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Abstract; In China, vegetation restoration is an effective way of protecting soil from erosion and ensuring water conservation
on the Loess Plateau. Soil nutrients and enzyme activities are sensitive parameters for assessment of soil remediation through
vegetation restoration. There are positive relationships between leaf litter and soil nutrient contents. This study aimed to
provide scientific basis for plant selection, and to evaluate the effectiveness of plant selection for vegetation restoration. We
collected the soils and leaf litter under five main forest communities of Ziwuling Mountain and analyzed basic soil physical
and chemical properties, enzyme activities (urease, sucrase and alkaline phosphatase) , and leaf litter nutrients. Statistical
analyses were conducted using Analysis of Variance and using Pearson correlation analysis hoping to reveal the driving
factors of the differences between soil enzyme activities under different vegetation types. The results showed that; (1) In
leaf litter; soil total nitrogen (TN) content of the soil under Robinia pseudoacacia and Quercus wutaishanica vegetation types
were 17.10g/kg and 16.26g/kg, respectively, which were higher than the other vegetation types. Total phosphorus (TP)
content of the soil under . wutaishanica was the highest (1.83g/kg) , while soil organic carbon (SOC) content was the
highest (501.02g/kg) under the Pinus tabuliformis vegetation. (2) For soil samples, the soil under R. pseudoacacia had
the lowest SOC ( 6.76g/kg) and TN (0.70g/kg) contents, had the highest TP content (0.61g/kg). The Quercus
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wutaishanica had highest SOC (19.18g/kg) and TN (1.60g/kg) contents, but had the lowest content TP (0.55 g/kg).
(3) For soil enzyme activities, alkaline phosphatase activity was in the order of Platycladusorientalis >P. tabuliformis > B.
platyphylla > Q. wutaishanica > R.pseudoacacia. Urease activity followed a different order: Q. wutaishanica > P. orientalis
> B. platyphylla > P. tabuliformis > R. pseudoacacia, while sucrase activity was in the order of P. orientalis > ().
wutaishanica > P. tabuliformis > B. platyphylla > R. pseudoacacia. (1) Comparing the C, N, and P contents and C/N
ratios of leaf litter and soils of the five main forest communities, revealed that the decomposition rate of leaf litter of R.
pseudoacacia was the fastest, while that of leaf litter of P. tabuliformis was the slowest. Though leaf litter of R. pseudoacacia
had higher decomposition rate than other forests and released most of the nutrients, little nutrients entered into soil and it
was not conducive to store and accumulate nutrients in forest soil. R. pseudoacacia specie of plantation forests may be
unconsidered in Ziwuling Mountain. (2) In the zone, soil enzyme activity is mainly affected by vegetation types, soil
carbon, nitrogen, bulk density and pH, and no significant correlation with phosphorus. In the process of vegetation
restoration and artificial afforestation, the increasing of soil carbon and nitrogen contents are main factors to improve the soil
enzyme activity.(3) Although artificial afforestation can improve enzyme activity and soil fertility, however, it has not

reached the natural level of secondary forest.

Key Words: Ziwuling Mountain; leaf litter; soil enzyme activities; natural secondary forest; plantation forest
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FFN T MAE A AR ( Robinia pseudoacacia ) ¥ JMAA ( Pinus tabuliformis ) MKFUAA ( Platycladusorientalis ) Fk
8, RIRA AL AT HERS ( Betula platyphylla) & 3L 2585 ( Quercus wutaishanica ) PREE (36 1) , SAEPE R
TR R AL AR
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R, BB R bi B i | HET 2 SR TR ST JE 2 A B 4R4% 4 M1 SE 86 % F 105°C F AR E ) 10min,
16 65°C T4t 48h EfHE A 2uHE L 100 B (FLAEHR 0.15mm) JG 70 Z MM RE . FERE T TR R« S” 7l
BRLRHL S A S I L2 AED R AR 0—20em )2 HRE IR A YA S0 HRE AR TS i
Imm F1 0.25mm 45 .
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1 pH {E SR AKRAR AL E , G CO, 5B F /KA K A 125, 38 1min, & 30min )5,
DMP-2mV/pH FHME . 38 HLAR R FH 3 4% R B - MBI A, 198 4 S0 52 2R FH B R — T AR 2
TR T ¥ 42 U 5 SR LG 52 AU (KDY - 9380, KETUO) 5, 4R Fil HCLO,-H, SO, T 2 J5 #EAT4A U H
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R B G R Microsoft Excel 2010 A1 SPSS21.0 48143 #1 8K (4F A7 8 # . R ] One-Way ANOVA
(Scheffe) Xt [RIFEBE A 7 - | AR AR 0 B o A S - S TG PR T 22 SRR 55 . A OriginPro 8.0
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Table 1 Basic information of the sampling sites

SER AR SRk 2 gy S P
TE?E%’@?& 27;{;“ . L :F;]jfjl I\if 1fﬁa'?lt Co\:rie/ Alfj}i/ pH Bullfliity/
Vegetation types Longitude (E) Latitude(N) DBH /em  height/m % " (/end)
HIKE Robinia pseudoacacia 109°10'14—109°10"36"  36°04'46"—36°04'51" 34.37 7.78 73 1163 8.68 1.03
Y Pinus tabuliformis 109°10'0"—109°10"17"  36°04'25"—36°04'45" 47.63 8.89 75 1186 8.61 1.07
WK Platycladusorientalis 109°09'3"—109°09'11"  36°03'51"—36°03'58" 40.98 6.6 75 1305 8.25 1.04
HEWS Betula platyphylla 109°07'3"—109°07'13"  36°03'11"—36°03"21" 42.18 9.25 71 1167 8.52 1.03
ITZRER Quercus wutaishanica  109°08'57"—109°09'4”  36°05'14"—36°05"27" 57.25 742 68 1268 841 1.00
2 BRSS9

2.1 R[ERE B A 5 e d  GR E AR MR R L
I 1 AT LLE A RV B 08 9% ik 0wl 75 12 28 Ak v [ 29 1) & 398.22—501.02,5.34—17.10,1.41—
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1.83g/ kg, o iHimA JR 75 I 4k B e f s, VAR R 95 4 8 B B e, 1D AR AR VR YA il S i R TS 0
L R ] 5 ot 5 e 8 = TR ZR PR (P<0.05) o ALZR MR IR A 7 -4 S0 o W05 o T A e
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iy AUFCRIAERR 8 Vo I 4 B 15 5 0 W 0k 25 R o SRR L Yl R A | AR AR R I AR AR A i e R LU AEL 43 0l
23.75.95.06,54.36 ,59.35 1 26.87 , Horifiba 7 v - 280 LA I 2 v T A 4 ME#E (P<0.05)
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[ R A 4 S B R W A i AR AL YE R 6.76—19.18 ,0.70—1.60,0.55-0.61g/kg , HiP il Z5 A% + 34 ALK A
it AR I S i R I ARER A LR T A R AT AR 1Y 1.18 A5 1.19 £, 2 AA R
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I, AR A Al O i B T IUAT HER L AR, SIS 25 RN B (P<0.05) MR 3 AL LE (B B
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Fig.1 Carbon, nitrogen, phosphorus contents and C/N of litter and soil in different vegetation types

AENG PR R R — 50 A [ B ) 22 57 .3 (P<0.05)

2 LA W, AR S 75 ik i R 5 B IEADE (P<0.05) , #2250 51 50.228 |
0.255, SEEMN 2R ZEEA BEMTNAME(P>0.05), THEAR S MEM 262 A 2 5B F FAEE(r=
0.319, P<0.01) , 52 Z B2 B E N (r=-0.266,P<0.05) , HIELB5REMN 2E 2 W2 B
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7 WigdE TR AV TR - R O S RS M RRAE 5
IEAASGE(r=0.249,P<0.05) , 57 28 A W35 0 7UAHE (P>0.05) .
F2 BEMELERSEBZHEMPEXXER
Table 2 Correlation coefficients between litter and soil nutrient content

AR PR VE I 22k PR 2% B N 3 PR T3 + 3 Ak
Correlation coefficient OC of leaf litter TN of leaf litter TP of leaf litter 0C of soil TN of soil TP of soil
JHTEM 2T TC of leaf litter 1 -0.712** -0.273" 0.228" 0.319** -0.136
JHIEIF 4% TN of leaf litter 1 0.494 %" -0.093 -0.266* 0.249"
JHTEM 25 TP of leaf litter 1 0.255* 0.180 0.001
FHEAT LK OC of soil 1 0.801 ** -0.163
- HE4E TN of soil 1 -0.340**

+BELB TP of soil

1

w4 IR 0.01 7P ERFMIC; « 18 0.05 KF L RFMI(df=76)

2.3 [l Bl SR T AR Tk

PRI FE H P ) 498 pH Oy 8.25—8.68, BB £ (36 1), PRI ARSI 52 A Wl 1 1l o Bl i R N, Pl I
2 AT LA A L B B R S B 1.23mg g7t A7, A3 R R AN HER T AR ARAY 1.89.1.17,1.26
1.33 %5, 1L AKR - HENREE S &R 0.26mg ¢ d™', 43 BISE AR JhAS 0D HERAY 1.72 1,71 1,13 [1.34 £, fil]
M RENERG & BN 64.50mg ¢ 7' A7, Ar BRI AL HERT AT ARAR 3.81,1.30,2.95,1.27 %,

gi.z- a 0.35 a %0 - .

= 4+ 0.30 L
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Fig.2 Soil enzyme activities in different vegetation types

2.4 AIFIREBE A SR TE E S IR A T ] Y O R

3 R HIEGIE S AT B RN A DG OC AR . RPEREIR G 5 IR MLk A ST A G
(r=0.300 Fl r=0.420, P<0.01),5 HIEARFEZIEMIC, 511 pH 2 B E A (P<0.05) , IKAGS - 5EA L
B AR R E LA (r=0.528 fil r=0.534, P<0.01) , 534 E pH ZBIATAAE D EMHIEIER, HEREY
5 AR A S E IEA S (r=0.527 F1r=0.530, P<0.01),5 +EAHRE BFIEME(r=0.310, P<
0.05) , 5 13 pH 2R RF AR (r=-0.556, P<0.01) , BlVERERRAG IR RO 5 L 20k Z 0 XA FF
TEMEAOCOCR o BPERERR NG 5 FERE R 2 A 0 3 IEAE DG (r=0.444, P<0.01) , KA REME B 52 o 2k T AH G
(r=0.310, P<0.05) .
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Table 3 Correlation coefficients between soil enzyme activities and soil physicochemical properties

Bl P TR

*ﬁj@rfk_ N Alkaline b ity R L m_ﬁi;'é ifgéﬁ ifgéﬁé A . o
Correlation coefficient phosphatase Urease Sucrase OC of soil TN of soil TP of soil ~ Bulk density
BPEBERREG Alkaline phosphatase 1 0.194 0.444 ** 0.300 ** 0.420 -0.179 0.052 -0.339"
JIk A Urease 1 0.310" 0.528 ** 0.534*" -0.041 -0.181 -0.147
THEWERE Sucrase 1 0.527** 0.530** -0.215 0.310°  -0.556*"
FHEHHLIE OC of soil 1 0.801 ** -0.163 -0.234*  -0.453*
3L TN of soil 1 -0.340**  -0.121 -0.448*"
+ 448 TP of soil 1 0.130 -0.112
Z5TE Bulk density 1 -0.121
pH 1

xx 7E 0.01 KV FBEAS,; = 7 0.05 KT FBEH(df=74)

3 e

3.1 AR R PR T e R B AR A MR AL

PRTENT B2 b= N AR — R L R AR AR S p BEAME T, P T S O R I A R
O3 AT BSR40 R PR IS W A A B 3 b A BR B 57 43 0 R WA YIE A AT BE AR - AR )
NP AR RGN T, TIEE S AR S RS, A7 2 4 e 7 o0 A DL Y 32 2R TR,
S AR R 1) F 2R, 4 R R IR E W PR AR . IR R SR IR R A AR N S A
FROCR M A EERE X B E ZRMEEEIRTE Y = Ko £ S &0 C (367.40g/kg) N (12.03g/kg)
P(1.44g/kg) >, AR AR AN UG R 3T A BE U 75 Ak S 40 )k 398.22,501.02,474.35
483.29 431.37¢/kg, 315 TRV ZRAMBEVE U8 75 Y0 T4 K T | 3 BH A AT DY 5 ke )30 . AR 10 ARk 4
R0 17.10,16.26¢/ kg , 2411 T-BE PG 44 ARAREE V% P8 7% 40 7 2 BOKF s MG  AERE 4 05 = 530
4 5.34 8.81 8.21g/kg, BIIL TBRVGE ARAMBER P K Y)-F- B B K-, RIS R R 2/ o= 5 a8k
APAE N &5 (10.9g/kg) AHLE, FIRE X ARAR 2R & 348 T RBRORA A IE i N K i bs Ok M
SR GRS T RERARTTE M NACERY S kSR ERATE M 28 & 805000 1.48 1.83¢/ke, ¥ TBk
VYA ZRAREEI5 U8 95 W0 T WK | TR ThARS MERT IR 75 il B i 2 il 1.43 142 1.41g/ke, PR TP
B ARMREE I U8 V& W) - S W K- R AR B R I ek S T AR RRARA R i P& (0.85y/
kg) Y AHESE KA A B AR RIS C R PR N AOBLG . ThAS A R A U A, T
REAE H AR DS AY Y A BE R R 10 22 55 T S 300 .

Moore 25> 7EJIIEE K 12a MJRATED /A o8 2 0 . Z80MTE Yk R L 7E 33—68 I, BB, A5t
THFA TR T iR UL A R 95.06, W & T 68, i T i S fE A I, IR L0 ARAR U 7% I ik L LU 8L 43 901 R 23.75
26.87, BARAKT 33, HoUA V& M U S R 1 o T OUAA FARARS 2% 25 0 B 200 X 1 Ll ok A B T S MR 7
i St ABEOC R R, 2 R S A A LU (8 52 0 3 A OC , B LU (RN, A3 fif s b e A 1) 1 5%
SIEIRNT L ARBRSE R 5 AR A R A B R L (E R - SRR <3 AR R < MU < AR <R , DRI LY 9 o fi i o
Iy SRR > AR A > IR > MEARE > ThAL | B ARSI R 7 P A i sk e e (R AT 38 4 280 7 e e IR, T RESZ
ek Ae
3.2 N[ B R I R g Rl T R OGO R M R AL

H T R Y KA E LA N, FYDCA R 0 B A R S R A R R B
WA R A PR R IR BRI AG TE Y BRI S [RVR B S B (4 AV ) 40 ik R R X T
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74 Wil gE 5, TP MR IR 20 - M4 5 B P 7

WF 58 LA DL R A K R SEAE 7B ik, AG T B RIRR A 5 Atk 1% AT T A 4 AR, T
R T A 4 A, SRR I R 1 SORE i U 3 OIS AR T A AL, SR TR 0 s i

MG IR IIE T AR S R R SR A TR, DR RE 75 1 D 12 IX 19 N T A i 5 2
— B AR R UK T e 4l 5 A2 U 7 i S0 B R BOR, AR LR Ay (NP 2 ) EEORIRT
T o, 53 S0 IR AR 2 R PR SR AR T I 3

SRR A FUAELAT S 5 M) A LR - fifp ) B2 DX 1, R AR e AL Sh A AR B2, A
SRR R AR MRS L AR MR - e UL (B 31 R 10.26.9.70 11,13 12.60 i1 12.06 , B4 T2 Bk £ ek
R (13.3)  (BAF S BRI AT + e s LU (AR 10—12 BURLEE ™, HHEA LR AR A U (EER
RRYIA PR A BRI . A LB 5w e B A Az Wy P Jo kT 532 Me AR 4 1) 2R I
RBE AT S5 T R 3 U MR AR AR i L MR TR R LU0 3 TR Il (P<o.
05) , ILZR MR 1 R A LU 35 TR (P<0.05) TSR it A (O b Stk S LU A 22 S MR A 8 25, 1 DO
R AL DU L ST B S i 3 A ST, T AR VL 2R BT ML i S L
3.3 A[EfEg SRS T A

R A R AT L P it | SR | el W d A 22 ], DN S Pt o 22 5, REWE G |
IR I LA B B i P 03 S0 BE RIS R AE 8 C N A PGSR AR, ST 12 S i AR SR B RN v
R BB AR 2 — e LA FREE W AN s R Sy T R Y MR M R
ACTE R, JURT | Pl TR % 1 B 2 1 00728 A g ST M i AR P P e U, O 6 15 P it 2 7 ) A2 AR B
STt Ia TR G T A TR Y AR SR () 9 A, I A AR XA
W, A P R AR YA MRS L ARAR 3 b LSRG MRS T N TEARIRIAR 7R AR AR 3 b e
e T RREAAL . N R G P AR S M R R A S R A R Z R AR AR B N TE R R
DRI SH AL B 28 TR R i) - SR A B PR GBI 12— R, S iRt A e aod L 0 i R 2T B A
AIVEPER IR A W R R T oK S G P W AR AR R R AR AR R AR R R
BTN | S T AR A8 57 T R R
3.4 AR SRS L5 IR BT TR O AR

JHALTE A e 5 B D T R R R SR T2 e, A RS, S 3ok
F RS PE D RAR L A4 570 MIHER B2 A LS S S5 E I R LU IR P oot | LSBT SR AA it
PRV TRAE B3R 3 AT LA I 5 P 1 OGS IR 3R A HLBR U A T I R
fiti REMEREE M2 pH SIEER, TR B LIERMUE YRR EFRT R A Lk A B R
SENREE, 13T 5 T ENREEA B UI AR OCOC R e S A DL DIAR OG , A WL 35 i v I - e 1
AT USROS B S A B2 5 SO A6 S T (R BB U | Ak AR 1 9 B 7K
FE W SR 2 I DRk R S WL 14 SRR Al i e R R R, R L AR A
AR B A R A A HE TR M) -39 e R L SR AU R S oA R R AL, T L T R E
N AR A U S BE AR, T AR A AR L A AU o0 i R pR . AR AURE by AR L 30 BIL
O LRI, TR - SR A LSRR i e, ELONATI AR S LR | 2005 s T A R Ak A b
R W RS A P> N AP R B 4 A 12 DX - 3SR R0 o SR L S AL 3% A T AR 1, W) isf
JKAR T PR B AR T A DU AR o T B g DA A S A [ A A8 70 - SRS P T 5 v e B AR
b SR B A T M FRE A i 2 B 5 i PO P, e e T G R ) SRR Rl R (A AR B A B B A
fift LB IR R RE ) Y SAIRIG IS RN, W ] AE SR LSRG T 52 M 3 B IR 2R
BR . AU HOK RS S A LR 2R 2R R B AR TS pH 53 U OCH | A5
SRR WK AR T VR S A ALK U W8 BG5S 2l \pH 2 AR, 55 SR 1 52 1 A B
BR,
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(1) JE BT PO TR AR A 7 - | LB Ul o5 i L SRR AR LU AL, & BB T 7 5 A DRl 3 o (EL X
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