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Abstract: Phosphorus (P) as a basic mineral nutrient is considered to constrain primary productivity in many tropical and
subtropical forests. Soil phosphatase plays a very important role in P cycling in forest ecosystems because it catalyzes the
hydrolysis of soil organic P compounds (e.g., nucleic acids and phospholipids) into forms that are available to plants and
soil microbes. Soil phosphatase activity is widely considered an effective indicator of the P demand of plants and microbes
due to its ability to mediate plant and microbial nutrient acquisition from organic P compounds. In recent decades,
increasing nitrogen (N) deposition due to human activity has been demonstrated to cause soil P deficiency and increase soil
acid phosphomonoesterase activity ( APA) in several tropical or subtropical forests. However, little is known about the
effects of N deposition on soil APA in other forest types (e.g., broadleaf forest and coniferous forest) or whether P addition

may relieve soil P limitation in these forests. The present study investigated the responses of soil APA to N and P additions
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in a monsoon evergreen broadleaf forest (MEBF) , a Pinus massoniana forest (PF) , and a mixed broadleaf and pine forest
(MF) in Dinghushan Mountain, Guangdong Province of southern China via a six —year fertilization experiment. The
experiment used full factorial design, including four treatments: control (no fertilization ), N addition ( 150 kg N hm™
a'), P addition (150 kg P hma™") , and combined N and P addition (150 kg N hm ™~ a™' plus 150 kg P hm™>a™"). Each
5 m x 5 m plot was established with a surrounding buffer strip (5 m wide). For each N and P application, NH,NO, and
NaH, PO, solutions were applied below the canopy with a backpack sprayer, every other month from January 2007 to July
2013. In July 2013, soil samples were collected for analysis. Results showed that soil APA was significantly higher in MEBF
(15.83 + 2.46 wmol g”' h™") than that in MF (10.71 + 0.78 pmol g' h™") or PF (9.12 + 0.38 wmol g™' h™") soils, and a
significant negative correlation existed between soil APA and soil available P contents in all forest types. N addition
significantly increased soil APA in MEBF, while no statistical difference was found in MF or PF. P addition significantly
decreased soil APA in MF and PF, but had no significant effect in MEBF. Combined N and P addition notably depressed
soil APA in PF, but had no significant influence in MEBF and MF. Importantly, interactions between N and P additions
were observed in MEBF. Based on our results, N deposition is expected to aggravate soil P deficiency in mature subtropical
forest, while the N-induced P-limited state of these forests might be effectively relieved by P addition. In conclusion, the
addition of P fertilizer may serve as an effective method for the sustainable future development of tropical and subtropical

forests.
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o B 2 R I R A AR R K R 1927 mm, Horb 759% 43 AidE 3 H & 8 H i 12 H & 2 ALY 6% ;4E-F
BRI R 21 C B H (1 H) A (7 H) KR53 12.6 CHI128.0 €77

AR X BB ARG 3 AP LAY B ZR AR AL B 5 B AN A TR ( Pinus massoniana Forest, fij #5 T B #is AR
(PF)) ErM MR 28 #K ( Mixed Pine and Broadleaf Forest, fiij #RIEAS MK ( MF) ) A1 2= XU H 45 & M Ak ( Monsoon
Evergreen Broadleaf Forest, fijFRZ= XM (MEBF) ) . Zh EEAMKE A TR T 1930 4, 5 55 AR 5 A9 X T AR 24
20% , HFEFAYE N D B ( Pinus massoniana) "™, TR ST N TR A 5 REFA MR — 28 i i3 Filt AR i
JE RT3 AR, HE A T AR 2 50% , R B 88 O B B AL | faf K ( Schima superba ) F1H A HE
( Castanopsis chinensis ) g(:j:[ 18] o R & R X R 20% ,/ﬁ\:ﬂfgﬁffﬁjﬂ HRARHE iR \ﬁ%gﬁdi( Cryptocarya
concinna ) FIHAERR ( Machilus chinensis ) %", D BEIAMANR SRS HI7E 1930—1998 4FEF1 1930—1956 4F-3Z %]
NG T i) s SRR RR 5 A ) | 10028 KUBR I 52 B I g f S 20 =Rl g AR A 1Y + 1k
ARSI 1,

R1 2013 F L = FFRAKEE G T BEAHTR
Table 1 Soil characteristics of three forest types at Dinghushan Mountain in 2013

TSR bR FRMREA Forest types

Soil characteristics Z Xk MEBF IR3TH MF LMK PF
I Soil type IRLTIE Latosolic red soil — FRETHE Latosolic red soil FRELIE Latosolic red soil
FHEA P SOC (%) 3.96 (0.74) * 2.00 (0.53) 2.39 (0.41) "
A5 NH (mg kg™') 19.43 (2.07)* 17.63 (1.74)* 13.88 (1.00)"
A A NO(mg kg™") 13.28 (0.60)* 3.15 (0.43)° 7.05 (1.24)"
2% TN (gkg™) 2.48 (0.22) ® 1.01 (0.06)" 1.24 (0.10)"
4 TP (g kg™) 0.20 (0.01) 0.21 (0.01) 0.17 (0.02)
AW AP (mg kg™') 3.77 (0.33) ° 1.63 (0.52) ® 1.98 (0.25) ®
W/ 4% TP/ TN 0.10 (0.01) ® 0.15 (0.10) * 0.14 (0.11) *
pH(H,0) 3.92 (0.05)° 4.21 (0.02)° 4.05 (0.03)"
R PE WL G 1 APA 15.83 (2.46) * 10.71 (0.78) » 9.12 (0.38) *

APA . FRPEBERRBEG P acid phosphatase activity; MEBF ; Z= XUk monsoon evergreen broadleaf forest; MF: J2Z#k mixed pine and broadleaf forest;
PF . B AR Pinus massoniana forest; SOC ; +3EA HLEK soil organic carbon; TN ;4% total nitrogen; TP . 47 total phosphorus ; AP . 3% available
phosphorus ; 455RFE R N EIE (FRfER) 3 RRIFAERRMREZ [ 1722 53 23 (P < 0.05)

1.2 FEHbigit

2007 4, 76 50 1L 22 XUBR TR SRR B ARG SIEESE T 20 4~ 5 mx5 m (1 N P AT, BT Z
[ A Sm TG bty , DA AR 7 Z [ AR B T4 4% BEHT B H 09 J5E ) 7E 3 AR dg il i ok ] B N
(150 kg N hm™a™) JiP(150 kg + P hm~Za™") N F1 P [RAFEM(150 kg N hmyr™' +150 kg -+ P hm™a™' )4 4~
AP BEASAEERAS 5 ANESE, HITA BURE DT S BENL MG . AR5 i AR D7 R/ ROt NE 12 19 2 2% [ Bk E TRl 26
WEFE R b 32 . 2007 4F 1 A & 2013 4R 7 H (6 4F) B M H X 3 AT MR 2 AT — YO A AL 22
75 R ANRE DT BTl in ) N (NH,NO, ) .P(NaH,PO,) 8% N+P(NH,NO,+NaH,PO,) % f# T 5 L K, JHi¥
SRS N TR ] HEAT MG, X BERE J7 W30 45 2 i 7K, A /Z0 DR A in A8 7K % 2R A A= 40 b 3K £ 2% 706 20 3
AU
1.3 CREEFIAL

2013 4F 7 H  FEZ XK TR SSARFNE R AAR 138853 A T REALAT SR A . ERD T TP NAR R 2.5 em
Y - B FEALAE 3 B 1 TR EE SN 0—10 em (TR S LU ZRAK 10—20 em +2)2 APA X5 it AT (14 e 1
S 0—10 em FEAR—F)) | WA RE T FTah 0 H IR A5 1 Bk 4R FLE R 452590, 38 5 2mm (4 £ 5
JE AT BB ER A3 . — T AMRATAE 4 CRIVKAE , T T 14 RVt 38 APA 94727 5 59— 3640 T 5 T
FE TR B R
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1.4 I5ETTI%

+HE APA HI5E I8 Schneider S0 FRIFTIE M BcH , FAARSBAERIFRER | ¢ &+ 5 2T 50
ml FEFHE A, MA 4 ml 2 (MUB) A1 1 ml BT 100 mM A9 G EEI IEY) (p-NPP) . i BTG5 58
SRS IEAE 37 CTRFE 1 h, RpEsFR4S RS , SR 1 mL CaCl, (0.5 mol L™") #1 4 mL NaOH (0.5 mol L™")
AN . RO S5 R A RESR T 90 mlL 2818 /K HEAT45 B, I FH U 5 ( Whatman- 42 filter) i 38 2 B 2%
i, UEVEAE 400 nm WA T HEAT G LA E OB . BERR S P A B A wmol 7' h™ IR,

PRI T A 359 2R B AR S R G A 4 I 5 o M b of ik AT i, kR
( Moisture ) B 2 R FHHE T2 s 38 pH @900 2 R FH 7K EE 1.2.5 BYHLA7 T B3R HLAR (SOC) B < % FH &
BRI S A —A M s T34 (TN) SRR T G RIS A (NHY) VISR (NO; ) 10 € 73 51 R
FHSEA IR AR —HE 1 W LU (VL AP ) s I — i SR 5 e 00 s RHEA R (AN) LA NH FTNO; HYEFIER
N RIEAEE (TP ) AN SR P R — e R T A — SRR b b (3 s A 00 (AP) I R 3h iR — S Ak
R R —HER LI Bk
1.5 Seitordr

P EE T SPSS 21.0 GEit AT 70 . R BRI 3R J7 22 93BT (one—way ANOVA ) Fllfie/ )N i 1 2
2 (LSR) OB R ARARZE S HIEPRAL AR AR TN APA 125 5 W35 M . T IR 5 22 70 BT (two—way ANOVA) [t
BN P S NP ARFEXS + 43 APA B2, FH Pearson FHOCR LM 14 APA 15 -3 BRAR M o 22 8] A AH M
WIEREMN A | B AR P < 0.05,

2 HR55%H

2.1 AP L E APA 5 R R E R

=R (ZR K JESSARR S EEAAK) T4 APA 435 15.83 £ 2.46.10.71 = 0.78 F19.12 + 0.38
pmol g™ h™", AN[FEIFRMISH +HE APA Z [H] 1Y) 22 Fik 8] i K- (P=0.021) , ZEXUbR -3 APA 3 & FIR A
PRANS AR, (HIRASHR S T AR -4 APA Z R A BEER(F 1),

MR 2 15, AR+ APA 5 AP Fl pH Z[BIBFETE B AHOCHE  AHOC R EL R 439020 -0.451 F1-0.459,
IRACH L APA 5 AP TP  AP/TP [ TP/TN AP/AN 75 # & 2 A P (P < 0.005) , #H & 22 505 51 ik
-0.756 ,.-0.614 . —0.767 .—0.701 F1-0.745, LhRIMR L4 APA 5 L3RRI ot 2 [B] (4 A CHE S TR ASHRAR L,
R 5 AP TP (AP/TP TP/ TN AP/ AN AJFF7E i AH M  FHOC R B0 51 . -0.524  —0.485 . -0.537 ,-0.523 FlI
-0.523,

R2 FREZHMKER L APA 5BV HRHIBEEM (n=20)

Table 2  Correlations between soil APA and soil physiochemical properties in different forest types

aRWE, & AR

AP/TP  TP/TN  AP/AN
AR R TR B E XK MEBF 0.170  -0.451*  -0.432 0.110 -0.294 -0.309 -0.428  -0.459*
Soil APA in different forest types ~ TRASHK MF 0.140  -0.756**  -0.614**  0.260 -0.767** -0.701** -0.745**  0.167
LR PF  0.198 -0.524*  -0.485"  0.127 -0.537*  -0.523* -0.523*  0.015

APA . TRMEBERR NG P acid phosphatase activity; MEBF ; Z XUk monsoon evergreen broadleaf forest; MF: J2¢#k mixed pine and broadleaf forest;
PF ; By B FAAK Pinus massoniana forest SOC . HHEH MK soil organic carbon; TN . 44 total nitrogen; TP 21 total phosphorus; AN . A RUA available
nitrogen; AP .75 5% available phosphorus; * P < 0.05; * % P < 0.01

2.2 N P &K =FppRA 1 3E APA B2
A1 AT LA Y, (1) N Ak 34 25 XUbK 33 APA 035425 1 131.96% ; TEIR SRR E B A AR it
N ES3ff +58 APA B&AIK T 10.55% 1 17.76% {25 5 BN W 355 (2) P AR AL 38043 508 28 XU | YR A AR
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MR IE APA PR T 32.41% .56.12% 11 41.67% ,{H B AETR SN T RAM K b i 1 38 21 5 2 K F
(3)N 1 P [R]HES Il 22 XK 438 APA B2 08038 N T 1.64% , 1R 3SR B R AAMK 118 APA 43 BIFEAK 28.94%
1 30.15% , Horstt S ERARR VR F R 3 K, BRI 2500 W0, N 0 P[] sP R e 28 RUbK o 77 7 58
HAER (P=0.008) , M7 TR ASHAN I AR A1 AN .3

3 e

3.1 —RPMRAIEHE APA 225

ST RAR £ 4 APA 4 9.23—15.83 pmol g™ h™", 7E #s BR AR AF 58 Y5 Bl 3.89—23.26 pmol ¢™' h™!
PO SRR AR 18 APA 5 4 AP ZRIBAAE B FURIDE (6 2) ,iX 5 Allison 557 [ HF5T 25 5
—3, JRH AT RERAE AL T P TE AL, A Wy s AR R T R A A A AR R A S 22 g 5K
ARLLIHFEHE APDY i 4 AP (B R AR SR W B R R T 2 I R R AR P Xk
W10 LR AR 18 AP BBk = [ 42e4 5 1 145 APA,

60 20 20
N: ** N: ns N: ns
=~ k% Lok . okok
# o b P: . P: . P:
)55700 40 N XP: a . NXP: ns N X P:ns
g a
& e 10 + ab 10
&S ab
A a b : %
B W a m T W
)
0 0 0
C N P NP C N P NP C N P NP
MEBF MF PF

B 1 & BRI RE R LR T R B R R AR
Fig.1 Effect of N.P addition on soil APA in different forest types
MEBF ; Z= XU#k monsoon evergreen broadleaf forest; MF ; {2 3C Ak mixed pine and broadleaf forest; PF; 5 FEAABK Pinus massoniana forest; APA . B
WML G R I acid phosphatase activity; C: Xt control; N /il N AE N addition; P ;i P HE P addition; NP [W]iiEin N AEAI P AL combined N
and P addition ; [F]—HKIE R A [R] 7Rk Fe R 25 52 35 8 i K (P < 0.05). Different letters indicated significant differences (P < 0.05) among
treatments in the same forest type; * * FK/RZEHAE KRB REIKF (P < 0.01). Symbol of “ # * " showed significant level of interactive effect
(P < 0.01); ns FARANFIESZHAEH (P > 0.05). Symbol of “ns” showed no significant level of interactive effect (P > 0.05)

AR I K AR+ APA T AP 35 8 35 15 TR SN Ty AR (3 1), iZ 85 R AR LR 2 B st i
L5 e , B 418 AP (48 = AT RE SR P B A P 4 W B R R AR B PO i T 5T A A 2 RUbR
Y ZREE I TR A R APA A EZR A DA, FRATTA N R 35 4 % A R A v AT R VR )
S FHEEENM AR APA BIRTREIEIN o S0 LU ARARAL T 5 N TR e Pt b X, K0T N R A Efil
Zo bR - A E N AR AN SR T RN P OCR TR DY L AR KB, AR L4 TP/TN LT
TRACHAN Sy AR (1), IXHE R TR LI P BTN B = AR, 5940 4 ELIRASMOR Z5 R A AR, 2
RUPR LA A i AR TR P i 7 R I I8 i A B AL 2 198 2 B A DL R G RIS A0 , 300 A n T fE
Wkt - ARG 43I

BEA IR SSHRAN S RAAR L4 APA 34 5 14 TP AP/TP TP/TN AP/AN ¥ WA (K 2), X5
YR S AR S AR 598 APA X 35 P S5 (ke 17 7 A b 2 UMK ARURS
3.2 N P Ik =Rk 43 APA (95200
321 N U =R 445 APA B

FEMRHE AR, Keeler %5 il K I N IR LS, & BN N AL (100 kg N hm™ a™") #2857 HAR AT
PR ARZE ARG 3 APA SFX34 RN 13% ; Saiya—Cork 250 1 & B0, K N AR (30 kg N hm™2 a™")
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e YA R PR L APA BIN T 249 17% , ABFFEIRIRE R B, N B0 B4R 5 1 R iy 2 XUbk 43 APA | HL 3
HEIA 131.96%, R T RERBERR A (1 C N S 3LATCE AL, i N AEAE— & 2 LA OE T B R
BT B R R R N AR T A W HA SR R (U HGE P OeR) |, BT LU Wi i
Sy UTE Z BRI AR BUCA R P (HARHF I 2 KUMRE b A 118 APA St in N FIE A 17 (A= 131.96% ) 3zt
P H A Z B 5B (A= 17—26% ) " P58 A XA GE 5 AR HIE fin T %85 /9 N ABEE (150 kg N hm~a™)
A, ZAEREW KIWIE N DU e SR 2 Kbk 52 P AgBREI

SR, HEIN N BB 42 VR A AR 2 RAMARY 45 APA | 1X 55 Cusack %57 Fil Weand % fUBIFFT 45
AL, AT R Y - HEA S N AR A A E A TG BRI FRER P 28, T LA 18 N 9400
AR 1 1E APA Y Huang %538 o X6 5 0 L0 ZRARHEAT R 01 A9 N WERE IR R A 55 , Ak B TR S AR 5
AR AR IIIAL T N BRI RS, BT LUK AN N IR (7 4F ) A (3 N BRI P BRI AR, I, A
WFFEHENN N AR AT 5 R IR S AR S AR 35 APA 19784k AR AT fE 2 DK R X AR 37 Ak F N BRI
A DL T IGHE RO 0 R - S35 W i B 22 P
3.2.2 P IO AR E APA A2

Wang %O il G (< 1 4F) Bk PRI ANREE, & BUft A0 P OACAN 6] T #ebk 13 APA, Hohim P A B
(150 kg N hm ™) FUAK P 4L FE (75 kg N hm ™) BB & . Olander £ Vitousek > 18 = X 5 g R 15 AS ] ) ] J
G AT IR IE (4—11 4F) S5 RAREM P AE (100 kg N hm™ a™") ¥ 00 S B8R T A 4R BL iy +
HEAPA, ARBFFER A I P BTN B B FEAR T IR ASHAN S AR 45 APA, X A BEE POA N P AE 1 3240 i
T A Wy R AR AR X R A A o T i AR R E M P AGRR, AN SR s b T
T R A RE A A BN KRN P AR A AT BE S B AT R PE C AT N R AE R R R R 0 T s
T TR R R AR (A AR

EJ2 AR5 L BN P AEEA i MR XA L3 APA X 5P msgiie” 7 Y A—8, BEAZ
BRI IIANE P R A5 A SRERICRUE YT P AT R, S0 T A 9 %o B I T 114) 10 ) - 58
APA ) ORTZE WA LLIZR KU RE R, KILREAN P AR 35 7 XA LM U E M ), b
St A Wy BB I — e R ER R T X PR SR Y R, i P AR AT A 2 KUk
APA, T fiE 57 FUBK-EHEBUEYIRE P I TR .
3.2.3 NI P [RIBF IS I%E = FhopRk A 135 APA (5200

N H1 P [G]HA IR AR T IR SR 5 AR 1338 APA |, Hrb 7 T R AR b 54 4 FH ik 31 8 2K F- (]
1) ,iX%5 Olander £ Vitousek " BURIFFT 45 T —% P2 AR %I 4 1Y J5 IR AT e 2 AR B0 A NP A 38 G 125 35 2 53X
Tl AR 2R R 0 0 SR E Rt N RIOTT R . ABFSE TR AN N P AL Fe B 1.1, e ik THE4 (28 1) Al
FHEREY (7:1) R TRACE . R, KA NP AL AT fig S 20k 4 sk A B AR K A2 B N BRI,
I REAR T e 48 P AYTESRIFH0 I T B Rl 43006

SR, NP Kb BRHIER S s T XA 35 APA ER B3 3X nT RS2 I 25 XUbK 3K 140 T N A etk
AU ARBFFE AT NI 6 AEAY NP AbBRIAAS I DL 2R ik 4 o - St B N BRI RS, Bl A i AT
A (] A E G, NP Ab B 0K 25 3 ) 28 XK 38 APA 8 A R F il — 20 5%

AN, ARBFFEE KB N F P RIS 22 Kbk 1388 APA FYS2IIETE S AR (P=0.008) , 3X F B K 18]
N LR [ A B -3 P BRI T LGB P ARAS 2280, X258 MRS B AR A S R G4k
PR Rpa & R i T A BS R

4 FEHP

(1) =FhARA -3 APA 5 38 AP Z [ IJAFAE W38 (AR OC , B Sl Ll 2R AR L3 AP BBk = [ 3548 m T
43 APA,
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(2) W N 4R 5 1 ZKUbR L2 APA | {EXHE SSMRORI 2 A AR B 7 FAS S35, BT N DR B 2
iy I 22 bR - 48 P AR BIR A

(3) it P AR A0 RSSO L AR 55 AP A, (X 25 XUBK 34 52 i AS B 4k, b Bt P I B 25 )
R AR X PSR LS AR 0] PR R

(4)N 1 P [F] @S fnoxt 2 KUbK 38 APA B2 IR A7AE5C AR T, 3R W N DLRES R R AR bR £ 3 P
AR BIR i T U i AT 3 22
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