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Abstract ; On the base of field experimentation and sampling, the status and diversity of enzyme activities
relevant to cycle of C, N, P in the black soil from the Hailun Agroecological Experimental Station were
tested. The results showed that soil enzyme acted as a biological catalyst in soil cycle, and its variation
could be used as an indicator for soil fertility. The application of different organic and inorganic fertilizers
significantly affected the soil enzyme activities under the field conditions. N fertilizer could increase in-
vertase and protease activities, and organic fertilizer increased the organic contents and urease activity
significantly. Urease activities were significantly correlated with different fertilizer applications and crops,
and extremely significantly correlated with the interaction among crops and fertilizer application, which
showed that urease activities could be used as the characteristic of fertilizer level under different crops and
fertilizer applications. The activities of invertase, protease, phosphatase and urease under waste land
were less than those of the continuous tillage, which indicated that catalase was less sensitive to tillage

than the other four kinds of enzyme.
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T A ARG o E AR . g v — ) A Ak S AR
JETE R IEREIN 2 5 T SERnY , R TR Y AR
S W - SR A 0y 1 A R S A A S N R R - S
T A RA BB, b R AR R - S
R B ) 358 P A DAy 8 T 1) B A Aok
FE. o e S A S 5 AL IR N | R 15 2 (5]
KFRSBRTE PEXS A T3 NE KA B2 L
TR AT BRI RS K A T RE A AL £
R A B IR R FRI Y S — 2 s R
R PR X T A Dt S 2 42 ) e o7 R A, AR SO I
R TTHFAC A MY A 2552565 il P X6 Tl 7% 722 A 15 L
HBEAT 3T, W5 S S A R S ke 3 5 51 K
-1 RS A, R AR OE A R AL PR R A 5 B
Jiti A £ (1t H R A A

1RSI

1.1 HREXHER

i E B2 BV 1S AR AR AR S A TR eI
AT (47°26'N, 126°38'E) , F-334k 234 m, izt
55 Ml 1 Sy MR g e R R L S IR R B
A, A BIER T, B IRZ W, R 2,
SRR KR 500 ~ 600 mm,80% L) FAEHTE5—9 H.
AEYRIR 1.5 °C, EREDI 120 ~ 130 d, =10 CHYAERKL
FHIE R 2 400 ~2 500 °C , 4=4F H B4R 2 600 ~2 800
h, HARAF DY A R A e S
1.2 TEHARERLE

RIG/NX IR 5. 0 m x4, 2 m, BEVLHES. Ak
W1k /NgE KT E K, 2004 4E 5 404 RD, 2004 4E 5
H 30 HRAE T IERES . RHAF OGRS RS #5530 43 9
FHTL IS Ja A FHZAT R 80% , T A RE il
iR, FAL(N) dFl R PR Z s BEAL (P) Rl =k}
BAAE s BIIE (K db Pl A B R A s ML A1 20 01 FH A A7 AL
REAL, 2 3k BT A 8 25 (& N 22,1 g/kg, P, 0,
2.6 ¢/kg K,0 2.4 g/kg). F:i% 8 /it A Ab 2 ( X} HE
M. N.N + M NP NP + M NPK NPK + M), jifi JIl* &
(kg/hm®) i N(/N&E 120. 0, F>K 150. 0, K5 32.3),
P,0, (/NAZ 24. 00, F K 32.75 . K. 36.00) , A HLAE
(/INFZ 15 000, 2K 15 000 . K& 30 000) . X} (CK)
RASHRE AL, RV EY A At AT b B 1% 3 A
ZNX (3 WEEBOFEEE 1 4D EES11)  BEA/N
DXRAE 1 IR, RFERE 0 ~20 em, 372 MK L FE. [
A MGEHR T S b AR N AR R
KAAE 5 MR LR TS, Al E AN
HHE T RAEIREE N 20 em Z24y. RESRA X TG, it
ENHT A, AR SEAR TR UL 1.

F1 BRRAREELEREBELER
Tab.1 Black soil basal physical and chemical characters in

Hailun experimental station

o WCHBLR)/ w/(mg - kg ™) . {{27)3
(o-k”h) R ENB mm D R

X, 53.50 233.2 10.1 3.5 65  MEK
X, 51.97 2342 8.8 1335 63 MEM
X, 53.0 2127 1.5 130.0 6.4 IEN
X, 56.39 248.0 11.1 46.5 7.0 EN+M
X; 53.93 B2 16.9 15.0 6.6  /ENP
Xe 54.98 241.9 18.2 140.0 6.7 NENP+M
X, 52.10 n1.8 2.1 190.0 63  /ENPK
Xq 56.31 246.3 2.9 1925 7.0 /NENPK+M
X, 52.20 1.2 7.7 125 63  KHCK
Xo = 5462 25.5 7.8 30.5 6.7 KEM
X, 50.38 1.6 17.9 130.5 6.2 KEN
X,  56.53 29.5 9.3 215 7.1 KEN+M
Xis 54.02 26.1 15.9 1280 6.6  KENP
Xy 5469 280.0 13.3 130.0 67 KENP+M
Xis 5.0 248.0 12.9 1375 6.6  KENK
X 56.50 248.0 16.3 1520 7.0 KENPK+M
X, 4.3 20.0 6.4 1325 63  IKKX
Xig  49.56 206.0 10.9 47.0 6.2 FAM
X5 50.81 124 6.1 136.5 6.2 FAN
X 5301 28.4 2.5 4.0 6.4 TKN+M
X, 53.64 187.5 5.9 40.0 65  TKNP
X, 514 1.2 3.9 148.0 63  TEANP+M
X 5367 219.7 19.7 160.5 65  TKNK
X, 5.3 230.5 2.9 199.0 6.8 TANPK+M
X5s 52.51 9.1 11.1 161.5 6.3 i
X B2 493.9 14.6 165.0 6.4  FOHEE
X, 84 200.3 %.5 4.0 61  NEESE
X o 50.16 212.0 3.3 45.0 6.2 KEEE
X  48.73 216.4 2.5 150.0 63  TkifE

1.3 SHmERAZE

1 A S M R SCHR LS ] 73 B PR DL 1
g FIEHFEO0. 1 mol - L™" KMnO, AYAF (mL) FIR;
RGBT 225 3Gk 6 ], BigiE M L 37 CER 5% 24
hJ5 1 g 13 NH,-N i & (mg) R ; 5 ARG
Mr&% k[ 6], BEGPELL 37 CEER SR 24 h 51 ¢
+- 35 Na,S,0, BF i (mg) F#m; EAM TS %
SCHR[S ] BEEPELL 30 CHHIRSE SR 24 h 5 1 ¢ 13
H NH,-N [ 528 (mg) 7 s B R I 40 BT R TR 22 3
T etk ETEMELL 37 CHEIRRFE 24 h 5 1 ¢
e i (mg ) FoR. R FE LA BT 2k
SEY Hoh 448 pH N E SR HLA I, BHES Fac it
5 2R ) 2 W i 1, 38 BT 52 R D v iR A/ 34
FER RN AL - Ak, A AR I e SR T G
THAE, BRI R R - dHEPL L (k,
I Fift S0 2 R FE LA 7 0, o A 22 SR Olsen
2, RN S SR TR B R B, SR Excel 2003
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GRS A - R XA T B A A% 1 £ e i 23

RO TRCI AN IR | SAS 0. 1 SPEHETT 7 225007
2 HER545H

2.1 AEMHEIEALAETHEFETL
2.1.1 SRMAABEE WE2 ATFN, AFEEDFZE
St AL 3R 2ok S Ak ST PR AS R B /N A2 S
THEEMEN CK >N +M >NPK >NP +M >NPK + M
>M>N>NP, M KT AN N+M=NP+M>NPK >
NP>M>N=NPK +M > CK, EkN}y CK>N +M >
NP>NPK+M >NPK >N >NP +M >M. F2Z0H 1
SEI IR i NE A BEXT T ok S A S T R
PESU (F =2.37 > F, s =2.21) , TiVEY S AP i 45
B A B (F = 15.57 > Fy 4 =
3.19). LSD ZH A 5 1y 45 3 o | X T Rie /N 22 il
TR EIEMT T, CK B3 48 Ak S0l 3 14 S5 i, T /)N
FI) CK 5 NP Z ], £k CK 5 M Z [a]ad Ak &
it 175 PR A A 2 2

XPRGM AL E 2 A E (R 2),
X5 A A A i SRk SRS 2 A it A A B )
22 5850 INEARL. s 5 SCHR [ 10 ] R 18 f) 2o S Ak U AN
RERAEACAELXS T - HEE 7 A 52 e, Al e i T 4
A S ) 3 R R B RS R B G (B
5 3CHR[12-13 ] e Bt FH TS HLAE 5325 AT DA ey 4
b E A S TR AN R 3K RT RRE FTFE Y  HEEA |
T BRI VEY 2 SIS T s A [ A 2

Fz2 AEMEYMEREELE TTRACSENEETL

Tab.2 The soil catalase activities for different kinds of crop

and fertilizer treatment

T E AL SRS / (mL - g™

AR Nk o R

CK 2.16 £0.066a 1.98 £0.075a 2.27 +0.082a
M 1.99 +0.082ab 2.03 £0.058a 2.00 +0.077c¢
N 1.82 £0.052bc 2.00 £0.097a 2.11 +0.103abc
N+M 2.15+0.116a 2.07 £0.104a 2.20 +0.093ab
NP 1.79 £0.111c  2.04 £0.069a 2.19 +0. 105ab
NP +M 2.01 £0.110a 2.07 £0.092a 2.06 +0.049bhc
NPK 2.03+£0.068a 2.06+0.091a 2.12 +0.083abhc

NPK+M 2.00 +0.045ab 2.00 £0.079a

DR HEE R AR NEFHH ATEFAR
#(P>0.05,LSD ).

2.1.2 #4kds R 3 WA, ARIED R i
NEAL T 4 i AL S PR 1 K/NASR], ZNAZ S NPK
SNP>N+M>NPK+M>M>NP+M>CK>N, K
T AN NP+M>NPK+M>N>NP>NPK>M >CK >
N+M,EXKHN+M>NP+M>NPK +M > CK >
NPK >M > NP > N. J7 225387 (1) 45 5 7 | it JE Ak 2

2.17 £0.055abe

(F=55.71>F, 0 =2.21) 5{EY M (F=18.77 >
Foos =3.19) XTFEAL G B 16 P 34 B3 52, LSD £
HAAI AR PR3 FEY) CK 5 M [R] A5 AL RS
PEYTC IR 35 22 5 0T /N FER G NPK + MY
EEALBERSGYE B E =T CK X/ N E M E KIS, %
PRt P A B A 580 e A B TS M T B POAL 3
(NPK >NP >N) , {ilHH: N P A4t JE Ab B ) 58
5 - L AL TGP, Hop MDA P ol . AN SR
53, WA HUIE ARG A K IIE I T 3 A e & it 3X
AT AL T 0T 2 A Wl R R T, A KRR AR
TR AEEE Y, b T A PR B4

x3 AEMEUMHEREIELE THMABNFEETL
Tab.3 The soil invertase activities for different kinds of

crop and fertilizer treatment

AL BT PED / ( mg-g”")

i ST I Tk

CK 6.12 +£0.156¢c 5.80 +£0.095d 6.69 +0.095bed
M 6.30+£0.108¢c 5.85+0.109d 6.64 +0.103d
N 5.17 £0.144d 6.73 £0.098ab 5.79 +0.082e
N+M 6.91 £0.099ab 5.70 £0.108d 7.29 +0.039a
NP 7.07 £0.103a 6.68 £0. 100bc 5.87 +0. 100e
NP +M 6.18 £0.098¢c 6.91 £0.097a 6.89 +0.095h
NPK 7.13+0.112a 6.51 £+0.082¢ 6.68 +0.097cd

NPK+M 6.71 £0.095b 6.76 +0.110ab 6. 85 +0.106hc
DR HEERF—ABRANEFESE AFEZFRR
#(P>0.05,1L8D i*).

2.1.3 &ads MWE4FN, NEEDFIEIE
NEAL PR 2 H B Ve /NS TR NZZ S NP+ M >
NPK+M>N+M>NP>CK>M>NPK >N, K& H
NP+M>NPK>NPK +M>CK>N>N+M>M >
NP, LK N NP+M>NPK+M>NPK>N+M>N >
NP>M > CK. J7 220 M i 45 3 o | i B AL 3 ( F =

x4 AEREYMHEREELETEREBNFEESTL
Tab. 4

The soil protease activities for different kinds of

crop and fertilizer treatment

HEHEHEEY/ (mg - g7")

R INEE KE B
CK 3.698 £0.050¢ 3.678 £0.007d 2.155 +£0.057h
M 3.587 £0.079d 3.396 £0.017g 2.214 £0.024¢g
N 2.463 £0.062f 3.589 +0.065¢ 2.358 +0.040e
N+M 4.209 £0.028b 3.425 £0.072f 2.406 £0.029d
NP 3.730 £0.042¢ 3.094 +0.086h 2.308 +0.015f
NP +M  4.354 +0.055a 5.152+0.072a 4.004 +£0.018a
NPK 3.155 £00056e 4.233 +0.061b 3.495 +0.021c

NPK +M 4.234 +0.054b

4.209 £0.112¢

3.524 +0.024b

DR HEEIRF—ABRANEFESE AFEZFRR
#%(P>0.05,1SD ).
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90.0>F, s =2.21) S51EW A (F =232.4 > F, s =
3.19) X T HE IR A & P 3 10 25 . LSD 2 E A
IR EE R IR |3 R VR 25 it AL A B ) %) 28 1 e PR
WA W V22 5. FERIE /N 2T, 5 PO IE Y
B S M 0 T PO (NP > N) iRV
SRS A P ORE B R R TR IR A TSR N
JIERI KA 0ot SR T e A 38049 4 .
2.1.4 muERE MES ATEN, SFEEDFZE
it S Ak 3T R A Tl T 0 M 1 R/ INAR T, INFZ Sy
NPK+M >NP>NPK>N+M>N>NP+M>M >
CK, K& AM>NPK+M>N>N+M>NPK >NP >
CK>NP+M,EXKHK N>NPK>N+M>M>NPK +
M > NP > NP + M > CK. Jr 2247 945 5 7w | it A b
PE(F =1531.2 > Fy o =2.21) S51EWEFI (F =
505.2 > Fy o5 =3. 19) X PR VLB IR i 1015 P35 A
2. LSD L F A 50 ) 45 R o | 3 R E ) 2 B0itE I
AL IR R FR MR PR B TS B A B R (R S).

MR G FI/INZZ () 45 it A A 3L ) S AR K B, NPK +
M >NPK > A& iR AL (N NP) > CK, #H] NPK
56 R AL i T B S 4 S R R R M, 5 NPK AR L,
FERNEXS T3 S B R B T M E I A B i, X 5
oAb 5 & Bt FH AT AILAE A ) 3805 8 - o R iy
TETERI IS AR R 38 it A ALAC a] 4 3 pH -
Ft, PR it FHAE AR J5 , B0 ol R i 1) 0 T 4 i1
NPK > CK WA #ii FH NPK A] DL i % iR 1 1 3
PE | TR S P 1) 1 G S U800, AN S ] Y T
MR - e o it FH AR L Y 22 20 D) K3t 6 I e ) 4
Ptk R A o T R A BB N ) o
Pt P T BT e e, 3 LA 5% R A B OK AR &
53U ) TR MR PR B M DT AN BE P vk BE 1 B AR T 42 1=
ISR —3, X R e AR EK P &
R LR 22—

x5 AEMEUMHEREIELE THRERBEBNEETWL

Tab.5 The soil acid phosphatase activities for different

kinds of crop and fertilizer treatment

PR PERERR IS VY / (mg - g7')

2.1.5 JRBx M6 nIE I AFRWEYRZE AEAL A
PR DREEETS R 09 K /NASTF], /NA2 9 NPK + M = NPK >
NP+M=NP>N+M>N>M>CK, K&K NPK +
M>N+M>N>NP>NPK=M=NP+M >CK, £XK
I NPK+M>N+M>NPK>NP+M>N>M>NP >
CK. J7 223 M4 R o | A A ST T DK 1 14375 74
BB (F=8.19 > F, s =2.21) , TVEY) S0 iR
FEETGPEA R AR B2 (F =0.66 < Fy s =3.19). 1SD
Z R A5 R R R = oK I At A Ak 38 1] 114 JDk
B R 22 SR TR NE SR EIE L (3R 6).

3 FhVEY) CK IRt T35 A 2 AR it S 2 49 o 1
S RIS A RH N . BT ] NPK BCTt A AL
JIESRE B 8 442 P DR 1Y - S R IBEHS 1,  ) J 1 e
OO TR IAAZRAE X S TSR T A R
FH—0 NBCHE F IR, A DL L O, Rk /22
TSN bR, LSRG PR R T
e LSRR S 10 AE 800 1K) [ s 2 R S W Y o
3 FMERIBCHE N 5 IREES P T M, R B4 B
N AIHE SR IREEEE (SR 6) AT WTFE R 7Elt A HLAE
VEREAE iy B At | 3 38 it Ak 2% NOIE 7T 42 1w IR i
TEPER.

F6 FEMEHFHER ML IE T IREGHE T
Tab.6 The soil urease activities for differents kind of crop

and fertilizer treatment

NRBEEED / (mg - g7")

IR g *i ok
CK 0.56+0.05¢c  0.69+£0.007b  0.67 +0.057d
M 0.67 +0.08bc  0.71 £0.017b  0.69 +0.025¢d
N 0.69 £0.06ba  0.76 +0.065b  0.74 +0.040bc
N+M 0.78 +0.03ab  0.78 £0.072b  0.80 +0.029a
NP 0.79+0.04a  0.72+0.086b  0.68 +0.016cd
NP+M  0.79+0.06a  0.71 +0.072b  0.74 +0.018bc
NPK 0.80+0.06a  0.71 £0.061b  0.76 +0.02ab
NPK+M  0.80+0.05a  0.95+0.112a  0.81 £0.024a

DRI #EE AR —AMRANEFES AFEZFRE

#(P>0.05,18D i%).

2.2 AEIEMEETEEEENTLS

AR Ik x5 Tk
CK 1.90 £0.036f 3.53 £0.016ef 3.40 £0.039¢
M 3.67 £0.036e 7.26 £0.037a  4.04 £0.039c
N 3.83+£0.028d 4.03 £0.016b  4.46 +0.046a
N+M 4.17+0.021c 3.88 £0.024c  4.34 £0.041b
NP 4.24+0.013b  3.56 £0.079de 3.98 £0.036cd
NP+M  3.68 £+0.024e 3.47 £0.017f  3.91 +0.059d
NPK 4.22+0.041be 3.60 £0.014d  4.38 £0.009ab
NPK +M  4.60 £0.005a 4.10 +0.023b  4.03 +0.055¢

DR HEE R —AMANEFESE AFEZFRE

#(P>0.05,LSD ).

Wit FIRIEEE ST, EEEARIARG T ZE B TR
VB MEAE ST, P WS 1 TR A AE 7 i el A
TR, AR R A 50 44 Il 3 1 %k - AL 7 4 e
I PRI T S AR AR | DA B R J2 U 1 B Afy i A
+ R R B R, M 3 WAk 2 ) B R R R
SRR, R 2B A R B R K ER
PRRI RS 75 it I o 88 1 A S AR AL AR
2.2.1 dAMABE WK1 ATLUE S, S LS
TEPE AT > SEHGE A > /N EAE > KE#EE >
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The variation of soil catalase activities under different

Fig. 1

continuous croppings

2.2.2 AEAuEE R 2 BYSSHTAS N, FE AL RIS N
T AR > e > /N AR > KRG EE > Fok&E
VB, B 3 RV 9 X6 55 AR 5 M /N B i Ry /N2 >
IS o Qi o Rl 51 R W 1 nke L
TEYEAL, SHF G 2255 01 8, RI7EIR A YR R
T R A R B A AR A A R, L L
TEPERAR. A3 R . — 7 T AT g2 R o B ARTE £
S B A o L S B A 6 4T R I 14 B A T 4
Wt A WTE AR | A J2 DA LR 1, 8K T AV f
FITE AR, 52 A HLEHLE A B A 52 A
F 5 5y — 5 U R R A S RS A AL C
T K, M HSHEN C fFAERESH XK. LA NLR
AR S8 T Tl e A el o R

%:2?]‘
¥
8 3 \
Yo FEHEAESY A AEIE KREEE EREE
g
K2 AEVEYIEE T ARG TR 24k

Fig.2  The variation of soil invertase activities under different

continuous croppings

2.2.3 Zwady  FRTEY) KO BEAS [R)FR R M R
[ = b ey SN ES IR o = ¥ SR 4 S N3 e )
Fe AR > T > KREIEAE > FOKIELE > /NE %
BRI 3 Fh 468 S T 1R DR/ B8 82 0 DR R >
FK > /N T R AR > i b 1 B AR T BB
AR B8ORS, J b e 4 Tk S B A S e+ 3 AIE
HKPRIFEDR. /N2 R 3 K 2% it AE Ab B ] ) 22
P52, 2% i ) 22 S 2 S U A [R] ) 1 4 o

2R K R Ak P38 1o 3 P A R/ B A2 L REAR g 3
FAE IR S K-

H B E M (me g )

N\ \ N

ﬂ \\
Tic i TEHE RS ANEEE O REEEE O EREE
ig:]
K3 RN T & AR PR 1

Fig.3  The variation of soil protease activities under different

continuous croppings

2.2.4 BRMAHFRREE  FPAEAEY RO RS XT 1 S IR
TG A AR R RS i, AL 4 B 3 AT A5 0, B TR
FE 6 N T T AR > FE M > /N AR > KRG EE
> FORIEAE, BRI 3 AR P 0 8 1 1l 1 it 00 2 /N 1)
MA/NE > KE > Tk, FEF, /NE KE A4S
Jit I A R ] f10 25 S B 2, 4% Bt o ) 2 S Pk R 3 X
Tl A AN ] (8 490 b 288 K it L A 83 e 7 Tl R
PEFR/IN AR AL B ZRAE 35809 I8 3 7K 7. Bl IE 1) K o
it A R, i TR X S, AT R BT
AR ME AN B e 1F 22 - IX A - S5 AR g AKF, i LA
TR 5T 2 B, 7 AR T 58 3k A B 1 it A 2% 1
T, FRPE BRI B 1 KN AR AL RE R AE L3R IE T
K, X —Z5E A X T8 SRR AT A 4 X4
B L it A o BB A 7 AR B V.

(=3
1

R P T T 4 e/ (mg g )

K4 ARFEVESEE T Mtk B M i A2 1

Fig.4 The variation of soil acid phosphatase activities under dif-

ferent continuous croppings

2.2.5 WREE  JNELS B BTAR T, IR 14 R S Hb
HEAR) > T > FOREE > NEEAE > REEE,
B 3 Feh A P X6 Mk il 1% /N S ) S oK > N >
K. T AR > Fie 158 I R i BB (0 6 T
JE, HLRURRE = T AR G, SO e A R R
FA B0 11 2 I 4 398 B K S (R 6 A, B F o
B, /INZE R TR] B4 A T S0 R T 0% A 2 S 3 5 3 3
JNE AR TR DR SR /N 22 AR 2R N A 5 Hp IR R A T
PR R Mo 2, WO S B R e K, R R S
b R
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Fig.5 The variation of soil urease activities under different con-
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tinuous croppings

INAE RS TR A% it A A B R Y 2 S W A%
AR R 25 e 2, HOMFOK > /N > KR X B
[7 P9 1 0 A 248 it FES Ak 380 38 5 MO % P R/ 722 £k
REAR S 1 RAE TSR NE 17K P

3 Fig

FH TR130 6 25 SR 22 B, 7 AL TCAILAE b 178 N [ i
J5 2 BAE Y RIS 2 %o - e ok 7 AR S . it
JIELHE it XoF 1 ok A Ak S A T P R RS K B AL S
A Bt it S o5 ol R 255 3 i BH 2 AR Ak, & P it A
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