o BORE, SN TR U IA] 10 75 0 ~ 20 em#& )2 14, 10 F AR A 0TS, id 2 mm
i, BT 4 CUKARGRAT, 203 T R P o MR b BT e 2 A o b o

F 1 WREgit

Table 1 Design of experiment

BB i e A BEHE 2—6 A B (6—9 HD B (9 A—84E 1 AD
Cultivation systems Early spring season Summer season Autumn winter season

treatments (February - June) (June - September) (September - January )

X} Control # I\ Cucumber fRIH Fallow # X Cucumber

CS, #Jl Cucumber KA Fallow # N ([8)4E K#%) Cucumber (Garlic)
CS, # K Cucumber 1% Crown daisy # I\ Cucumber

CS; At Tomato P 3—13% Spinach - Chinese cabbage # I\ Cucumber

CS4 #% /I Cucumber Kwi Garlic %/ Cucumber

1.2 WEmMBAE
12,1 IEBAE DT A RH

HIEMAEY R R R EEA I WLk (REK 2%, 2006); TIERCAEYEBCR T &4
AR EONE (REK 5, 20060,
122 XIEMAMI S ARG

Z A5 (2008) J5ik, FREUH 4T 10 ghit 1 385 & 1w 13 F 250 mL =AM, A
90 mL %% 77K, 4 °C R 1h (200r - min™), #E 3 min/gWH 2 mLIIAZE 50 mLikiE S, A
18 mLEE 7K, FMRAEWI 2 mLAE Y& d, FInA 18 mLE&& 7K, 3815 10715
FEW o W 150 pL 384 BN 22 Biolog ECOMUMI AL« #ECOMURAERS % 25 C FR5 5%, B 24 h
HiBiolog H A L8 B AE 590 nm4cAF Ml e FWOLAE, VAR PB4 (Average well color
development, LA EFRAWCD) 1EN RSN A TR E s —.
123 HKEAEFZNFE4%T

0 SR B R A AT /N B

1.3 #IESR

TAERETR A5 ] AWCD A5 4 BTG 1 1A 28R4, Ho a0 AWCD = [2(C - R)1/95, Hr
C AEALEEL R X IR (Zak, 1994), #EH 2 72 h £ 35 3E4T PCA (Principal component analysis )
FI7S KOIEFHFERE (Yao et al., 2000), Shannon $5%¢5 Shannon 3#J%] & 5% (Garland & Millis,
1991) 3#i7s



1320 Z ¥ R 38 ¥

BEANACPLIAIN E 3 APATREA, BEAFEANIE 3 1k, SR . SR SPSS H 0] #odl
BEATALRE, FIH] LSD VEHEAT B LA 3R WM o

2 HiR 50

21 FIEHEN LIEREE RIS R

LI AEE PR AR (AWCD) S5 EMEE FIR A, AT RPN T A=
WIRRIEAI G ), FR/R T A= ARSI (Zak, 1994). AWCDAHERA, 3 B4 i %5 5 Bk
K, MG, Rz, AURSE RSN, IETEAG (Haack etal., 1995). MK 1 ATLLEH, 4 Flakhs
RSN TSR A R AL RO A T W AR . 7E 24 hZ WAWCDIEIR /D, R IR > 9 ik 24
FIH, TfE 24 hfg AWCDAE 2RI 0, 15 B Bl T a g E ) K =R A, 76 48 h CSy CSas
CS3+ CS4IFJAWCDAE AT F-5F B> BB I T 18.3%- 83.8%- 26.4%F1 110.3%, 72 WU N T 27.5%.
57.0%- 26.1%8157.2%, 72 WG 5 IHOREERE N BE S, (HJECS, BI3E i B4 /N .

2.5 —o—— %fHH Control
2.0
1.5
1.0

0.5

P B AL R
Average well color develop

0 24 48 72 96 120 144
Bt E]/h Time

B 1 TSRS ELEEFN T IREMEE TR THE
Fig. 1 Change of AWCD during incubation in different cultivation systems

S IEM HT 0) 2E Ba 0 AT BEAR 3 DX 73 SR E I Sh e 2 PR . AN R R T 2l 42
ROMTEREY], 51 RO T 72 hBRIER AL 51 30.99% , 5 2 ERMERE T 9.2%, R
3 EROMERE T 3.7% 0 AEERAY 1 b, XIS AL AREE AT LT X3 TFoK, 1] 4 A AR BEARN X
BETR T IR AL (B 20 E R 1 2 3 IBUS 0 IR oAl AR PEEY B 25 X 73 Tk
JEHIECS I B2 T A sh e (K 3).

o %A Control 0.5 3.0 .
mCS
acs, o 25 | I
x CS <
* Csi » § 2.0
o \ T 15 b
=
) &
a0 0 B 10 R i
O — _ _ = o
Y -50 -40 3.0 5 os
-1.5 . %
¢ 0.0
a -20 B B
° -0.5 | XM d
-25 0 Control ~ CS, CS, Cs, Cs,
PC1 (31.0) Kb Treatment
B2 TRZENELET LY EMSTE PCL. PC2 B3 E s AR T L ME E B4 PCI - PC3 il

Fig.2 PC1 and PC2 of different cultivation systmes Fig.3 PC1 - PC3 weighted score of different systems
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XERGY 1 EEZETTERBIE S T 0 B3R 0], D - BT . a3ﬂﬁﬁﬁ D - A¥E. D- 1
PRl AR -1 - BERER. D - cEIMER v - WEE. 4 - BREREFRKR. L- RER. HIL z'% i
1 B ormkeds, o 4 RO sk &Y Gk 2D,

%2 LR PClL LEEFRBMBRENEFHE
Table 2 Component matrix of main carbon resources for PC1

PCl f%JF PC1 carbon [X-F#fir Component matrix
RIRF A Carboxylic D- 3T R D-Malic acid 0.897
% 54K Polymers o - WIS a-Cyclodextrin 0.734
KLY Carbohydrates D - A¥E D-Xylose 0.811

D - H#E D-Mannitol 0.737

HIZME - 1 - B¥MREE  Glucose-1-Phosphate 0.952

D - JH KRR v - WEE  D-Galactonic acid y-Lactone 0.739
77 4k A% Phenolic compounds 4- 3w HFMR  4-Hydroxy benzoic acid 0.884
AR Amino acids L - 7% # L-Threonine - 0.835
etk &) Amines J&§ 1% Putrescine 0.810

2.5 m X Control & CS, 0 CS, CS, o CS,

2.0

1.5

1.0

P E AR LR
Average well color develop

0.5

AN

N\

mmBEY E2RY HENEY EHER EERLAY  BOKLEY
Carboxylic Polymers Phenolic compounds Amino acids Amines Carbohydrates

FNIHRE Six carbon resources

4 FERIEHELB T P 2 —BIERH A ER

Fig. 4 The utilization situation of sole carbon source in different cultivation systems

Biolog ECO tALIR &1 6 KIEAFI MBI, FhFLACIMA PIRRIE — B S AR R i, PRIf o
RENS AR AR L e A= R T R (05, 5 - 33 A DRI 1) A 25 Th i T EL AT G 1k ( Campbell et

al., 1997). W 4 ATLLE Y, 4 Pl il B Ab P10 3 E it 6 KSR I A P A7 AR i 3% 25 5
S RERAL SR O FE R B, G TR 1.86; WHRIRBMAEY . BIERAT HRULEWIN
FIFHAR AR R S, B BEPIMER 1.4 Zods 0 2 RYAIRKAL G A FH AR B AR XA,
BHES 30 1.0 F01.1 27

B R R AL BN I A6 R IR R R AP AR 25 57 SR B R IR S . IR
RN IR LR 7 5 W 2R HREACS, > CSy > CS; > X > CS; HCS,.
CS3~ CSLBFE M X XKW ADR FHFEE ACS, > CS, > CS; > CSy > W, H6 LR K
TILADARBE; CSo X5 & A G PR B3 T ILAb AR BE, i I Ab A 3 () JE 25 7 e (&1 4.
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Shannon % FEVESR B R AE AR AR — S E DL R, AR R G R IR R E Y& AT it
KM Z 50, NIREZFEPE. A8 RS Shannon 2 FEPEFREUEER, RUNZ RS LM E R
WIREZ MR s Rz, W FEMERIR. tha 3 nLLAE I, CS,. CSyRICS, ZFEME 3 i T X 1,
Shannond%) 2 805 He 2 FEVESR B4R — 2

R 3 TEREHELET IR E MRS 1 S EER

Table 3 The function diversity and evenness index of soil microbial community in different cultivation systems

Rt i P Ak HR TR Z FENESRHL FrAR— AN S AR H
Cultivation system treatments Shannon - Weaver diversity index Shannon - Weaver evenness index
it Hit Control 3.130b 0.928 b

CS; 3.2440b 0.954 b

CS, 3.356 a 0.977 a

CS; 3.368a 0.981 a

CS4 3.359a 0978 a

2.2 FIEFIEMNTIEMEYSHRINEEI

ANR) R 5 11 S A B AR 5 AR T 3 TR A ) B R R R, R AR T AR B I C/N . X
B EC/NA 7.4, BFEMLTCS, CS3. CSy, X 3 PRI HIEE IC/NZ 7K 14.4. 14.9 f19.3,
CS, Hx i E 2R (K 5. UWHHEAMEIEY RS D E 8N HI#MC/N, 1X0] 58 KA e /EYm
IOAFEAEIFHE I T 3 Ay &, A e T 3 C/N,

20.0 8.00 a b
2 leo . a 7.00 R R = N =
- I F T o600 [ [T] [T
& £ g0 % 2 5.00
B S b < 5
5= . — £ 400
HE 80 ¢ o g
i i B 3.00
<3 =Y 500
S 40 ® '
1.00
0 0
X R Control CS, Cs, Cs, Cs, X HR Control  CS, Cs, Cs, Cs,
KA FH Treament AhFE Treament
BE5 TERHEHELET L RBEMER/RMEK 6 FEBIZHELETHMREESERNTETL

Fig. 5 The change of soil microbial carbon/nitrogen in different Fig. 6 The change of cucumber yield in different

cultivation systems cultivation systems in autumn winter season

2.3 HIEFIEMREERNENEIT

FH AR R, = LA o AN [ R 355 1 Ak 563 A 3 I 38R = B KR, DRI B e T R A FE 11
BT o A5 AR P8 b TS (KRR & HE ST R AN, 7E 6.00 kg - m2 2 AT, 3X-5 SR (R 7k 07 3
AR A S ISR R, FLJS AL TR 59 Y645 PF A G o B S ARSI JE A B CS . CSA KA BTN
PrE I B T, S A EL A B T 23.4% 1 11.5%, TICS SRR BEE R (K 6).
KRB IUE TR R0 45 5, RUAHXT T E 3R, 7R s = 20K R TR R S R AR i R e VR 3 i,
S TR E LA, A R
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EAERRATE TIEM A — Y — RS TAE A R, TIEMA M 2 Ry, +
e b+ A P 1 52 (Garbeva et al., 2004), B AE BE RS AE 1MWl + 38 b (AR [/ 9243
U ARG BN AP e 1084k, ORI e R AR A, R E A CRE
P ARG, 2004).

AW AR L], KA BB S, Biolog ECOMUREFE 24 h2 Jo, HEZEHURIEY A
VEALER ) 2 25 1 T AWCDAE, Ut B & A FHIE R AR B i FE 3 I T 438 R A2 2 . Garland &
Millis (1991) WAk F-FEAE 3 o3 73 28l F 1) 22 5 5 TR ARAE % 1 1oy o0 Sl e s 1 ) FH BE ) J2 A
KK AWFFH, PCL FIPC2 SLAEMRE IR H 22 7 1) 40.3%, LR as 1 3 mesr il pe R e U5 R
AR5 H 31.0%, XIS HAB AR FRAE 54 1 R esr 1 2 3 A B3 RE I B X 43Tk, Ui
VB TRIVE R R R 5 1 B 38 (2 38 SO T A A ) A v Sl R 2 R, DA T 2 R BB AR FH PR 17 200
75 3 AN E WA PCI BEMERE 22 A5G FILE 49.6% ~ 76.9%2 1], Hirf 9 ARSI T & 2 1 sk i
TS ARSI 44.4%, U BH AR RS I B AL FE - S B K AR R 22 Sk, 1% 5 6 R RBRIE R
PR RE 22 e o B I S5 10— 30U o ARISHIBEAE], XA A B3 2 5%, HrhCS,. CS;. CSy
56 B LU AE 2 AR AL S IR 28 e 2, HLCS 0 05 B AL S W i 1 FH I 3 AN R) 13
kb3 3 S A B AR FH AR B I 2 FEVE R — Mo, R ZIHWNAE R E A B R R T &
B EYIBEIE I ThREZ AR — 1, X5 R 2AAE (2007) BFFU/INEZRIK T S5 5 VR VEfE
i v S MR VR ) Shannon - Weaver %2 FEVE NI A) FEFR RS 1 — 80, B Som/ & RE
S5 LA BN S AR B AR LS R g, R CS, . CSsy CSy C/NIYRFE m X IR, [FIFE3
B T S R N AR A AR B S O T AR, X 5 ZE005E (2008) F 5T AR N K AUS Nl 2 Y
INEE T 3R B A= R AR &5 R — 3

Zr BRI, ASRRES RN 1 AR O BRI R AN ], e B RS R VR ) R e A A B A
B0 3 C/NAE, BN T BEIR RS, OB T AR AL, Se i TR IR 2
PEFR ORI 5T REFRE, Ui I 32 2R SE PR A A A0 R 6 A AR 5 o S R J 28 OO B A v I LI A 5
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