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Retention of plant available P in acid soils of tropical and subtropical evergreen

broad-leaved forests
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Abstract: Mineral phosphate precipitation is often recognized to limit the availability of phosphorus in acid soils of tropical and
subtropical forests. We studied extractable phosphorus pools and transformation rates in soils of a tropical evergreen forest at
Xishuangbanna and a subtropical montane wet forest at the Ailao Mountains in order to understand biogeochemical processes that
regulate phosphorus availability in acid soils. The two forests differ in forest floor-mass with a deep humus layer in the Ailao forest
and little presence of humus materials in the Xishuangbanna forest. Resin and sodium-bicarbonate extractable phosphorus pools
decreased when soil organic carbon content was low. The lowest levels of extractable P pools occurred in surface (0 ~ 10 cm)

mineral soils of the Xishuangbanna forest. However, microbial P in the mineral soil of the Xishuangbanna forest was twice that in
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the Ailao forest. Potential rates of microbial P immobilization were greater than those of organic P mineralization in mineral soils for
both forests. Our data suggest that microbial P immobilization plays an essential role in avoiding mineral P precipitation and retain
plant available P in tropical acid soils, whereas both floor mass accumulation and microbial P immobilization function to retain
plant available P in subtropical montane wet forests.

Key words: Ailao Mountains; phosphorus pools; phosphorus microbial immobilization; phosporus mineralization; phosphorus

pools; Xishuangbanna

BERF AT L HPERRZ  RERANRESREETNHRABEFZ—. YL pH<5 0, +
REB T TALBER 5 5 & KK Fe Al Mg S A Y K Fe Al Mn B FHRAEEMBLE DV, BWHE
BMESREPBHENEFEYWHIRIEBEIAY . LR DE T WA BRI R IR F
REFFRBAE . 1995 F4ERHEY REW —AREBRBUEEBTRHMEYEE T L HEBEBRBHN
23.2% ~37.7% . 2001 4ERX/PES LB & R LHAEYET LB EPERERE T KRB TIBE, BRE
PREHEH . MEDF NS SR L, MELEBEAIEELTIB N AR E EEEETTEETL
B, THFHEYEYEHRREYBRREROBEEE", tRPREVEDEBRNE L REBEHEREY
RIBUEBREEMBERESRERNE™ N . RHHNTAHFAEERENE SN WEREREDEY T
RRAERIE R M A AR P EEREHEA,

PO LU 02 ORI B8 P LR B SR M R B R A R SBEH TR AR A S B UARMEE, B
PIL N BRI+ 3 A L B KR R B AR B K P AR AR 37, TR TR ) 3 bR, LS SR 2 B P T SR /0 5 THT . 44
WHLEBEFRKRAEAERL R AEDORBENEE WREEARRERE, BERTERTERIERS
EREHEERNEES FRORBERNFES ST EERMBN A RRAEER, ARAEE
T LA LA A A I MR P SRR L 32 X SRR AR B BR T 3, LU AR B SR BR RO B AL AL o LA B
HARHEYARBUK B HEAILH . IREREENWEGHNRPERERE -ENEIRE L
1 HRMAE
1.1 Bk

(1) R LB % G T ARRE s O F R L PSR U X, 24°32'N, 101°01'E,, #§ 3R 2476 m, 4F
P FEFT B 1931 mm SFHRAEH 11.3 C,HBHA (7 A FHEER 15.6 C, K% A1 A5 FHBREMR
E5.4C, 2FEARABNTEAZ BESAZ 10 AH,. TE UL AZEFE 4 A0, FPFYHEMNEBE 86%.
REHAR AR % B 2728 ¥k hm * , T ABW A FHBE 12 om, &S 25 m , BHEFTABE B EEN 56.4 m* hm ™7,
BT EEA BLRGHR (Lithocarpus chintungensis) . M I 48 7€ ( Rhododendron leptothrium) . 5 4R ( Vaccinium
duclouxii ) KRR AHR( Lithocarpus xylocarpus) & "% ( Castanopsis wattii ) I K 7 ( Schima noronhae) , 5 F FH#
2% (Hartia sinensis) . 4L £ K ¥ (Manglietia insignis) . %% it 8 # ( Machilus viridis) . B§ Y2 Rt A2 ( Eriobtrya
bengalensis) B% & A ¥k ( Lithocarpus hipovirides) . X4 /\ £ ( llliccium macranthum) ISR Z 3 (Ilex sp. )% , KT
FEUSMI N T, LRI R, B, pH< S,

(2) PESURR I 1L 02 R H 43 B 4K A 4 67 F 21°105'N, 101°12'E, ¥ 383 800 ~ 900 mo 4V 3%
TN 1557 mm, 2F TRELS P, FFIHINEER 86% ,FFHR21.5 C, &HB/AG A)HEHI25.3
C,BRA AN AM)HBR 15.5 Co FEMFEIE /N R ( Castanopsis fleuryi) E4R 5 ( Aporusa yunnanensis ) \£L
K7 ( Schima wallichii) . I8/ ¥ ( Castanopsis menkongensis ) \ # 3k G ¥ ( Lithocarpus truncates ) 4R *t ¥ ( Castanopsis
argyrophylla) ¥ 3} #% ( Castanopsis calathiformis ) . £L K& 7K %8 ( Wendlandia tinctoria ) \ & B 12 ( Engelhardtia roxburg-
hiana ) \#& 4 K ( Cratoylon cochin-chinensis ) % 164 ( Apodytes dimidiata ) 55 R 1 1 4% ( Linociera insignis) & J¥ 5 &
B ( Millettia leptobotrya ) | B & i { Diospyros kaki var. sylvestris YT A R ( Lithocarpus fenestratus ) 75 5 Bk
(Syzygium sp.) 5 &4 (Ardisia sp.) ZLIE A BHE ( Olen rosea) . /> Mt B B ( Carcinia cowa ) 3L BEBY ( Glochidion
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lanceolarium ) {5 59 2 P34 ( Actinodaphne obovata )%, HIEATELI, BMHE,pH<4.5,

1.2 BRI

1.2.1 EREH B BURERTA) 2004 4E 8 A ¥), EERH T A REHLEE 5 A BB &L MEE 5 m DA B, S HIBUB
REMO~10em ¥ RLE, P TEARE FILPEAFEBER MO~ 10cm T H L. MEKA 25x25
om® BREE FREBEHAERZS5em, K 10 cm W HEFR TR, EMERBZHFE, HRAAHEFHELEE,
B 3R R0t 2 mm T, £ > 2 mm WARTAR, HAAHSPHRKEFN,

1.2.2 EBFE

(DABFRIBERBERTNBE K 1.75 g B L HA 50 ml BRHEH, A BRA—HABEFRIER
BAMOm EBFK,. ERGBLUBEEY h /G, BB TRIERBZBUE . AR TR R4S fis e
HREEE Tk oh Bt T4, AR5 B B0 74 B A0 e 45 [T 48 BHIR 1 in 30 ml 0.5 mol L™ HCL ZE#R % 88 L AR E I
¥ 1h, ZEEUR AR T B BB . 2 BURORI SR 43 1T B B F IR IR B SR LBk -

(2)NaHCO, BEUIAB MV MBI R 1.75 g 8 LA 50 ml BRI+, 1A 30 ml 0.5 mol L™
NaHCO, (pH =8.5), ZEIRF 2 LR HEIRY Lh, R/5 25 L #HBR AR E NaHCO, B AHLINBE. 575K
LiE® S ml MABRARS(Z)RBREEL MEELEHEBRPHNSTER, BHEZZBNA NaHCO, BRRME
LB

G)BAEMEMRBEHW " REFMG 10 g1, 5502 A 100 ml BREP, HP—BRAEEEH
WM TREH, M EINEHBRE, XASRER 240, 5 — B LR AREABRY TRES, RinEH
P IR 24h, BRIEIEE Bray "B (LWL 1:4) , RFHE B 30 min, WHRAXRN S HEDEYEB
(Pr)o P =E, 0.4, HP E, -BERELEHRIE - REXLHEASE,

(BB AERGMED BIEBRIBHL, 0 2.5, THEA0BLEZEEF, HF 14+
FEERSTIR ;55 2 % Co (2 Kgy h™ ' ) FEE IR 25°C T B ST 10h, AR /5 K i 5 IS5 BR &Y Sh, LA B R B M3
Ro B3IMERDIHIBA 250 ml KT, KA 1 B HHEMRTAE 120 C,2.12 MPa KT REHRAL
5 min URREFHESE. 0.5 ml FER 2 ME R SMES S, UMEMEINERK, SR 24
BB TR IR B (R L) R S0 ml 2B F K. BB RHERERENER LB ELMET L 100 o/min R
24h, BUHBAE F35#4%, 30 ml 0.5 mol L' HCOl B, X BB AHESN L ARSI THSE., BEME: R,
B BB AT BT R AT IS R R TE S 3 ML R RRE BB 4 7, B0 1.75 g0 FFAR FASH4S0 30 ml &
BFKRE WL BREEFKERBEFRARMELE P T4, 4R)5H 30 ml 0.5 mol L™ HCl ZXBL, 44 4L
Btk i o [RRE B 5 B 00 8 A 5 o BRSO ME IR S S 00 0.5 ml FRE AN 0.5 ml FF A X BB B BE 5, AH 7 A %
SEMNEHEMALENBEE, KEXBRPEMCEN L ERSBEEL W, AEBEESNT, BEALER
MitEARIT .

BT LER P, = (P, - P,)I¢

WEVEEBREERP, = (P, - P/t

EVBERIBMEP, = P/t
Kb, P, HERLEER | dRFENENBER; P VEREEEREHNER 1 dERENEHNRE; P,
A EERER 1M ENRR; =1 GBI ERA T A mg Pkg ' d™

(S)BRHUEBMEEHE" RN 1gH BT S50m ZARE, WA 0.5 ml FEUE L HIBERE)NE 15
min, #RJ5, A 10 ml EBERR AR 10 ml BEMEZ B (pH=5.0) ,[THIRE. BFRNEBESWET 40
CHREFMED, B 24 h, BRLERE KEFRABRFEREATEZ 100l FEAF, EF. 4B 1ml F
100 ml ZFEMPBEES,578 nm WK AW E, BAIRR N :mg phenol kg™' d™'s

(O)FBEFRIEXHIHHE HFW gl HEFRBMIEHARELZE P (2x3 en’,100 B B, 1g
A FAETFRENE—REERETHRNE 200 x 7T RE&=>3.2), O EHESERLERn, BN
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mg P kg™ T+, GithEAAEEYEHH(SPSS11.0),
2 B#R
2.1 P&

PRZMAEOAERBEEH R AR, AE FR ISR BUH B THLEE (P) MBS SRS A BT LB (Pi)#
B (P)ERENBEAFEFSRER, RELUREV RIERZ , S BBBNAIUSAXRET R+ E,
REUBHEERWHABFAIBRE P RRELREDT RLHAR FRIERER PN 6 ~7 1%, RANRHAEED
R 10 LA L, FERBRE AR Pi A HR KRR, MRKREANERN Po, REIEHEE N IR
FINRBETRIM 2~ 3, HODRAERET /LB 6~71%, TEPMEDEYRYRE L EFKBEETH
B 1.2~ 138, KBUEXNBR S ERBNANSARET Rt OMAEYEYERRETELERET R LHH
F(E1,%2),

B\ R

Humus of the Ailac Mountain
Py

Pus 69
37.1 AR I
Mineral® —>( soluion ] { organic?
+14.8 91 3a +22.3

P; im
RELREV KL
Surface mineral soil of the Ailac Mountain p

P 31b
7R 4.0b B - HHLB
Mineral P Solution P - Organic P
+2.6 450 +1.4

BRI AREY At im
Surface mineral soil of Xishuangbanna P
gm

Poe 2.4b
7B 2.2¢ A Ll
Mineral P Solution P - Organic P
+1.2 3.4b +1.0

Pim

B1 REUMEENESR R HERERSEE 0~ 10em § R L KB L
Fig.1 Phosphorus transformations in humus and 0 ~ 10 cm mineral soil in forests of Ailao Mountain and Xishuangbanna

P, B 7R R # net phosphorus solubilization rate, P, B3R 8% 1k # 5 gross phosphorus mineralization rate, P, B¥ B9 4 4 B & 3 % microbial
phosphorus immobilization rate; ¥ #% B% 7 4, B Changes in Solution P = P, + Py — P, H LB B Changes in organic P = P, - Pyn
(mgPkg ' d™ ") REAFHHFRR AR LW 727 B E(a =0.05)Different letters indicate significant difference among the three soil types{ « = 0.05)

2.2 BELER

BRERLMERELERLARIAR T EFARAR, RELBERARBNBESERE DA LEERMN
BREE R, KA LR T RELEEAR, AP HEURET RN ERERERE TERRAERE
THEL, IERAKLES, BEYHWRECEESZHEOBATEANBTLER, RELRETHELFL
AT R RNTRHAERE MEFLUBERAMENSHAERZT R ENER. AXRRRET R EH4
YIXI B B LT AR BEOR R (BT Y B B A BT L) MBI R 74% BT RELURET RLH 63%.,
AR BE AL AT [B] (NaHCO, B A VLB B EMAEYRE € ER), HAFALEH/DNF 1d, KFRELE
PR R AL (B B
2.3 MUEBIMEIENE

BEUBHEREREBRRBIEERKIADT 47.74 mg phenol kg™ ' REFEWLWRETFELHW 2 5,28
YIRARED LW 4 £5(E 2),
3 itig

BRAEY AR FERE N LEANBENT L, ERE TP, 9= ARN RTINS
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YR R MAEDEE S EPREEE T RE 80 O MRS
AR E RS AT RSB R, @ o gy ™
AN AR AR Y5 0B R U, T T 7 B KR gg B AN R
BEEFREASYX LI HERABRWEES. & " (mg P (kg™-d™))

Bz 1L B % B A R, B — 7 T S AL 0 4 1 wl

TSR T R PS5 0 , 55— 0 TH B8 A 00 0 o P 2

R TA VI 5 0 R B T I R 10 l_L
BEBARY. BEEBRREOTEIURARET R ol L8 - D—M

£(0-~10 Cm)%ﬁi%i%ﬁmﬁéjﬁ?ﬁmﬁﬁﬁﬁ RELAAEAEGEETRLIBREARNEZRT AL B
HEBHEELRET RO R B

REREBEEAA BT LERRREK

A 3 B Y B 5 A BOBOR IR (B 90 O VAR FOLH L% Fig.2 Acid phosphatase activity and gross phosphorus mineralization rate in
K ) BWEEBH 74%, B FREILRET B L ihe Ailao Mountains and Xishuangbanna
(63%), XEINMAEIRNE FETARBFREY S AHEELBHEE humus of the Ailso Mountain forest; AM HZE LT A+
2% 34.71¢ hm 2" 1 7.16° t hm 2, B F Y4y sufece mineral soil of the Ailao Mountain forest; XM TN &+
b OHERESEENEEEE LT RGE, Ea&ET surface mineral soil of the Xishuangbanna forest
VIR PE SURIFE LBk 5 5 PO, B RULIE. FRFERELMFREM M, AIVEAKNEEEAT AR EEZRLE
A Y O B (B R R B S YE I B R IR L IR WO TE AL

EENBREBHSBEFMGTERO LS EZE BEREMERBT R LK pH2 50 4.5 F 4.2, AWK
PBAKETELBZRERETARTIERTHRAE, i FHEY BRI MBIV FRERER,REV R
+# pH N 4.5, ML E(pH< 5.5) P RE pH EERERBNT UHERE"Y . AXURAXRET R+ pH
ARFRELREVEL BRYVYBBERERELREY B RTEIRAXRBT EL(E 1), TEHEE
RRBBINFHOAEISHBRME(ER D, METHE pH T URERRNES. 5 - "Ry UBERY
EEHREREVAES R, AVESYM LR PP UBRNEREELREAY ZELREVRLANRSR
BTFAMEARET EL WRREFHEBKT BT URERROEERRE,

£1 FEZHEREFLFLBEZFSAHANBEIEALBEREREHA I HBAER
Table 1  Soil physical and chemical properties in the Ailao Mountain and Xishuangbanna evergreen broad-leaved forests of Yunnan, China

HKE FHHLE CES: GRS
. £ X .
T Water Organic Exchangeable cations
. pH Total N Total P
Soil samples content carbon Na K Mg Ca

kg ™' kg ™'
(%) (gkg™") (gke™") (g kg™ ") (mgkg™') (mgkg™') (mgkg™') (mgkg ')

RE UM E Humus of the Ailao

Mountain forest

N 5 : .
REWRRT L Sudace mineral soll -, 58 116 7 0.82 0.19 0.22 0.70 0.59

4.5 72 304 18 1.18 0.25 0.96 2.45 5.43

of the Ailao Mountain forest

4 S ineral
FRAMERRED B L Suface mineral | 50 68 1.6 0.26 0.13 0.18 0.25 0.64

soil of the Xishuangbanna forest

MEBEBBRERE , XBEILRET R LK E T W IGRECE B08% % & NaHCO, {2 A B K F
PR AREY B REILEEEN T REERRERTRRRET R (GR2), ERXZHLENHEY
EVBBRE AURAREV RLRTRELUREYT RL, BFWRT E L HOBRT LR (B D)MHRARE>
HUT B ES  BEERY LI E 00 R R K/ BE S B A RO R B RK T B T R -
DLB% B W TE A R AR Y 8 ) B0 5 5 3R A B R Bk - S B 13 R K P B B R

* 2002 FHBOREWE W BE
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£2 PETHENRBREARRNER(P)MBBRENBESBH BN (Po) AR L% £ % RS (Pm)
Table 2 Soil phosphorus Pools: Resin-extractable inorganic P { Pi) , NaHCO;-extractable Pi and organic P ( Po) , Microbial biomass P ( Pm) ; Standard

errors are in the parentheses

e HEFHIERRENE MEY LR BRER R B
: Resin-extractable Pi Microbial biomass Pm NaHCO; -extractable P
Soil samples 1 o
(mgkg™') (mg kg™') Pi(mg kg™ ') Po(mg kg™')
EELZHMHEHE A Humus of the Ailac Mountain forest 15.8(2.4)a 180.9(12.7)a 10.40(0.8)a  130.3(13.9)a
¥EIUFET KL Surface mineral soil of the Ailac Mountain forest 2.4(0.1)b 2.6(2.7)c 2.4(0.5)b 45.3(7.5)b
TN ARED H L Surface mineral soil of the Xishuangbanna forest 1.2(0.1)¢C 5.2(5.5)b 0.8(0.15)¢ 20.1(1.9)¢

AREXEGRFREREE (a=0.05) Letters show significant difference among soils (@ = 0.05)

MRUEBREFE LR IR TR BEXT 1 % pH EHRRE T SRR RBEEMA R LT LE
BB RARSED N, (ERAFB A SN BB R AE Wt I PLBE B R 2 A AR L AR e
AREBRIE LY AR ZME, ME BT L pH NREFREENEER. RELRET H-REBR
REBEER TAIRARET BL, BE_FEREFNBHT LERILFAR (B 2), = FE LG EREZENRYE
BRBIEASEYBT LERBE THRT R+, RAERERNY R RWET R EAEFELRYE
BREBH ARG, REUEERRRN AV BB BEEES AT LERE®, B TAHN
T, T+ 5 R A H A WL B 1 9 B M M M R A L o 8 T 3 B R S Xt
50 S 1 O Y F BR M B BR MG IE M RO M R ME AR AR T AR PR L TR R B RS A
REM. NE2 RERIEARET B LHBREBMEBEERNA A SBEERENREILNRETREAHM
RASAE VBT (LR, TN RER . (DAIEESEEES EABESABENMEYEY BB ERER
BEBHELTRET L, MESEARET HLENMENEDEBRRTEELURET Bt 2)WEFR VB
PUEER LR P A E FRIEREE KM PO, ERRTILFAFESL BN PO, , 8% T BB EXTF
Bt o BRAR R I R BRI IE . Q) A VIR LR R LB PR REAREY B L RS BREFLPrk
LIS MERT BB K T B PE SC R 2 MH
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