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Impacts of stand transformation on soil chemical properties and
enzyme activities in a Pinus caribaea stand

FANG Yiran, LI Jie, XUE Li
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] Stand transformation was studied in a Pinus caribaea stand by introducing broad-
leaved tree species to provide a scientific basis for rational management of P. caribaea stands. [ Method]

Castanopsis fissa, Acacia mangium, Artocarpus nitidus ssp. Lingnanensis and Camellia oleifera were planted
among rows and lines of one part of the P. caribaea stand (P1), Schima superba, Symplocos lancifolia, Carallia
brachiata and C. oleifera were planted among rows and lines of another part of the P. caribaea stand (P2), and
one part of the remaining the P. caribaea stand was used as the control (CK). Five-point sampling method was
used to collect soil samples from 0-20 and 2040 cm depth soil layers respectively at three sample plots. Soil pH,
organic matter, total nitrogen, total phosphorus, total potassium, alkalized nitrogen, avaiable phosphorus and
avaiable potassium were determined by routine methods. Activities of catalase, phosphatase and urease were

determined by colorimetry, disodium phenyl phosphate colorimetric method and titration with potassium
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permanganate, respectively. [Result] The contents of soil organic matter, total nitrogen, alkalized nitrogen and
available phosphorus in 0-20 and 20—40 cm depth soil layers of three sample plots decreased in the order of P2, P1
and CK. The soil nutrient contents in 0—20 cm depth soil layers of the three sample plot was significantly higher
than those in corresponding 20—40 cm depth soil layers. The total phosphorus contents were low in 0-20 cm depth
soil layer of three sample plots, and the content of soil total potassium decreased in the order of CK, P1 and P2.
Soil catalase activity was significantly related to pH and the contents of organic matter, total nitrogen, alkalized
nitrogen, total potassium and alkalized phosphorus. Phosphatase activity was significantly related to pH and the
contents of organic matter, total nitrogen, alkalized nitrogen, available phosphorus and total potassium. Urease
activity was significantly related to soil contents of organic matter, total nitrogen, total phosphorus, alkalized
nitrogen, avaiable phosphorus and avaiable potassium. [ Conclusion] Stand transformation significantly

improved the soil fertility of P. caribaea stand. The effect of mixed pattern at P2 plot was better than those at P1

539 &

plot . Mixed pattern at P2 plot can be used in stand transformation.

Key words: Pinus caribaea; broad-leaved tree; stand transformation; soil chemical property; enzyme activity
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Tab.1 Growth characteristics of three sample plots of
Pinus caribaea stand

FEHh WFh fatt/em  WE/m  ElE/m
Pl LIRS 28.90 21.10
B 10.70 8.80 4.80
MBS 9.80 4.50 3.10
RHAH 7.00 6.20 2.40
ANEY N 8.20 4.70 3.20
P2 AN 36.44 24.60
LGN 7.20 7.90 3.30
P 10.40 4.70 3.90
LUREL] 6.50 5.30 3.10
JeH LR 9.25 6.85 3.40
CK Iyl 3230 20.70

HoK A GB 7849—87 MR~ HuE M 2 +355E
R &R 0.5 mol L' B R A ANIE I 1 5 38
Repp-& &% GB 7856—87 [ 1 mol-L™' ZFR%%R
P K IEC BRI e

FH v i B B g e 2 v o SR A R,
BRI 5 FOR TV 1, FH B IR R B L R 0 Tl
B g Do A L IERE A i 3 IR E R, 45 R
N E M EECEIIE .
1.3 HURAE

1Z ] SPSS 17.0 AT % FF Hb 38 5% 73 5 A
Pt 3 1 6 PR i b AT 22 B E AR B A b [] 1) A 5%
P, P<0.05 A3 2R, P<0.01 N #EZE R

2 GRG0

2.1 HIEWEHFMR

ANFERE G 3% pH WK 1AL P1. P2 Al CK #
H1 0~20 cm 2 1) 13 pH 458 4.05. 4.14 FI
4.22,20~40 cm L Z 113 pH 735 4 4.04,

4.20 F14.37, BI7E 4.0~5.0 Jo[H N, JBERE 3. A
[F 12 3 a2 5 53 (P<0.05), HH CK FEih
T HEM pH B3 KT P2 M, MiEHEE KT
P1 £ (P<0.05).

P1.P2 Al CK Ffith 0~20 cm 2 1) -3 A HLF
43924 8.95.9.36 F13.70 g-kg ', 20~40 cm + /2
TIPTS5 5.68.5.95 F1 3.28 g-kg ' (K 1B),
0~20 } 20~40 cm +JZ P2 FEh ) L3 H PR & &
BERTXNLZE P HIEEHRS 2,
ME&EEFEST CKEMKEEAEIRE E
(P<0.05). 3 MEEHE 0~20 cm - E R HIEEAHLR S
B E KT R 20~40 cm + 2 3 (P<0.05).

P1.P2 Al CK ¥ 0~20 cm + 2/ HIE L H 0
54 0.30.0.31 A10.18 g-kg ™', 20~40 cm + 2K+
AR AN 0.23.0.25 F10.13 g-kg '(K 2A),
CK #£H# 0~20 [ 20~40 cm +E HER SRS ED
ZANT IR Z PRI P2 BEHb. 3 MEEHE 0~20 cm
TEMTIEARSEREE R T XM 20~40 cm
+ 23 (P<0.05).

P1.P2 Al CK FEHE 0~20 cm )2 -3 A4 4>
504 0.09.0.10 A1 0.10 g-kg™', 20~40 cm + 2 -3
4% 43 38 0.07.0.09 1 0.08 g-kg (K 2B), 0~
20 cm 2 P1 AR A I A0 & & B2/ T P2
CK FfH, 20~40 cm /2 P1 PR L840 5 &
BE/NT CK Fitth, CK FEHLE /N T P2 it (P<
0.05). 3 MEHL 0~20 cm +E I HIE LB S R AT
X RLFE 20~40 cm 2 35, H P1 A CK BEHE 2
.3 (P<0.05).

P1.P2 Fl CK FE#b 0~20 cm + 2 1 38 440 7)
BN 2.63.2.72 A1 3.20 g-kg ', 20~40 cm £ Z K1+
HEAERN N 3.04.2.79.2.71 g-kg (& 20), Hir
CK #£3 0~20 cm + 20 TR M & E B KT H
ke AR [F) 1 2 3% (P<0.05), 20~40 cm 29+
AW EE 20 Pl FEH>P2 FEHI>CK FEHL, PI

EAP1 ke P2 et B CK kit

H o
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Fig.1 Soil pH and organic matter contents in different soil layers of three sample plots
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Fig. 2 Soil nutrient contents in different soil layers of three sample plots

AT P2 FEHE 0~20 em 42 (1) 13480 5 8 /N5 B
(1) 20~40 cm + 2 T4, CK FEHUAH X .

P1.P2 Al CK ¥t 0~20 cm + /2 ) 32 Bl i %1
4398 28.24 . 31.15 A1 16.20 mg-kg ', 20~40 cm +
JE I - A & 38 19.31,20.14 F110.80 mg-kg™
(K] 2D). P2 ki 0~20 F1 20~40 cm 2 IR AL
FEEERT PR L Z, TG #H LB E
KT CK FEHAHR 2 . 3 ANFEHE 0~20 cm 21
TR S B EEHE KT XN 20~40 cm )2 -3¢
(P<0.05).

P1.P2 Fl CK ¥t 0~20 ecm = J2 1) 1 358 1 24
43574 0.46.0.55 F1 0.42 mg-kg ', 20~40 cm /21
35845 2 7 1 0344 0.50 A1 0.28 mg-kg (] 2E).
0~20 J% 20~40 cm + JZ P2 FfE A R i & B B
KTXP A2 PLAEHE, 53 B3 KT CK FEth.
3 AMFEHE 0~20 em 2 TR Km0 KT R
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- JE I B A ) 9.31.11.40 AT 11.29
mg-kg (Kl 2F). CK FE#l 0~20 cm + JZ i) 358 5%
A EEZE T P15 P2 BEdh (P<0.05), P1 ket
20~40 cm 2 1) T 3EE AU B & T SR T LA A
Hi1 (P<0.05). 3 MEEHE 0~20 cm - 2 HHE KA S &
B2 K TSR 20~40 em + 2 3 (P<0.05).
22 TIEREIEM

P1.P2 Al CK ¥t 0~20 cm + 2 ) 355 &4k
SBEE 2 )N 0.661. 0.585 F10.200 mL-g ™', 20~
40 cm 2 1) 85 S A A BV 150 R 0.321,
0.307 #10.259 mL-g '(&¥ 3A), P1 F£Hh 0~20 cm &
JZ2 ) e A B 1 R T P2 RERL, R
BEET CK i (P<0.05). P1 5 P2 kil 20~
40 cm LJE I LT A AL A BVE VE R = T CKFE
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Fig.3 Soil enzyme activities in different soil layers of three sample plots
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P1.P2 fll CK FE#E 0~20 cm + 2 1) 1 3 s 2 fifg
T2 A 238.512.297.459 F1105.077 mg-kg ',
20~40 cm b 7 Y L S5 R B 14 43 90 9 146.489,
203.843.84.416 mg-kg', %14 P2 KEh>P1 FEHi>
CK #3th (8 3B). 3 M 0~20 Al 20~40 cm /2
1) T SR PR BEE TEA BE 2E R (P<0.05). 3 M
0~20 cm = JZ () S5l 1R Il i 12 3 2 KT L 1Y
20~40 cm + 2 IR BEER RIS M (P<0.05).

P1.P2 fll CK FEHb 0~20 cm + 2 /) - IR B
PE5>5 103.430, 102.464 F1 101.134 mg-kg ™',
20~40 cm 2 [ I PREGVE 14 2 1 96.380.
100.804 F1 94.756 mg-kg ' (& 3C). 3 MEHL 0~20 cm
2 1 - B R B R TG S 3 25 T, T P2 FEHL 20~
40 cm 2 1) T SR IREGE M 2 2 v T LA A 1 3

(P<0.05). P1 fil CK £ 0~20 cm + )2 [ 135 iR g
MR E KT MM 20~40 cm )2 T3, P2 £t
2 JZ R RS M AH I
2.3 HIEESEMALTIES o iEfREIRME X O
XT BT R ) SR e S PR R R R o S B
AT Pearson FHK /AT, B3R 2 AT AR, 84k
ABHE S EYLR &R RS B RN RS E
9L (P<0.01), 548 & & 25 & 5 C
(P<0.01), 5 pH 2 & AAHG, 52 31k
FHIG (P<0.05); T RE BV PE -S54 HUT . A5 Bl
I Xbe & B B AR 2 A O (P<0.01), 5 pH
S B U SE (P<0.05); IREESE T 5 AL
Ji~ AR AW Rl AT e e A B 3 IE A
K (P<0.01), 533U 2 3% IEA 2 (P<0.05).

*®2 DREEMAMLTIRSF D S EEEX O

Tab.2 Correlation analyses between soil enzyme activities and soil nutrients in three sample plots

E{=ga pH AL e e s T 2L AR R
pUE= g -0.573 0.947™ 0.844™ 0.133 —0.654" 0.896™ 0.559" 0.123
TR ity -0.557" 0.963" 0.958" 0.338 0517 0.960™ 0.849™ 0.101
IR 1 -0.420 0.650™ 0.678" 0.644™ -0.184 0.728" 0.804™ 0.552°

1) “*#7 £ 0.05 A-F 2 FA %,

3 Wit

3.1 AR LB F MR

P1.P2 fl CK #Hb A [F VR FE 1 3% pH 338
4.0~4.5, JEERPE L5, O L Hb AR R A, 24 iR
Z W, MK 51 6 5 2 A Mot Ak . R 25 b 2 R0 & 2k
AL FE, KA RE TR B 5 BE 45 Jo Bl /K 1)
TE LR, FECEE R

TIEAE P AR B R S A A
P2 FEHb>P1 AEHE>CK FEHL, AR5 2% 5 11 P1L P2
FF i PR V& P it B 53 ) 9 CKOREHBI 9 AT 12 f%.
MR RM, FEES LIBEANR. 285 &
PR B AR IR BRARIIVE P 2 AR AN 77
43 FE PR 2 ) R0, ] DL A ML R
WG B R U S e L 5 ) ) AN RUAE D I B B
T, TR TR o A, T S U 30 3 e b
HHUFRAZE P, sk, 34 HUR ) 3 B R IR K
T & D ) O3 e R 2R 43 W) R G A A U
Yo oIS R BT AR R 2, I o)
fift e 7 e, AT AR 1E G HLER BRI, A L 38 nfE 7
PEREAT BRI, R LT & &Y BN A
TR . MR, CK FEHLAR TR D V%
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“Hx” F 75 0.01 K-F 2 F A8 X (Pearson 48 X 547 k)

Wb, B3Ry a1V -3 . 5340, B U5 I B AR I, AR
N HE B AR D 2 T SO X T E K b 3 RTRE R
%Ko PRIt CKOFEHB A BILJTE . Z0R 0 250 2 = LAk
43 B 5 PLL P2 AEHBAR.

P1.P2 Al CK ¥t 0~20 cm + 2 1) T3 46 &
BEIRAK, 0~20 cm T ZEH HIEAME B8 CK #+
H>P1 FEHB>P2 FEHL . T Ll b A S #4, H5F
B e BB B 2, XA SRR s (A 1 3 1 R
AT PR Z I N, 3T A R
IR . M2 Beid J5 i P1 A P2 £E3HE 0~20 cm 12
1) A 3R R b CKOFRHO ARG, S PR AR 2y 2 5
B A EGn, L3 Gk BB A RAS . [FIE
Ml XA PR =2, KRN KER-E NO;y 1)
IR FE R BN, 5l HIEREM K 1E A NOy (1)
H Ao P17 5 - A s bk R, B DL B R AR
A B

HUE fE AR 7 T 3 22, AR R T R A
Ji» TR JE () S 52 TR B AR ZR E MR - 3 3R
JE A, AR TRZ IR s . i
R)Z G N AR 73 75 W K ki i 1) L3 R 2
F& [ 2 AN Wk B0, By DAAR 23 s A Y | )2
TIEA TR E R BERT T2 %,



% oW K K ¥

T 39 %

T EIRE A £ R A 1

T IR S A PSRRI R . AR
Iy U S5, P1OFT P2 A1 0 5 S0 A S0l R 58 G il v
Ve RE T CK AR i S A 2 5 A nF
PR R & R B AV 2 A SO, TR
T T DASRAIE 38 5 B A o BE A LSRR R AL SERT
T R I A - S SR AR A Pl L EAE A, S MR R
FIRAE LR AL RE )Y, P1 A P2 FEHh ) LIEH
WU & v, A A TR AR ARARY, RIS,
PERPRIAR TS A AR 2 i, thdle vy 1 I S AL
FIBEERBEIE M. HH Pearson HHIE 43T A] 41, i 424k
SN TR 5 A LB 4 SRR AP R A M A 2 A
FKo R, MR SO R L S A S T s AR
TR GE DY B S LT AR R, e
JIFEwE . 3 AR bR 2 R BRI S M 38 R L
N P2 FEH>P1 AR HI>CK ORI, B8R s 7 ) 48 i,
AR IEAT HLBE 08 I, G0 B AT R . AR LE T
CK Fftth, 2808 B0 1Y) P2+ P1AE -0 1 Bl R 5 14 38
T, AT i 2 i (A3 A, PR b 3 At 5 A
B ASHETT LIRS TR S AR 4
R ol Z0 TS O 5 A AE A S 2 A SR, X
5 R SEAEPINN T RSB T4 R — B R
oy BSOS FIRE e L IR BRI B RS =, AT IR
BT BA R R

IR il s P il P — Ao, KR TR, SRR
BHETESAPURMA S ERREY), HXZ 2 IEM
RRA, kM E#S 5 IR FA LIET NS
PEACAE TR, BEGE A L7 b BB KK A, A B
TR AL, 5AB AR B
FH N, IRBES PES A WU S0 B 2 A R
o1 T BEE L2 pHL T AN G R #h 55 2 A
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