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M A R AP M 2 SRR T M 9 L 5 2 B AR M 1 SRR o R A
IX 5 IR 2 S R RO TR ) A9 2 2 T P b 2 7 5 L LR A
AT LIRS R K 71 350 25 5 T -4 IR0 7 A R0 22 B8 A M 5 My B Y . —
TR . T S VIR Ih 22 A 0 A 08 S L T8 7 0 K A P - S 1 2 )
AU . FERH LR R P T AR 59T B 55 - S P 5 22 2B B IR 0 0 10 R AEe
SR B DR TR0 TS 0 PR TRV 0 2454 o A9 0 19 43 R B A 4 TR 4R
PGS PR - ST MR S LB PR % 7R ) S0 56 - SR 750 406K - 98 0 B 1 e
FILELAT T B S VS R B T I 01 A LL M AR T P AR A 0 T A i
WERATR ) o PR E R R (10 M B PSR BE AR S| T AR 2 0 S R MO BV 4 R
i 2 A7 0 JUE VR S = 5 A DA S ™ R T B 53 e ™ A L
B A )0 ) A5y T T K MY WESE T AF P SR M O B LSS W 8 T e e A IR A
BIFGE LA SR R L MBI AR 60 him® 275 MEMIREHD A BTN G it T 2028 0 ~ 10 om LAY BERERG
MR i 4 o R 7 40T , 45 2 380 e T . O A A MR 14 1
SO DR T B IO 2R IR % - BB 06 7 5 - S W P O S50 o B M M 5 75 0L T A 1y
TP - 9 A R VR

1 RS

1.1 BASRRABER  HFSC AL TR B AR AR SRR T R 1 SR AR X 1A 60 hm® FRBRAE A Z RS A Wil
FEH(18.33° ~18.95°N,108. 68° ~109. 20°E) ; JRAILL: B #vily B 5 2 XU A, "2 2= d , IR 5 ~ 10 A,
U1 SRR A . AR 820 m LI T T G 26 AR IR K AR K 2 449 mm,
AR 19.8 °C, =10 CAERLRL7 200 °C, Jtd A1/l 14.8 °CL B AR A 23.3 C2 7 Tl
PRSNGSR VR IX S-SR Tt B — W98, KO A b ™ o R S R A
FL IR S A 2P 28,0 m, FLFAE( DBH) 5 em 110 em L E TR AR I A5 20
A3 AT K 171 Fp 2 1154 Fp 2 LIRESRH Lauraceae) (723} FH( Fagaceae) 75 EiF}H( Rubiaceae) 2544 7 3 -
B BEARRL %34 93, 18% AL B R CLFEIA LA 1) 35 6 455.2 1+ b Y RLAE S
FE6.242 t o hm 2« a ',

1.2 HATRBSHSBRE  (ERIERHAFUBEIT 60 hm® ZA A S IR CTFS( Center for Tropi-
cal Forest Science) 1+ HERAHE )7 % > B AHEERIZF 7 1500 420 m x 20 m /NEE 7 , BEFLEEIR 60 />
INEEDT (1) S REDT i L3 o e B4 — B 2016 4F 6 H R AR A 5.0 om i L85 LR IR AE
AT TR RE 2 T RE(O ~ 10 cm) L IFIR A 4] 36 A BH4S, 45 S0 005¢ 4 °C 2= AT MR ARAE T
LI ST A 2 SRR B ARUCRAES T 58 A/ NREJT (R BORE . I, 23 R 43 e -
SRR, RT3 7 P T A SRR bR BT L 25 S L3 1B BRR IR TR )

1.3 RS SIROCHDIS " E LG A KMnO, J 52 3 U 5 i AU fL SR ( CAT) | LA 5g +
HEEE 0.1 mol « L™ KMnO, fUZETHEFER Hy0, BEIEHE, LA mL « ¢ « h ™' 3675; AR — AR H (i
W RAG Ure) L1024 b J5 1 g - 4rh NH3 22 SosJm IR 1, SR mg + g™+ d ™' o T 3,5 - =
LK 0 L (0 TR Tnv) L DL 24 h U5 1 g MmO 1 2 5 8 7 B ETE 14 1) me -

g7 o d TR BRI TN LU 6 TR S RV R , I MR M M L o A ) 2 e B R TR
BEEEVE, SAAILL mg » g7« h ™ R e BRI SE 3 Uk, O (E . HOb R SRR AL A B 0 5 2%
CESEAALSH T

1.4 HUESHE  RA SPSS 20. 0 B BRI TS50, A Kolomogorov-Semirov( K-8) 7735 #E4T1E
BRI IE ) R D vegan A THEYIRNZ REHAEEL, IRIIHAR E/FI0 55 3 QU P LRI AR 60 hm® 2
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25 W b e TS S 0, S S TS 500 VAR ~ 10 B ) AT B S AT L T AR 43 - b B
IR P AR B 1,2,3,4 43 BRI 4 FBIE . SZH] Canoco 5.0 BN L EREHE MR HEA T A
X IES AT XS RV R AT A LR L 355 1 e B A 38 3 3 L BN T 3., SR TC A e
AOMTTRE 2 ANBRAE G  He 4 Fh LSRR PEAE A Canoco 5.0 BRPFrREY Species , BV 1375 1 46 3 PR35
PRI FE A CanocoS. O Ff: b BRI R 760 M X 4 I P 6 B A7 o O Pl AR v FL A B, o B35 PR T
32 TR 1) o33 F Monte Carlo KB , LIDAS MR v B o B 0 302 S s /NIS 1 IR T 3043
PRI B FA I BRI R T 1] HEA TSR 240 T o
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Fig.1 The distribution of 60 20 m x 20 m quadrats in 60 hectares of forest dynamics plot (FDP) in Jianfengling

R RIS 075 M AE M 77 1Y T IR AL 4 R AN A AE
Tab. 1 Soil physicochemical properties and vegetation characteristics of the sampling soil of 58 quadrats (20 m x 20 m each
quadrat) in the forest dynamics plot ( FDP) with 60 ha forest in Jianfengling

BEASRIR ¥E H/IME SSPN ] i 2 5 5 R A %
Basic indicators mean Min. Max. SD cv
LW /(ge kg™ 0.13 0.09 0.17 0.02 14.97
LM/ (g kg™ 8.87 1.12 32.03 7.24 81.70
BfE A /(mg * kg™ 171.92 111.09 237.24 13.54 7.88
H3Hs/(mg * kg™") 2.94 1.33 4.17 0. 46 15.73
R/ (mg * kg™") 154.00 100. 92 240.31 26.27 17.06
BASHE (mg * kg™) 3.02 0.45 7.49 1.46 48.37
AR/ (mg kg™ 2.79 0.38 7.68 1.60 57.17
HHUER/ (g kg™") 33.52 18.81 56.42 9.01 26.87
LE (g kg™ 1.58 0.89 2.75 0.44 28.08
Margalef $4%i" 13.78 9.19 17.96 1.74 12.63
Simpson %" 0.96 0. 84 0.98 0.02 2.52
Shannon-Weiner 5% 3.86 2.99 4.23 0.26 6.66
Pielou ¥J5) BEHS 45 0.89 0.73 0.95 0.04 4.65

T+ 2 L3R [35)

Note: * comes from reference [35 |
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2 ZEREH

2.1 WELEHBEBEUHRITEEE LRSI S TSR BN 3, BAS IR bR A2 3h 77
TER/NFES( 3 2) o TE 4 TGS LA R 2 - e REME A AL S PR IR e fe /e K-S Rl i,
SRR UK 6 i SR A S AR P AR I Y i X S AE 250 A1 (P > 0..05)

F2 60 hm* FikzhZs il + e EE R M MO SGoit S T 45 R ( n =58)

Tab.2  Statistical analysis of soil enzyme activity in the 60 ha forest dynamics plot

WE  mBUME RKRE ARfER ERAR

188 Soil enzyme Mean M Max.  %SD #Us Cy LS
RERERG /(mg » ¢7' + d7") Sucrase 27.39  15.36  60.94 8.71 31.80 0.66(0.78)
JREG/(mg + g™' ¢ d™") Urease 0.52 0.30 0.68 0.08 15.38 0.71(0.68%)
LS MG /(mL « g '« h™") Catalase 7.20 4.80 9.90 1.23 17.08 0.55(0.93%)
FRPERS ARG /(mg + g7+ h™') Acid phosphatase  0.89 0.61 1.13 0.12 13.48 0.68(0.75%

:a, P >0.05 R E AL T IES 30

Note: a,P >0.05 indicates that the data approximates a normal distribution
2.2 WETEEMEESHERETFE RDA S 7ELAMPE T HEF SR 0.2, 5% 1 RDA 20477
XF 13 A BREE K12 FH T 7] 26 #8921 Monte Carlo #5357 J5 , S R A8 15ty 8 A8 R0 A R« 388 B /K i il
Margalef $5 54, T4 O A FREE A -, BIA BLAK 2%~ pH (B B30 &L 20 i 25 A Simpson 5 (- Shannon—
Wiener $5 401 Pielou $45) BE 84K, i ik RDA HEF , ¥ 143 4 B EEE M 5 358 R F-HESIFE— o =5 18], (i HF 7
HhRRAE S — e B AL SRR EE L LA RS BTG 1 1 20 A 5 AR A (A A AR RO R R AR . o, IR
A5 X ) A o R R R A 51. 5% , 3 HLAR R4 SR 5 i) A SR R 1 ) RIS B T
36.9% F126. 6% =3 [A] A8 (P <0.01) o 25 1 HEFHAEE 2 HEp ikt 45 R 39. 42% F19. 17% , Hij 2
AHERE b o ) L R T R B 2510 48. 60% , - BEREE PR SRR ORI B TR R IL 94.43%
S R T A SRR P S PR EE R ARG , EEOR 2 1 etz . 26 1.2 HEp i, RIS 44
BTG M AR G R B0 1A 0. 848 F110. 629, i —20 S e - 3R 1 S5 P58 R - DGR % D

%3 RDA EEFH TEBAEESATRNBRER

Tab.3 Interpretations of environmental factors in RDA for spatial variability of soil enzyme activity

AR S8 HR Variation index AX1 AX2 AX3 AX4
ST PR AT AR R A 0.394 0.092 0.025 0.004
A SR I R TR R % 39.42 48. 60 51.11 51.47
- S P 5 PR PR AR DG 0.848 0.629 0.410 0.225
I ¥R R BT R i 76. 60 94.43 99.31 100. 00

58 Al UL s DA M AR AN ], A3 AR TE 4 AN X8 B 3) L5865 1 HEFP 3l B 2 ) A 3 A S 00 o 3
FE IR, RIER 1 HE el i 1 35 BE A AR ARG B0 L RN 2 L S TE M A A Sk T SR 1 HER R R O 1 — 3K
S X 3 AR bR S LN ARG R IEARCOCER, 55 1 HEF I M i K NHER A e > TRt kiR
ity > Wk > o F A G, AR BE B KN Ry i E AL E G > IKEE > PRVEBEIR G > FEMERG. & 3 I gn,4 28
SR ARFEAR R HOE A AR T B T 565 1 I 3K S 1 45 b AV 0 1 0T, 22 WS [t S - S 0 1 1
TEHEIT o XAS [ HB TR () - SRR PR 2047 7 220041, 45 IR S5 220 7 b [B) W9 25 - 3R E M it o 3 22 5
(P<0.05) (#4) .

&l 4 RBT,9 DIREE A A AU 4 AU R A R0 Sk 1 3% 2R A, W IR TS PR R R R e L
BB 5 - SFE IR  ao S Ak St AR TR P W TR il 114 e fR 5 /0, L Il — 30, 52 TE A DG OC AR REMH Tt 5 el i L 1Y
Je St/ EIEAHICIE R, B AL 2 52 Mo - 38 IR « 4o S T R 9 P e T T 1 32 2 TR 1, Bl S I 5
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iy - SEREMG A T BN R o X 9 DI I T AT 50 R BRI, 19 B R SE I 1 A9 F 2R X PR K
PEATIPRESAG I, G5 R N = A LRSS R 115 S PR AR AR OGO AR L i R B/ IR
TR YUK 2%~ pH {HSimpson 4544 Shannon-Wiener 5 %5 Hifi# % 2= A S ZUHI Pielou 5] AL,
H A A DU A 42 205 SRS PR 0 IE A5G ( P <0. 01) |, H BTk 7351 36. 9% #1126. 6% - pH
{E~ Simpson ?‘E’Tiﬁl\Shannon—Wieneri’ IR A W RS AR Pielou $45) BEFR A -3 16 1 2 10 3 E
HR(P <0.05) ,HTTHRRIY/NT 8. 9% o LI A HLAR A1 2 U 52 M 19 2= SR Ak (0 T 24 A 1
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— o o
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Fig.3 RDA between soil enzyme activity and sample

4 b SR 1 BRI T 1 ST AR e A

INV: BEAH T ; URE : IR B ; CAT . 2 S {0 S B ; ACP: R M B R
B ;SOC: A LBk ;TN : 42 %0 ;TP & ; AVP: A 3 B s AVN . i fift
A ;NO3-N: fif & %A ;Shannon :Shannon -Wiener $&§ %X ;Simpson :
Simpson 5 41 ; Pielou : Pielou ¥4 2] B2 45 #t , Horfras .00 i Sk s 14
PRI R 1, S i R A0 I R 2 7 25 R XA R T R A A R |
S Z 18] (4 e ffy e W 2 () B AR OG 1, B M 5 IR A
Pl 7 ) 2 e 0T, S W) SR I 1 A2 G i R

Fig.4  RDA of soil enzyme activity and environmental factors

INV: Sucrase; URE: Urease; CAT: catalase; ACP: Acid phos-
phatase; SOC: Organic carbon; TN: Total nitrogen; TP: Total phos-
phorus; AVP: Available phosphorus; AVN: Alkali nitrogen; N: Ni-

trate nitrogen; Shannon: Shannon-Wiener index; Simpson: Simpson

1. Flat land; 2. Gentle slope; 3. Moderate slope;
4. Ridge; INV: Sucrase; URE: Urease; CAT: Cata-
lase; A CP: acid phosphatase

index; Pielou: Pielou’s index. The hollow arrow indicates the soil
environmental factor. The length of the arrow connection indicates
the contribution rate of each index to the model. The angle between
the arrows indicates the correlation between the two. If closer to the
soil environmental factor the soil enzyme activity is indicated to be

more highly affected by the soil environmental factor

x4 FAEMBRATLHREEERERNFESESR

Tab.4  Characteristics and differences of soil enzyme activities and vegetation under different topographic conditions

HEHRE / it / SOttt - PR Wi TR i /
HFEAR L Terrain (mgeg™+d™) (mgeg ' ed™) (mLeg™+h™) (mgeg ' +h™)
Surase Urease Catalase Acid phosphatase
b Flat 28.60 £9.19a 0.42 £0.07b 6.33 £1.02b 0.81 £0.09b
223 Gentle slope 28.90 £8.01a 0.42 £0.10b 6.81+1.17b 0.87 £0. 14b
1 Moderate slope 24.68 £5.94a 0.43 £0.06ab 6.96 +0. 84ab 0.87 +£0.07b
1A Ridge 26.93 £10.38a 0.48 £0.06a 8.19 +1.02a 0.99 +£0.06a

E: FFIAR NG PR A RIRE T SRS V2 A 22 57 .25 (P <0.05)

Note: Different lowercase letters in the same column indicate significant differences in soil enzyme activities under different ter—

rains ( P <0.05)
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F2E S T, SRUAIA A L)l R AR S22 T S A 5 L E( 15. 36 ~60.94) mg » g« d 7' 2],
SRz 0 AL T s e R A L b SRR I P AR AR 2 W T
1 UK BRI VPR Y RN 242 0 AR R B AR R, LA [ DX B A I A 22 8
R AT HE 5 R [l X 22 ) ) A TR A 25 S A 56 . TR ZR IR G A9 I PEAE (0. 30 ~0.68) mg » g™+ d ™!
20, 535 Pz L™ VL AL VgL 2R 1KY P R H Y R R b R R
B SEAW A AR T RS e 2 Y AR R NS AR B R = B Y . R A AR
BEEPEAE(4.77 ~9.90) mL » g~ « h™' 2], S8z ™ %= LD 7 FpE R R i x4
SERCACAR 2, W25 TIRK E AR IR LI T RS SRR TN R B k.
FRRPERSRRBHEMELE(0.61 ~1.13) mg » g~' « h ™' 2 (A, SEmilie s ™ A R ) A =0 $fs gRpk Y
HERAW) A, 00 TA% 2l UK B AR O LI T R kY R R J Y o 4 Fh R
e 5t s X AR - SRR P 0 i, S e 1 - ST P A0 119 2 S

®5 60 hm* FR#kzhZAS MM R E + 808 5 H At it X AR 4k - SREG R £ AOSS LE
Tab.5 Comparison of soil enzyme activities in the surface soil of the forests between

the forest dynamics plots (60 hm®) and other areas

A RERREG/ g / AL/ PR AR / B

SBIX Area (mgeg™ed™) (mgeg™ed™) (mLegeh™) (mgeg 'ch) Quadrats
Sucrase Urease Catalase Acid phosphotase

ity 15.36 ~60. 94 0.30 ~0.68 1.59~3.30 0.61~1.13 58
WL (R Es ) 14.15 ~17.42 0.33 ~0.70 1.35~1.67 — 30
I 1y 51.35 ~80.33 — 1.85~5.68 — 20
B (DU BTIIR R [ IAMN) 22,22 ~144.44 0.89 ~4.88 — 0.43~1.08 15
B2 ( FPRALRE) 1.37~1.73 0.09 ~0.69 0.98 ~2.33 0.11~0.24 12
UK AP X (RIETLRHIRX) 12.90 ~14.75 — 0.21~0.25 0.13 ~0.14 21
WL T PEREAR) 21.68 ~80.19 0.16 ~0.46 1.37~2.92 0.14 ~0.23 12
LI L) — 0.58 ~0.65 0.28 ~0.29 —
BRI Zr ER) 11.28 ~20. 64 — 0.18 ~0.22 — 9
ZUE 1L Bk — 0.29 ~0.49 — 0.19~0.43 18
IR (75 AR LX) — 1.00 ~1.67 — 0.72~0.91 20
ViR HIL( 3T I %) 2.57~7.85 0.38 ~0.77 1.40 ~3.06 0.03 ~0.06 9
AT TR B 1.46 ~1.69 7.23~9.82 4.35~5.15 — 6
= T PGS R A AR b — 1.37~1.52 — 0.69 ~0.76 20
1 B B R AR — 0.36 ~1.44 — — —

T =" FOR OB B B 1 i R 5 AN [

Note:  “=" means that there is no data or data using different methods

3 i it

2016 4F RN ZEAT AU FAHT 111 AR T SJE FEEmme SOk « 1o AU A S R AN R VIR B Y 5 M40 Il 7R (15, 36 ~
60.94) mgeg ' +d™',(0.30~0.68)mgg™ +d”',(4.77~9.90)mLg *h™',( 0.61 ~1.13)mge*g™' +h”'
Z IR, R 0 AR S R AR, 31.80% o A 58 B WLIIAE MR 532 b« 23 R L 4 R
HRHETCAR G A e 5 5 - S P 43 A0 TR, 55 1 HEF Al B 2 1) A R R S L B B ], BIVERS 1 HE P il
B T R AR AT 00 , AR SCRRE 9 R /NI D it S A U > IR > PR PE BRI Bl > R, o rp i 2=
b P G 2ok 4 A SRR PR B IR S 1 I T L (P <0.05) o T IEEEE 1 5 PR A 1 1 TTAR 23 HT i
SEILRIT, A ML RN 4 R T 25 ) - S 1 i S i PR, L DTk %53 31 36. 9% F11 26. 6% -
3.1 WHELIEMFAEMANNLBEREZMERSN  EAFFAE IR Z 1580 5 oAb DR 1 1%
PERXS Ho gl R b, A ] X P T A /0N PR = R T3 AR A 0 3 I 55 22 e 52 B MR OAS ) 1) 728 A R A
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A b DX S 8 16 T LG VAR R AR IR MR AR - S Ak 78 AL R AIE T 0 2 % S5 AR 60
hin® R H A SERT PR AR DRI E . oAb H X 7R RS20 450 F L TR R A I RO 3 45 i ke 8, F il
WA A S P L T T S0 2% 0 A R R 2 S5 AS TR S8 T S B M 0 W ) 5 B AR I S . [
A FCR [ M DX A SRR P B0 RN, X ] A SRR P A A LA — 52 AL

TUAIHT ARG P 5 BRI PR 7 ) 45 R 2 W1, AR 2 v S ) - SR G 0% 7 e 2 3 PR TR
G RN 1 T 1 2 S e R R T 28 LA B W R AR 1 A AR i L 215 R PR R 6 1k
AR AWFE O IR R T HLBR I S B, A DU 3R R U L I L
JE B3 S B e T R LRI A P o TR R R 5 4 M S PR BRI G T B Y TR
AU XSGR PR E LY GRJE L NI = T v R R e b i v B
FIRPR ' ST FE 45 e — 3 FIEA WIS 4 FhARS VES A e B ARG A2 I 10
i 5 3 P A WL B S0 R A A B 2 R AR G o s AR 2k ™ % 28 3 L R [ PR - )T
FE R, TSR WA o A S AL S A MU ARG . Bk oF s 7R R FL R R,
TSR SR 1 AL AU S A A DU B B AR G (E 1 5 R TG B AR G . R W AN AR
5 2 XIS 7 KSR SR DR o S FL U 5 (LS 1 2 5 ML 3 B o Fe b 5 1 AT
Koo BRAETFE N XM 2 1L 4 FOR RV AR T RGBT FE s BN, TR IR 1 AL R R 2 B ML
il 5 4 Al A AR AR 2 S W 2 I S IE AR G S [R) L DX BT 5 4% S 0 2 55 T i 45 M X 3R
BEAT Koo AROGHIFFY 23 32 B TR AR RV B B T TG P 10 2 S5 L T 0 1 I 258 4304 R AE % TG P25
SIS SR T 2 i 06 20 Xl
3.2 HBKUMEHRENTE T IEEEEOEM BRI SR U B AL B
B A5 R D7 Z I TUAY /BT 6 8T 00, 55 1 Al 1 2 160 A 2 R S0 375 e i 5 38 1 089 o v
FLARDGRR R /Ny i B > IR > FREEBE R > FEREAG. 55 1 HE PPl s % Bl B 1 25 A 3 i S AL
UG SRR R P B R T TEAURR . PR A T PR 22 1) B 2 S M0 B RO R 45 22 o B 888 DR 1 119 A A, AT
TR 235 1) RUBE L A 25 RRE %) ST 2 S8 U R B 1) B0 4 1 — A ) - A LT 11 35 4
P B R A B T I8 B B A 20 $ s L A WL dat, T s L ARG e h SRR 1 5 R
BEPR T TUAMT 55 3 W L 9 % L A HURR A A BUR S M RS M B R T, B S S
SR B B A A O A 2 R G R A A R O PR S 2 2 AR R T Y G AE S K
ST BN TR A A R A SR AR B Do 4 0 2 K, B M P RSV TR I - A LR
-394 U WL 7R A 2E IR 43 M WL S (L 2 Hh 3 3 o 5 e YD A 020 L )l 2 -
PRI A P o DRI

B 540 TE 2 M R 2 A, AR DR 0L X T 25 - S 0% 7 A T B 0 S, AR K 6 45 4 28
FFh Z R0 ARMESE FP R BT B9 Margalef $5%5 . Shannon-Wiener #5845« Simpson $5%(Fll Pielou
SIFEFE S, Hirr Shannon — Wiener $5 %R Simpson 5 40 Rl 2H 1 10 2 57 25 S B R0 0 A IR IR 1)
2 S - SR BRI VS 2L IR B R o QUG PR 1L T AR T 8RR, 52 A T/ L AR 2
RIEEIRE LY, TR B S Al S e BT R A v AR LTI L 3R 00 A% SR 0 S 2 R - SR 2R
(1 2L BRI A/ DN , T 1 SR V5 T R 0 AR 28 RV RCAE 0 0 200 B 40 00 T2 S0 R 0 B K 23 0 2 R4
et 3 rh R TR L BIRTE (i A L R M . ARSI RDA T4k
P P S et - SRR 1 5 PR B TR B M S AR DG (P < 0..01) kg RDA Z347 137 FH T 42 23 Fty i 17 725 ik il
PRSI 2 (R B | 0T LU A Y 05 TE 45 4 R R S 5 AL R BV LR . ARBIF ST B
SRFIFHTCA I35 1t R S PR o i A )5 380, (L M 07 (S04 35 2016 4 9 ZR 2R 11y
PR FRPR A SRR 15 1 -



394 A A S/ o 4 2019 4f

S Z ik

(1] BR&EST, X&Am, RUE. 382 R R AR+ e A vk 5 5 W RG e oE (D). TR B 22 B2k i ( A 2RBL 2%
i) , 2014, 42(2): 10 - 14.

(2] pFrtther, X, e, 55, 20 = fNIE e SR SRS o S Akt FoE A oA (] P EZE S A 24 i
2009, 17(4) : 673 -676.

(3] MRSest. HHERUEYBIEIEI S ik M. dent: m4EE kL, 2010.

[4] CUSACK D F, SILVER W L., TOM M S, et al. Changes in microbial community characteristics and soil organic matter with
nitrogen additions in two tropical forests [J]. Ecology, 2011, 92(3) : 621 —632.

(5] Mg, BOuHE, mA, . KERMEx TR YRR RS m [J]. FREXEFESHE, 2012, 26(3) :
158 - 163.

(6] &Py, BRaEMA, THIEE, & MBI A TR SR PS5 EL R F R 2 a0 U], RAumolk K244, 2014, 42
(9): 88-92.

(7] Rt of, BRSNS, SERIAE, 5. 2 LLLAS ) 4k M RUAR Bty -+ S IS P AR RARRAE (D], SRRl 24 5 0 AR 2, 2016,
35(12) : 3545 -3551.

(8] Wi, SRARME, BT, 55 WGHOME e X 3 o A W s R PR sZ e [T ). B AR S 24 4, 2016, 27(4)
1257 - 1264.

(9] BB, 225, ML, 4% AR AR ORI 300 4 B TE M AR e ik (D). P R 2%, 2012, 28(4)
46 -50.

(0] HHEE, FEEIRTF. O TAibk N TIRSSHMORR AR MO LR 3RS M e 8 [T]. Rl RG R 546098, 2007,
23(4): 486 —493.

(L] BREKDY , /N, RSCE. VIR B AR IR G0 04 (1] WAk Besddi, 1997, 14(2) : 142 - 146.

(2] BRSr e, B R ARG Y S R s U], T EDK R AEREE, 2009, 7(4) @ 94 -99.

[13] HOOPER D U, BIGNELL D E, BRORN V K, et al. Interactions between aboveground and belowground biodiversity in ter—
restrial ecosystems: Patterns, mechanisms, and feedbacks: We assess the evidence for correlation between aboveground and
belowground diversity and conclude that a variety of mechanisms could lead to positive, negative, or no relationship—depen—
ding on the strength and type of interactions among species [J]. AIBS Bulletin, 2000, 50( 12) : 1049 - 1061.

[14] X1, 25, e, 5. HHEmMotscdte U], s EREmiR, 2011, 27(21): 1-7.

(5] i, TIHE. HARHEERMBT R 1], MolBl2E, 2004, 40(2) : 152 -159.

(6] #mty, Shaem, PIgR T, 5. 25 AR EEEEE T S Z R R [T, ARl Rl 2001, 37(4) @ 124 - 128.

(17] Z=H, PhIEVE, &5, 55 MR A RO e T S s Retk i sem ()], ARAR TR, 2013, 29(3)
18 -24.

(18] H¥ti, X, 4R, 45 ZIA LKA >+ HERE M S B3R R IHET ], 254, 2016, 53(4) @ 1037 - 1046.

(19] #p=Cife, S0, Mok, 55 RORILRRIARAY SRS T S MR KOCR ST U] fmadbol BHE ,1994,21(4) : 1 -12.

(20] Z=Ha 0, ViR, e, . VARG R 04 ST 1L Hb T AR Rl 22 B 2 ) o A Ak J O RUBEIORE LD ). M A 25 24
2016, 40(9) : 861 —870.

[21] SINSABAUGH R L, LAUBER C L, WEINTRAUB M N, et al. Stoichiometry of soil enzyme activity at global scale [J]. E—
cology letters, 2008, 11( 11) : 1252 - 1264.

[22] MARTINELLI L, PICCOLO M, TOWNSEND A, et al. Nitrogen stable isotopic composition of leaves and soil: tropical versus
temperate forests J]. Biogeochemistry, 1999, 46( 1 -3) : 45 —-65.

[23] WALKER T, SYERS J K. The fate of phosphorus during pedogenesis [J]. Geoderma, 1976, 15(1): 1 -19.

[24] STEINWEG J M, DUKES J S, PAUL E A, et al. Microbial responses to multi — factor climate change: Effects on soil en—
zymes [J]. Frontiers in Microbiology, 2013(4) : 146.

25] Ikie, R, R, & e 5N (L b R ARG BEVR 254, Wh 22 Bt DA KA AH LR AR i stz [ ], 2004,

12(1): 29 - 43.
[26] iR, ZE08 08, ARIAMK, 4%, I REQIGIATT LT K 60 ha S WEIRE OB S5 P RAE (D], AR 2R, 2015, 23
(2): 192 -201.

[27] RABME, i, 2R, S5 RIS T LI T MO [R) 23 8] RUBE AR K R 3 8 B 54 R o ok [ ]
YA 252k, 2014, 38(4) @ 325 —333.

(28] Spmefl, %+ 75, ZRA, 55, g SR WU P L1 b T AR - S ML 85 B 4 8] A ARAE () ). A 48244z, 2015, 35
(23): 7878 —7886.

[29] ZHOU Z, LI Y, LIN M, et al. Change characteristics of thermal factors in tropical mountain rainforest area of Jianfengling,



5419 VP AR QU FAGHE 11 FRPRFR 2% o S8 A I TG PRI S S i A 1 395

Hainan Island in 1980—2005 [J]. Chinese Journal of Ecology, 2009, 28( 6) : 1006 —1012.

[30] ZHOU Z, LI Y, LIN M, et al. Climate changes characteristics over tropical mountain rainforest in Jianfengling during the re—
cent 26 years [J]. Acta Ecologica Sinica, 2009, 29: 1112 —1120.

(31] ﬁﬁ% PR, T RIS Bl MRS R e (M. dest: Bl mpAE, 1991, 165.

(32] Z=gafl, Brbig, FJ)’Cﬁm T A o 5 A bR S HAE ) 2 R I S (M. dest: P s bRl fdt 2002.

(33] l%‘\ﬁﬂ'*’ REIRR, R, 5. MR RIS P LI MOIEZ CO, Rl SRR AEREZY [J]. AZ524i, 2001, 21(12) :
2166 -2172.

(34] 70878, MPRUE, RIMRY, 5. SN R L AR A P st 0B 05 (1], 1992, 16(4) = 293 -300.

(35] WA, iR R L Hb FbR S R TR A s B2 R B (D). b st MO BL2A RSB 2017.

(36] SChARA, skikiA:, ska&H]. TMEmE R HAREE (M. st dELOl H pikE, 1986.

(37] BB, b, J554%. RHERMT IM]. deat: PRl it , 1988.

(38 ] “3ext, T, skudb. HEHURT Ll t s v S PR IR ARG T ). PREERIE, 2015, 36(7) : 2678 —2685.
]

B, SR, AR, AF. W DRSSO R E Y RS ERRAE [T]. 8 DRIBYE K23 A AR EM)
2016, 33(1): 109 -114.

[40] KNOPS J, BRADLEY K, WEDIN D. Mechanisms of plant species impacts on ecosystem nitrogen cycling [J]. Ecology Let—
ters, 2002, 5(3) : 454 —466.

[41] PR, J20m, WIEAe, 45 B NFhRERF AL AR Y i I T RS LR AT D). R MO R 241, 2018,
38(6): 102 —108.

(42 ] FHHAS. st 7 3O o [ 2R g B AT S W e B R A IR [D . pig e i st IR, 2012,

(43] RIOAR, sRBER, WIRLE, 55, ANRIFMEAREBR S0 B 6 N TR - e LR B - MR Ml B AR ARAE [T]. 2%
R, 2013, 22( 1) : 245.

(44 ] BRRAL, MOEEE. 4 Fh AR SRR 5 55 0 A OGTERZE (D). PR Ml BR324k, 2010, 30(6) : 64 —68.

[45] WrstA, xeHlmn, A, 45 BURR AT BERCE VI RE S5 A0 S 1 B m T PERE T O i AL [T, R E i,
2014, 41( 10) : 2001 -2011.

(46 | tRAt, JeBhZE, BEAT, A5 ZRARIE L R S AR R L e R R B (1], ERLHAER, 2014(2) @ 78 -84,

[39

Soil Enzyme Activities and Their Influencing Factors in the Tropical
Montane Rain Forest in the Rainy Season in Jianfengling, Hainan

XU Quan', YANG Huai*?, YANG Qiu', JIANG Yamin', ZHANG Shuqi', LIU Wenjie'
(1. Institute of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China;
2. International Center for Bamboo and Rattan, Beijing 100102, China; 3. Jianfengling Research
Station for Forest Ecosystem, Research Institute of Tropical Forestry, Chinese Academy of Forestry, Ledong, Hainan 510520, China)

Abstract: Topsoil (0 —10 c¢cm) samples from 58 quadrates in the rainy season were collected from a 60 ha forest
dynamics plot in Jianfengling, Hainan Province, and their enzyme activities such as sucrase activity, urease ac—
tivity, catalase activity, and acid phosphatase activity were determined. The major factors affecting the enzyme
activities were analyzed by using redundancy analysis, taking into account data on soil physical and chemical
properties, vegetation, etc. Results showed that the activities of soil sucrase, urease, catalase and acid phospha—
tase in the rainy season were ( 15.36 ~60.94) mg * ¢~ «d™", (0.30 ~0.68) mg+g™' +d™", (4.77 ~9.90)

mLe*g™ *h™"),(0.61 ~1.13) mg=*g™' *h™", respectively. The 58 quadrates in the forest dynamics plot were
divided into four terrains: flat slope, gentle slope, moderate slope and ridge. The distribution of the enzyme ac—
tivities of the quadrates in the redundancy analysis showed that slope had a great effect on the soil enzyme activi—
ties, and that the flat terrain were significantly lower in the activities of urease, catalase and acid phosphatase
activities than the ridge terrain during the rainy season ( P <0.05) . The redundancy analysis of the relationship
between soil enzyme activity and environmental factors showed that soil organic carbon and total nitrogen were the
main factors affecting the soil enzyme activity.

Keywords: tropical montane rain forest; soil enzyme activity; redundancy analysis; environmental factors
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