2
H Aqgrici

Ll TEMKXRIWGR
Ll R b inthe A

Vol.27 No-2
Mar. 2009

FHIEMXEHEELEP T IES S
MEG RS 5
B AL HMA Y WL
(L. VgL RAEL K2 SRR IR 2 e . BEVE i 7121003

2. PG ACAIRRI R R B LR I R I S RO E R R s BRI ik 7121005
3. A ERLARE KFRK L ARFFITIERT . BRI #pik 712100)

H OE. ABPHEHERRETRFRE WHERMAENTRAR XM ELREFETFR K AAHIKE
WHEF LA WBEENTN, ERRA BHKE M0a A TRLELRANRELE 2848 BERETE
P UREEE M BB B E M A A AR E M A, ER LR (020 em) LR Q A EFHERET TELE
(20~40em), DVREH A E, L 0~20em £ B AN EE 2 R4 E EARE TS KBS oMo B B
PeFnyt G AL A B v M A Bl A0 T 23. 8% ~534.9% 9.3% ~300.0% 213.6% ~521.5% 40.4% ~286.5%

22.7%~232.2%Fn 3.2%~22. 4%, L EHEHHE L B

BB ZAM, AT T A R L = AR

TEANFEREE AR EABEFF K L REER S LA AR 2 EH AR B F WA X X R (0-930/
0.918); L EMRBEMLE LR G BMX ALK R (0-804) L RBMUBBRBER S AN 2 QG ERERDZEHN
%(0.977/0.984); Lt EM A ME M 54 R4 BME FA X A% F 4k 0.996,

XA BHKE RS S REE M TR K
TEHE, 1000-7601(2009)02-0227-06

HPESES. s164.34 TEkFRIREG. A

TET- 0 5 8% 3 L v S X AB B S
Mot LR ABK LR A EERE Y —, -
S AR A R ) M B U B 5 M A
A R s A AE A K R R T A R R 4 0
IR V8 1) 25 ol 3 1 SR Y K B R IR S B AL
U, RS SR PR S SR B — 4
SHEHR S EW L EENIEA, LRSS
L HEFR BRI A L, R IR SR MG
FRUERR Y R, 2 - S ) AR A 2 i ) P
FOri SR T R BT AR £ R R 5 R
FIETH L RS LR, TR H X AR AR T F
FEBIR, FNEEIARRY 1866 FELUE , K EFLRIILE
IR SR At Hb AR BEZ T 18 SRR B 2t
DX A IO SRR S ot 2 o 1 8 0 () FRAEL
it FkFIED LB R [ KD A AR AT
B3 T T AR ok B S R T AR B R R
SR R R T, BRT A K E 5+
RS Z A E AR LT B T iF 2
FRER . AR, X SR8 22 2 LA b A (8] R 7 =X 2%
AN RIAE TR R Rl % ] — Hb T £ PR AR T AR K

W¥s B 85 . 2008-10-25

SRR TS 13 97 0 KBRS VERIT SO AN IR NN 52
Gt ARSI b XA IR 52 AN [m] B B - S
YER IR FHEEAT T HIFFE. B 0 L R A K
B EERARA R, DUIXTE 5 M AR #FE AR
(F) R SEM.
L BPRS s
L1 HRX#R

I XA RIS X N R BT A BAER &
Wiy SRR + R EIX, 452 109°11. 901"~
109°08. 965", Jk45 36°05. 391'~36°04. 166, 4EH4 5
W O°C, MR 576. 7 mm, EFEMFE L
( Populus davidiana) , A¥E( Betula platyphylla) i1
7R Bk ( Quercus liaotungensis koidz ) . B U-
pumila) FFEFL ( Pyrus betulaefolia) %, T HEE
B 0.9 Db, FEAFELH (Spiraea) T
( Lespedeza) . & JI| ¥ ( Rosa xanthina Lindl) . 111#k
( Prunus davidiana ), BR ¥ ( Hippophae rham-
noides) \VUZEF ( Folium Illics Purpureae) . A&
(Artemisia) %, T IRIMJE TR JRALH T %

ELTB . = ZALAF 75 R Jl (2007CBA07201) s v [ Rl 22 10 #4847 331l () 50 H (KZCX2—XB2—05)
YEZE . BARL1981 ), Tk g, BN A8 2 5BV PP 978, E-mail : lvehunhua9308 @yahoo-

com-cn,

BIREE . HF . Email: flzh@ms.iswe-ac-cn,



228 TR ARV

&2 %

FRMEG L, HRERRE AT, A X 1 O F
B SR T A B R EANTR.
L2 B FnEe

M ZUGEVS | BORME UE AT SNEIE R
etk I R AR AT (EAE K R A R AR R (1,5,
10,20 41 49 140 =) iy 7 R W iF et 4. 9
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Table 1 Sampling site in the Ziwuling area
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Slop aspect  Slop degree(”) Main composition of vegetation
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SW 3~7 TREEE, B, fsE
SEL0° 0~3 R RAOR, 1k AT
SW 25 BRATH BFAGAE 3R
SW30° g %%%%ME,%%&H%&%

5z)

SE35° g7 ?T;fﬂlﬁﬁﬁﬂ*ﬁ%,z%%ﬁﬂﬁ
SE30° 0y E%ﬁ%ﬁ%»ﬁz‘ﬂﬁﬂﬂbﬁ
SwW15° 25 TARBR i AL AR T B

L3 SMFHE

TIENUT B R A R 2R S ER A
PR TR IR IR AR & B SR R IR U ARR L 8
Vs L AL AU P R S V R B AR
FABSRRE 4L 355 BRI 2RI — I AR A
v, REMERG A 3.5 TRSEARmIR kT

2 HIRE

2.1 HERKSEIREFLEFIET L

2.1.1 BRI K 2TE . T
Bt FEEAVUR S EHEIM, FEE K
8. LI AYURE =AW 0~20 em L3 #R
Tt IEANREEN 6.3 g/kg: KE 1 a.5 a,
10 2,20 a Bt A ML & & 5350 7-8.9. 6,
17.1.16.5 g/kg: 41 a F1 49 a FERREE R Z A PR
LRI 11,5 1 14.8 g/kg, % 10a F1 20a i
WA A 140a T RAR LA BEVE HIRRZ B LR
GEIRF) 40.0 g/kg. ERRFEHAY 6.4 15, LIHRFEH
Joxt B 0~20 em 12 AR & BETEAEPIKE
140 o sHFEF RN T 23.8%~534. 9%, BaE ke /M
W 140 o (534, 9% =10 a (171. 4%) =20 »

(161.9%)>>49 a(134.9%)>>41 5(82.5%)>5 a
(52.4%)>>1 a(23.8%),

IR EE SR, HRA LS BRI
BEIEEAR, 20~40 em )2 FIRAHLE EF4575 0
~20 em +2 IR A RAY 47.3%0, (B2
FH, 20~40 em LR LIEA YIS BEEEGIKE
SRR A B0 T4 B R g 140 a (16. 1 g/kg) =
41 a(10.7 g/kg) =10 a(10.5 g/kg) =20 a(8.2
g/kg) =5 a(8.0 g/kg) =49 a(6.4 g/kg) = *T B
T (4.6 g/kg) =L a(4.0 g/kg) . KE 1a LIEAHL
J BB BR X B T T 13. 0905 140 a 3T AR AR
T IR REE AU & B, SRR EE Y 3.5 5,

APOL, FEACKR X L SR ) B HE A v T
VE MR, YR 0T TAE B A B Al )
WD, WA b e 38R0 b, HIRA
BT & BRI AR BT . BEE R, -
SEA BTN IE INAY J PRZ ol AR e A T A
Ji&, AR AT G N, A PTG I Bk ok S A
BRI A AR A Je . TS B A LA T
PR 2R 5 W e TN 380 g e PR BR3E T BRI
AT D BREY I EMEY, o g AL
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Table 2 Soil nutrients in soil profile during vegetation restoration

W AR HHLBT 0-M 4 Totale N M Available P
Restoration (g/kg) (g/kg) (mg/kg)
year(a) 0~20 em 20~40 ¢m 0~20 em 20~40 ¢m 0~20 ¢m 20~40 ¢m
PRERHL 6.340.14 4.640.00 0.5470.01 0.3940.01 1.1840.12 0.0040.01
1 7.84+0.07 4.040.00 0.5940.01 0.3240.00 6.4340.10 0.04740.04
5 9.64-0.21 8.0+0.00 0.69-0.01 0.6340.01 2.0070.28 0.460.07
10 17.140.21 10.540.07 1.1040.01 0.7240.01 1.0440.30 0.424+0.10
20 16.540.42 8.240.07 1.1440.01 0.6240.01 1.4140.35 0.2070.04
41 11.540.14 10.740.07 0.85740.01 0.8140.01 0.864-0.28 0.7840.11
49 14.84-0.07 6.474-0.14 1.0040.03 0.5140.04 0.72+0.11 0.004+0.04
140 40.0+1.17 16.170.00 2.160.01 1.02740.03 5.4670.14 2.4470.11
2.1.2 AMAR hE AL HBKE AN R S B4 51k 0. 86 AI0.72

TIELAEE, SWEHARLL, HHEREE AR 1
ErEARE R ER NG, LR ok
& AT 0~20 em 34 RS B g KT 20
~40em, F—FRTF, LELASE 0~20 em ©
E2¢4k 20~40 em + 2P,

0~20 em LJZ X EREHLLIELASTEH
0.54 g/kg. HEEHBIKEZ ERRIG I, IR A&’
2 TR BRI . 140 a(300.06) =20 a
(111.1%)>>10 a(103.7%)=>49 a(85.2%)>41 a
(57.4%)>5 a(27.8%)>1 a(9.3%), 20~40 c¢m
T2 AEWRE 1 a SRS BRI 032 g/kg.
FCHR R HURRAR 1 24 000, B i Ik 2 v oo AR 0 o
17, IR E A Pt e, 140 a IWARMR T Iiin
WEIREORME 1. 02 g/kg, EHRFRHIAY 2.43 1%,

TG X AE K S R b IR e A A AT
P, TIER T B AR R B R AR LB 7>
fRR L, A IR R RS B S R
DA BIAFEAR—B, BE LIRS A B 12 5
JnmiREAR, BHXF 20~40 em L 25K0L HIERER S E
ZEFIEAI 0~20 em LEIAE, FEZH T M+t
B IR KRB 2
2.1.3 Barzsh TG H XA B SZAS [ B
B - S 1A L AR O S B T A SRR (5R
2) s RER RS2 A ] 47 R S A [m] AR A S TR -+ 3 T A
WS A AT, AR S B 2 s, 0
~20 em /2 BEEE M A A i 1 18 mg/kg:
FHIRE 1a 6.43 mg/kg HORRFEHIR 4.4 5.5 2,10
a.20 a B - 3R AR & 2y O 2. 00 1. 04,
141 ma/kg FH HRREH B 1 25. 700541 & 149 2

mg/ kg T % PR EE H s 140 a 3T R R+ L4 BEVE
LIRS S B R 5. 46 mg/kg, SRR FE LAY 4. 6
£, WEBEATERRE IR ZHEEBE S BT
M= E i >R A, 20~40 em 2 XS
W T IEH A S B N F 1 a0 a, 102,20 a 5
Hh - SR A S & i 0.04 0,46 0.42 0.20
mg/kg: 41 a F1 49 a JE R RSB S B
NO0. 78 mg/kg Rl 05140 a 3T HREE T L5 BEE £ 330k
SRR 2. 44 mg/kg, X LSS W H TR I4
TR 52 ot R v - B Al & A TR s (HE B
.,

IR S R S A AR 0~ 20 em
TEETF 20~40em 12, XFEEHTHIEHEIT
AR T2 X8 TR Y 0 0 38 b e B X
TIEBRAG N TIERIZ W NIRIEITR .

2.2 HERRELEFIEEEENTL

EB K O fufF JRE W g 05 1 Pt e (3R 3) . X R
Wi Hh R S PR B I AR IR R 140 a Py, RERE
TEYERG NG 0~20 em 22 213.600~521. 50,
20~40 em 12 19. 2%~666.7%, H 0~20 ¢m +
JFIABET 20~40 em +J2, BEREEIEEA AR
2 0~20 em 2 T2 20~40 em #BLEE R, 0~20
em )2 FEHEREG M 140 a=>20 a=>1 a>10 a=>49 a
Al a5 a = HREE M, FLIR— g RIS T, IRE AR
PR REREEEPE &, 20~40 em -2, FENE R
FEPE 41 2 7>140 2710 975 220 2749 a1 a3
Fa i,

Bl AR IR S AR IR A 14 00 - S8 JOR I 7 47 SR
IS ESE FREE S, 0~20 em + 5 1 K
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fEvEm T 20~40 em 12, WRER 1 SRR AR TS
(%2 3),0~20 em JZ 64.77 (NH3—N mg/(kg *h)J,
20~40 em JZ 92. 62, +IEIREHEEMEPIRE 5
1400 Py 0~20 em + 3 bR 55 H 1 i 40. 490~
286.5%,20~40 em T+ 20 78. 5% ~250. 5%o 0
~20 em T ZMREEIE PN 20~40 em LR 1.8
g, 0~20 em #120~40 em 42, T IEAREE M %
1o AR AN TR D B A IR A A PR e ) et IR A
i) fpe £ A T AR AR HE T2 41 a MEERIR A M X U H
FEAKT DR PRS2 = A 5200 ) 8 T IR AR, & T

Hi,

TP UK X - S5 Rl A s R il V.5 14 B AT B Pk A A
FR¥E IS A, H 0~20 em 42 H 20~40 em
TRV L LR 3), R RERRER o L IR B
FREE G, 0~20 em + 2 Fy 47. 63y mg/(lOOg .
h) D M BRI A B R IR G 1 4
22.7%~232.2%;20~40 ¢cm +J2 18.40 ([ mg/
(100g *h) 73, AEBE K 2 S5 10 )25 - S50 1 4 ke 2 g i 17
i 79.5%~322.1%
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Table 3 Soil enzyme activities in soil profiles during vegetation restoration

W AERR FERETE WAL S TR YEBERR o g

Restoration Invertase Catalase Alk - Phosphatase Urease

year (0.1 N NasS203ml/ (kg+h)J (0.1 N KMnO4 ml/g) (B mg/ (kg *h)) (NH;—N mg/ (kg +h)J
(a) 0~20 em 20~40 ¢m 0~20 em 20~40 ¢m 0~20 em 20~40 ¢m 0~20 em 20~40 ¢m
M 58.1311.60 16.2542.18  15.2640.12  14.8040.37 47.6840.64 18.404+1.27 64.77+5.00 38.5942.31
1 182.29-£0.00 19.3840.97 15.74+0.20 14.5840.22  64.23+0.00  6.94+0.00  94.2243.27 38.59+3.78
5 127.2941.05 67.504+1.21  16.2640.03 15.8240.09 58.50+4.33  33.67+£0.00 90.9442.31 77.85+5.67
10 167.5041.05 71.674+0.00 16.3240.21  14.8840.11 93.50+4.97 49.58+1.60 166.20415.11 81.13+4.63
20 186.8843.13 62.71+0.75  16.74+0.15 15.2040.24  91.59+0.73  40.04+1.68 221.82418.22 117.12+9.45
41 127.5043.19 124.58+0.74 16.68+0.19 16.0440.24 83.55+1.00 77.64-+0.76 161.80417.70 135.25+12.77
49 165.0042.09 38.75+1.21  16.14+0.27 14.8040.16 91.42+2.30 33.01+2.48 152.9549.39 73.30+6.26
140 361.2540.60 122.08+1.59 18.6840.03 14.9440.27 158.36+1.14 72.3940.38 219.33+16.75 68.87+8.85

1% 3 Al 0L, -3 ad S Ak U S P A L 4 T
1. 0~20 em +EFRRE EHES 20~40 em HEH
Frigsh, H 0~20 em 2P 20~40 em + 25
8.9%, MEFEM T FA A EHEE 0~20 om +)2
15.26 0.1 N KMnOu4 ml/g, 20~40 em 12 14. 80
0.1 N KMnOsml/qg, AHHH TR H, AR BIK &2 5
ik, % 2 A AL S S R 3. 206 ~
22. 496, AUIFE AR K 20~40 em + )2, + IR
E S B PEFEAS R AR 55 A G, Bl R WK B2 A2
—H A&,

LER SV E=Sun -l APU R R e N 3R oy 0l I
JE Ay = FREAE, H 20~40 em EATRE, X2
TRl 2 KA IR A B RERE IR 1K
FAEE R TR RN ERF T ARG 5 E
TH, S EHE ERAE
2.3 1EMRZEXEZ
2.3.1 tREEEHERSSENLFE RIEMHX
SRTREERGR ), DIEAIUR S B S 2R
EREEYIFSE, [ B 5 LR ERE R R AR
). S5 GG FREE SR 0T DUA R I A AL &
B MHAF R AR K e+

BANUR S R AR 609 FREERY, 1 SRR TS
T BRI, ©RME SR ALY 4
BTG EIE e, BERR 2 5 HE R R 1S
P e, LIRS LA U, & E I i B
FHIAE R FR (r=0.930/0.918) , B RENERE 1L
13 C N FAL S B E AR R, TIEREREHE S
RO BRI R U (0.804), 5EHUR & &
RFN A, DREEX HIRA RGN B EEEA.
TR IR IS S EYLR 2R S BN ER D
EAN(r=0.977/0.984), L5l & RIS BAR
KK F, TENUBERR LA L SR ma I ™), T o
PEBSRRBRRE (E A VLB L & 0 g 0 R IR R %
YA FAESVER . Naseby 25UV pF 57 32 B BE 2 43
BTG (PR YE DR R . Dl VEDEIRAG. AR —Fefy) 56
Mo R A, LB E A S ERE S A
BEM MR N AR 52 RSN D EN
R FR AR R BGE 0. 996, JERH 74 14 b X 5
FALEBRSE S AR & = EITE L.

2.3.2 rREEEHZENXFR ISP
WAFTE— B LA IR R (3R 4) , DRk 55 Bl VE B R
FFIE 1 2 A 3R BH 13 rh A R P A AL S 2R N e
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FEM, LIRS YL 2 A A oG R R, IR

TERHE L WU AL o SRR & HEAAE T
AHUAEAEIESE 2 . WY BT A S e L s h 5
SLBSREAR E M A WAL & AL UERR , T S e 2
BEAA TR P — R bR e LA K
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Table 4 Correlation matrix (rvalues) between soil nutrients and enzyme activities

I H Items X(1) X(2) X(3)
X(1) 1 L996( % * ) 410
X(2) 1 .363
X(3) 1
X(4)

X(9)
X(6)
X()

X(4) X(5) X(6) X(7)
L930( % *) L945( % %) L9TT(* %) 753( %)
L918( * *) L948( * %) L984( % * ) .804( %)

673 380 .377 .090

1 L900( * * ) L927( % %) LT07( %)
1 L940( * * ) L789( %)
1 L834( %)

1

. * * Correlation is significant at the 0. 01 level (2 tailed)- * Correlation is significant at the 0. 05 level (2 tailed). X (i)(i=1~7)43}l

TRA UG A R | RO o S (L U A B A | DR o
SRR

L) FAI s XAE S K G ot fE v, TR 2R
D AR IRAVE R . MR S AN ] B B - S 1T 7
KEHHBMER, R LZ(0~20 em) 13RI &
BEAEEEEE T T E 13 (20~40 em) ,

2) REAE IR X -3 5% o3 FOBRE VG BH B
TEERPUOHEHIRE o B AN 1B A LR
OB RS R RS Y RS TR BRI
TEVEA EAL SR TE VG I, A H AR 140 a,
DARREEHE AT R, 148 0~20 em L2 AW S &
SRS R ROEG T | SR TG P A U A
Flseh LAY SRR P BB N T 23. 890~534. 9%
9.3% ~300. 0% 213. 6% ~521. 5% _40. 4% ~
286.5% 22.7%~232.2% 1 3.2%~22. 4% it
AL SRS Y22 AR T L At —Fh I,

3) MBI I A [R] 4EFR B AN 7] A8 9 S AU AT - 38
SO B R N B B MR AR R D
R o i BB B,

4 TS B SR B S EEEY)
FROG: TIEREMEEG S AU 2 A IR B
L F (0. 930 /0.918) : + HefRMESE M S 2 A&
EIRMS R B (0. 804), HENL & B thih ] 5
FAEOG; LIRS YR A LT A S AR
AR EARI (0. 977/0.984) , Ly & B ICH .
FHORR AR s T A ARG P 5 2 AR B E G,
ATREEN A MU 52 B E R B E AR R,
FHRFRHOA 0.996,

£ E 3 .
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The characteristics of soil enzyme activities and nutrients
during vegetation succession

LU Chunhua"?. ZHENG Fenli"”. AN Shao-shan”’
(1. College of Resources and Environmental Sciences, Northwest A & F University, Yangling, Shaanxi 712100, Chinas
2. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Yangling, Shaanxi 712100, China:
3. Institute of Soil and W ater Conservation, Chinese Academy of Sciences and Ministry

of Water Resources; Yangling, shaanxi 712100, China)

Abstract; Taking research sites located at sunny slop with different years of natural vegetation restoration
in Ziwuling area as a case study: dynamic changes of soil nutrient and soil enzyme activities following 140 years
of vegetation restoration were analyzed- Results showed that after 140 years of vegetation restoration: soil or-
ganic matter(SOM), total N(TN), invertase, urease, alkaline phosphates and catalase activities obviously in-
creased in both 0720 em and 20~40 e¢m layers of soil profile with an increase of the vegetation restoration year-
Compared with corresponding bare land, SOM, TN, soil invertase, urease: alkaline phosphates and catalase ac-
tivities in 0~20 em layer of soil profile increased by 23. 896~534.9% 9. 2%~300.0%, 213.6%~521.5%,
40.4%~286.5%, 22.7%~232.2% and 3.2%~22.4%, change trend of soil available P of soil profile was
fluctuant, soil catalase activity change scop was lower than other three kinds of enzyme- There was remarkable
correlation between SOM and TN, available P; soil invertase activity and SOM, TN assumed significant correla-
tion(0.930 and 0.918); the correlation coefficient of soil urease activity and TN is the highest (0.804); there
was also very significant correlation between soil alkaline phosphates activity and SOM, TN (0.977 and 0.984);
soil catalase activity and TN also presented remarkable correlation, the correlation coefficient reached to 0.996.

Key words : vegetation restoration; soil nutrients; soil enzyme activities; Ziwuling area



