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Abstract: This paper examined the contents of different phosphorus ( P) pools and phosphatase activity in different soil
layers under exotic Pinus radiata (PR) plantation and adjacent native Pinus tabulaeformis (PT) plantation. Results showed
that there were no significant differences in soil total organic carbon (TOC), soil moisture content (SMC), pH and soil
microbial biomass phosphorus (SMBP) in each soil layer between the two plantations. In the 0 —20 cm depth soil, the
contents of available phosphorus ( AP) and total organic phosphorus (TPo) were significant higher in the PT plantation than
the PR plantation, while in the 20 —40 cm depth soil, the contents of Ca-P, acid and neutral phosphatase activities were
significant higher in the PR plantation than the PT plantation. In the 40 — 60 cm depth soil, the PT plantation had
significantly higher Ca-P and acid phosphatase activity than the PR plantation. In addition, with the increasing soil depth,
the contents of different P pools and phosphatase activity decreased in both plantations. These results confirmed that the P
content in the PT plantation was higher than in the PR plantation. Therefore, in terms of the supply of soil P, the PT could

be superior to the PR as the tree species selection for the afforestation program in this region.
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BERAMARWEEREY R, HEPBHREK PR RETIHAESREMIEFIRE, A LS RS
Zhr, AR RIEI SR A YIRS B R RREETS 77 , A BT Ak A b % b
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FENHJRZ Y P P Bt/ Y2 T RAEER X, BV RRE 75 +
HEK o 2 F AR R ORI, BT ST T R KR R A AR S B BASAR h B (8 B AT 7 R BF ST
X

RIS (Pinus radiata) EIETMAEEEMN , B SO H A FEZREARRT, BRI EERBIMA
THG , T3P U 5% A HUBE SR A S BB A R DA R R EET T FA 5 8 S s A Y5 3o 3
HER ARAMEER UK ERMEREY M TR Z U R E R ERE R ERZN o WA (Pinus
tabulaeformis) e T RY T REMR HEEN £ HFz—"  SESFB AL B Y

URYE b3 T2 AR T E A T4 Me 55 b, B FREK A 8RB R FEK DAY, BT AR R
Ao EIE T KR R R, LB, R AT RIS AR E TR, FH, IRE XK
BAEEAES ARG, REHEEESREMRS IR, WK Lk, FRBME LR RMASZ LA+
STEENE L, B 20 4 80 4E4R, FEIRTE EFEE T REAAAMK, RIEF, 51F T8, HFEDON JRE
PESEEE T RERMFRSAAAR, BT E 5 FhiE S AR AR T AR K I X e 12 XA IR A T A S5 A A T
o SFEHRb  JR DA BT A SR R SR R 9 M B LU AR B ST A R (8 L T A R L R A bR
FER AN ARG e 3B R (9 LU T 40E

A5 38 5 WP UR YT b 30 T R b X AR S A A A TARDL R R AR EN LR E P AR S#HR 5 11
WERRTE T 77 B2 B 23 A R OU Y FLEE, R AR AN AT G st b + IR E R T E 0 A 0 ) 22 5, X 358
TR A BE VR B R G0 R B A EL AN SR BE IIE T 24 b Ak, DA BRSNS B R i A2 25 XL
Bz , A2 X3 A R A DA R AN AR 2 B A SR A B AR 4R
1 HARMWREWRRAE
1.1 W5 XA

AT HIA TR S AL T 0 ) 1148 BT S0 75 B, 347 B E 103°51°04” ~56'52" N 31°42'20" ~44'53",
R4 B 2% Bt AR A W B 9T BT 18 L AR S B AR K I A B0 , it X AR 21RO 8. 9°C, = 10°C FRIR N
2690.8°C , 4 [E/K &y 900mm , 4EZE & B 795. 8mm, b X S AL MR YT i T R A, £ SRR
fbo HBE LI ASHE, K 20 ZER, FZXBEE T KEM A LA, F 265 (Pinus
tabulaeformis ) Bk @A (Pinus radiata) R4 o X FIFP A TTAREY N AR AR AR HE NS 78 8 9 55 — AR AR, AR
¥ 16a, 14Ky 1600 ~ 1780m , FA3E , 948 + , BEATESRME SRR AZ I .

I, 2% X R PRI KRB RAHEN . FEZYFP g 547 ( Cotinus coggygria) 7 X ( Cyclobalanopsis
glauca) )1|%%& ( Corylus heterophylla) %8 %% ( Rosa sericea) . 2571 %% 1% ( Rosa multibracteata ) #t: B ( Rhododen-
dron simsii) W1 T 14 ( Campylotropis macrocarpa) . &% ( Corylus mandshurica) -4 #F ( Cotoneaster horizontal-
is) \EEEL( Carex baccans) AT ¥ ( Chrysopogon aciculatus) ./NgHH ( Bupleurum tenue) %5, 78 SCATIMAR A A
AR RN AR IR A FE 3 RO ER AL T IRl — B T AH 4B THAA MR- R O 12. 8m, -3 g 42 2
10. 2cm  HRH BES 0. 7 s 5B ST AAMOT- 2 o 13. Sm, P04k 13. Sem BRI EER 0.7, TEEERT, BAES
IR —E
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1.2 WEh
1.2.1 BpHMAA R

FAETT =SB Zhao %) 1 Wang %) j977 8k, 2007 4E 9 H , 4MHI7E 3 Fibksr P4, #6455 4 10m x 10m
FIREH , 75 RFHRAE 3 N BEALAR 5 £, 4% 0 ~20cm 20 ~40cm i1 40 ~ 60cm 43 ZHURE , 5B 3R AE P 5% 14 S AR
R, BHEEAMRER HHERE A5, 4 1000g + 34 R —MREA AR, 26 AT 85 3 1 58 4% dh A 1] S0 3
Fo RIERREN TN TITRER R 3 #5: — /L B E 38 B AR S K & —FF4r1d 2 mm 57, 56 AP 6
85, F 4 CUKFRH AR, A Y A ) B RS PE I E ; — &4 TS BHEE , F 2 mm 1 0. 25 mm i, i F4
BE(TP) B (AP) B HLEK(TOC) RHE BT SHER MIE .
1.2.2 R

TIEEARE/KEFBED(GB 7830-87) ;pH {E] 2. 5:1 B t7K HLllE (GB 7859-87) ; A HLAK FIE 4% BRHH
SAb-FMn#Ak (GB 7857-87) ; 2B VBRI - = SR IH & , 4H A T LL (5 1% (GB 7852-87) ; 45 AU F $h MR- B R
B IR-SABAPT Lt dk (GB 7853-87) 5 HIRBR VERE MRS LA K v B BREGTS /1 R BATE Nt k™ s e B
BRI EZE /G NaHCO, (pH =8.5) B 42, #H R H0N 0. 4%, THLBE #9525 Ak i) Chang-Jackon J7 15, 43
FIF 0.5 mol/L f¥) NH,F $2H¢ Al-P,0. 1 mol/L f¥) NaOH 325X Fe-P,0. 5 mol/L [ H,S0,$2Et Ca-P™*) ; HHLHEH
Saunder-Williams e 5
1.2.3 ¥dEab

SRF SPSS(11.5) #AT 7 24047, AR ER B E (P <0.05) ,# — R H /ML 21 (1SD) #17 £ &
238
2 BERESWH
2.1 AR

F£ 0 ~20cm +3Erh JHAARK I8 B 4R S /K B B2 KT8 S A MRFNVE A, (R4 S A AR R A [ G (3 22
5o TE20 ~40cm DL K 40 ~60cm + 25, S HEAR G KB LB EZER . EE LIERE KM, 3 F
o ISR B R TRBEHE(E LD,

HER—TZR A3 Fibksr 138 pH EH 2 F IR B3 BN ERYE , 6 + R B A3 , A bR B2

F1 FAEHTLESNEERBUMER
Table 1 Basal physical and chemical properties of soil profile under different plantations

+3E)ZIK Depth(em)  Al#E Vegetation SMC(% ) pH TOC(g-kg™!)

0~20 # M Shrub 22.12+1.13a 5.87+0.16a 36.49 +0.31a

AR Pinus radiata 19.97 +0.84a 6.09 +0.05a 20.74 +2.84b

THFAMK Pinus tabulaeformis 13.90 +0.96b 6.07 +0.10a 27.85 +2.51b

20 ~40 A 15.67 £2.33a 6.10£0.17a 16.31 +1.16b

LAERE /N 13.35 £0.40a 6.16 +0.06a 18.79 +0.26a

LAY N 12.82 +1.02a 6.17 £0.25a 20.46 +0.20a

40 ~60 A 13.45 £0.89a 6.16 +0.18a 12.73 £0.96b
A 11.74 £0.93a 6.310.14a 14.68 +1.80ab

A 10.25 £2.43a 6.20 +0.03a 17.53 £0.69a

RPPERNFHE + SE (n =5), BUHB R TRFRRHLT LSD LEILEINTE @ =0.05 KF L2553 BEM:, W —5 hRRE T RRR 25
B % The data in the table indicates means + SE (n =5) ; The letter after the number stands for significant difference at a =0. 05 level respectively in

the process of LSD multiple comparisons, that are not followed by the same letter in the same row mean significantly different; T[] the same below

3 Fbkar LA LB & B RE LSRR B A3 T R 7E 0 ~20em LR, ENEIR S BERS, BES
TAMAABRFIRE SRR, (E AP S8 AR ZE I A B3 576 20 ~40cm L3 rp 48 SHARARATIIARAR LA HL
REBRERARE EHEE S THEMN7E 40 ~60cm T3 MMA LIRS B, BE& S THEN H5HE
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SIMMERABE EHMHAEANZRBAEE
2.2 HRPARBSHRSE

7E0 ~20 em H3H,3 FbkIr 19 1328 (AL-P 71 Fe-P (& BT B E 25 AR LA MR S &
BER THEANEIAA, (DRSS ZRIFABE ;3 MoK DR VIS B E R E 2R, Wik
R B ARG ; Ca-P EIAMR L3R P & Birm, BE R THN B SRHMMATEEZER, BT
WA SHEAB TR EZSR . 1520 ~40 cm T38H 3 Fibkr 19 13 Fe-P ST RTEEZER; LIRSS EIEM
kbR, B R TR (B SRR AR AN B3 AR AT AR S HE A B oA SB35 39 ST il AL AR
&, SRMNMARERABE B FYEE R THEN MAMAE AR LRA NS S BERA B H
FHRERTHEMNALP TR RE, B8 THEN BS5MMATEEZR, WS EARNZ
S B ; I Ca-P S RTE 3 MM PIF7E B E 2R, R =, EA R K. 1E 40 ~60 em L3,
3 Fibksr 913 AL-P F Fe-P MG BRBEER; DIREPHEMMAT & BRS, BER THEN, SEHRHK
To B 225 AT PR SO A B 22 A B 3 5 T AL AR S AMK L3R A DU S B E R AR E B
ZERTHEN; F350,3 Fibksr L3RR Ca-P WAFTERE 2T Horb MM & B AT IR & B Rl

®2 TEAHTLREREHSHESE(mg-kg™)
Table 2 Phosphorus in different soil layers under different plantations

Dep:t'i-‘lj(;(’::m) Vejvft?tion TP AP TPo Al-P Fe-P Ca-P
0~20 N 149.93 £14.92a  3.67 +0.04b 33.22 +3.48¢ 1.97 £0.35a 4.86 £0.82a 53.86 +4.60b
EREFARK 177.78 £10.04a  4.00 +0.26b 73.57 £5.36b 2.39 £0.20a 4.21 £0.52a 65.44 +1.98ab
THAAAK 185.50 +8.64a 6.01 £0.27a 87.93 £2.46a 2.19 £0.06a 5.51+0.37a 72.61 +3.22a
20 ~40 N 135.74 £15.72b  2.20 +0.36b 8.43+1.17b 1.63 £0.28b 1.29 £0.42a 38.78 +3.39¢
ERATAAK 143.90 £2.87ab  3.97 £0.23a 62.42 +1.71a 2.43 £0.10a 2.79 £0.27a 50.51 £2.99b
THAAAK 173.17 +6.68a 4.97 +0.28a 58.78 +2.04a 2.01 £0.13ab 1.53 +0.67a 70.24 +3.37a
40 ~60 YN 108.18 +8.63b 2.15+0.22b 6.70 £1.29b 1.30 £0.13a 1.30 £0.13a 34.29 +3.39b
ERATAAK 130.92 £4.72ab  3.18 £0.26a 28.80 +3.23a 1.14 £0.23a 1.27 £0.18a 20.38 £2.37¢
AR 152.36 £13.86a  3.62 +0.18a 21.70 £1.90a 1.20 £0.09a 1.70 £0.82a 52.19 £0.93a

TP 4% Total phosphorus ; AP: A %{# Available phosphorus; TPo: 5.4 #L#§ Total organic phosphorus

2.3 HIEAYIEFER
2.3.1 +IEHRRES > O #EM Shrub

38 e B TR S i S B A 38 o T UK 2 ﬁﬁﬁﬁfﬁﬁ ;ﬂ:}gm
£ 0 ~20cm 3, P EBERRES TS I EEA P RS,
B3 TR ST AARANMAAAR , (B8 S AR bR 22 52
ABE, 7£20 ~40cm +3E A, AR P B BR B 1S 1
3 TR ST AARANE A , (B 48 SHAA MR AR TG 8. 2
Z5. 7E40 ~60cm 13 3 Fhk sy £ 458 T R FR
WHERYABEELD),

v BRI )

Neutral phosphatase activity (mg-kg™'-h™")
"
T

Y

IR B RR BT -t B SR B A T R b b
7E 0 ~20em L3, 3 FRARIMIRIEDE BREG IS ) 6 B3 2% 5| 7 LS
537 20 ~40em + 3 HAAARER PEBR IR B 15 1) B 7 r@
EASTAAPR B B AR, THAA AR SHE AT .35 25 5%, (H 3% 1 O a0 20-40 40-60
R TP 7E 40 ~ 60cm 158, JhAARER M +-H¥ B Soil depth (om)
BERARE 71 3 B TAARHB SR, EAESA b 1 R AR
%ﬂ& s fﬁfg)i\'—ﬁ ﬁ 51‘ 1"&%%5‘4% %ﬁ‘( lg 2) ° Fig.1 Neutral phosphatase activity under different plantations
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2.3.2 TEMAEMAEYER
& 3 B, &4 3B W) A ) B 5 ( soil microbial biomass phosphorus SMBP) & £ &l kil 4 8 5 & 1
PN . 7E 0 ~20cm +-3% bk SMBP [ & B .35 15 T8 ST PAMRFIAA AR , T AA AR5 58 S AA AR TC 18 3%
ZE5F. 7620 ~40cm +3§  SMBP & H251L 5 0 ~ 20em + 35 i —B(; 7E 40 ~ 60em +HEHp, 3 FhAk4M Y
SMBP 5B ERBEZER.
50

0O #M Shrub
SRS Pinus radiata

a

o
o

20 -

WA Pinus tabulaeformis 0O #M Shrub

a A Pinus radiata
WS Pinus tabulaeformis

N
S
T

?
/
/
/
/
é
/

w
S
T
W
T

(=}
T

T
A A P

Soil microbia biomass P (mg/kg)

(=3
T

FR LR RR NG )
Acide phosphatase activity (mg-kg-h™)
W
T

2 Y

/ V/ b b
0 / / 0 %§
0~20 40~60 0~20 20~40 40~60
3R Soil depth (cm) IR Soil depth (cm)
K2 ARFEHEET R RS B3 R e Y s A i

Fig.2 Acid phosphatase activity under different plantations Fig.3 Content of microbial biomass P under different plantations

3 itig
3.1 IR

3 bk 4398 S K B R BE SRR B BB BN T 0,0 ~ 20em + 2 IhAAAK LI AR Sk B BE R THE
SIAPRAEM , T FE 20 ~40cm LUK 40 ~60cm + 25, £h HIEAR S KEM TR EER , XZFEHEN
MR R YRR EE SR, 2B KB, RHOK R LIRRE M- N A TN FEEY S —, %
YIFKRE 555 , BB BB SR RE T ATH, M 3 Fibksr FEHES KR ERABE™,

FRBR AT HIRAE S AN, R Y A KM EEERZ —, APREN,3 Fidksr 145 pH AT R
EER HEMERYE, ELHE R B RN A W , X S BRI AR

HRANBRFEETE HRERE ENER S BERES, XERNENREREBENEE" A8
BRSOV S — 2 b R N AE IR ZE O TEER, BT IR 3% W53 fg i At i R 5, A A
WisE, BB L AR . & L2 BRI AR 2Z A BE, XERN %
PR AR PR ], AR P BE o AH ], ELET AR AT TR S B R8T AR E R A B
3.2 GESTAMR SR IERER S B

TIESBAES LSRR, EREE LIRKMBE N . XITESE WErtsr R, AR
Rk 2R S B2 TIE R K, AERSH 3, ELLEP, B MAFHAK LIRS &I
BEES, RENFFMAS LR FAM, BB A TARE R ERK, SR ARG ERN 2B EEER
AEE,

HA R 2R A B TR SR 0 Al , B T DASRAE 3B 2 i BU ST BE S DA R e B R
£ 0 ~20cm H3Er AR IR & B B3 THR SR, (H7E 20 ~40cm 40 ~60cm +EHh 2 RAE
E X 5EVB A S8 BT ABISTE, TR TR A o Rk B A LB .
I, AHFFT S5 R U6 , A AR 38 LU AR AR IR S B B 2 A DUEE, Bl /e FE RE A i A R B A
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ZE S X — 5 TERUL, HAART 24 b 1+ R 2K M BB TR S

TN FOTE A BRI R, ZERRME 39 PP iG Mk AR A BT , PR A) R R A s A LA 2
iR, PR T R BE A AR R BEKOT. R Bk, FRAIR 3568 B 7T LARRAR TCHLBR 4 70 1 Fe-P AL-P (& &,
5 Ca-P S, I HIA R o LR Lajtha 1 X T EFEB A TIFTEE R —30, B THEBELITCHL
B, Hrp, Ca-P §EITIEHE T ALP 7l Fe-P S8, A0 TR MMRYE, (B2 Ca-P S EHHR, X AT fE
ZHT 9 H O XK L T, 3 S K B8R, 6 3% pH {576 Ir T R, 300 T BE RS I 1A f 3 R 1
B R REEMTRE, B T eI B E E BT o A FAE SHARK 13 AL-P I Fe-P & BER
WER T YT REES XM T AL-P il Fe-P 2 439 o AT it o HURS A T BRI, T AT ¥ M oAU B 1E
P ERABE, NS L ALP fil Fe-P S RMNERABE ;T Ca-P ££ 20 ~40cm 40 ~ 60cm
T2 H B AR R E R TR SR, X UL AR 13 Ca-P 3022, W] M AE Y A K 3R A4 22 1 T A B
I, Bt 3 R KT s O TR A

FEFMAB RS H , EE A VBT 52 50% P E, 2 s i E SR, AR D b
% TR ROIEER ) T — 1 R SRR (L SR o BRI R, O\ R R RIS
B AV S B, 3R TR R LA R AR S AR bR, 7T DUR B Rh ZE 0™ fL B A L
B, UE TREBRTLEREEAVBE S BRI o BIE Chen 255 BF5T, 117 12 5 48 SR AR
I 9 B R AN A 4 T P T LUAR BEE LB OB ko BRI, e RA bR - S DL A B DA R B BRI )
A FRR SHAPK I TR , REAS AR R KR LR 2 (A R

e AR My R W) BB (SMBP) 2 H A MBI IE BRI — 30, 5 TR A VIBHL A WAL, EEA S
WAk M AT A A 25 o Rt , SMBP 4 Sy A MR 5 A8 S Al 40y o W Ml 1) — R B AR Al Ao 42, He
B RARE— SRR B R R AR E Y o 1 3 AN IR WO, A AR ST A BK A9 SMBP & Bk T
M HZEZFREE, Chen ™ HIFrEM, LMY KIETES LIEFBE R IEAX, LT HRETEME
WIFET , NS BUR A P & b i 1) L3 Bl . A SO R 5 H—30 A LIRS /KBS, SMBP [ 1%
AL BRI A, BT LIE AP SMBP 5 B o THAAMRFIEE ST AR 1] SMBP 2R R BE R T & E KA
BRARF , 5o R B K , B R C R IR G , T B e TR 2 ST BAR DL, B BB S KB ERAK,
Pt AT Rlbk 2> SMBP & BARLL .
3.3 4B

THFAR 8 SHAAPRAI TR SR U L T A+ 34 PR 2 5 B LA B RR G I 12 7E — B 22 57 , R Wi A b At
VE AR IR R A . ARSI S AR IR R R A B B T, R IR AT AR BIRRA
TARIIAS 3t - SR ZOR A TR o AR SR Ay £ B D R RIS e , D IAE I AR
R IR BB N TAREAL T0F + 38500 68K AT W 08 8 R R B AR AB BE Y o 76 0 ~20em 13
A PR A AU R 25 & B B TR ST AAMK 76 20 ~ 60em 3 rh , M MA MK T EBRBREE IS F1 A K
Ca-P 97 BB 3 TARATMARK, R e T A ik 498 i 85 22 (98 WU TT LA 5 4 S T WA M S 4 2k
Bo B, B HIEBEZK TS, £ SRR FLAN R iR S0 B8 38 TR o Y B e AR b, (ELR, BEEL AR
X BRI AR 24338 Ak + A BRI , 3 7 B K AT ST
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