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Soil Enzyme Activity and Microbial Diversity in Rhizosphere

of Continuous Watermelon Cropping

SUN Zhengguo
(Nantong Agricultural College, Nantong, Jiangsu 226007, China)

Abstract:In order to improve the cultivation quality and provide reference for the high yield and excellent
quantity and sustainable development of watermelon, the roots and rhizosphere soils with watermelone
growths of 0, 3, 9 and 15 years which were marked as CK, CP;, CP, and CP;; were collected in Dapeng
watermelon base in Shandong Province. Root activity, soil nutrients, soil enzyme activity and rhizosphere
microorganisms were measured, and correlation analysis between them was carried out. It turned out that
soil organic matter and the contents of nitrogen, phosphorus and potassium were decreasing and nutrients
were losing with the duration of continuous cropping, the lowest was found in fifteen year of continuous
cropping. At the same growth period, active absorption area and total absorption area of watermelon roots
reduced respectively in long term continuous cropping. Rhizosphere soil enzyme activity showed a trend with
the increase at first and decline later, and the activity was high in thefruiting period. Soil culturable microbial
metabolic activity increased at the early stage of the continuous cropping., microbial metabolic activity reduced
at the late stage, and the longer continuous cropping was, the less soil microbial community diversity was,
evenness increased at first and reduced later. Correlation analysis showed that the soil catalase (p<C0.05),
phosphatase (p<Z0.05), sucrase (p< 0. 01) and available phosphorus (p<C0. 05), and available potassium
(p<<0.05) had the positive correlation with the fungus. Urease had a positive correlation with the bacteria
(p<<0.01), was negatively related to the alkali solution nitrogen (p<C0. 01); catalase (p<C0. 05), alkali
solution nitrogen (p<C0.01) and actinomycetes had significant positive correlation. To sum up, a few years

before continuous cropping, microbal metabolisms and enzyme activity had increased, continuous cropping
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obstacles did not occur. After 9 years, soil nutrient loss was serious, microbal metabolisms and enzyme

activity significantly reduced, continuous cropping obstacles occurred. Reducing the time of continuous

cropping could improve high yield and excellent quantity and sustainable development of watermelon,

conversely affected the growth of watermelon, and lowered the economic benefits.

Keywords : continuous cropping; watermelon; soil nutrients; soil enzyme activity; rhizoshpere microorganisms

PR (Citrullus lanatus) BIHEZ ) RiH HH = %
MR R E LA EY . — i, 2t
SRV AT G 2T 158 LA KR R A b R 7 A AL B AT T
) 52 ) o SR 56 4 M A St 5 05— T, 7R 2 T R 25 1
KB 52 B 1A BRI 25 AR 7 A B A 1 20 H L R
PO AR RS AR W 4 AR S A 2 1 — 3 i
A5 Rh A O R 2R L R R A P — R, i
A I it (8 T o8 Kl ) D R 2 52 4 2 R R 2
— PR 51RO A O R SORH LS Y SR A —
TIHERGNZ R FLEAERBMEREY . HarE N
AT B T IR AR O B SR AR
B A 1 7 A SR 4 T TR R AR SR A 2 TP JIA Ry — b
SRR A P T R KB AVEY , JU A KM F 45 1
T H AR A Y R A P S e TG AR A K S
o A D OC T AR X P N AR KR e Y B Y
TN AR EAE 2351 R VG AN A - 5 T 5 R R 52
ARG Wy A5 B AR IS DL S A R A A g
AEREE A VE JR A (7] 3% A 47 BR ) Ry (1 B 23S 75
b, JEH R AR R T 7 09 728 Ak X A HE AR W) B T R AE
A LA K it e S B AR 7 [ il 4 4 T 47D

T FR G AR I R A AP TR 1 2% e
DR o b e R 3 — BROIR AR SCHE FE N B I A L
BHOZR A A 5 7 TS [7] A= A B B oA AS ) 3 1 A BR 7Y
JAAR R 77 AR BR - HEGUA: W v 45 4 L K+ S g I
PES F 00488 A0 JF o0 B 3SR 03 | 3T 0 DL+
SERUE M RETE Z R AE CME . DU s R AR S K
s 32 AR 1 ) B, TR T A0 P TR A 3 R AR PRl A=
AP L RV I 1 B 5 0% AL ] 2F — 25 o 78 AR
JoT = 77 e AT RE S R JR B AL TT A Y B AR T

1 BEE5 ik

1.1 REHRREMEE

T 56 BT 7Y I Rl R 5K 2 45 (2001 AR 58 4
U ARAEY) i F A 0 22 D43 W E L 2002 4 i o 4 [
AAEY) it Fh o 22 D1 2 E 5 IR 2001002, [ H
3 2002047) , IR HLETEEAPTHNZ S 7EEMN
LW ZR A8 B 7 T W K L RS 7 TN E b, b 3L O AR 48
117°32'3", b4 36°31'6", 43 Ji] ik B 4% H A% 5 AH B A
KIEVE 3 a #AE9 a EAELL K 15 a % A 19 V5 JINFR A%

A A 36

1.2 RWHE

1.2.1 RERIERSHFEABHEHN L 2013 4F
B A R)SRAE 4 A P IR A P8 IR By + 48 (R4
G Bl AL E R 6 > HE 52 R AE 1D L FE S AR ORAE SR =
W 1 mm W 2 B 38 2% 5T, 43 A 20,80 H W
i i % 3 DL e 20 . A ML & e R
FH 5% TR B0 AR AL A I Ak + 5 4 /R B IR ALk
+ AW NaOH 5 fl— 40 86 bt Lt 0k 43 200 R
M NaOH-H;BO; 242 —8186 §1 Lt A 55005 . 5l g A&
K Hl NaOH-H; BO; 7552 , 32080 R H 28 AL B 1
fil— JE R B e

i Tt 3% P U S+ o SR R T BT R R SRR 2 S
SR FHOR B — U SRR Bl L o 30 0 Ok g 5 2, L9
PELL 24 hJ5 1 g 438 NH N =255,

o S A U T I A < SR ) e TR A R
Mg HAEYERL 1 ¢ 1309 0.1 mol/L 1/5 KMnO,
ZIEERR .

T T I 5 000« SR R T R A e ik
FE S HAEELL 1 g R 2 A RN

THEWS M 5 SR 3, 5— R R K R L (5
HEEII R E L, 1 g R IR JERE S R RN,
1.2.2 #FFHAME 5 FHINEE LM
(B 3 A JhE W OFE— A5 ) 2 510 Ol 2
HAEO MR R L BEALT AR B AR AR TR I3 a5
MDERL I 6 ANEE AR T E NS
1 FH LR Lb 0 0 L Bl R S T AR R T T
TRAXT

WZ%X]OO% (D
A W—RRWE BRI (0) 5 S — R R
BRI T FR (m?) 5. S, —— AL R LAY IR AT AR (m?)

1.2.3 MERMADFHESFIE WAEYHE. L%
R W R R R R A T AT S R R R R
TS TEGHNRE 1 ¢ 2. BA S ml KER
0.1 mol/ LAz B &k 7K v, /¢ 48 Ik 15 F2 4 b 37 C IR 3%
T 5175 r/min B % 5 F% 20 min, 2R J5 X 1 B8 B F W
TEAT B0 A R W IR R A - B VR MR 200 pl 355
WA E) LB B FRA AR E (Rd 3 MEE) .37 C



48 P/ S O 522 %

KGR R F i

HOTR A A P,=N,/N (6)
N=10ns 2) o

A N MAEDBH (g);n W V& T 8 Ezlns D

s R _—

BEE e X 2 WE 1 - A HERAE W) BE VR D) AR 2T
BIOLOG 3579 i 2 o A= 9 A 8 6E F7 . B 10 g i+
T A 90 ml LAY 0. 145 mol/L NaCl % ¥ .
PEIREY 30 min, FEMA B 1 000 /%, F§ BIOLOG HE
B 100 pl R T ECO M b, 91 B . T 25C
THEFE 75, & FE 12 h T K 590 nm Y BIOLOG 4%
PR, MR SR 240 WP A W R R VR 3 RE
T 7 2 60, 2 Ak R AWCD {2k £ 4F, 1155 4
LF

AWCD=3(C,—R)/n (3)

P,=(C,—R)/>2(C,—R) (4)
K C— BN A AW EEE R—X
HEZH L 1 o % BB s n B 9% 5508 (BIOLOG
ECO Plate,n=31); p,)—58 i ™A B FHFE L 5%
FE 2 L 1% ' B (B 2 RVRE AN ST RO 25 B B 22 0 LU

LA W B 7% D e 2 A% 5& H] Shannon-Wiener &
BCHD A B BUCE) K gl A AR .

SEBR LSS ) I R Z R TR B P RN
5 RYAMECE S SECE R 20 s NG N——Fb g
TRECRN i A7 P Fh A ARSI S——E T 0 SRR
1.3 HEXHESSH

K H] SPSS 16. 0 4 73 A B A4 k47 40 b 2
iz Fl /N B 3% 22 B0k (LSD) ot 47 & 3% 1 4 M, H
OriginPro 8. 0 B AFAEA .,

2 iS50

2.1 WETEFRSIER

AR o - 8 v A AL o A G o A O ek
BB RAESATNMNS LBk T %/ 0,3,9,15 a
POTAR b £ 838 2R, ansk 1 iR, i%E/E 0~3 a
WHRES T IEAN . 2 A M & =25 A8 #E
(p=>0.05),#/E 3 a L I, 2 HEFE AR L 8 35, 8 37
Wb s T B S VR AR R A 3 m, OR T AR AR O 19 7
JICHR % = 4 v 3 S50 | 3o 2050 40 R i 20 25 5 i S
(p<C0.05) . 5% I 328 Jal e 3 , 3% A B (DB G, T B 52 40
TR E SRR TR

x1 RELEFRS

S 2 HHLET/ R/ LT/ B/ HALHR/ R L/
(g+ kg™ (g+ kg™ (g kg™ (mg * kg™") (mg « kg™") (mg * kg™")
CK 58.78+2.12a 8.2940.43a 3.79740.13a 561.3+10.73a 246.9+8.72a 145.943. 31a
CP; 57.2641.98ab 8.02+£0. 58ab 3.7440.17a 492.249. 35b 201.3+£7.66b 139.3£4.02b
CP, 43.22+2.03c 7.13=£0. 24c¢ 2.8240.21b 401.84+9.51c 182.748. 04c 103.142.97¢
CPy; 34.914+1.72d 5.444+0.37d 1.99+0. 18¢ 338.7+8.71d 161.1+6. 32d 84.3943. 39d

1 : CK,CP; , CPy , CPy5 43 | 75 Xt FRAH EAE 3 a 2 4E 9 a FIEAE 15 a, RREI/NE FRERIRTE 0. 05 KT ERE 2R,

2.2 BARRRFHNE

T W ST AR X PG AR B A= A AR W o ) A
TVRK 3 AT A K & E IR R 56 SR oL, an gl
L7, HE AR I 1] A L AR AR S R A T R AR A T AR R
i R i W T R ARG B D 3 DA P R AR &R 35 1
CK=>CP;=>CPy > CPy; » KM A 2 35 k55 1 78 AR
F A 1 HOM B 3R 70 3 WO R AR AT 2 T 7
JRAERAEY™ . TGI8 S N A i 2 K A L P TR &
I 7 FLAT eyl 55 Jm 3 5 1) A B A il &2 AR R T #w
R PR 2 SR Y R 1 JR 0 MR AR T 7 R 8 L AT
X IR o3 B SRR R
2.3 RERLTIEEEEN

i A T U RE A AL 20 ik - R SRR i Ak
W AR R B AR B S A PR

TEFEVIME IR HES S L A LA R
Ak, W T T A 02 a0 498 b BB AL & ) ST ML 1R
AR VE W BE R 00 JC ML 1A T 5 4 5 55 i Bk £
AR 3 K X3 i - e rh B SR A EEAEH .
P2 AT AEVE A Kk B AR v, P IR 3 R
oy e R D 5 R IR AL OC Y A AL U
I T Tl 2 B T Al 3o 3 B 1Y) 3 AR AT
T L SEEENS A IENE 0~9 a, 1 358 AP EE TS P R W O L
1M 9~15 a J& 15 a LI b, 4 58 P g 16 M 2 25 B AIC, B
R I TG FEAR p R . U0+ 58 v il T M
5K A S AR K E E IR KB A MM, &
VERBFE — o P2 B b 14 o - S8l 0% M L o0 A2s L B AL
Fr G AL T Bl 25 32 A A B 0% 398 0 3 o e 3 3 387 0 %
FLAE TS, N L R



55 3

PINIE [ - 32 1 VG T B AR o S Wl 07 4 A0 R ) 2 M 49

w
(=
1

(]
N
T

N
[\
T

—

4

—
>
T

R AR e W W T B/ m®
=

—_
(=

HWEH o 3t
o CK © CP,

._.
N
1

—
[\
T

R 2R 3 BR R T A/
=

8 -
6 -
4 1 1 1 ]
S i ] R
A CP, o CP,

{8 : CK, CPs , CPy , CPys 43 5l /R X L VAR 3 a JEAF 9 a MIEAE 15 . T,
1 RZE SR ERE KRB ER

~ 20
- a b2
. a c [ ] a
K259
S 15} ¢ bph o b 2
. o] o o [
g ] [525] 255 c Foadsd]
sas 25254 554 [e522]
e s 554 e
= e e o] [
i [] fatet i%e%!
[ 5 e fsese]
'EP\( 1.0 F e [eced 554 fe5252]
<] o554 554 [e522]
B’ i s i rod
= B ue L
Fiead nes oo nes o552
e 2554 554 o522
0.5 554 [ose5d 554 [e522]
] s e B
yes eced 654 [554]
sas 2 2554 3541
< o ot o Lo
Jﬁi 0 <] [ s Rt J
pil CK CP, CP, CP,
. .0
‘a0 2
« 08F - bl
% b C FE] a
a [ hes
g b [ 5::3 ::::: Foed]
= 0.6F ¢RI S5 i K
o ot e Fo
H 4] fed e B
e e oo e
e bioe 2424 Sately
41 0.4 foosed 2 food [543
. 5 iy e e
5] et 2] ki)
] b5 2 Lo
s [esed 554 o522
e o] [ ol Lo
02| e [ ] 1244
= 5] et =] i
b e 2] Ed
o] o] o] Lo
[ e [ ielel
0

CK CP, CP, CPy,

(T 4 &5 34

o~
‘o0 1.2 a a
* 1.0+ a b 5 a
s
. F- ]
2 b 3 b e o] b B
g L el © s o I Lt
S’ 08 C o ) <4 5] Fonsd
= e s o g
et 22 o5+ 5]
]lﬂmﬂ | i) 5 et [5e]
0.6 Jioss] Wels el [ide]
4o o] Kee e e
44 0] [ [42%
0.4 nees nee e [
& v e oo 2 o]
7% e [ 4 LA
B 02 e Kee ney e
. vt o] oo o]
e o o ]
) b5 5] bl
0 ] oete e [

CK CP, CP, CP,

o0
1
©
o
o
©
N

Ty
R

e

3
o

)
byt
4]

(30,

<

o
%%
<
o

T
L
el

A,
LI,
G
v,
ol
%!
STTATTITITATITOTS!
IR
TRl

o
L
2

o0
')
4

TS
L
(s

=
e
58>

i
e,
<3055
o2,

T
LA
dotel

0y
2%
20

.'
G

=
%5
L,
bys
5%

(30,
<
o
5%
<
o

2

=
8
K
"
ol
%!

"
£
50

FEREEE & B/(mg » g)

=
3
aboteeds
<
4
o'a%
—
5
eTedeels

'
£
s
fe%s
o o
"
L
4

o
CK Cp, CP, CP,,
B8 &1 8

B2 PR LIEEEY

2.4 IRERIEMEIERE

B USSP 1 B8 A8 A R AWCD (B &R fAE 95 A
JH B — B R B BE 1 FT A Sy A 0 R v R MR T
M —AEEE bR, W 3 Fos  RREEVEER +
HENT 5RO MBI AE AT 72 ho i DR St AR
G PE L TH42.72~192 h A WA O 2 4R
RO 192 h R R B N G218 . i Bl A % AR A BR 3%
s b b AR AU ) BB B TS BRI
e, CPy ARG 7 8 K, CPy ARG 1 KT CKL # fE
9~15 a LHERA Y ABE D Bk, anl&l 4 R . 4y
B A [) 32 AR AT BR e oA W e s Z AR B L B
PEAFBRIE N el A Wy 4 ¥ 22 B 1R 2 3 e 1R 100
P18 322 A ol DY AR P - SRR AR W 0 v 5 A A S P AR
Yy BEA BTN . b SR A W b 26 B — Ak R R T SR
I3 WOE PR AR LA R b S A S PR A AR E
2.5 rTEFS BEESHMEMEXE

HRBa S Tl IR TR AR 2R BB A | 3 B
Lo PR 2 AN 25 i Gl A 0 0 23 00 355 30 G v B A= 9 >
WA Bl R B A FE BRI 2 — . [N I - S M S AR PR
TIEGCE YRR R R OIS . th BRI L

RS g rh 32 SRR W2 CELTA L A T R D
AH OGP 3B Al R (R 2) o A3 b i S Ak U B TR T
R GCRE 0 A SR M LR S R O OGO R
B4y 0,723 7,0. 832 1,0. 740 7,0. 719 8; FEME
55 M ELTR S AR R R IR A DG A IE R Bk 0. 991 65
TR S AN P R B R A OC A R R
0. 863 25 1M s ffk L5+ HEANBA & B A OG LM OE &R
B —0.930 1; R FAL A S - R 2
WBEIEM A MERE N 0. 710 2; i A 5L 2
A i 3 TEAH G AHOC R ECR 0. 990 3,

3.0
—o0— CK
26 CP,
gz.z 5 —a— CP,
18t —o— CPy
% 14
ZT10b
B o6
025 1 1 1 I I I I I
0 24 48 72 96 120 144 168 192 216 240

i 8/
3 WRERET BRI AEWRIEENE



50 /S o T S T % 22%
12 4r
1.0 | b a ﬁ
ol : L od 530 a b
= ’ g : I ¢ 4
0.6 | 22 I d
g 0.4 ‘Ig
0. g a
02} 7
0 1 1 1 1 J 0 J
CK CP, CP, CP,, CK CP, CP, CP,,
4 TIERAEW S EEEFN Shannon-Wiener 35 £
x2 tTEFS BEESHEYREXKE
A i A Ak S O it T 1R it T it AL KA Tl it A TR
B 0.7237" 0.0874 0.8321" 0.9916" " 0.5932 0.7407" 0.5701 0.7198"
T 0.4329 0.8632" 0.1492  —0.5602 0. 3431 0. 4922 —0.9301" 0.6043
Tl 28 A 0.7102" 0.3201 0.4573 —0.4981 0.2895 0.3873 0.9903**  0.5983

TE: " RIRTE 0.05 KF ERFRS, " FIRTE 0. 01 KP LM B RS

3 WS sie

R B AR AR A ARG I SR O R S
JIr 25T 37 23 FIOK 23 A A 2 AR 0 v ) T A i 52
e i) B2 By b HE SR 2y 04 B B4 R R AR R AR
R AR S 43 ) D A A TR T AR AR B TS AR PR
LRI R BUAE AR RTLAR v AR B L3 57 73 22 £k
AN o B 2 A AT BR B9 2 L PY TR 2 4 A LR
PR B0 A 8 F7 00 3R KM X 5B W7 S5 B BIF Y 4
R, WG 2R > B R )E AR R LR
M sl . e + 2l B Ol AL L s T FE L A
FRIUER IR - 2R T 52 W P TR R 3 s
IR ILER (sl A LS PYIIE W AR RO A

LEENCPAPONIEPIN:UE S VS 9/ 3 AV & L iE =
SR A A T R SO AR AR R B RNE
ISP B R WA M B O3 B0 SRR B B R R A
AWFFERAMEFE T A [5] 1 A A7 BR 4 P4 i 30 L il
JR AU AR R 6 7 (B D), S [ 3T P9 P IR &R
I 1 52 B AR S 3 e A 3 X P HE R
KA B IRA I AR R — A2 R P Bl 3 3 1 45 BR 1y 3
Jin s PG TR 2R 47 0 S0 25 A1 AR AR 06 0 B0 e I 5 Bk
W xt 37 53 FOK 73 B WAL o DT 52 0 0 TG I =77

e SR R B W AR W) i AR B B AR B
SR i o A Al U A AR —E R LI BR A A 36
(i SRR A 5 8 et S A U IR A G
FEMERG R 2 46 b5, 0~9 a S0 WA M1 4 Bl GG PR A0
JITHE 5 5 A 9~15 a b8P B 1 JT 4 32 T IR L 1
WIHEAE 15 a kA2 HEAR AT . LA 1 2 B e BT
TRE RS X 5 RO S BRI AR L. ARSI A
R A7 PG RS [] A AR 77 300 4 S8 1 3% 1 A B
A VUV A o SRl TG A 52 T 7 4 SR IR B e

Ui W A TG R 5 AR B IR AR K G

Pl Wy v A SRR A R RS B AT
TEY B 5% Al b BT R S D fET o AR B g Th
AR 0~9 a)fie il 38 b A Wy A QI i 134 5 T
15 9~15 a W EAE 5 W1 0 8 FR R oL 8 A . 5= 2>
HE T 38 % 7 L b S P R W A IS P R .
— 75 T+ A S 3 A A DS T e P U W A K A
Hay o RV 22 R R ARG L Bl A B DR B W e 2
Wi o —AE . XU SR UE 1% AR AT 0 ok e
T o 3 A i S0 R S 0 SRR M B
T A9 5 AN TR 2 A A BT P JTURR 28935 1 AR P ol A= 9 S
e ST T A B2 0 T i A o AR A R T P TR 3
1% 13 3 T AR o 5 Wi AR 28 0 - 8 v 7 R T R B I
7 — IR EE S B R TA B Y ROE 2 e
P o B A o TR 9 M R A R L DT D8 1 e
M RE RS XSRS s
Fl0T AR A RS L. TR R i R
KT &% Z 2Kk A 475w R 040, I 4 g6
PEPEAR o 3 (T 3 KP4 AR SexE A
Feor Je SRR 3 A A AL A KL SR
S P S A S v A A A AR DG L X R
W PGB O o i 7 s 2 R R o MR AR R AR K L
ST M LA K A W 3 W AR L X S R
D0 TR 15 £ P — 5 A B 2 A Bl o I 3 A REAR 4 st 412
1o b A W R S A L AR SR A A i
JIAR R X S E IR W P R AE R AR R B
AT LR R . 2 — R B A 2 55 O e L
— SRR S VG IR AR AR K. AR SCHESY T
55 AR VIR AR OC B 3t R 0 AR B A S Al E
W32 O 5 A 7 S B AR O A B A o3 B AR AR K
T IR A BT T AR T ZEBETE BT 17



55 3

PINIE [ - 32 1 VG T B AR o S Wl 07 4 A0 R ) 2 M 51

K VR AR A 7 52 3 22 07 o Y BR-A L R R
Tl 5 3 107 L BAT v 28 U Ak 4 ) AR A R LA
AR T 3043 R T LB S SE AR BT SRR
SOV A A A 2 i A2 Bl 2R 7 b B B o i A
L — M I A W DA R B A R A M T O A
BEL AR AE — E R B R R b S BRI BT B
LARYI I BUSTER SR SUCk= b vh = QU 3 8 87 S Y (BB
o - 3 v AN B AR SR G AT T A MR AR 0 WA ) LS S AR
e A B B4, B Ll o IRG% 17 5 1R A B i
WONE A EAVEARBR 2 W 76 9 a AR B, ] 5247 (UK
S (I RV =R R (L R A N TS (RIBE (/R APN
TS 32 9 VR A 8 A o A T R e > S HE A e A
Jo 393 P 0 3 A A 3 5 S AR L B S R 2
P . ICRE TR AT A%t O 47 0 A0 T A b A X A O
(9 B 2 AR BE L M T AR AR 9 AT S5 2 S

SE k-

(1] RRE X, TR, % KM A [ 8 1R 4F BR X R
FIE N BB AZ L] RAeLol K% %4 B AR F
2 47.,1997,28(1) ; 33-38.

(2] WA, AL e 5. B0 % 16 0t Bk 1% mT R5 82 Kk R R i i A B
i) LT Pk PR AL R 2 4. B AR B 24, 2000, 31 (1) .
124-126.

(3] skmesd VBN, Fmelk, 5. 3 8/EH SEMERaLT].
~+ HESE R . 2007, 38(4) . 781-784.

[4]  S7 RS UAFE. 10148 11 55 bt B T + 2 3 22 4ok A ) 2
FISZ M [T ], 7K & AR EEIFSE . 2003,10(1) - 88-90.

(5] FhakRAB2AAL, BRI K, 5. SUBGE ME R ot ik e [T ). B
M2 ,2011,2(1) . 1-7.

(6] = b WL 3 25 Ak, SBORLGE 1 B 9 (¥ 32 22 D DR B L % 5K
[J]. EIAKRE 2 ,2006,6(2) :32-33.

L7 o, o k0, ) 8 1L 45 Jn T 38 i 38 A S A B+ 4
fitg i v R e W IX R RS [T, A 25 4 4, 2010, 30
(13) :3599-3607.

(8] kW FE.w T8, x| ifg ¥, % 1B Bs 15 5 4R By fd A= S 0F ¢
T« 38 993 % ) o B A= W 2 i L) ). L AR 2 % 4
2000,13(5) ;741-744.

(9] ZEpl R 5. w50, 25 B /R AS ) % 38 %o K G 3% il i
VI JT b A A S KR E R AR R sema LT . e 2 2R 4
2012,39(1) :73-80.

[10]  HATCAR, XM, S, 45, B NS AF + HEUE I R AR
eBrgE [T ], e 2 . 2006,37(1) . 126-129.

(111 W% F7 DA 2 B3 5. 50 R MGk Ak 4 B Xt 5 N
B -4 3 Ak R BB W iE R s e [T, 4 5
2011,42(3) :578-583.

[12] SRR B R X o0 . 150 352 3% 11 e A5 i 1N 48
ST EBEIRTEMEL) ). RAu K F % W. AR B AR,
2000,31(3) :241-247.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

ZERRAR, 520 BB L 2 RSO Rl AN T bR b Rl T M S
AT R FR R ] WA=, 2003,14(3)
345-348.
BT A= VI 3% FF B A K SR L) . oA W o am Al
2010,37(6):941-943.
KT A S0 A Y % AR B R YR AL ) B R A 4
ARG FEERL) . A 2% 2010, 27(5) :69-72.
LU S S = 7 3 £ 7 o T\ O s | S P R E I S 0 B a
2000.
WRSER 32 B B, B A8 L 5. 2D 5 b R [ 4 AR A =X 1
R g S - HE BT R Y 82w [ ). V0 ARk A% 4, 2009,
21(6) :75-717.
B, gl Ak 2 4 T J7 vk LML JE s E A
Bk AL, 2000.
Sun D, Walsh D. Review of studies on environmental im-
pacts of recreation and tourism in Australia [J]. Journal of
Environmental Management,1998,53(4) :323-338.
Hoh J A. Grazing pressure and soil carbon microbial
biomass and enzyme activities in semiarid Northeastern
Australia[ J]. Applied Soil Ecology,1997,5(2) :143-149.
HELIME S I 1 A N - B 4
FRafF g [J]. B 5 B85 A2 ) % 4 . 2003,9(1) : 105-109.
Zhang Y M, Wu N, Zhou G Y, et al. Changes in en-
zyme activties of spruce (Picea bal fouriana) forest soil
as related to burning in the eastern Qinghai-Tibetan Plat-
eau[ J]. Applied Soil Ecology,2005,30(3):215-225.
Selmants P C, Hart S C, Boyle S I, et al. Red alder
(Alnusrubra) alter community-level soil microbial func-
tion in conifer forests of the Pacific Northwest, USA[]].
Soil Biology and Biochemistry,2005,37(10) :1860-1868.
AR RS B AR 7 X 25 B b i AR 2 A R
B gL ], s E DB, 2004, 24 (1) :68-71.
FAM, EHFB A AR, U5 IE X A HE 3 2
PR R )], 5@ 4R . 2006,37(2) 1 263-268.
TR R A A AR R M b S EHE
J At . 2002.
SRR AR AR S RS 8 R G% VX AR R 06
N AR B A W I Pk s e i F 2E L) 0. AR bRl K2 2
R BRBFRR.1996,27(3) :255-258.
e B R U B T R R D R A A g R AR b B )
A []]. 7 H TR A, 2006,5(3) :297-299.
#%JCHR . Paterson E, Campbell C. Biolog J7 I 1E X 43
b A o BT S B w3 e o/ o 1 DA E R S £
#2,2002,39(4) :582-589.
G AN (- S 7 N T e o L D i W O B A e
WEEPEA ML 0 52 . LLIF E T o 0], B B,
2006,15(6) :1220-1222.
Mo, ERCRE 2R ST 5 28 DXORR bR L S A o R
FRAE 22 S B (0], 13 41 . 2012.,43(3) : 614-620.
(F#% 57 70



55 3

KT A 2 BN AR BN R AT RS K R SE 57

1R AP SRR 2 s MR AR 2D, TG B i 4% RO
YK Her Stk 0. 3% . e I R 3. 8%,

(2) En B XEFEAFEYP RN T T ZHEA L
MEROIKCIRAS S 25 B W 187K 43 32 B3, 27 K 2k 1%
ST ZXAEWIEENERKE S 2 BRI,

Q) EnB 0 XEERNFEEHEFMT A& LZE
200—400 cm R B B BAATE LT R A RET
EHETZMEETZAE.

D) ERBT XHFEFSANFEHEESNT LET
G T K E RS VI TIRIZ K S
FRMECER . KRG PR 3 BE M R ARG BR T K A 26
AN IJE R T YRR R
IR EARE, J& T W KRR A
Bk
(17 5 UE, FEER. % 75 Jb 3 X 3R 85 4510 55 £ Mo 5 Ak 2%

BT K AR FERF 5. 2002,9(3) :124-126.

(2] A/, ) 2R A0 ARZ N T pRbR o3 2 B2 8 ol PR i 5 [0 . A

Akl B .2002,29(3) : 75-77.

(3] Z=F il & W5t . o B 3 4 X I 5 00 32 SR 3 b o X

KOG FEma [T, M B 2% 4 . 2001,56(1) : 7-13.

(4] ZFE . 8 1 X 3K S48 20 R7 AE K H X i 3t 7K 53 178 35

Mg L)), AR AR, 1983,3(2):91-101.

(5] XU, PMEE UL R, 5. 6 P RN TAkHL 19+ 2

K HOR R T ], s B 5T ,2007,26(4) : 763-772.

(6] ZEHZE. V4228 XN F] B K A 0 A AR b+ 387K 43 25 4k

WroEl)]. TR X B E 5 5E,2010,24(1) : 143-147.

(7] zZ=pbad, TaA, Se5e . 3% 4 w0 J5 - 8K 43 A8 b g i 2

FEAE 4> BT L) ], 7 F AR 2% 412, 2003, 14 (4) :515-519.

(8] BEW . MF= BETF. % HFiEHIL LRI HHS

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

R E )], R R, 2012,31(7) :853-858.
TRAAE A TRk TG 4 XK AR RO K
3T, Mol B2 ,2009,45(11) : 63-69.
PN UL, B PR RN TR B 2 S K =B
FELT . BEVE B3 A2 2 4 SR BF 22 M, 2008, 36 (2)
97-101.
FRAR BRI, W S W I TR £ X R TR
Ak 1) 8 L. H FRAF 5T, 2008,27(3) :519-526.
JEE X EIME , SO IR L 55 8 4 B XA [R] AR 7 T b
b F HEK Sy KA K PERE AR SR [T ]. Ok £ AR FRBF5E, 2010,
17(1):188-193.
ZEIMNELCHE. RF SRR AT RS KE
Xt LU BT « LTS %2 3 B S B LT 1. % 8ROl Bl 2, 2006,
34(1):110-111.
o8 =S N S P = P R N R E DA NI B - K
+ R E KB, H A2, 2008,28(2) :247-252.
FACTE B L XU HUIE L 58 3 R L S B 1 B AR X PR+
IKATFEAE R BFFT CTD D« B K o0 A R B 5 Bk i
B4 AT L) ], VLR BE 2% 4k, 2004,19(1) : 5-8.
303 BRI 22 o e R Bk AR FT LML b5 Bl
2% AL, 2002,
Ty BB ok . PR B e R TR A
o SR L) . B AR A5 2% 41 . 2004, 15(3) :436-442.
T v . e B E A7 Hb XN TR B A 3 T AR R
[T Aok B2 ,1996,32(1) : 78-85.
T A B, KR, LT 2 R is )] K
A AR 424, 2000, 14 (4) £ 87-90.
T A%, KA. BRI X 8T 2R
[J]. 7k f 458 4 5 2000, 20(3) : 35-37.
AT, 3 WS, 6 AE . % - 1R DT AR XN 3 - 4
E WA RAELT]. B AR BT 4441 ,2003,18(1) : 30-36.

(k3% 51 70

[32] BREEARERSE, REE 55, M BB MR X AR PR UE T IR R K
b BRI VR S [T ] R AR AR S 4, 2007, 18 (12)
2755-2759.

Al BRZE , Bh 35 B, RIBE B 48 A ICE BB AE S R
PRS2 W B - BB M F 5T [T 1. 0 AR 25 2 4k, 2005, 16
(6):1077-1081.

EXHT A, AR AR SR P TGE/E RS I R 2
THE R 8 8 0 R Y 5 ma [T 0. A W 2 3l 4R . 2008, 35
(8):1251-1254.

A, B Ak R ER L SE. KRR R TG I O &
APV F R PR RS D)), 1%, 2012,
44(2) :308-311.

Yao H Y, Jiao X D, Wu F Z. Effects of continuous

[33]

[34]

[35]

[36]

cucumber cropping and alternative rotations under pro-

[37]

[38]

[39]

[40]

[41]

[42]

tected cultivation on soil microbial community diversity
[J]. Plant and Soil, 2006,284(1):195-203.
SR W R K. B BRI AR SR T A
R AE ML K LR FFIFSE,2003,10(1) 1 43-45.
BEZE HREAAE , Tk ). 5 Hh K A6 1R I X 4 30 ) 5%
Wi A4 5 LA ST [T ). 7K AR HFF 5T . 2003,10(1) - 31-36.

B a5 o DR AR 2R AL R X L B A RN R
Wi A SE )], 45 5 RS, 1999,8(3) :203-207.
DR BIR, TR HORIRE BRI X gAY
X7 Mg i P A AL N AR 2 24 4, 2004, 15(6)
1005-1008.

ZE A 2GRN, A . K S AR X 4 i FUR PR 9
HEEDIRE M RZ [ ]. 2B 24,2006, 26 (4) : 1144-1150.
S e L B I A 1 30T SRl A T Tt S [ o R R 1 0
KA B [T ]. K R FEDFSE . 2011,18(6) : 67-70.



