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AT LB AR, RO B D7k, WP T R TP AR A U S RN AR R R R
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hES%EE S714.8 XEkFRIREY
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MR ARARAE ,  [FIHHHE 2 H 25 38 AR A w2k, Aok
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Fifr o A AR S AT R AR ML XT3 5 3 1 2 AR
P, RN TARIE AR A923% L TR FE R T L IX
1 25 22 DIAS Hb B R AAE Ay v MR B, (H A K 2%
18 . R ECE . SR IK, BLE SR kA
B, f b E AR s DRI, 220104808, 3K
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1.1 R XH#R

WAL T P A X S A mi sk B R
MBS (22°14'~22°21' N, 107°47" ~ 107°56/
E) o ZIXEUE T B R XS, AR
M H21.2~22.3 °C, 4FEFERE N 100 ~ 1 300
mm, EEEPE—8H, FWMAEE LTI 704
mmo BFFEIXELL R 3, 1§4k140 ~ 250 m, 3
fE<15° , TN IUS KB IMRMIELLE, pHA
4.5~6.0, KoMK 2B, 2980 em,

LS50 B, i X A R O Xk A
EORZAEAE o LUAE 38 AR A A LA Hb 55 B A ( Pinus
massoniana ) N, Frik B RN I H] T E
FUAETARM, #BEIHA 304, LT TLANRNE
., MIEAZREZ, DML (Rhodomyrtus
tomentosa ) . — X3 ( Liparis nervosa ) . H 1"
( Miscanthus floridulus ) . #1t=“H ( Dicranopteris
linearis ) 5 F ., 20280 LIK, KEEH “H
WMEARGVERT T RIEARITE " 5IA, ZHIX
TV R KU R & ARG 2y, JIr 36t M A bk L8 B A
( Eucalyptus urophylla x grandis ) N+, FEH
PEAR R o FER N TARBIAE R MR L . SRR dh (B
VEVRIESO emZE47 ) o MR (0.5 kg #7', /U
(20em¥®E) , N:P:K=10:15:5) ; MARFT
FE4 m, BREE2 m; FPREAT34E3 5136 AL0.25. 0.5,
0.5 kg B (7Uili, N:P:K=15:10:8) .
AR (FHBE) —k, HRTHEARRTERD,
LH T (Miscanthus floridulus ) . KHLAE
( Eupatorium odoratum ) %5 ¥ ; H54FEH 6
AEIF AT R B — AR E AR O, S
(AW LI
1.2 IR THFIENAE

>R 1 25 T) B B ) 1) 7 32 B 5 A A BBOAR 5
P 3 RO + A W R G FE . 3 IO L R A -
RS ARAE Hb, , SR 1 Y B DR D & 3 RE T
FEJTRANF20 m x 20 mo Ry 1 HEBR AR FE AR 15 3
NS, PR R AR S 2 —ARA4E RIS, ik
L RN R 204E ZE A bR o SRAEIE, MR ARAE
H AR B DUR BN . R R FE9 ~ 14 em,
W12~ 18 m, FEHLETREETS% ~ 90%, FRAJZ G
JE40% ~ 60%, HEARIZTES% ~20%, FAZ W
JE20% ~ 40% . RRANMAE AR B IE LR BT

ity EERAR SRR, WARE. FiE., ®BE
W B PIHIR12~17 em, W5
11~15 m, FEHLEZEREBO% ~ 100%, TrAKJZ 5 ¥
50% ~70%, WEAR)ZHEE10% ~30%, FAR)Z
40% ~ 80% . LIEFERS[E] 25201041076 H—8
Ho BREDTH TG O, T B5HL0 ~ 10 emt
e, AN AL, RS 2R x OXTREHE x 34>
7, Hits4 tE, TEACKITiZ SR,
T2 mmiiifE, — A4 CHEL, PR N A
BRI AR Y RIS s Sy T,
S AL
1.3 #math

T . SAMHITTR L (Vario ER
I, Elementar Analysen System GmbH, Germany )
AT M YL k% ( Labile carbon pool
1) . Sk (Labile carbon pool II ) Al
XE4>f# 5 % ( Recalcitrant carbon pool ) W15
M RoviraflVallejo RO, SR B R A A AL
AR DR L AT A LR I RE R
0.5 mol L'BiEREMZ4E, TOC/HTL ( Liqui TOC,
Elementa, Germany ) Wl S8 20K H k&
PEOETME ;AR S SR — e R T
B O E D A RO R U
RB—SRE P kI E

T YRR . B (MBCHIMBN )
KRR AR I E L R
P R -1, 4-HibEH R (-1,
4-Glucosidase ) . W% b ( Phenoloxidase ) .
FENYEE (Peroxidase ) . MRIEWEHREE ( Acid
phosphatase ) [AEZ B Waldrop 55 ST
24 —HE KR ( Cellobiosidase ) A9 E 2 18
Saiya-Cork 55 V6l grk s HEWE (Protease ) [ E
Z i LaddRButler 75 71, WEfEME: FREUL ¢
fif + 2 B O4F, AS ml THAMZE PR IS ml s 2
HRRMEW; 5 BT, T50CHE G HEIRKR R
HEER2 hy HEFREETHREIMAS ml =58 2, 2 500
r min "B 10 ming WHS ml FWEW IR, N
A7.5 mlBE PR, iR T EFRLS ming MIAS ml
AR 385 1 hJE T700 nmAb L ARE s [
I IR, T A P R B TR B R A RS S
fn, AR A, BREE (Urease ) B E 2 MR
KandelerfllGerber 1) J5 12 (18] , WEAESsh . FRES g
i+ 250 ml LA, AL mlHF 28015 min; Jil
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A10%FRFZEFFS mIAFFBERERZE il 10 ml, TR G 2 4 B

38CH:F3 hy HZEWKMBE RS0 ml, duk, 1EWR
A B mlJEW TS50 mlb @, 2K REE
10 ml, A4 mIPRBMHIAW, I BIINA3 mIk 54
FRANIET ; TRA20 min)5, FHZEMEAKANZES0 ml,
578 nmAb @ E ; SubREIE, A R E K
AR LT A XT R, RS S 18 T IR R R
1.4 FRitoHh

FERE AR RN L AN AR 13 5745 . AR Y =
TRIVIRE 355 1 1) X6 B SR P R R 56, A 8] 6 &R 1Y 43
ik H Pearson #4381, BF FHEK 14 A SPSS 16.0
( SPSS Inc., Chicago, 1L, USA) ,

x1 SREMMIRAI LR %.

2.1 ERMERAKSERERN LIER. AMBESE
ap=A )

i AR 2 2 A0 o bR I 2 AR T ek . A
e Ml R (1) o MHELT SRR, R
AR . B Rk . A D SRR . HEST
R LN o AL Y W T e o (A 711 N
37% . 17% ., 40% . 48% . 28%M25%. {H 5 EM
MR AR IR S RN 2R, R ML
B A S R ARARE 1A% (p<0.05) o BbAbh, FeA
MR AR L R T SRR (p<0.05) &

A MIERAAAMN

Table 1 Content and availability of soil carbon, nitrogen and phosphorus in Pinus and Eucalyptus plantations
o £ 13 ATVATEA PR o 3 B P &5 5 T R
- Total carbon Dissolved organic carbon  Labile carbon pool 1 Labile carbon pool 11
Forest type ., » » .
(gke™) (gke™) (gkeg) (gke™)
AR 26.77 £2.79° 4.77 £ 0.46 3.41+0.17 5.75+0.547
HER PR 16.86 +1.58 4.83+0.60 2.83£0.28 3.42+0.34
" _ 2 N e
AL Recalcitrant carbon Alkaline hydrolytic
Total nitrogen Total phosphorus
Forest type pool » nitrogen »
. (gke™) . (gke™)
(g ke ) ( mg kg )
AR 1541 £2.41 1.53+0.12° 64.71£3.79° 0.46 +0.08
HEARE AR 8.04 +1.34 1.10 + 0.09 48.46 +4.22 0.48 +0.06
L AW
. PR
P Available BRI h
Nitrogen/phosphorus
Forest type phosphorus Carbon/nitrogen ratio .
» ratio
(mgkg™)
AR 2.10+0.23 17.38 +0.87 3.81+0.40"
RN 4.43+0.76° 15.37 £0.52 2.580.33

T P « fRifEiR, n=8;
difference at 0.05 level. The same bellow. D Pinus massoniana, 2 Eucalyptus urophylla x grandis

* FR0.05/KF2ZRE ¥, FIH Note: Means + Standard error, n=8;

* means significant

22 BRMEBADERENRN T EMEDEYEM
Bl 7 1 HY 5200
TIHERUEY AU A PR i, HAR
B R —EEM IR ; IR R R
Yidesead B, A LIS o0 ik A0SR 23 TR Fp A 4% o 2

YEH . DRI ket kG, HIRMA Y
Wik AW EEK, S HIFEIR T 37%F36%, T
YA R A LA RE (F2) 5 HHERE
TRl . ARG . BRI DR R R T ol R
PR E T, D HEIKT45% ., 44% . 36%. 16%
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#2 REMMSEMMKTIEMEYEYSNEEYE

Table 2 Soil microbial biomass and enzymes activities in Eucalyptus and Pinus plantations
TRUEE ) ) i ke TR )i A ) ) B -1, 4-HiHEH il
Mo T MUEWERBA L
MBC MBN B -1, 4-Glucosidase
Forest type . . MBC/MBN ratio o
(mgkg™") (mgkg™") (pmolg' h™)
LRI 675.0 + 74.7° 35.31+4.26' 22.98 +2.61 1223+7.3
R AR ® 428.0 £57.2 22.45 +3.53 20.06 + 1.60 114.4+4.5
s 21U K f il By S AL i AL Py it Sl
- Cellobiosidase Phenoloxidase Peroxidase Protease
Forest type _ _ _— o
(nmol g h™") (x1000absg h') (x1000absg h') (pgeg'h™)
R 1.88 = 0.34 124.0 £20.9" 446.5+49.0° 874.2 + 68.3"
KR R 1.07+0.17 68.65 + 10.56 251.6 +30.8 559.7 +44.7
o i it 8 P W 1R 1
Urease Acid phosphatase
Forest type - A
(pgeg ' h') (wmol g h™)
R 89.66 +5.77" 151.8+9.8
AR 75.07 £ 4.18 127.0+ 8.8

DPinus massoniana, 2Eucalyptus urophylla x grandis

M16%, THER -1, 4A-FHEH B . 254k K i B
A RE (£2)
23 TEMAEVEVENHEESFS = HHE

KO

MR A, LEL2Kk. 2/ SMEDEY
WK AL AR ROK R . AR .
FUIRBEIG PR 0 B B A OG, R R Igeh . AU S L
AE WA R L AU A DG T R 1 3 T
TR A LS B -1, A-FIPEITEG . 2T 4E WK R
fif F 3k E AL P I 2 IEAH G (p<0.05) , FRIAFR A
P A 22 5 Wi i A A A D ot 0% 1 5 T A Wl T 0%
5k, B EAAHC, H5ABE B IEAC
(p<0.05) (33) .

3 i ®

AR MR T R A AR 35 AR 1 322 L ek |
R WEYEY R BrERE . SR LR, EH
il . SRR LR R WA R 5 1, X RER T ST 4G 2R
—5, Lemenih "' BFE & HL, AT A A,
P N AR e i . % SRR | BB T
et n] M P WA A S B S AR . Chen

2 L0 o S T SRR R R A Sl R AR bR S - SR AR
WHETE (BIOLOG) B FM., 274 g
TEEIN R 2RI R, &
PR REAR L IR . AR e L R AN O AR A A
T PER AR . A O WS R IR AR 3 B -
ROPETT I . 2 1T RN B R T M IR T S AR
IR IR UM

R ME AR MG, L. AL ™
A=Ay G P RIS, PTRE AR AR fL . e
R MR AR L B Ll RN R A D R AR B
T o

(1) MR AR A FEPE R SR A0 . R E AL
RHEAEFERF, FoawoRER, ZiEk R
AL REIEFE )L SRR A TARIE A R S
7, PEmtoRiiE , MR RN E IR, A
BB UL . i B AR SRR ECh
80% M FR4rH 2 L ML T B R AAARI04E A 47 e
R, BEMN TR SE, BEmitik
YRR A B PRARCSR AR AR B S 4 i, DA
. REFR TR (R, X5
AE BRI

JL A AU T 20 i R T L BB BT S A R B A —
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F3 TENEMREREMEYENEFERNEXD T
Table 3  Correlation analysis of soil chemical properties with microbial biomass and enzyme activities
EiEEaY BN E A A
Index Total carbon Total nitrogen Total phosphorus Carbon/r%ilrogen
ratio
A=Wy A W e MBC 0.76" 0.87" 0.07 0.06
A ) i 0 MBN 0.72" 0.89" -0.12 -0.03
B-1, 4-#iBE1FEEF B -1, 4-Glucosidase 0.32 0.08 -0.50" 0.59
R4 /KRB Cellobiosidase 0.56" 0.47 -0.51" 0.50°
15 AL Phenoloxidase 0.35 0.42 -0.18 0.23
iAW Peroxidase 0.82" 0.73" -0.21 0.58"
H i Protease 0.64" 0.72" -0.03 0.21
KB Urease 0.48" 0.54 -0.22 0.20
TR PEBEIREE Acid phosphatase 0.32 0.19 -0.517 0.45
seb AL ol ffe A T
e Nitrogen/phosphorus  Alkaline hydrolytic Available
ratio nitrogen phosphorus
A W ) 2k MBC 0.40 0.83" -0.10
W= WA Wi 2 MBN 0.52° 0.89" -0.17
B-1, 4-FiWEFFHF B-1, 4-Glucosidase 0.43 -0.04 -0.19
L1 4 WEIK R Cellobiosidase 0.75" 0.44 -0.37
i 44 fL#f Phenoloxidase 0.35 0.54" -0.29
i ALY Peroxidase 0.63" 0.61" ~0.44
FE Il Protease 0.54" 0.68" -0.51
Ik Urease 0.55 0.52" -0.38
iR MW TR ¥ Acid phosphatase 0.55 0.11 -0.60"

* p<0.05, ** p<0.01

B SAMIRGRAR, XBHE S shgEse
Tk 7 A S TR R PRk AR e o 45 3 1Y
WS WF 2R, XA RERMATABTIE & 78 L
T 22 S RS2 I, e RS ARG RS e bR 1 12 A 1048 S
DAL WA SO LA AL, BRFE R i B AL
MG R 204F 247, TR EL AR AR AL 44F

(2) MPAEB . MROT R B AT L3 fol A
5, ek HIERUEY AR KBS VRS, L RESR AR
PR A IR R o AEAEMR AR BRI, O T ok
M RGN R MR B TR 5, EME SAE
R AL B T34 FH R 50, RS A b A

WerE K, PR S B MO MR B 52, IR
YA RS AT (F22) , [FmE, WH AL
STRETR, UK LA RFE A 2

(3) Biilio B Ll ARt 5 1 R A ) 3% o 1o
A WL AN R AR IR . BFR R,
Bl A 1R 2 s B T A HLT S A D BhukiE
KT P R, R R AR — A P
SR, o s A A B, T
oA 0 A R L R M AT 2 X S AR
FELER B, M, B ILWE R T M FAm R V%
W2, W T LIRS, SRR D .

http: //pedologica. issas. ac. cn



314 1S

PILAE s A EROPC D R A X e S 57 0 R R T3 44 1) 52 1) 651

(4) BIBE. AA s M i B0 BB 8 L 15 7 i
T, RERRARK, EEERSEIR T gL
L B AU A 0 r R . A
FRATRE (F£1) o Mo, PP AAY L EEE
BRI 22 5 LW AR T R RN e Y 02 BT B, LA
VSRl DO N 24 5 N D I e i 2 ey
FP T, W E R EA K LA . AP
HIERUE YRR R, R T . DR
FAMREEAS e AR, Stk 505 Bk ) B I mT o
Hosd T AP HE KRR . L AL EE . SR
R M P P AR, o o AR Sl A W A i
RS TE (K3) o

SRR PR A A D AR AR T (B3 25
AR S REE S T SEMK (F1) , HERME
PR S A BE LT B MR (K2) , &KW
A 55 e A5 AR DR i A 0 R 8 X 9 14 28 96 P O AC AT
3 e AR AT 3 I R B ER B R, B R )
TAREC, HY B 208 IR B,
TR TERRTRIE 95 s MAE S AR, DL IE4F
L o P 0T %5 200 R S IR ] S 5 R AR
P T P B A R 15 1 ) 4 5 A TG 7 SR PR B, RS
TAZWLAR o R R T 1 S U L S I A G
(K3) , FRUIEAR IS0 L AT RE s 2 101 il A A bR
e SRR Pl 0 A 1) TR

4 45 ®©

NG AR PET /A o T [T o= 1 A
Ay ARG A, X ] BE 2 R I AR 1) A )
A7 FEMHLEE A FIZE BT, & SRR R AR
P . W - e Bl R G B S A B Tk
BABRGUROL, TIRRN TARRY i FF2E 205
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IMPACTS OF REPLACEMENT OF PINUS WITH EUCALYPTUS ON SOIL NUTRIENTS
AND ENZYME ACTIVITIES

Zhang Kai' Zheng Hua'" Chen Falin> Ouyang Zhiyun' Lan Jun® Wu Yongfu® Xiang Xuewu’
(1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of

Sciences, Beijing 100085, China )
(2 College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128, China )
(3 Guangxi State Dongmen Forest Farm, Chongzuo 532108, China )

Abstract FEucalyptus is an important tree species for afforestation in tropical or subtropical regions
and many countries around the world have used it in afforestation. In South China, millions of hectares of
local forests have been converted into Eucalyptus plantations. However, due to soil nutrient limitation in
many areas and a high demand of Eucalyptus for nutrients, this kind of change in land use may exhaust soil
nutrients and lead to deterioration of the soil in quality. In order to explore impacts of the practice on soil
quality, soil samples were collected from 9 pairs of Eucalyptus and Pinus plantations in Guangxi, China,
for analysis of soil nutrients, soil microbial biomass and soil enzyme activities and paired-t test. Pearson
correlation analysis was done to explore relationships between soil nutrients, soil microbial biomass and
enzyme activities. Results show that the replacement significantly decreased soil total carbon, labile carbon
pool (1) and (11) , recalcitrant carbon pool, total nitrogen and alkalytic nitrogen, but significantly
increased soil available phosphorus, which might be a result of fertilization in the Eucalyptus plantations low
in phosphorus mobility in the soil. The replacement also significantly decreased soil microbial biomass carbon
and nitrogen, and activities of phenol oxidase, peroxidase, protease, urease and acid phosphatase. The
significantly lower soil carbon, nitrogen, microbial biomass and enzyme activities suggested that conversion
of Pinus plantations to Eucalyptus ones significantly decreased soil quality. Correlation analysis shows that

(1) soil total carbon and nitrogen were positively related with soil microbial biomass carbon, microbial
biomass nitrogen, cellobiosidase, peroxidase, protease and urease activities, (2 ) soil carbon/nitrogen
ratio was positively related with B -1, 4-glucosidase, cellobiosidase and peroxidase activities and ( 3)
soil acid phosphatase activity was negatively related with total and available phosphorus and positively with
nitrogen/phosphorus ratio, which suggest that soil carbon, nitrogen, phosphorus and their ratios were the
most important factors influencing soil microorganism and enzyme activities. The change in tree species,
short felling cycle, poor understory coverage and litter layer, field burning and tillage might be the factors
that lead to decrease in soil nutrient, microbial biomass and enzyme activity in the soil, while fertilization
might alleviate the effect on soil nutrients. Keeping proper understory coverage and litter layer, reducing soil
disturbance and fertilizing properly would help improve soil quality during the replacement processes and
follow-on management of the plantations and hence ensure sustainable development of Eucalyptus plantations.

Key words Eucalyptus; Pinus massoniana; Soil nutrients; Microbial biomass; Enzyme activities
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