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FEE: R B S P L IEFE o FAG DR 2L, o[ S0 )R 9€ 40 L (Acacia crassicarpa) . S HH L (A. melanoxylon). #&
AR (A, cincinnata). KA (A, auriculiformis)F1 5 5 AH (A, mangium)] & 3k [ %0 0 Bz (Eucalyptus  urophylla <E.
grandis) N TARI-L3EFE4r &5, BRRGPE R ARG T AL . S5 R38R, AHEHK 40~60 cm 12K pH @& TR EM#M; 5
FAEAR R 21 TP TK S ESK TR EMAHK, 1M 20~40 cm L2 TC. TN S EXE TR B, BEAAM B D
AR B HAE RO B EE TR EMA(P<0.05). 0~10 cm /2, HIUEMK LI IR EE M LT 4e KBRS 1w
TREMAR, KRR EIREE . REREEG . 214k 3B 55 SO BR R BE 1 12 3 = TR B AR (P <0.05), &I AR AR £
HREG . AFYEREG. LT RS BT R W T R EAR(P<0.05). MR TS SRR, LHEIREY. REFEEGR LT R EY
WS AP B AN (P<0.05), REPEBEAILT 4k RZBEE TS NHa-N B3 FAHE(P<0.05), REE. L 4E KR/, J5 I mMR TGRS
55135 TK 23 FiAH K (P<0.05), JLT MBGEEYES TN & & 2 235 1EAH K (P<0.05), TIRiEkBg TS NHa-N 2158 3% IEAHC
(P<0.05), WAMEARETES 13 TK SR ERFEMG. W, SEEMATHMLL, ERE R 7B 5] Bk E R eT
PR ISR N, W A MR B AR RAER, AR TR LRI A B T N AR A = D) IR
R4 MER Ml LEURM; LEESRS LIEES; RO
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Characteristics of Soil Nutrient and Enzyme Activities in Plantations of
Eucalyptus urophylla>E. grandis and Five Acacia Species

g - 1% - -
ZHOU Lili*?, LI Shubin®3, PAN Hui'", WANG Wanping?3, WU Yalan*, ZHENG Ruping?®®
(1. Institute of Oceanography, Minjiang University, Fuzhou 350108, China; 2. Chinese fir Engineering Technology Research Center, State Forestry and
Grassland Administration, Fuzhou 350002, China; 3. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 4. College of

Environment and Safety Engineering, Fuzhou University, Fuzhou 350108, China)

Abstract: In order to reveal the enzymatic mechanism of soil nutrient transformation, the soil nutrient contents
and enzyme activities in plantations, such as nitrogen-fixing tree species (Acacia crassicarpa, A. melanoxylon, A.
cincinnata, A. auriculiformis, A. mangium) and non-nitrogen-fixing species (Eucalyptus urophylla><E. grandis)
were studied, and their relationships were analyzed. The results showed that the pH in 40-60 cm soil of Acacia
plantations were higher than that in E. urophylla=<E. grandis plantation, which total P and K contents at all soil
layers were lower than those in E. urophylla>E. grandis plantation, while total C and total N contents at 20—
40 cm soil were high in Acacia plantations. Soil available nutrients contents were significantly higher in A.
melanoxylon and A. mangium than those in E. urophyllax<E. grandis plantation (P<0.05). Compared to E.
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urophylla>E. grandis plantation, the acid phosphatase and cellulase activities at 0—10 cm soil layer were high in
Acacia plantations, which the activities of soil urease, sucrase, cellulase and aryl sulfatase were the highest in A.
auriculiformis plantation (P<0.05); the activities of soil urease, cellulose, chitinase and amylase were the highest
in A. cincinnata plantation (P<0.05). Correlation analysis revealed that the activities of soil urease, sucrase and
chitinase were significantly negative to soil AP (P<0.05); the activities of soil sucrase and cellulase were signifi-
cantly negative to soil NH4*-N; the activities of soil urease, cellulase and aryl sulfatase were significantly negative
to soil TK; the activities of soil chitinase were significantly positively to soil TN; the activities of soil amylase
were significantly positively to soil NHs*-N; the activities of soil catalase were significantly positively to soil TK.
Therefore, compared to E. urophylla<E. grandis plantation, the introduced Acacia species to soil degraded
mountains in southern China could improve key soil enzyme activities and soil available nutrients, which was
beneficial to the eco-restoration of degraded soil and the maintenance of long-term productivity of plantations.
Key words: Acacia; Eucalyptus; Soil degradation; Soil nutrient; Soil enzyme; Canonical redundancy analysis (RDA)

N AR 358 Ak 2 4 tHE 7 1 I 1) = A 5 )
Az — o FEANTHEEIL 6.933 %107 hm?, 255
AN TARHEARR) 25%, Fmarke ml. HarkE
7 32 LLUE i 42 A (Cunninghamia lanceolata). 5
JFEFA (Pinus massoniana) & 8 AL Ay 3, I8 MR Fil
B—, i EZAER. BRI AEHEAE S
it BN TR R PR R AT 2 i N LAk
Bt — iR (EEEARH A P e e, 2
A PRl T R 7 A R P R UR

FHER SRR T 25 SR (Mimosaceae) 4 & X &
(Acacia) [ £ Te A, R P THURFNE . AR IE AN
BB s, HAEAFES WTHRITE. &5
PAJe M A R & e i, T Al 60 AEARTFLE 51 N
WHE, 2455 FEY) 20 Z M6, AHERZ—MIR L
IR ZM A, TERERTAE. BB, SCENERE
T EA R RAEH, RN 77 i L X i
MAVESH RN RN M2 — . HR Bk IR R}
(Myrtaceae) #% #4 J& (Eucalytus) # it s FK,  JE =T
BRI, T 1890 E 5| AFKE, HEE AR, T
PO, MR MEESEE XA ME, R i AR i
1.5x100 hm?, FEFLEs 3 A7M. Aep 23R E & 5 i
BRI =KW M o)z —, E&&E7H
ALK, WRONAUK Tk p<sf st 4. Hi,
FEE#Z(E. urophyllaxE. grandis) 2 F Sz 4=
FE MR R R A —, BRTERER IR
AR FhAE . H 25 N I8l kR B R A B RLEs,
WEIRT —RIVED R LG B RER
XoF TR N A R N AR R TR AR 3810 A A 22 i
(RIS R B, Hh N AR IR 53 W SCAN T S A
A i 55 1 T St B ARk . R I Y AEIK

g5, HARR W EABGRIERIER, MR
W HAbREY) K I R E Y AR,
FRAEAS IR AIRE, (R, 7RI E m B4kl thok
ARSI MR R R R EA N TR SR, R
PRSI L3857 3 7K S A BRI+ 73 b 2L

45l R A WA AR 77, FE LIV
ER MR B EPREEEER. 25
BRI IREE(UE) . R EEE LR AA 7 il 2T 4 2
B (CBH). R IEBEIS K fift (1) B Bl (SC) L AL A HL
ol 7 AR 1) T T T il (A\P) 2% — B A S 2 W AT 1)
HENED, BET, KT 51 FAH B AR R J7 (i A
ADEBEPAT, AP B LA
PERTTT TS, S e L - g T 1 101, 17
KT Z Mo BN TR L el 5 3 7% 40 A M 1)
W T EE WARIE, I x4 7 2R E PR A L
MLIEF A B AR ARG BB L AT
Uk, A7 CAFR I e 75 0 Ay 1B A L i 5] ) [ 2
W[ JE €40 (Acacia crassicarpa). S ACHH L (A.
melanoxylon). #&JEAH (A, cincinnata). K- (A.
auriculiformis) 15 &5 4 (A, mangium)] A1 & 20
Fi 2 EL#% (Eucalyptus urophylla<E. grandis)4fi#k Jy
WA, W70 TIBtbil s Rl 5 FAH R KRB
R N ARG 3% 0 e B B SR, R T 3%
A RK R, FFEFIRE R N AL
IS IR .

1 BT X O T

1.1 RN
TG A T4 el 44 V3 N T vy B 7 L AR
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(24°17'N, 117°33' E), J&WHGHEFEEMETE RS R, F
Bl 20.2°C, Weimdni 42°C, Mo RiE—2.4C,
FHMAEA T 200°C, JoFEHA 330 d, AFEFHAREK
B 1859 mm, FFEKEEERERE. HiE T
W Fepg, #3122, MARAE 40~550 m Z[A].

1.2 B E

EFHE TP EE N, KR AP ERIR
PRI, SEPRUGIR . I I R 5 S M S A B AR —
) R B #%(Eucalyptus urophylla <E. grandis, A). &
S AH B (Acacia crassicarpa, B). EARMIE(A. mela-
noxylon, C). #EJEAHE(A. cincinnata, D). KMHHHE
(A. auriculiformis, E)F15 547 - (A. mangium, F)#k
(# 1), SR ESL 320 m=20 m KIEETT, N
P/INHG RN, FEHIE FEFE 100 m LA k. 6 Ffdks
(R 35 PR A N AR AR M, 35 9 9b J57 0T

B o BT R #% DAL T H (Dicranopteris dichotoma)
T #  (Miscanthus  floridulus) /L 5 (Psychotria
rubra) 1l #& ¥ % (Ottochloa nodosa) N ¥, i H /b &

fK) 4547 (Phyllostachys nigra)- 47 (P. bambusoides)

faray
=F o

1.3 FEARE

2019 4 11 H, R LEWERYLREANFZ IR
+ 3L (0~10. 10~20. 20~40 #1140~60 cm), 4%
ANFEJTIEEL 5 ANFE L FEJT AN R EURE s R
BREARE, 3ANES, T2 AN LIEREA . RRAE
(1 R ST N [ 48 [ S22 mm
i LBRAT AR R, — &> LR B TRl A
SRIT, T3 pH FIFEAIRIIE; 586
S LIEET 4ACUKAE, HTESEANNHS-N). HE
Z(NOs-N) A 3B F AL e, T 3B 1 0 o

ERENLE, LEDE, BREBEE, AR (W 0~10em T2
1 PR
Table 1 Basic information of sample plots
A sARr 5 . MR TR TR Rl
PIJ\I% Planting élr;‘ (E) ﬁg. (N) iy ik (m) Planting density ~ Reserved density Mean height Mean DBH
antation Latitude Longitude Elevation . > - s
year (ind./hm?) (ind./hm?) (m) (cm)
A 2001 117°33'17.0"  24°17'5.50" 58 1800 1650 26.2 284
B 2000 117°3327.4"  24°17'42.7" 60 1125 770 245 395
Cc 2005 117°33'41.3"  24°17'56.3" 65 1125 780 28.6 27.8
D 2002 117°3321.4"  24°17'51.8" 58 1125 375 27.8 322
E 2003 117°3337.4"  24°17'58.6" 80 1125 870 29.8 274
F 2002 117°3335.5"  24°17'32.4" 55 1125 765 315 343

A RE#; B: JE3EHIE; C: BAMEY, D: B, E: KL, P D5ME. TR,

A: Eucalyptus urophylla <E. grandis; B: Acacia crassicarpa; C: A. melanoxylon; D: A. cincinnata; E: A. auriculiformis; F: A. mangium. The same is following

Figures.

1.4 5k

TIBUEMROWE  LIE pH [ERAKE
REAIECKE 25 0 1); 13 NH.-N Al NO3-N
K FH T8) W 7o 2 A0 22 4 BT Al 5 (KA, SmartChem
200 AY); 3R (AP). £ (TP). 44 (TK)R
FH R & 45 B TR R SO (32 E, OPTIMA
8000 7i); 43 5 R A (AN) S & 11 5 SR FH B At 4
L HIEEATRKTC) 52 A (TN):RH TR 2 A
%€ (Elementar vario EL 111).

T IBESE 9 338 IR I 4R R
AN - I SR AN L Bl e, A pgl(g d)FRmlT; i
Wi ZF4ERBE. TR BREMERH 3,5- iKY

B HL BN E, A mal(g d) s BRI B 1R i
X B AL AR K AN L ikl g, LA nmol/(g d)F
AR JUT G R P ok — PR S 2R R L ek
LA mg/(g )7 m0; i A EUBER A H ekl e, A
pmol/(g €)F2 /R 00T; 5 KL T 16 R FH X i 5 1 i
FRER Lk, Bl umol/(g d)FR K.

1.5 $PEsabE

KH SPSS 19.0 X ##E#AT A it A, RAIX
DA 35 7 22 43 AT R I 900K 43 28 B R b 2 0% 5 x5
FRor B, K LN 27 22 43 # A0 Duncan VS
IO AR 73 A0S ARG 20, SR Pearson AH G4



486 P AT ) 22 4R

29 4%

MriE o b T 38R 5 357 7 AR G, BL P<0.05
FornZEREF . B Canoco for Windows 5.0 %4
X} SRR 1 AN R AT A T KT R4 T (DCA),
THEEE —HEF Jh bR A, 16 B KA <3 B IE R
R HT(RDA).

2 g5

2.1 SIFpHR B o LR B M

MFE 2 AT, MRarSRIY L RIRE A AR
FIXF 4842 C. 4 N Al NOs-N & &5 3514
FKP, HMpRA . L JRIREERIS ) K TP
MR EAERH . MarRAL 2R NH N, i3
RN TR P A4 P S ERIES, Hp R
WIS T LRI, 10 5 A8 LA P2 AN
FHo WT I pH M4 K, MR RALL MRoFSRA x

B2 WROFFSBUM IR X 3R 43 R 77 22 A

TR R RS FAE R g mn B3, iU
HmARZE ., SAmNS, N TAEYSES S, K
I3 RAIM R KT 2R B R

B L RTED, R JEJEAR ARSI (4.99), HR 4
FhAH EAR(5.38~5.45) T 11~ pH [EX & T RE
¥R (5.30), Hirfr 0~10cm 219 pH S Tk,
1M 40~60 cm 21 pH (A 34 2.3 5 T R EAAk (P <
0.05). M P 2 AT %1 5 FAH Ak 20~40 cm 21 TC
TN & 2355 T R EAAR, 3BT 143 C.
N B RAEH F B E T 2 L 25 3 AH AR
O EMHERS LER TP S ES REMARERA
B3, H4 3 A AR 10~20. 20~40 fi1 40~60 cm
TEM TP S EYEEFEKT R EMHK(P<0.05); 5
FRAH AR S T2 TK & =3 8K T B E Ak
(P<0.05), UtBAAMEAN 38 TP Al TK A B H K
RIEA.

Table 2 Two-way ANOVA analysis of forest type and soil depth on soil nutrient contents

ik 25 A I o iR .
Factor Variation source Sum of square Mean sum of square
pH Frsy2570 Forest type (F) 1.78 5 0.36 8.13"™"
L EIREE Soil depth (D) 0.21 3 0.07 1.60
FxD 2.81 15 0.19 427
TC #5337 Forest type (F) 147.48 5 29.50 39.28™"
+ )2 Soil depth (D) 653.95 3 217.98 36.76"
FxD 187.68 15 12,51 2.25"
TN Ay Forest type (F) 0.89 5 0.18 424"
LR Soil depth (D) 6.22 3 2.07 49.58™
Fx<D 1.76 15 0.12 2.81"
TP AP Forest type (F) 3899.92 5 779.98 29.82""
+ 2R Soil depth (D) 1188.54 3 396.18 15.15™
FxD 447,50 15 29.83 1.14
K #ArFA Forest type (F) 248.88 5 49.78 165177
+ZREE Soil depth (D) 0.17 3 0.06 1.83
FxD 1.04 15 0.07 2.30"
NH/"-N RAN2T Forest type (F) 88.50 5 17.70 102.76™
+JZHE Soil depth (D) 52.12 3 17.37 100.87**
FxD 1.56 15 0.10 0.61
NOs-N HRAFH Forest type (F) 60.87 5 12.17 1074.88™
+ZREE Soil depth (D) 1.78 3 0.59 52,34
FxD 0.40 15 0.03 2.38"
AN AY2T Forest type (F) 147.38 5 29.48 17745
+EREE Soil depth (D) 7457 3 24.86 149.64™
FxD 1.94 15 0.13 0.78
AP FRAFKH Forest type (F) 1.24 5 0.25 619.72™
+ 2% Soil depth (D) 0.05 3 0.02 4529
FxD 0.01 15 0.01 0.41

*: P<0.05; **: P<0.01; ***; P<0.001.
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7. O0~10cm =10~20cm  M20~40 cm  W@40~60 cm

aABgBa

AT AR Plantation
B 1 AR B R E A AR 138 pH. A R FVNS FIR S B 43 Bl 38R Al — M 43 8B [ 2 JZ2 R ) — L 2 AN R AR 43 2 B () 22 57 25 (P < 0.05) . N[,

Fig. 1 Soil pH of Acacia and E. urophylla <E. grandis plantations. Different small and capital letters upon column indicated significant differences among

different soil depth at the same stand type and different stand types at the same soil layer at 0.05 level, respectively. The same is following Figures.

O00~10cm BE10~20cm M20~40 cm W 40~60 cm

Aa

&1 15 ABb

Be

Total carbon content (g/kg)

360

340

320

A
=
Total phosphorus content (mg/kg)

300 C D

TPk Plantation
B 2 FEARF R ERALIEN SRR S &

Total nitrogen content (g/kg)

25

2.0

; a
Dapa py

Total potassium content (g/kg)

D E F
M LHK Plantation

Fig. 2 Soil total nutrient contents of Acacia and E. urophylla ><E. grandis plantations

HH I 3 AT, BAHHEAR, &I AR AR S
MRS LER NHANFTAN SREZES TREE
FepR(P<0.05), 5 MtH B S LJZH) NOs-N & &
YR EE T REMAAP<0.05), EFABIH, BA
MBS SHERSE L ZEAPSEHEE R TR

Et%#k(P<0.05), 47l 42.0%. 44.5%F1 27.6%,
Ut B AR O I 2R A B B S RAE
BRI, AR BB RIS 56850 A
AR R AR T, R R R B N
BEAR .
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00~10 cm B10~20 ¢cm [020~40 ¢cm Wl 40~60 cm

<

Ba

Db

Be

[=a] oo

NH, -N{i it
=

NH, -N content (mg/kg)

5]

[N

21

6

A
Available nitrogen content (mg/kg)

=

M T HK Plantation
3 FH SN AR AR R AR o

Fig. 3 Soil available nutrient contents of Acacia and E. urophylla <E. grandis plantations

2.2 3| FAE B Rl IR M R

& 4 %0, EIEHEM. BAMEKRMLDG 5
E SELPRC 14 8 R i R A T 1 R SR T R B
BRI AR FEMR 1 85 3 T R ER AR (P <0.05),
Iy IR T 99.8% A1 6.9%. 5 i BRI I 1
Tl TR T R 21 24 2R i M 38 v T R B Rk, (EAE JELAR
) EIERR R S R B E R AR EE,
FHRBAR AT 4 RS B m TR B (S
FHEAERSM)(P<0.05)0 JFEIEAHEAR K HHAH BRI
Ty o AR SRR L8 LT o R R Bl P ) L
KT R E MR, 14 JEAH AR 2 = T B AR
(P<0.05). AHEM I 355t EALEBEEHEIIKT R
EdR, e AR, BIA BRI E
W5 REMKZERE#EP<0.05). EAMEMK, K
I AF SR ARRN o R SERR 110 358 5 R IR 1Y Bl 4 5
Zm T REEMM(P<0.05). o] W, BTt I5EE
TGRS A 2 L3RR AR IR, I8 S5 A AR )
ARG

2.3 MRERTTRT

F3ATHI, HIENREGS I AP MITK &R
3 A 9S(P<0.05). I EMERETEPE S NH4 N,
AN 1 AP EEREREFENR, TIRA4ERIREES

12

q Ab
AaAbAb Aag Ba
=Y Da abab l'iaBE1 Bb Cg%bl‘ib

Dan %

<

oo

Ea
Ea EbDb

NO, -N77Ht
NO; -N content (mg/kg)

[SE=]

(=]

<
o0
@]
1=+
~
=2

L
=

<
)

TR
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Available phosphorus content (mg/kg)
[=]
[=a)

(=]

M T# Plantation

NHs*-N. TP fll TK & & 5 52 fiAl 9%(P<0.05). J1
THREEES AP SREEEE MG, 5 TN & &
5B F MK (P<0.05). Lk EEETE S NH N
552 EMS%(P<0.05), i AR ST S
B IK S EEREIEM, LTRSS -
BTK &2 25 E MK (P<0.05). HR 407, %
TR AT — A O, RG-S RERERE . 2F
Ye R EAC, SidE AN 53 U G (P<
0.05). FE A Al 15 21 4k 2% g AN O L 00 R 1 g Vol 25 1E
FHOG, 5k 5 51UFH O (P<0.05). 24 =5
75 SR R G I . 5 IEAH G (P<0.05). LT il S5 iE
Ky ARG, 5l S AR B A ¢ (P<
0.05).

L 8 ANEE A AR B, B 9 A IR AL M 4
PR MRREAR AT TUR 0T (B B), S5 KW, %6 1
55 2 MR T R RS AR R R EE Y 90.6%,
AP (P=0.002). NOs-N (P=0.002). AN (P=0.004)
HITK (P=0.014) 7y 7 fifé ¢ -+ 13 5 22 57 1) 67.2%.
19.4%. 3.3%7Fl1 2.3%, VLEAIX 4 MFEhR &R0 1 I%
BEEEPE EZH Fo HESR R RK E RILS LR
BIJe R g, HIBJLT HEE S TN HEEm Y
NHs*-N. 8 ER 54 K EEFIEMK, X5
Pearson AH G2 BT (1) 45 SR AE A — 2.
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4 FHIEARRIR ERAR 0~10 om 1 - dE RS 1
Fig. 4 Soil enzyme activities at 0—10 cm layer in Acacia and E. urophylla <E. grandis plantations
% 3 RSB L35 0 SR PRI R R
Table 3 Correlation coefficients between soil nutrients and soil enzyme activities among different forest plantations
4 HERE R T LA TR LY JUT il VERD HEMERE 7 ERMIRER Y
Urease Sucrase Acid phosphatase Cellulase Chitinase Amylase Catalase Aryl-sulfatase
pH -0.105 0.093 -0.171 —0.206 —0.087 -0.071 0.266 -0.159
NH4*-N -0.373 -0.752™ 0.081 -0.588" 0.293 0.629™ -0.358 -0.316
NOz-N 0.305 -0.115 0.390 0.272 -0.288 -0.218 -0.382 -0.110
AN -0.107 -0.621™ 0.288 -0.259 0.011 0.312 -0.463 -0.288
AP -0.828™ -0.801™ -0.085 -0.385 -0.558" 0.241 0.349 -0.171
TC 0.388 0.247 0.146 0.055 0.020 -0.241 0.022 -0.439
TN 0.166 -0.025 —0.148 —0.300 0.503" 0.306 -0.146 -0.426
TP -0.285 -0.412 —0.205 -0.771™ 0.204 0.238 0.020 -0.429
TK -0.660"" —0.460 -0.326 —0.559" —0.036 0.372 0.546" -0.514"

*: P<0.05; **: P<0.01.
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Table 4 Correlation coefficients between different soil enzyme activities among different forest plantations
m e OO st TR bW TR PR
Urease Sucrase phosphatase Cellulase ~ Chitinase ~ Amylase [ Catalase Aryl-sulfatase
IREG Urease 1
JEWERG Sucrase 0.707™ 1
R EREG Acid phosphatase 0.319 0.040 1
IYE K Cellulase 0.658™ 0.621™ 0.279 1
JUTJ5ig Chitinase 0.439 0.034 0.188 0.050 1
VEXEE Amylase -0.239 -0.662" 0.039 -0.257 0.647" 1
AR Catalase -0.626™  -0.006 -0.325 -0.355 -0.688""  -0.464 1
D7 HEBRERTERG Aryl-sulfatase 0.151 0.556" 0.061 0.560" -0.178 -0.396 0.063 1
*: P<0.05; **: P<0.01.
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EERE R 2 R, B0 I N RS RAE A
Vi ik AR A MRS B EAMAME TP S EZER AR, (H
/ MRS L0 AP & B i A AR, X R
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Fig. 5 Redundancy analysis (RDA) of relationships between soil enzymatic
activities and soil nutrients. UA: Urease; SA: Sucrase; ACP: Acid pho-
sphatase; CA: Cellulase; CHA: Chitinase; AMS: Amylase; CAT: Catalase;

ASA: Aryl-sulfatase.
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