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1.1 REALESRGHWE

ZAESRERER A B (FEAD K il
PR 2R 1999 AFE R AT IS, ShFPh: B
(P.salicina var. Friar). % & i#; (P.salicina var. Angeleno) .
A A BE[P.persica L.(Batsch)], T8, MATEE 2 mX
3m. EHZEAEEFEE (Lolium perenne L) F148
W EHF (Medicago sativa L.), T 2002 4E 9 H7EZ5#
AT IR VAR AR, 251 25 em.

TR [l bk DU ) 1148 K 0% B SR v 45, 7
TUU N ZE b, b AR R R . P
W 17.3°C, =10°CHUE 5388 °C, — A% 6.3 C,

* IS (limind28@126.com)

LA I IR -2.9 'C, A 300 KA, fEREM
932 mm, FHXNRE 79%, FHBRNE 1472 h. 32
TP el A RS R AR Y, PR
MBEAh 8.060 kg/(m*a), KRV E, & HamE
KWK o
1.2 Rt

KRB LX A5 v, wE AL B. C.
D 4 A3 (A, NEER; B, XELHE, C, L
bil; D, EHEOED, FRAGEE 4 KER, T 16 /DX,
B /NX 7 BRER (42m?. T 2003 4E 3. 6. 9 H,
2004 4E 3 FJJLACHEE 4 k. AbFERS, AL B PHALEEHIE
BEAREF 8, BFRE 25 ke, A ACTREE TG M E B
A, HOJE 15 om, ARSI ANE 35 B AR A E B
PPN K L T, ¥R 40 cm: CALPEER AL B
P A [ AR P R AR S RS ) S sk bl s Db
SUt A2 IR, FHECAET 3 A3 T AR (3
NG P K TS ED, AR MER, 4 4850,
A, 4 GbFHE N:PK = 1:0.8:1 (Blafifil) Pl b
00EL, N B 150 kg/(hm*a), P B 120 kg/(hm?*a), K
JIE 150 kg/(hm*a).
1.3 MERHE

S AT 2004 4E 3. 6.9, 12 F KRR 2 BUREZ:,
R 0~40 om 12 TRA AR E 3847 4 o) i B AN A

EE T BREESE (1964—), L&, WWARFFEN, @BEZ, FEAF LIRS RPIF. E-mail: zhgr6031626@163.com
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TR ER AN B R RN IRA . AL ST R
Pty 1 22 T S A BT B

THERET 2004 42 6 A 12 AESlE; 2004
1 6 A RFARHALTIRAE 0 ~ 40 em L 2R A AL, X
Tl T LgEse, Lz Chgcmsir
T 0 sk E BRI e e
PR TIVESIE

2 FEREHH

2.1 TIEWMEVHE

HE 1 AEWN, A By C 3 ALBRLTHES iR 1 Ak
1% R A T R BB 0 D A B . i, A PR AT 4
IR D KB 2 5204, SRR BN, M
5 B AbHREFYE S fif A (0 B 7 R IR, RIE KT
B AbEEL C 4bEE, C ALEELS D AbEREF 4o il g R
FERBIRILB G E K. A By C 3 AbPEAITERR Sh40
BECEY W T D ARBE, 1y 3 AL )G B S,
X T R A Eh T R R A B AR B S R AR
H Py K RETRHAC, MEKD O, KRRAK,

Fx1 TRLEHHEIHE (x10°g T1)

Table 1 Population of microorganisms in different treatments

b LTS Tk R ER A0 T
A 5.145aA 12.042 2
B 4.387 ab AB 12.265 a
¢ 3.380 bc AB 11.873a
D 2.711¢B 8.792b

TE: QFH N 2004 4 3—12 J1 4 AFEREMGA T @FPA
[ NG FRF R R 2 RAE p<<0.05 /KF BIEBI R, AFMKEFR#
TR p<0.01 KV LIEBIRE, T,

2.2 TiEEEEM

WL (£2), A, By C3 &P 5 FhEEETE
H#EL D ARBEH T IN . ., AL B C 3 ALBE RS
B I  Jok S Ak S S ) #8  3 B R E T D AR
YRS TE AL B ACBIES R E T D A, 2
FALEEIETE A B ACFREE: D AbFE R, ZEFIARIEE,
H B PR =T D A FE,

2 TREALEH T IREGE LR

Table 2 Soil enzyme activities in different treatments

Ab B BT i iy o A S LT 40> fit il EZEial
A 4.954b A 0.479a A 2.177aA 53.689a 1.082 ab AB
B 5.611abA 0.380 b AB 2.287aA 55487 a 1.109 aA
¢ 5.657aA 0.551a A 2.206aA 48.676 ab 0.972 bcAB
D 3.265¢B 0.264 ¢ B 1.687b B 41.082 b 0.934 cB

e OQFRSEE N 2004 45 3—12 H 4 ANFEVNEERFE. QRERBRG AR glucose mg/(g « d), WRERHGH:SA7 24 NH3-N mg/(g » d), T4
AR P4 0.1mol/L KMnO,4 ml/(g « 20 min), £F4E 53 iR RS 547 4 glucose mg/(10 g = 72h), 24U (LG P 5147 % pyrogallol mg/(g + 2h).

XU RG], D AH GEBB WASFT 8
RISy, BEAE T IR 5 R R R AE R RIE AL,
Al 3 FhAbEEEIAR A 4 o 7 R, T
R T AR, I T g 2R R
WE#AL.

23 HIEYIIREMEAR

2 3 /%0, £ A B C3 R F A 7 F,
LUK S EWNEE ST D AR, 1A, By C3 4
BT P R T E 8~ ot I | Py IR 3 NI B (SRR -
LY, XA AL By C 3 RRER 5 A e L
M ORFE LI K oy, DR T R E0E, R R A
KERH.

KHNERHE B (D AbBE) (W Hs R R, 55
1.478 g/em’, Wl e T A AbFE, BEFT C AbFE
IXERPLEEPE BN, iR oSS, EiE R,

AR RMRARRER: M. Ay By C 3 AHEfE
AR T L, G IR BRI RE.

#3 FEAEMKSSEMLIRTETL

Table 3  Soil water content and soil density in different treatments

Ab 3 KAt (%) THEEEE (gem®)
A 19.139aA 1.301c¢B
B 19.060 a A 1.419 ab AB
C 19.665 a A 1.344 bc AB
D 13.950b B 1.478 a A

e BHOKIMERT 2004 4F 6 J] 210 22 HlE, b oK A
B Y H 3 IR LT 2004 4 9 A 16 HGE

of Y B B X ) 5 2 R R AR, SR
KREEWIER, ZNE 4 FhabmmsE . &% 55
FERI (R4, F4MEBBTRT, H. £ZF30cm
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Table 4 Soil temperatures in different soil layers in summer

and winter in different treatments

10cm 12 30cm 12 10em 12 30cm 12
A 23.7¢cB 22.8bB 11.3 aA 99a
B 25.8bB 22.8bB 10.8 abAB 9.6a
C 25.2bB 22.4bB 9.9 bcAB 9.3 ab
D 28.9 aA 26.2 aA 9.2¢cB 8.7b

Ve S IR R 2004 4F 6 H 21 HL 22 HA12 19 H. 20 HIY
13:30, & H0E 4 W H s 8 10T H44H

TR EERBRT 10cm +2. £EZ, DA 10 cm
130 om -2 1) Ll B A 0 b s T A A FEAR Y
ErLit; £ 10 em )2, DL A ALK N
237 C, B, C &¥ s, D A tm, X3
289 C, B A &P 52 °C; £ 30cm /2, A, B,
C3 AbH g, W EZEET D4R (262 T,
1) AbFEE C AP 3.8 Co AEAZ, 10ecm 1ZLL
A SCF R RS, AF 113 C, REBFET D LR,

BEET C AP, BAFBE ST D AR 30 cm
2L A P RS, EE99 C, HA.BW
Wb 2 T D AR B

XUEZE B, AL By C 3 USRI 7 44
R AR NRCE, B A HE R, 4
ES RS o NAE S 3/i
24 TEUERS

RIGER (K 5), AL B. C 3 Rl B 445 (1 bt
N. 4N, #3P. A K. 4 K FEHURS ESH D
WEA i, B4 Ko ML a2 s A
AV, M K SR ERIESINEE KT By C A
AR N & Al 0 s T D AbFE, A NL M P &
T DA A P S e Ll C A, IAF 1.54
g/kg, MRFERTIHA 3 4B, HILR 3 AbrizERt
o IXEEZEWBE], AL By C 3 ALFRAINTTEHE (D
AEFL) RESG N L4 R 2 H R 1 A, REEH
BLIT. 4 K. 3R K. B N. 4> N. B3R P &y
TN i HAEIX 4 ANARER DL C A FE e - e
PRI R etk

R5 4MREFRAAR LIRSS LR

Table 5 Soil nutrients in different treatments

posiil R N (mg/kg) 4= N (g/kg) % P (mg/kg) 4> P (g/kg) %% K (mg/kg) 4 K (g/kg) HHUR (g/ke)
A 93.60 bc BC 1.06 ab 20.48 be 1.01bB 119.55b B 2873 aA 16.67 aA
B 112.42 a AB 123a 23.11 ab 1.03bB 142.83 a A 29.12aA 1597 aA
C 120.67 a A 1.15a 23.99a 1.54aA 146.82 a A 28.88a A 17.56 a A
D 85.19¢ C 0.93b 17.64 ¢ 1.05b B 109.34 ¢ B 2232bB 1022bB

e LIEIRAY I E N 1] 2 2004 45 6 .

25 TIEFS. WMEY. BZEEBXES T

MK 6 TR, BRETYEII MG LTHEOM R 21
A5 4 P R GANICAN, HERMOCIH 72 4 2 E
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PUBCR A O RERR SR 40 1 55 4 N AL P T K
A K. AP EA, ST N AT
BEBENG 5 4 P BRAMUAS TR B EAOG IR S
4 N BRIMAAFI TR A E OGSl
P BRAMEIA R TR AR B AHOG, LT 4S5 42 N
4 K. APUFEBEANDG, SR Py K B
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AU B EA R UIRERRER AT . IRAlE . RERE NG
A STYE iRl S 42 P RAMIR ISR

EERAEVIRR, W LT R KA
e, BURAYEEA T

M1 7 WAL BRETHEM v IR A I 31 25 A
RN, ETHYEIM iR e T Bl S AT OG5 LRI I
M EANDG; RERR AR AN 5 T AT (0 M) S AR A AR
Ko XRWICERR AN 5 PAT (NI, £F4E 00 i e 5 1
AN LT RN IR ALEE . RORE R WK
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2.6 TEFSELEMENRERBESH
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Table 6 Correlations coefficients of soil nutrients with microorganism and soil enzyme activity
ARKE T Bifie N AN WP 4P WK 4K BT
RS R 0.061 0.385 0.264 -0.356 0.130 0.660" 0.605"
TEMR £h 40 v 0.574" 0.782"" 0.780" " 0.230 0.661"° 0.867"" 0.867""
HEXEG 0.847"" 0.862"" 0.940"" 0.432 0.890"" 0.942"" 0.922""
iR g 0.653"" 0.494 0.677"" 0.622"" 0.623"" 0.761°" 0.869""
SUEER S 0.749"" 0.832"" 0.818"" 0.222 0.794"" 0.926"" 0.921""
LR R 0.444 0.648"° 0.548" -0.146 0.499" 0.852"" 0.748""
Z WAL 0.234 0.542° 0.400 -0.367 0.300 0.685"" 0.517°
e *RRBFEMR (p<<0.05), **FIRMBFEHIK (p<0.01); R AWK BRI RE, T,
7 TEREYMSEIEEEIRY
Table 7 Correlation coefficients between soil microorganisms and enzymes
AR 7 iR IRt JUE=R N LR U5 R EZUE N Al
LTI v 0.506" 0.416 0.633"° 0.825"" 0.749""
[EicE ] 0.848"° 0.643"° 0.851"" 0.780"" 0.630""
F 8 TIEEFIMENMNANR (V) HBZERE
Table 8 Pathway coefficients of soil enzymes and microorganisms to organic matter
AR RF r HEEH e3B!
x—~Y XY x3—~>Y x4—Y Xs—>Y X6—>Y x7—~>Y
JIRAE (x1) 0.869 0.484 0.088 0.098 0.081 0.009 -0.031 0.140
HEMER (x) 0.921 0.122 0.349 0.123 0.154 0.035 -0.048 0.186
TR (x3) 0.922 0.131 0.363 0.114 0.137 0.030 -0.038 0.185
UG (x4) 0.748 0.181 0.215 0.104 0.098 0.040 -0.061 0.171
ZMEEE (xs) 0.517 0.052 0.086 0.083 0.075 0.139 -0.056 0.138
USRI (x0) 0.605 -0.074 0.201 0.077 0.066 0.149 0.038 0.148
FERRERA A (x7) 0.867 0.219 0.311 0.103 0.111 0.141 0.032 -0.050

VE: Po.e=0.202; do;=0.234: do,=0.015; do3=0.017;: do4=0.033; dos=0.003; dos=0.005; dog7=0.048; do.c=0.041.

PO ELREAE FH N I s 414k 0 il e HLSE
BEIAER N, AT AU P R B KR /MK
YN IREE (0.234) >HERRERAUE (0.048) > 4140
filt i (0.033) > ERERG (0.017) >t 4bEA N (0.015)
>LF 4B (0.005) >ZWEALES (0.003). X
WK FERRERAN TR . 2T 4k o) il i 5 o B ) 3=
BRI, 1 X =0 AL AR Y IE, i
X = BRI dA ML B i A A MU BB . 3L
R SO S LR, R e LB
HIIEER &R, i HyoE &5 s R, BIie s
BUS IR A Dk i R . SRR, ] B2 IRl 7 (2 ik
JRZ . WEE A G DS NG DK BT NH; 1)
[, 7= A 1R 573 A 7 40 1 o G L e P ) F 8 3, JEg

TR SR AT WU () 2 A Bl i oy o RERR SR 4t 7T L &7
28 5 i AT AL L A Rk S AR B AR, i
LT T 56 0 AT 5 R Al 2T 40 A il 2 ) A E AW 8 5 A
RKFR (R T, BIMEEREEM R LFYE7 il IR
Wi 2 1) A7 A B[R] 250, BEAR LA BEAT HLBRIIARAE o IR
L NV RN N AR i (] SN A SRR A SO RSN
TR SE ZR BB RO A LT A BRAE 52 i AN
Ko J38h, RETIRE RE (do.e=0.041) KK,
BT HT BE AT AL 0 AT HLTESE Wi St 25 ) FE AR A 1 R e
#8.

2.62 B N L -MEE KRBT X
Bl N2 5 e S 5 AR ) 4 AR IR 7 A T AR
GrAT (&9 WI%n, HERENG. WREEXT G N E A
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FRIE, A SR RERRER AN X BfR N i BB
R b e DR N ke RECGHKBMIR D -
PERERE (2.031) >REMRERANEE (0.343) >4 IbAR
(0.016) >HRHE (0.003). X3 BH I RHEE AR R 35 41
PR S BRAR N TR T 2R e o JLrh, R
AR N PV EHAE RN, Yo R, B,
Bl A2 SRR N (5 R 7, ) e R R /K
S 0 2 B R SRR 1 A A 2 A
5o SRR A A A BG4 B A R R i, A
K e T B IR DU, I e gl 4 o s e 31 75
WG F, P DARERE G R I O B NAR K 1 AR

Fo RERRER AN XA N BB E AR, HE
SRR N R B A o, i FLRERR SR 40 i 5 R G
W R AR (r=0.848"), HEREEGIGMER GXETk
MIAEND, RSN E R E CXERNAFH
(169, DR s 20 R AERTS 2 325 24 14 e T ek TR 5 4 1
BNEDNAHFTHE N R IR, A
BT N B R AR (R 6), (HEAE
W AL BRI AR, BT LB R N
W ELA . Siah, REDNIE REL (do.e = 0.176) %
K, UL AT BEAEAE SRR NS00 5525 1T A4 2% B8 A
T

®9 TREIMEVMEBEN (V) HBERRY

Table 9 Pathway coefficients of soil enzymes and microorganisms to alkaline hydrolytic N

LIPS r HEEM H) AR
x1—~>Y XY x3—>Y X4—>Y
HERERE (x) 0.848 1.425 0.039 -0.120 -0.497
IR (x2) 0.653 0.052 1.070 -0.092 -0.377
HEMERE (x5 0.749 -0.128 1.338 0.038 -0.499
FERERANTA (x4) 0.547 -0.586 1.208 0.034 -0.109

H: Po.e=0.419; do;=2.031; dy>=0.003; do3=0.016; do4=0.343; do.e=0.176.

2,63 ML P 5 LIEMABWUEDIRES T R
10 A, RERERG. FERRERAN B Mk P W EEAER N
1E, WA IREE. 2T iR B R P
VERI R Fe e AT D0k P wk e R B KM IR A «
REBERE (1.737) >£14E50f (0.248) >[Ikl (0.043)
SEERREAME (0.036) >EALEBE (0.000), XFE

WTRERE G« 2T 4E ) 2 SE Mk P B2 1. H
HI T 2T 4 M XTI P I ELRAE R O A7, IRy A
T 2 TR PR T A 7 At T 0 1 R 224 o ) PR s 24 o
ARITH P . AN R AR R
Wiy B L P IR AR (R 6), (Hi T EAIMk
SERBUR/AN, DI R PR I DT RAR A o

F 10 HIRESFMEYIHRI P (V) MBRRE

Table 10 Pathway coefficients of soil enzymes and microorganisms to rapidly available P

ARSI ¥ r HEEH IR
x1—~>Y XY xX;—~>Y x4—~>Y Xs—>Y
HERE (x) 0.940 1.318 -0.008 -0.155 -0.377 0.162
A A (x2) 0.818 -0.009 1.238 -0.149 -0.425 0.163
JIRH (x3) 0.677 -0.207 0.990 -0.006 -0.223 0.123
YRS RIE (x4) 0.548 -0.498 0.997 -0.007 -0.093 0.149
FERR AR AN (xs5) 0.780 0.191 1.118 -0.007 -0.133 -0.389

: Po.e=0.179; doy=1.737: do2=0.000: do3=0.043; do4=0.248; dos=0.036;: do.c=0.036.
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FiES

1L AT, RERRG . oAU SR AL K E AR N
E, JIREG. T4l TR 40 R R K %
VERI R G o BAT TR A KT B DTk Fh K 2 /M IR A <
FERERG (1.503) >£F4Eor il (0.366) >t A AN

(0.219) >JRfG (0.082) >HEMREME (0.014), X

DR N Py (] ENI VR AN
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My R K RS fo 2L

D75 2T 400 fift il G T KO e wiikf 55—, (1



5551 TRAESRAE . MR IR AN R R 7 2O R -5 N AR S R 3 AN S AR 2 MR R 52 ) 811
F 11 TIEEFRHEYINER K (V) HEBRRE
Table 11  Pathway coefficients of soil enzymes and microorganisms to rapidly available K
PN r HHEAEH )R

x1—~>Y XY X3—~>Y xX4—Y Xs—>Y
JERERE (x) 0.890 1.226 0.439 -0.216 -0.457 -0.102
HEMER (x) 0.794 0.468 1.151 -0.208 -0.515 -0.102
MR (x3) 0.623 -0.287 0.920 0.337 -0.270 -0.077
LTI (xa) 0.499 -0.605 0.927 0.399 -0.128 -0.094

TERERAA (xs5) 0.661 -0.120 1.039 0.398 -0.185 -0.471

H: Po.e=0.313. do;=1.503; do2=0.219; do3=0.082; dos=0.366; dos=0.014; do.e=0.098.
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Effects of Utilization Pattern of Pasture on Soil Physical, Chemical

and Biological Properties in an Artificial Fruit-Grass Ecosystem

ZHANG Gui-rong, LIMin
(Heze University, Heze, Shandong 274200, China)

Abstract: A single factor experiment with randomized plot arrangement was carried out to study effects of utilization pattern of pasture on
soil physical, chemical and biological properties in an artificial fruit-grass ecosystem. Results showed that compared with cleaning tillage, the other
three treatments, such as mowing and mulching, mowing and burying and applying livestock manure to the orchard, raised soil water content,
decreased soil density, stabilized soil temperature, increased soil nutrient content, population of soil micro-organisms, and activity of soil enzymes. A
conclusion was reached after a correlation analysis that soil nutrients were positively related to biological factors, except total P, which was negatively
correlated with cellulose-decomposing bacteria, cellulolytic enzyme, and polyphenol oxidase. The relationship between them was significant or
extremely significant. A pathway analysis revealed that urease, silicate bacterium and cellulolytic enzyme were the main biological factors
contributing to accumulation of organic matter; sucrase was the most important factor affecting readily available nutrients of N, P and K; and catalase,
polyphenol oxidase, cellulose-decomposing bacteria only selectively affected accumulation of organic matter and formation of readily available
nutrients of N, P and K.
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