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Abstract: Soil phosphorus (P) is an essential nutrient for plant growth and a major limiting element for productivity in
subtropical forests. Currently, there is no unified conclusion on the change of soil P fractions and P availability at different
elevations, primarily because the response of P fractions and availability at different elevational gradients caused by the
change in vegetation types is complex. This study analyzed Pinus taiwanensis forest in Wuyi Mountain with different
elevational gradients to explore the transformation and availability of soil P fractions and its influencing factors. We

examined the soil environmental factors, physicochemical properties, microbial biomass ( SMB ), acidic
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phosphomonoesterase ( ACP) , phosphodiesterase (PD) levels, and soil P fractions. The results showed that the content of
soluble P increased significantly with the decrease of elevation, while the content of labile P, moderately labile P, occluded
P, and total phosphorus noticeably decreased. Redundancy analysis showed that microbial biomass phosphorus (MBP) and
nitrogen (MBN) were the determining factors affecting soil P fractions. Our findings suggested that with a decrease in
elevation, soil microorganisms promoted the transformation of P fractions. This occurred mainly through their energy
allocation strategy, which increased the activities of ACP and PD and decreased SMB content; soil microorganisms in turn
accelerates the mineralization of non-labile P, thereby increasing the content of soluble P that meets microbial demand. As a
result, due to the relative lack of P element in lower altitudes, microorganism can obtain more available P through energy
allocation strategy, which could help increase the supply of soil soluble P in Pinus taiwanensis forest of Wuyi Mountain.
However, it may lead to an insufficient P reserve pool over the long term, which may have an adverse effect on the

sustainable supply of soil P.
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allocation strategy
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1.2 kit

2014 4 10 A MRPEVTVG T L EZG H ARG DX PN B LA (9 52 B A 4 B o3 A 175 00, A< 408 BE ML 1 Rk 57
P AR e BB | AR VAR 1200—2000 m 22 [a], 4% 200 m & 1 ANEIBRIEE T 5 AR E (AP 424% 2000,
1800,1600,1400 1200 m) , I HAERANEER AR B T 3 4~ 20 mx20 m (IFETT , FE5 Z 181584 10 m DL AR
B IR IS AMEETS L ZUE RHEEMB N AR =5 em (TR AR BEAT I A2 0B v A0 0 | R b R AR I T L
F1, R X TN 3,

2019 4 7 AEREAFEIT LAS™ AL 5 SRR A e BB R ITIA S Y, 85 REEFRZ 1 (0—10 em) 1B
G5 AGRIRAR M SC 0 %, bR A iR R E LA AR AR FR 5 0 A S R il S M, — 0> 46 2 mm
i 5 A SR E A Wi O B3R A SR XU e e - B o
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Table 1 The basic characteristics of Pinus taiwanensis forest at different elevations

2000 m 1800 m 1600 m 1400 m 1200 m
ABFAIHE Canopy closure 0.50+0.03¢ 0.60+0.05b 0.90+0.33a 0.86+0.02a 0.87+0.03a
5 Density/ (#5/hm?) 525.00+160.73¢ 417.29+£130.98¢ 1533.36+370.90b 1991.12+256.73a 717.25+65.08¢
ifji%;ﬁler at breast high 13.17+0.66b 14.84+0.69b 14.53+0.40b 14.25+0.36b 23.99+0.79a
1R Average height/m 4.76+0.14e 6.22+0.20d 10.49+0.16¢ 13.29+0.23b 16.19+0.46a

1.3 WEmH 5%k

SRR R F AR AR BT B I A . A SRR BE (ST) SR FH IR BE A% J% A ( Model SK-250WP, Sato, H %) Il i
FHBLFS L% pH 3 ( STARTER 300, Ohaus, ¢ [ ) M5 +3 pH, +/K H A 1:2.5, & /K3 (SM) FIME T
Eo THIERENR(SOC) AR A (TN) F#k B ot & 23 H11Y ( Elementar Vario EL 111, Elementar , 78 [ ) il & . #”
JRA 2 mol/L KCl 3248, % 2237 3 /3 BT ( Skalar san++, Skalar, fif 2% ) I & UE W HH 9 B 25 0 (NHE-N) F1l
BE(NOG-N) AR ARG PR (DOC) FIRTETEA HLA (DON) H 28 TR (1K 1:4)  HEA
BLB BT (TOC-VCPH/CPN , Shimadzu , H %) Jll5E DOC & 4 , FIZELER S 7T (& DON &

TR i (SMB) AT 5E 330 W A= W B ( MBC) R B A= My 28 ( MBN) SR FH 48005 S8 75 - R 428

P51 MBP SRS T 76 -NaHCO 1248360 | BB HLER 43 B A0 52 B O Hh 1) A BB 75 B, P 3 2
TS AT A B R A R R B & AR

MBC=AE /K, (1)

MBN=AE, /K, (2)

MBP=AE,/K,/K, (3)

K AE NEEZE S ORI ZE TR C SRV ZE(E ;K8 MBC IR R %0(0.45) ;AE B S5 AR E & FHERN

T ZEE ;K MBN R4 R %0(0.54) s AE, N IEZE SR HZE HHEL P & 50228 ; K, i MBP (IR R %k

(0.40) ;K, VM KH,PO,J5 1 P [l

TR P T TR T 2 0000 5+ 2 IR Saiiya-Cork ! 1 Tian 2512 (05 W I 12 198 1 Wl 1R BALTE  ( ACP ) IR 1R WU
fiti(PD) . 435IH 1 g Hréet +39 4351 H 125 mL 50 mmol/L (IBERREEZE /i (pH=5) 1 100 mL 50 m mol/L (]
THAM-BiFR 2% th (pH = 8 ) $2 5, IR Ty i FE S B4 5 min LI ik, RS W A5 L 200 mL 8 T 96 FLAHFL
W2, JHATEER ( MUB) VE bR ME W b7 AK S BTG . ACP 1 PD BYE S 51K 4- P < T R W R T ( MUP ) 11
bis-4-F 540 I il % B2 B ( bis-MUP ) . fF M & T W FR 58 T 20°C fH L% 3% 4 h )5, F 22 ) 66 B A A
(SpectraMax M5, Molecular Devices , 32 [ ) Jll i

T3P A AINE R Hedley' ™ HE2RHRYE I SLR 8 A AU E . 218 Fan %7V H1 Hou 255 )
T MRS P Aoy BT A R A A AN TR, 400 43 (1) K P ALFE AR R BB I P (Resin-Pi) |, J& A Bl A
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WYy LR FH TR 5 (2) 543 P 404K NaHCO, 325 P (NaHCO,-Pi Hil NaHCO,-Po) ; (3) 4 5 43 P
AL 45 NaOH $2HX P (NaOH-Pi il NaOH-Po) ; (4) XEFIFH P %5 NaOH 12 42 Jf- 28 75 AL B HUP) P ( NaOHu-Pi
1 NaOHu-Po) \HCl 25 P (HCI-Pi) DL R VB IR | /5 SR TH AR 5% 4% P (Residual-P) . +3E8 P(TP) B FTA P
W2z,
1.4 Fdnabm

K SPSS 21.0 BRI RS TG40 0T, R BADR 2R T 25 43 A RS 30 T A A B X - M AR B Ak 1 o AL
YA YR TR VERERR B M LS P A S s (P SR/ Bk 2 M 25 Rk (LSD 15, a = 0.05) oK LA [R] g 4R
225 . H Pearson X 38 FLAH A M: [T 5 M 8 T ity 036 4k AN B2 E 0 26 0 i R AT AR DG M A0 AT, DA 3
SEARTRACHE T A A e AR PR R W TG N IR R T, A4S P AL S A R T, R Canaco 5.0 5k
AT ICAS3HT . FIA Origin 9.1 BRI A

2 HRE5HH

2.1 ISR R AL B

BT DON &b, N[RI 3k 5 1L A AR A 398 0 JE A BRAR 4 A7 A B 3% 25 57 (3R 2) o ST Bl 4 A T v, EL
TR Z 8| B W3 22 53, BEIFRIRAR, 13 pH SM BK S RS, HAEEER 1200 m Al 1400 m Ab%g
fit. SOC.TN NH;-N NO;N .DOC DON 7 it Ffi g gk Tt /55 2 B s BRI 35, o SOC TN 7214k 2000 m
11800 m {5 T4k 1400 m 1 1200 m, ifif DOC . DON N .

®2 AREBHRELRHTEREERMELER

Table 2 Soil environmental factors and physicochemical properties of Pinus taiwanensis forest at different elevations

2000 m 1800 m 1600 m 1400 m 1200 m P
ST/°C 17.48+0.42d 18.59+0.08d 19.79+0.16¢ 20.86+0.04b 22.88+0.21a <0.001
pH 4.34+0.17a 4.41+0.01a 4.06+0.10bc 4.09+0.01b 3.88+0.16¢ 0.001
SM/ % 94.95+0.01a 58.72+0.09¢ 72.15+£0.09b 60.36+0.20c 52.42+0.04¢ <0.001
SOC/ (g/kg) 58.93+9.38ab 42.97+6.40¢ 71.48+5.17a 41.61£1.30c 48.69+9.82¢ 0.002
TN/ (g/kg) 4.94+0.74a 3.68+0.58b 4.91+0.80a 2.73+0.07b 3.52+0.71b 0.007
NH;-N/(mg/kg) 21.95+1.84b 11.21+1.46¢ 33.96+0.62a 20.19+4.91b 14.05+3.41c¢ <0.001
NO3-N/(mg/kg) 3.51+1.62ab 2.92+0.79ab 4.35+0.29a 0.93+0.22b 1.21+0.44b 0.002
DOC/ (mg/kg) 131.14+13.37¢ 115.02+27.87¢ 239.85+9.83a 178.58+13.94b 136.29+21.78b <0.001
DON/( mg/kg) 9.34+2.56¢ 8.38+1.44¢ 15.91+2.90a 13.34+4.34a 10.70+2.68b 0.058

R PR A AR E R, F—1T AR/ NG AR AN R (] 25 5 5.3 (P<0.05) 5 ST, HHEEE Soil temperature; pH: BRHHJE; SM.
A K ER Soil moisture; SOC; BA PR Soil organic carbon; TN BA Total nitrogen ; NHZ—N; @'ﬁ?}ﬁ, NO3-N: ﬁﬁjf/fk, DOC. Al TEA HLAR
Dissolved organic carton; DON: A[{EMEA HLA Dissolved organic nitrogen

2.2 SRR Y A Wy e R R TR I

B VAR R R, MBC \MBN \MBP % i SR 2 BRI Ay a3 Hrh MBP 7E764% 2000,1800 m #1 1600 m &k
1= FUEAK 1400 m A1 1200 m, MBC/MBN 7EVFHK 1400 m fzfik, MBC/MBP FE¥#54K 1200 m fz 5 , MBN/MBP 7£
4R 2000 ,1800 m 1 1600 m {2 K TR 1400 m A1 1200 m( & 1),

PD ACP BfVEIK FAR 2 Se o FRARE B, 72 13K 1400 m f i5, #E4K 1600,1200 m K22, [AEEHL, PD/
MBC ,ACP/MBC P4k At S S e 5 B ka3, HAE V4R 1400 m f s, 189K 1200 m IRZ (K1 2)
2.3 PR WA R TS TR AR A i 5 PR R R AE DG R

PD . ACP 5 ST .DOC F1 DON & &3 [FAH5%; MBC \MBN MBP 5 ST £ fiAf2¢, i 5 SOC TN F1FEAH5;
MBC MBN 5 SM B i Z FAH(£3),
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Fig.1 Changes of microbial biomass and its stoichiometric ratio of soil in Pinus taiwanensis forest at different elevations
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Fig.2 Changes of soil acid phosphatase activities and mass-specific enzyme activities at different elevations

P B P BB AR 22, R —AT ARG FRER IR R R 13K 8] 28 57 .35 (P<0.05) 3 ACP PR PEBE TR H B acid phosphomonoesterase ;

PD . TR AUBE M acid phosphodiesterase; MBC . #/E 4/ ¥y ik i Microbial biomass carbon

®3 BUBBRBEENMENENES TEERERNEXRY

Table 3 Correlation coefficient between acid phosphatase activities and microbial biomass and physicochemical properties of soil

F8HF Index PD ACP MBC MBN MBP
ST 0.562 " 0.539 " -0.511 -0.735"* -0.743""
pH -0.521" -0.419 0.264 0.510 0.648 **
SM -0.125 -0.156 0.534" 0.888 " 0.405
S0C -0.081 0.006 0.691 " 0.398 0.59*"
TN -0.423 -0.353 0.813"* 0.654"* 0.693 **
NH;-N 0.367 0.480 0.417 0.232 0.260
NO3-N -0.431 -0.288 0.630" 0.481 0.802 "
DOC 0.545" 0.678 " 0.146 -0.170 0.042
DON 0.572" 0.608 * 0.044 -0.083 -0.161

ACP: BRM: W5 B2 PR 85 acid phosphomonoesterase; PD: W21 B2 XL &  acid phosphodiesterase; MBP: 13 4 %) 2E ¥ & #% Microbial biomass
phosphorus; MBN: f#/E¥)4: ¥4t %( Microbial biomass nitrogen; MBC: #AE¥)/E Y% Microbial biomass carbon; ST: 3L Soil temperature; pH:
RS ; SM: 135 K% Soil moisture; SOC; EA BB Soil organic carbon; TN % Total nitrogen; NHj-N; £#45%; NO3-N; iS4 ; DOC; T
PEHHLIK Dissolved organic carton; DON: FI¥PEAHLA Dissolved organic nitrogen. # P<0.05; #* * P<0.01. /R pearson A3 RECH F(E
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AR 45 P U AEAE 2 (R 4)  SRAL P & BT AR B AR iR i, B 5 576 4K 2000 1800
m F1 1600 m 5 ZE (LT FK 1400 m F1 1200 m, AHI, 5 50 P 455 40k P OUERIF P OFLE P&t Bl TR 3k B
R/, HAE#ER 20001800 m 1 1600 m 35 &5 T4 1400 m 1 1200 m,

R4 TRBHEALRHERASSENTL/ (ng/kg)

Table 4 Changes of phosphorus fractions content in Pinus taiwanensis forest at different elevations

2000 m 1800 m 1600 m 1400 m 1200 m P

%L P Soluble phosphorus 4.60+0.46b 4.00+1.05b 4.50+0.60b 7.20+1.08a 7.00+1.35a 0.005
553 P Labile phosphorus 34.20+2.70a 25.80+4.96b 29.25+£2.25a 14.10+3.41c 16.20+3.25¢ <0.001
U . 129.30+17.76a 83.70+17.57b 99.45+13.05b 45.90+8.59) ¢ 53.40+8.51c <0.001
Moderately labile phosphorus
MEFIH P

348.17+7.27a 184.63+0.55b 172.00+£19.67b 121.50£11.01d 147.80+5.80c <0.001
Occluded phosphorus
S P Total phosphorus 516.27+27.75a 298.13+23.31b 305.23+1.96b 188.70+23.17¢ 224.40+16.83c¢ <0.001

RPEE N I bR, R —AT A R/NG RSN IR ] 26 53 .35 (P<0.05)

2.5 LSRR PR N T A S

AL S P AR S AR | e SR AC P BT | R P W T NS M RN ) 2 i S BRI A R IR 1, R
[R5 L3 P AL AT TUAR T (1 3) o BT izs AN [l 13 IR — G O ML A T SR 26, b B T3k
(20001800 m F1 1600 m) FIAAR K (1400 m A1 1200 m) 43 FIALF45 1 Gl IE GBI, i I T4k o 13 T 3R 8%
fR R R TR AR AR T P AL R AL, BB IR TR RE T R P2 RN 92.19% 55 1 BRIER 2 gy i it
BT AR LY 86.519% 1 5.68% , Horft MBP R8T +4 P 415375 4KIW 60.5% , H5 5 53t P A 5 4y ik P2
BEEASE, 5H P 2B E MM, MBN iR T P 41078 0AY 24.1% , H-SHERIH P TP & 3 IE G,

3 it

3.1 PR AR AT A IR T 5 )

1 SOC TN Fe4E 5kl A 25 RS+ HE P A skt B mZAEA oA mefb 3z 213 8 K42
EMEE ) AR, 58 SOC TN & i R i P AR Sl B 33X 5 De %51 A Chang 5 (B 9E 45
B3 R TR R T UK A D S 38 SOC TN & fk s R B8 §: 3 SOC TN & &b, 4R,
FEATFFE A, BEF PR AR , B LA MR P B AR o2 BE S Y A RN o LA 8 ke 3, 3 3 LR VR 13 34
Bt 2 n, Rt MR A AT 5T & BRASTIF ST X AR 4 (%) IR V% 40 o gt o3 O 1, X o W 2 (R Vg Ak
HAWED C JEFEHER, /) C A Sk 3, X v] & 52 2R % . DOC DON EERIEF HHEA HL
T JH T RN AR R AR ) A A0 ARG ARV BR A AR XA R ) DOC \DON 5 H th ik — 25 e ARt T35
1 BIR BE s I C SR A ST R, S BRG BRMOER I 1 398 pH A AL 0 A M s, AT A R TR
DOC .DON 7" M A R i PR M X, AT 5 r 50 (0 VR A b DX 30 88 05 o8 A - 38 pHL 41, A R T R 3 ML
[T R T W A 0 Ay i A4k, AT =5 DOC \DON & i,

3.2 VEHROR EE AR AT A S W A e R R A R TS ) 5

AR (SMB) J2: + SRR B AR5y, 2 5/ 400K C NP M L FEE” , He
A 020 S AR meta S HTRORIFSEFE B, BRI PGS L [X 138 SMB BETER X s>, EL SMB 5 SOC &2 EAH
X%, I8 SOC S&H 43k SMB MR B BRI B Z e bR . AWESH , BT 1K, MBC \MBN \MBP % & £
/b, H MBC \MBN MBP 5 SOC #l TN 2 B E1EAH X, RN 3 SOC TN & S35/ & T 8L,
R EFEN, MEY A YRR RV A S RS E SRR A R RS ABFSE R, MBP 1E
BRHER B F R TR 4k, T MBC/MBP 1 MBN/MBP 7EAK #4358 TR m iR, X R Bk +
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Fig.3 Redundancy analysis on changes of soil phosphorus fractions in Pinus taiwanensis forest at different elevations
ST: +HERF Soil temperature; pH: FREEEE; SOC: S AT HLEK Soil organic carbon; TN: %4 Total nitrogen; ACP; iR Vk 2 BEEEHE acid
phosphomonoesterase ; PD: BRPEBERL WEEHE acid phosphodiesterase ; MBP ; {4 4= ¥t B Microbial biomass phosphorus; MBN ; {84 914 ¥
% Microbial biomass nitrogen; TP M Total phosphorus

B E R e P R MR Pkt PR SR Y L TR, BRI R R e e 4R S ACP PD T
PELLH 2 HX P R TR (K 2)

BB B AE PR ARy 3 P A SR R 5 OCE Y Lt P AR M X R AR M 560 32, pH i
B, R, o =5 5 A A R A 55 R P R SRR I ( ACP) RN R PE B AR DUR I (PD) ' IR WIA Rk
AR R K A 75 R 5 ) T 2 A S PR 3 7 R A9 b ACP PD 5 DOC \DON & 1 35 IEAH G, 3%
R AL DOC \DON 55, i W 2 a3 0 , A R T AU A E £ ACP PD, BLAb, IR
2 R I T R A E B D R T AR ST AT B A T R A R, 3R B SR R AR AR R PR SR B,
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Fig.4 Conceptual diagram of the effects of elevations on soil phosphorus fractions and availability in Pinus taiwanensis forest
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