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WA AT LSRRI, FEFR E AT HIX 5 A
J (Acacia mangium Willd. ) N T AR #E47 KT 45
P RBRIE, HIEEALERTIT R kA A AR AR,
AU, MR HESTE N TARAE S RGE TR R PR
FH R AL A2 20 s PR A7 B R R A S 2 IR 1Y
SEMA), PRIEMR MRS [ A5 B 0 52 e R 2 0T
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R s, P —FP L BIEHE I IX R . B
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1.1 HFREXHER

F9E XA F AR 44 v O A I m oA it e
IRART (117°92'~118°64'E, 26°87'~27°13'N) ,
ZRFIPKETHR, JBIRILERIX, J& T My
e, MR 252 ~ 339 m, FEIIEE 26 ~ 320, %X
ARSI 18.6°C, MR =y AL 41.4°C, i i
A IE—5.8C, 4FEFEKE 1600~1 900 mm, 451y
78 & HF 1 308~1 587 mm, JCFE M 277~ 285 d,
JEREFT R, TS, TR ER LR,
1.2 FEHEER

2018 4 6 H 7Efm &8 ¥ 1 E A Mg s oo i 4
i, AR . R B A S AR S
JEO, BEEEAR T RIBOREE (UP) . MR HE®E22BR
(UR) FIK T ER A ( Phoebe bourmei S. Lee )
(IP) 3 FiobAT Al BRI AZ AR AR AR
IFo 3PP TEBRAT B 2R 1984 4F, PR IE N
AR VAR FRIMIL R KR A, WIS E N
2505 Bf-hm™, [ 3 FRAELMELE 2K, T
1998 AEHEATIL B MBIk, [IRIRBEL 50%, Ff Btk
01187 #k-hm™, JETEPRBEAZ AR A K By =LAt T
AT AR A SR, WD AT, 2012 8
PN AR KM M TR T . UP AL B AR 73R
M AE PR N2 A, MO M B AR B 5 4T
UR A H AR T 2012 4F 7 HilE, AF4AEE T 1R
MR HEEE, M HEARVEBRR HEIENL, M
ARSI F THIBR, TEBRAMR T AR AR AR
BRI Kb 5 TP ALBRAYARSS T 2012 AR T A B
THRIE A T R, BRI R R IR 2
(% 1 m, W5 7 m) B8 8 IR
P, WIAREFSE R 450 #k-hm 2, JEEWIPEE .

2 R
2.1 MG E

2018 4F 7 H FE B FAR S R v 3 il 0 3 A4S
20 mx20 m FEHBIEATREAR AT, IAE R HbR AT M
PR DY JE R 0 S S S mxS m RS TE R /INVEE
MFEHLEE 10 4 1 mx1 m BUELA/NEETT, 43504
PEARFI A RIS . B, MR . R, B
o RIS AU M L AE S UL 1, UP M
1P AR A AR RE HAR AR 00 UL 35 20 FERRERE
T FZRBEDLBEE 5 A REE, EBRRIZ AL
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Table 1 Basic information of stands under different understory vegetation management measures
£y 40| bz R G SIS A%
Treatment Aspect Position Slope/(°) Stand density/(Fk-hm ) Average height/m Average diameter/cm
UP PEFWS Y 31 958 22.68+2.70 31.86+4.29
UR FS H 35 983 22.30+2.12 30.26+3.17
P % H 34 928 22.32+1.97 31.75+3.92

i RPN T IEEAR LR, T

Note: Values in the table are average + standard error, the same blow.

&2 MTEEAREEEENEM A TER

Table 2 Understory vegetation of stands under different understory vegetation management measures

N AR
Shrub layer Herb layer Lk
it N . ) N ) WA Total
Treatment ;0 47 ¢ PEEE CPEE EEE WA TR FHEE @ i HEHH Fresh coverage
Specics Average Average  Important Specics Average  Coverage Fro ;1;10 Important biomass/ /%
P height/m diameter/cm  value/% P height/m 1% q Y value/% (thm™)
EY8 ¥ 5 i
Oreocnide 2.31 222 23.87 Allantodia 0.70 0.45 0.67 8.25
frutescenssp hachijoensis
—_—. IRl
UP . . 1.93 1.70 17.49 Allantodia 0.44 0.19 0.73 6.14 6.70 92
Ficus hirta .
metteniana
FLATAE =HE
allicarpa 1.43 0.61 15.36 Tetrastigma 0.46 0.26 0.60 5.11
formosana hemsleyanum
W&
Selaginella 0.21 0.19 0.67 9.78
doederleinii
A T 5
P Phoebe 2.98 2.46 100 Allantodia 0.54 0.38 0.87 7.13 6.29 88
bourmei hachijoensis
Parathelypteris 0.33 0.18 0.87 5.73
glanduligera

VE: 2 9T 51T B E A 3 UL

Note: The table lists the plants with the first 3 important values.
R 2 B R T, 4 B EC 0~20, 20 ~ 40,
40 ~ 60 cm )2 1Y - ERE 5 R 00 P PR SRR
SEVERT o R — AR b ] — 2RI A 5 2 R
AP Y G E IR, R4 R 210,
1 2 Pdad 0 5 BT 0~4°C VKARARAT 45 I E +
BRI, LT AR R 0 34k
PR
22 MEFE

TR B 1 SR K A R Lb il 25 3R D
24 h )5 1 g R 2 BN IREETE T
KB L AkmE, SR 24h )5 1 g+
H NH3-N B2 5o B0R 7R 5 TR PR IR TR B 4-F Ak
KWL R (CeHNO,) e, 455 Ll 24 h )5
1 g TIPSR T 1 22 e 8RR i AL S
RICESM G EE RN E , G5 R 20 min N 1 g

TR E AL E R 2 RN 2 R LERG
PER AR AR =M e @kl , 452RD2h 5 1g &
Hrp T RNZ IR

TR EKEERIFLIR R S B R A
TJIEBOREMN 2, - A AL 0 R FH % R P 4
A mBGEI e, 4 AR E e B
R A - B P L kI e, 2P0 R B -
KAEICRERIN A, AR P A BB -4 O
A 38K NaHCOs 2 #2 8 B PT i (ki e,
RO R ] v G R B AR B - A C R T LA
D T 275 SOk [18-20]
2.3 HiEAE

B8 % ] Microsoft Excel 2016 3 17 2 3 /E
K. i 4] SPSS 23 #E A7 Kk HI B8 X &R O 22 73 i It
Pearson A M FL = W03 40 #r, 7 2550 b ok 2
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Pk E S P=0.05, it b, 1535 BEE I 9IEE UR F1IP AR E T 13.7% F1 13.0%;
AR RS B I 3 A 4% ERUMESy, RATAL  40~60 cm )2, UP ZBFH ) 38 S804k AU B 140

LR R TCR IR R (SO1) Ei%ﬁibb””: S UR FIIP AR T 14.9% F124.6%; 20~40 cm
s01= WixF, 1 40~60 cm 122, UP Fll IP b B f) + 358 S0 (L
G PE 22 S W3, i UR A TP Zb 3 A0 + 4585 41k

A WA EROY TR, PSRN i e cope
TGRS, MR IE, RIS 3 FivBK AT M 20+ SR PR
?El}&filz‘i,’jﬂ(slz‘zji ) }iZ%%EﬁfqzﬁJﬂ@lZU\To @ﬁ {E‘ ,l.i % ’fEE :HF )%—‘ ﬂf] IP>UR>UP; 0~20 cm j: )% ,
3 R ENH 1P A2b S A - SRRV W R T 4 2. 35 5 T UP il UR

REEE, SRR T 17.4% R 12.5%. {HAF W

3.1 WTHE#HAREFEREE TS TEEEEENE B SRR R[], A AbEE Y - R

HRIRM: 3P PABCRIGH, 0~20 om gkt - SR O FMEBREERON . 620
+ 2 %) = 38 T A I 2 v A HE O TP>UP>UR, HET, T, FRERE TR A T S
IP 4k B T SEREMEREE PELL UP A1 UR AL BM5EE  pemmms A B2 45
1 27.9% Fl 64.4%, For, TP I UR AbFRAY 15 3 R T RS B4 1R B L By AL
TP M 05 P 22 57 10 5 20~40. 40~60 em )2, g i Mk 5 A% HEJF 2 UPSIP>UR; 0~20 cm 1 )3,
3 AR R R A ) SRR RIS VR 22 AN UP A TP b B A - Sy AL IS P4 B 1 UR &b
RE. AT, P ARHERAZARNTA 0~20 cm +JE BHELE T 160.0% F1 70.0%, H UP AbFfY +HE%
) e R TR M E LA R EE R, XITFREREN L By RS S UR FIP Ab3H 25 5 i 2

e, 3 FRAK T R BRI A R AN LEAMI S, PR HLBAS [R)E PR i Y £ 3R

UP 4b P 14 1 458 Jik il 3% 14 244K F UR M1 1P 4 @i FERE R A 2 W A ARG P R, Hih 2
PR, UR FI TP Ab P9 A S8 JIK g 376 12 1] 22 57 48/ S AR T 45 PR AR A8 TR i 174 e oz B R A
1M UP Ab 38 %) = IRl 3 14 #F 20~40 em 4 200k afiﬂﬁ%?iﬁaﬁi)zo R R M W R G 1R A, L
A, 43BIEL UR F1IP ZbBERRAR T 43.9% M142.4%, & 4 FEHIERES 1R B a9 2 Bk, B+ 289
HERRBE, TR I8

UP AbPRAY 83 S A S E 2 T UR 1 3.2 HIEREEMS TRV iEfREpE XS
IP AbFH; 20~40 cm +)2, UP b+ 383 LA SEA B YR (6 4) FfbE R

®3 MTEREEREX T HEEEENRm

Table 3 Soil enzyme activity under understory vegetation management measures

ki) +2 TRl JIR g E4 Al TEA ARG TR TEBERR I
Treatment Soillayer/ cm  Sucrase/(mg-g')  Urease/(mg-g ') Polyphenol oxidase/(mg-g™") Catalase/(mg-g™") Acid phosphatase/(mg-g ")
0~20 39.08+7.05ABa 2.38+0.68Aa 0.26+0.05Aa 18.45+3.22Aa 0.46+0.02Ba
UP 20~40 25.924+4.25Ab 1.33+0.67Bb 0.15+0.02Ab 17.19+2.63Aa 0.454+0.23Ba
40~60 21.35+£5.11Ab 1.29+0.27Ab 0.12+0.02Ab 16.68+4.79Aa 0.46+0.07Aa
0~20 30.39+6.02Bb 2.98+0.98Aa 0.10+0.07Ca 17.61+4.34Aa 0.48+0.04Ba
UR 20~40 25.73+2.12Aab 2.37+0.60Aab 0.07+0.01Bb 15.12+3.19Ba 0.49+0.95ABa
40~60 19.3246.21Ab 1.54+0.60Ab 0.04+0.04Bb 14.52+2.55Ab 0.47+0.12Aa
0~20 49.97+10.72Aa 3.05£0.33Aa 0.17+0.03Ba 18.24+4.90Aa 0.54+0.14Aa
P 20~40 30.82+2.31Ab 2.31+0.42Aab 0.11+0.06ABb 15.21+2.36Ba 0.534+0.16Aa
40~60 18.19+4.22Ac 1.39+0.34Ab 0.10+0.04ABb 13.39+3.58Ba 0.48+0.07Aa
Bw;ﬁ:?(@)ﬁﬁ?%%M‘?F?*H%ﬁmﬁ%ﬁfﬁﬁﬁﬁ—i}%’ﬁ@iﬂi% 583 (p<0.05); AN F/ING P BER IR IR — MRS AR BRI AS 7] - 2 W 1k 22
sz # (p<0.05) .

Notes: Different capital letters indicated significant differences in enzyme activity in the same soil layer under different understory vegetation management
measures (p<0.05). Different lowercase letters indicate significant differences in enzyme activity in different soil layers under the same understory vegetation
management measure (p<0.05).
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Table 4 Soil physical properties of Cunninghamia lanceolata large-diameter timber cultivated forestunder different

understory vegetation management measures

it +TJE HE BIKE MILBRRE EEILBE EBETLIREE
Treatment  Soil layer/cm Bulk density/(g'm ) Moisture content/% Total porosity/% Capillary porosity/% Noncapillary porosity/%
0~20 1.2140.05 25.4+2.78 50.2+2.35 39.5+5.91 10.7£2.32
UP 20~40 1.24+0.05 24.4+1.17 45.843.12 39.3+5.36 6.5+0.03
40~60 1.36+0.02 23.24+0.67 45.0+5.72 36.3+3.79 5.4+0.17
0~20 1.2440.02 24.7+0.98 46.5+2.57 36.8+6.74 10.8+1.24
UR 20~40 1.37+0.12 24.5+1.20 4424351 36.7+2.09 8.8+0.95
40~60 1.38+0.01 20.6+2.60 44.1+1.74 36.0+1.00 8.0+£0.82
0~20 1.024+0.27 22.7+0.54 53.242.35 41.6+4.90 11.64+2.44
P 20~40 1.2340.01 20.4+0.62 50.7+7.28 41.5+£10.96 9.2+1.06
40~60 1.26+0.02 20.1+0.34 44.5+1.83 35.4+0.58 9.142.17
x5 MTHEEARBTEEEIZFIZARAKXEM KRS TIENZER
Table S Soil chemical properties of Cunninghamia lanceolata large-diameter timber cultivated forest under different
understory vegetation management measure
it S AL K A R0k L vea]
H e Organic content/ Hydrolysis nitrogen/ Available phosphate/ Rapidly availablepotassium/
Treatment Soil layer/cm 2 o e b5
(gkg D (mgkg (mgkg ™ (mgkg™
0~20 32.72+2.57 7.68+0.33 0.57+0.27 62.99+2.61
UP 20~40 28.93+2.47 5.86+0.39 0.47+0.03 52.44+3 .44
40~60 19.07+0.22 5.70+0.44 0.42+0.04 49.82+1.99
0~20 29.83+0.90 8.314+0.17 0.60+0.05 43.98+2.03
UR 20~40 23.34+1.63 5.96+0.58 0.53+0.10 32.11+1.59
40~60 18.13+1.49 5.83+0.20 0.48+0.01 28.49+1.16
0~20 31.77+0.40 9.69+0.86 0.79+0.03 52.58+3.82
P 20~40 27.31+1.28 6.47+0.73 0.65+0.01 44.52+2.90
40~60 19.74+0.92 6.35+0.36 0.60+0.03 35.15+1.73
* o6 TEMENHSTEEREXES
Table 6 Pearson’s correlation coefficients between soil enzyme activities and properties
o e T fok% BT AL
k5 H B o S Rapidly A A JSEN 1 el Wi e
. . Hydrolysis  Available - . Moisture . Capillary  Noncapillary
Indicator Organiccontent ~ °. available ~ Bulkdensity Totalporosity . .
nitrogen  phosphate . content porosity porosity
potassium
JEEME A Suarese 0.744™ 0.703" 0.605™ 0.532" —0.805" 0.224 0.482° 0.372 0.496"
JIREE Urease 0.599™ 0.603" 0.528™ 0.261 ~0.463" 0.489" 0.352 0.376 0.609™
4 L S B Catalase 0.586" 0.409" 0.209 0.605™ —0.409° 0.374 0.398" 0.264 -0.027
B M LA Acid phosphatase 0.395 0.409" 0.744™ 0.016 —0.358 0.011 0.652" 0.484" 0.560"
% Wy AL EEPolyphenol oxidase 0.679™ 0.494" 0.342 0.828™ —0.549™ 0.390° 0.341 0.375 0.286

#ENote: ** P <0.01, * P <0.05.
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SARIE 2 B AT 4G SR A R R AR 2R, R
AT 14 A H AR PRI TAR AL 3, DAHERR
AN N AE SO0 SR TP AR . R 7
AIAL: FRERE =1 M ERSA 34, 3 FS
B 2 L2 R 26.99% . 24.91% F1 23.41%, 3L
AR E SRR 75.31%, o, R
PRVEREIR G . A5 . MALBRE . B LB IR
EELREAE PCl1 LAREH M, SEIEA
fitf . ZWEALEE . A HLTEFERE A PC2 A
mE A, RS . KRR AR E
#E PC3 A8 i

®7 IERERFERSHRBERRFHRET NE

Table 7 Eigenvalue and contribution rate of principal

factors
F gy R T
iz Principal component factor loading
Indicator

PC1 PC2 PC3
FEHEEE Suarese 0.480 0.454 0.645
ik Urease 0.710 0.232 0.395
A ALE Catalase —0.030 0.725 0.277
R PEE BRI Acid phosphatase 0.880 —0.069 0.205
Z YA ALEF Polyphenol oxidase 0.188 0.796 0.342
ML Organic content 0.399 0.649 0.520
JK fg % Hydrolysis nitrogen 0.309 0.212 0.805
45 %418 Available phosphate 0.643 —0.043 0.708
JE L4 Rapidly available potassium 0.106 0.882 0.258
%% 5 Bulk density -0.226 -0.287 -0.876
£ 7K Z Moisture content 0.171 0.714 —0.184
S FLBRE Total porosity 0.734 0.311 0.143
B FLBAE Capillary porosity 0.626 0.359 0.085
EEE FLFRE Noncapillary porosity 0.742 0.018 0.392
/AR MY Eigenvalue 3.778 3.487 3277
T 43 bt Percent/% 26.99 24.91 23.41
ZFATTHR# Cumulative percent/% 26.99 51.90 75.31

34 BEEEAXEMHS LBEREESIEY

e 8 JEA T AP BER it - A FE PR AE AR L
FRr EHE TR RBCERE, MR 7 3 A4 E
BT, TARAS A A i PR

PC1=5 B¥ fili x0.002+% fiff x0.207+1d 4 b &
fitg x ((—0.140 ) +& P B MR i <0.365+% M & 1k
fiti x ( —0.056) +A HLET* (—0.005) +7K fiff 1 A
(—0.127 ) +4 %W x0.08 1+ AL x (—0.072) +4
T x0.195+7 7K 3 x0.116+ 5 1L Bt 3 x0.300+F 45 L
BBz <0.265+E B FLBREE*0.233,

PC2=JE i < 0.043+k Bl < ( —0.010 ) +id % fk
2 <0.238+HR T W R g < ( —0.102) +Z M %A 1k
fif<0.245+43 HLIFTx0. 146+ 7K fitPE R x (-0.074) +4
Bx (—0.172) +HUUE x0.298+%5 F1 x0.054+7 7K
% x0.308+ 5 FL B JE 0,066+ 5 L Fi & x0.100+3F
BELLBEx (-0.095) .

PC3=JE M B 0. 172+ i< (-0.025) +id ik
2 <0.059-+ T4 % 1R 1 < ( —0.148 ) +Z M % 1k
it x0.014+45 HL 5T x0.085+7K fit 1 4 x0.377+4 L
W x0.249+ AL B < (—0.028 ) +2&5H x (—0.438) +
TAKRX (-0.305) +EASLEE* (-0.210) +BEFL
BRIEx (-0.220) +HEBEFLEE<0.001,

W2 bR A R o3 A 2 04 R A
A, 152 3 PR AR [R) A RS il AR o1
o, BN 3 RO AR B E I AZ AR T

x8 FTRIERNSRFS REER

Table 8 Component score coefficient matrix of soil index

FF135 R4
Ei=pa Component score coefficient matrix
Indicator

PC1 PC2 PC3
HEHERS Suarese 0.002 0.043 0.172
JIREf Urease 0.207 —0.010 —0.025
A Catalase —0.140 0.238 0.059
R PE R Acid phosphatase 0.365 —0.102 -0.148
2 Iy 58 JL B Polyphenol oxidase —0.056 0.245 0.014
A ML Organic content —0.005 0.146 0.085
K Hydrolysis nitrogen -0.127 -0.074 0.377
4 %% Available phosphate 0.081 —0.172 0.249
JHEAET Rapidly available potassium  —0.072 0.298 -0.028
7% & Bulk density 0.195 0.054 -0.438
£ 7K # Moisture content 0.116 0.308 -0.305
MALERE Total porosity 0.300 0.066 -0.210
EEILBRE Capillary porosity 0.265 0.100 -0.220

JEBE LI E Noncapillary porosity  0.233 —0.095 0.001
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Cunninghamia lanceolata large-diameter timber cultivated
forest under different understory vegetation management
measures
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The Differences of Soil Enzyme Activity and Quality Evaluation of
Cunninghamia lanceolata Large-diameter Industrial Plantation
under Different Understory Vegetation Management Measures

CAO Guang-qiu'?, FEI Yu-chong', LU Jin', HUANG Ying', ZHENG Hong’,
LIN Kai-min"?, JI Chun-shan', CAO Shi-jiang"*

(1. Forestry College, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China; 2. Chinese Fir Engineering Technology
Research Center, National Forestry and Grassland Administration, Fuzhou 350002, Fujian, China;
3. Yangkou State-owned Forest Farm, Nanping 353211, Fujian, China)

Abstract: [Objective] To study the effects of different understory vegetation management measures on soil enzyme
activities and quality in Cunninghamia lanceolata large-diameter industrial plantation. [Method] Taking Cunning-
hamia lanceolata large-diameter industrial plantation as the research object, This study analyzed soil enzyme activit-
ies of plantation under three kinds of understory vegetation management measures, i.e. understory vegetation protec-
tion (UP), understory vegetation removal (UR) and understory interplanting (IP). The integrated quantitative evalu-
ation on soil quality was made by principle components analysis taking soil enzymes as soil biological activity in-
dexes combining with soil physical and chemical characteristics. [Result] The IP increased the sucrase activity in the
soils with the depth of 0-20 cm, and there was no obvious difference between the sucrase activity in the soils with the
depths of 20-40 and 40~60 cm under these understory vegetation management measures. Compared with UR and IP,
the UP showed better effect in increasing soil catalase activity and decreasing soil urease activity, and the soil urease
and catalase activity under UR and IP showed no obvious difference. The ranking of soil acid phosphatase activity
under the three kinds of understory vegetation management measures was [P>UR>UP, and the ranking of soil poly-
phenol oxidase activity was UP>IP>UR. The activities of urease, sucrase and polyphenol oxidase in soil under differ-
ent understory vegetation management measures showed a big difference, and the response of polyphenol oxidase to
understory vegetation management measures was more sensitive and was reflected in deeper soil layer. Except acid
phosphatase activity, the activities of other soil enzyme showed a obvious property of surface-aggregation, and de-
creased with the deepening of soil layer. The contents of organic matter and hydrolyzed nitrogen showed extremely
significant or significant positive correlation with the activities of the 5 kinds of soil enzyme, the content of available
phosphorus showed extremely significant positive correlation with the activities of sucrase, urease and acid phos-
phatase, and the content of available potassium showed extremely significant positive correlation with the activities of
sucrase, catalase and polyphenol oxidase, the activities of soil enzymes were less dependent on the soil physical prop-
erties. Soil enzyme activity was taken as one of soil quality indexes, combining with soil physical and chemical char-
acteristics, three principal components were extracted through principal component analysis, reflecting 75.31% of the
original information amount. The ranking of soil quality index among different understory vegetation management
measures was [P>UP>UR. [Conclusion] To sum up, in the large diameter Cunninghamia lanceolata plantation, the
effect of planting Phoebe bourmei under the plantation is the best to maintain and improve the soil quality, followed
by protecting understory vegetation, and the effect of understory vegetation removal is poor.

Keywords: Cunninghamia lanceolata; large-diameter industrial plantation; undergrowth management; soil

enzyme; soil quality evaluation
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