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Abstract: Phosphorus (P) is an essential nutrient for plant growth in subtropical forest soils. Altitude gradient might
modify the soil-plant—microorganisms system and affect P forms and availability. Therefore, it is critical to understand the
characteristics of soil P fractions at different altitudes for maintaining the sustainable development of mountain forest
ecosystems. Soils were analyzed for P fractions, microbial community composition, and activities of acid
phosphomonoesterase ( ACP) and phosphodiesterase (PD) in Pinus taiwanensis Hayata forests at different altitudes (1300

and 1600 m) in Daiyun Mountain. The results revealed that the altitudinal gradient studied had a significant effect on soil P
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factions. Soil total P content decreased by 48.4—49.8% at 1600 m compared to 1300 m altitude. All P fractions of labile P,
moderately labile P | and non-labile P also significantly decreased by 45.7% , 58.6% , and 38.7% in the A horizon, and by
82.6%, 59.9% , and 31.1% in the B horizon, respectively. Furthermore, significant changes occurred between 1300 and
1600 m above sea level, as the soil at higher altitudes showed lower activities of phosphodiesterase and phospholipid fatty
acids ( PLFAs) of all microbial communities than those of the soil at lower altitudes. Conversely, activities of acid
phosphomonoesterase showed an increasing trend. Redundancy analysis (RDA) indicated that the changes in P fractions
were mainly driven by soil organic carbon (SOC) ; moreover, soil organic P ( NaHCO,-Po and NaOH-Po) was positively
correlated with SOC. In addition, phosphatase and ectomycorrhizal fungi (EMF) were important factors affecting changes in
P fractions of the soil. Our study indicated that altitude had an effect on the accumulation of soil organic matter and

microbial community composition and function, which affected soil P availability and cycling.

Key Words: altitude; phosphorus fraction; phosphatase; microbial community
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22"—118°20"15" E) , i T R 7 55 v W2 Aty A el Y | SO 2R R0 R T v 2 KU, AR PRI 2 15.6—
19.5 °C ;KB 1700—2000 mm, FEAE T 3—9 H 452 H BRI 1875.4 h, TTFIM 260 d, 4E 71
% Hik220d",

1.2 Rt

FEQRP X IR 1600 m AT 1300 m BB R4 ST L 2% (AR AT A9 3 LA SR, BRCOR AR AR BL, AR T HE AR
JZOLEBFR LA D FEAT (Oligostachyum oedogonatum )~ 3 4G 514 4475 (Llex crenata Thunb.) KE ff fH A
( Rhododendron latoucheae) ZEFELIMGHS ( Eurya rubiginosa var. attenuata ) FI%E B H#EAE ( Vaccinium carlesii ) 55 ; &
A2 VLB A (Hicriopteris glauca) i £, 4 840 B T3 ( Microtropis dehuaensis) ZE 1 ( Veratrum nigrum) i
B R ( Woodwardia japonica) FIEEISHE ( Gahnia tristis) 55 , IR NIE K A A B RO EE, Hd 4% 1600 m #11
FAMR(25°4250" N, 118°06'36" E) , R 15.30°C , MR85 K 1514 #k/hm®  HBHTBE R 0.50 , 444 55 3.66
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P 53, Hor HCL-P ZEARBFRE TR e ok . SVBER 6 R4 433 i 2 il
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FRECH S T 8 g T H A5 fif 1398 1R S 07 - W R 02 v AR R L Ol 1:2.0.8, FREE HH 2R R 1.1, &4 fR A
FIWEE N 0.2 mol/L, Zid 242 Jrif W Rk FRILH A, LABRME C19.0 Sy Pabs , FHAHH € [ ( Hewlett-Packard
6890, 3 [ ) #EATINE . R MIDL #R44F RSG50 H PLFA #4150 5 i RN BRI FP 28 nmol/g T +380K, B
ol P ) B B T AP 1900 AV BERTHER . AR5, RIS Wi L 114.0,a15:0.,i15:0.,i16.:0
al7:0.i17:0.16: 107c .cyl17:0.18; 1w7c .cyl19:0.16: 1w9¢ . 18: 1w5c 18 109¢c 18 2w6¢ . 16 lw5c . 10Mel6:0
10Mel7:0 F1 10Mel8 .0 HIFNFE /S ; ELIE A 18 109¢ 1 18:2w6¢ HIFTFE 7N ; 40 W] J2& i14.0.a15:0.i15.0.i16;
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THAM-BRFRZE il (pH = 8) $2 I, FH#E Sy HiFE 85 3P 5 min I Tl , FIRS AR HL 200 mL % T 96 FLALAL
M. FHAIEER ( MUB) VRN bR 75 /K S BTG . ACP A PD A JEE 43 501 g 4- HF 5 <0 T 7 W 1% g ( MUP ) AT
bis-4-F JE 8 B 8 W2 I (bis - MUP) . S0P Ar & T REFREE T 20°C 1H IR 5 5% 4 h J5, 1 2 2 Gl i 1Y
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DA SEREAR AR I B A ) PLIFAs VB 9 6 136 4 0 figt R 728 B ABOT A 40 BT (RDA) 5 22 Bl i Origin 9.1 3 4%
SERL
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2.1 BHEEARIRAR T

AT R B LLFAARAY T 3B B 22 S B3 (R 1) o 78 A JZ 3 K 1600 m AR AY + 3 B2 SOC.

TN F1 NO;-N &1 2K T 1K 1300 m 4 (P < 0.05), B 23 5% 1300 m Ml HE, #E34 1600 m Ab
) pH M .SOC TN NH;-N Fl NO;-N ¥ i ZF#E (P < 0.05) ,

F1 TRBHELRK T EEREEER

Table 1 Basic physicochemical characteristic of soils in Pinus taiwanensis Hayata forests at different altitudes

o el 22 H B AR (G
4 i j:f%%{fmfy: p Sk AL A ¢ SR
. . . Soil Soc/ TN/ NH}-N/ NO3;-N/
Soil horizon Altitude/m M/ %
temperature/ °C (g/kg) (g/kg) (mg/kg) (mg/kg)
AJZE 1600 13.68b 4.10a 51.35a 41.19b 2.69b 31.51a 0.47b
1300 14.18a 4.26a 65.56a 99.07a 5.30a 30.88a 0.96a
B2 1600 12.10a 4.47b 27.19b 5.26b 0.64b 6.07b 0.31b
1300 12.38a 4.60a 38.20a 34.88a 2.07a 9.04a 0.58a

RR/NG FREFIRARIER I 2257 B3 (P < 0.05) , M: & 7K#, Moisture; SOC: A ML, Soil organic carbon; TN: &%, Total nitrogen

2.2 iEEEA

518 1300 m A L, 4 1600 m A0 B ILFA PR+ 498 B & i B RRAIR (P < 0.05) (%£2), Br A EHh
i Resin-P #b, HoAth + HE w2 0 & 2 1 2 I 3% 1600 m < 1300 m FYAFAE, 25 T 38 40 4> ', Resin-P |
NaHCO,-Pi ,NaHCO,-Po 7 f K H: 5 S 1 L 1A%, b NaHCO,-Po 785 4 i A8 4 43 Hh o 5 ; NaOH-Po
R 2 G A SR B 0y FE A )2 IR R B XE RS B 41 43 ( Residual-P) (5 BB Eb B f iy, 76
1K 1600 m F1 1300 m &b5r 51254 52.8% F1 42.0%
2.3 TR WDV R IR RN R T T

AN Tr] R B LI AAAR S E MR SRR IR AT R 22 5 (I 1) o AHELHESR 1300 m, 4K 1600 m 2G>+
20 R Y (TPLFA) B3R IK(P < 0.05) . BLAM, 4K 1600 m 4k -3 2 14 ( Bacteria)  ELJH ( Fungi) |
IAKE AR B (AMF) FAME AR BB (EMF) [ PLFAs 822 35K T 1300 m 4 (P < 0.05) .

- SRR Wl T PEAEAS R AR B LA AR AR 3 25 55 (1R 2) o 134K 1600 m b A 2 A TR P ol 2 1
fiti ( ACP ) {1 =5 T 4K 1300 m 4b, Horf B 2 48P AR GR 21 1 2525 53 5 T 514K 1300 m A#H L, ¥4k 1600 m 4k
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A 4 J2 P B R SUBR TG (PD) 5 PR3 B2 AR (P < 0.05)

®2 TRBHELRAIEREAS (mg/kg)

Table 2 Phosphorus fractions of soils in Pinus taiwanensis Hayata forests at different altitudes

s Witk Do A A G A A MESMR AT B
Soil horizon  Altitude/m Resin-P NaHCO,-Pi NaHCO,-Po NaOH-Pi NaOH-Po Residual -P TP
AR 1600 ?'50,2;0) ?1273%%) 279(;?7/?) 291'1].(())1;0) ?165.431270) Ziﬁ?}%) 17299
WO U Gan e em Owon ey S
T P S SO N e S R
R VRS o N v N ST

ANF)ING FREFR R A R 6] 22 5 23 (P < 0.05) ;nd F/R I E I8 355 P BME D 45 B 2H 20 o a1 L £30)

60 - 32 -

THEAR +3EBE

45 | L
SN NS

b
a 1600m
30 % 1300m 16 -
b
15 H 8 r
b
0 ? 3 vﬁm mﬁiﬁﬂ 0 N N s

TPLFA Bacteria  Fungi TPLFA  Bacteria  Fungi MF EMF

RIS S
PLFAs/(nmol/g)

Bl1 AREERELBKTEBEMEEHE (A: TEAR;B: 1EBE)
Fig.1 The Characteristics of soil microbial community in Pinus taiwanensis Hayata forests at different altitudes (A . the A horizon; B: the B

horizon)
RE/NG FHERAFREHEE 22 EEH (P < 0.05); AMF; MK B AR 2 1, Arbuscular mycorrhizal fungi; EMF. #h A= B AR 2 5,

Ectomycorrhizal fungi

360 100

= . AR X B2 AR - B2
Tep . = a
2 = =
E‘) g 270 + " e 75 -
< NS
3 & E
& 2 = E
BE : 23
&7 180 27 sop
&« 2 &2 .
& g %@'2
25 E b
&E 90 - a | 2B ==
) 38 *
< $ a 2 a
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B2 AREERE LR IEEEREEE
Fig.2 Soil phosphatase activity in Pinus taiwanensis Hayata forests at different altitudes

ANERING FhER R AR A 22 7 B3 (P < 0.05) ACP;@‘@%@i@EQ@, Acid phosphomonoesterase ; PD:@%MVX@E%, Phosphodiesterase

2.4 HEREA SR IN F BOA G
RDA Z0#T B , FRES T Re 1T e 20 4378 S 1Y 82.3% , &5 — Ml RN — g /0 A e 17 A8 /b1 71.2% Al

http ; //www.ecologica.cn



6 S % 38 &

11.1%, Hr, 43 SoC 1EH & W ., i ¢ T 3wl 4l o
IR 66.9% (P=0.002) , H.-5%4 HL# ( NaHCO,-Po Resin-P
H1 NaOH-Po ) 12 i 2 1E A ¢ b 4, ACP 5 Resin-P,
EMF 5 NaHCO,-Pi 5 HA7 3 A IEAHOCHE

ACP

NaHCOs-Po_SOC

. = NaOH-Po
3 itig = NaHCOs-Pi
3.0 ORI B LR B A IR 1 2 A 3
54K 1300 m AL, 14k 1600 m 4b + 3% SOC | TN NaOH-Pi
FINOS-N &g FHEAR (R 1), Hrh Bk b Ix Residual

+ 48 SOC & TR, HASF 7T th & RIS R, I
T AR A R A P E A R R S o
G55 A De 451 F 5 4 IS 48 M0 K 7 E SOC TN . kDAL (71.2% H
PURMIRIL, JI:E% H ﬂﬁmﬁﬂggﬁ ﬁ? M B3 REGERELRKTERAS ERNTRMFE
074 25 P IR ST LSRR ] 1 - SRR Fig.3 Redundancy analysis (RDA) of soil phosphorus fractions
BOSFE Ak, +3E SOC 5 B IE S BE T B M in pinus taiwanensis Hayata forests at different altitudes
R RPN AR A RAE ) e PR I AR R
s K 2 1 R T S [ 4K b DX A2 A 0 BE TS R R A AT AL A i AR R, R 1600 m Ak - 3
SOC TN I NO;-N £ B Z K T 1300 m &b, H: 32722 J5 8 v il 2 301 4 IR V% 9 U 38 RbR T Al g A R, —
75 1T H T 1 R A A T 2 R A LR A YR 2 MR 1600 m b LA A K 2 355 40 BRI AR K
BN, MR R ek D VS A B P AR RS B BRAR T 5 53 A, R W A W e S A VR R T
I, b bR BIAR /D th S5 08 B K AT A 0 - BSR40 2 (4 AU
3.2 AN[E)IREHR B LA AR e 2 2 i AR 1

ABFZE A B LA AR 3R & S BER 1600 m < 1300 m AbAOARAE (35 2) , B[R] 38 W 4H o3 X 13k A
JE B O R RE AT AR 25 5 Lrp | B oM 2 e 15 A A v VA A M X0 S PRI, 3 15 A bk R gy 2 )
B RGTFFEE AL, — 7 12 i T R XL A R 3 A5 BILBE 2 ) o il A B O F R VR
Wi 2 T B T v LR B, A DB B i R B 2 N S U 1600 m Ak - HERE A SRR, S—T
], S5TE4R 1300 m AH L, 4K 1600 m Ak 88 LLAA PRI 74 Pk A B8/, 7 RS 3500H 54 5] -+ 3 rb A 80wl 7 i R
2 ARG A A i A S B AY LU B 7R IR 1600 m Abydi/b | w]BE S AR T ok W e A A AN
WYEYIE, BT 7R RRYE e BT AR R L ) Y BRI I A R | B R R RS
SHE VBT AL VE NG > TRk R T R T E B CALEE Y L S Ak, B T AR AR X A
TEPIEIRD SR B NaOH-Po 4143 AU RE J1 WA, v 45 5 40 fige A5l B0 R LU BBt =2 D, 40t 25
WL AT AETE IR 1600 m A B/ A LU FIRE N, il 685 £ XL i B il Wk el Re i o6, B
WFFT eI, AL Fe e b P BT BB A A, A nT DL o e XUER A Ak 25 0 R e B ol A i 4l 01 Bt IAF
YTt IR TR R LR B A ORI 2 , 5 XA R Bl 557 , X S i o B 2 B AR O L oo Vi 4
DX A RV BRI AR L P 2 S I, X B A T BE T T o, X e e Al e L A o T LA A 2 R AR T A 43
WO LB T n R 2 SRR I A v B o LA MR LA IR ) 3wl e AL B )
3.3 N[ IREHR B LA PR S R B R I I e T M 1 AR b

Tl A 0 A e X AR 5 14 W) S 30 4 B R A S e SRR DR P A A T A 3
BRI FLAFFFT - e A D RIS RO R TG P A R T T R R AR A AR Ak . ARBIFSE Hh , 133K 1600 m
AW 2B PLFAs B 54070 B  AMF fil EMF (1) PLFAs & 83 5 28T 1300 m 4L (1) . X 5HAib
WFFELE AN, U Chang 458 78 5 V5 FRR BATARAOBFFT & B, 40 1 | EUBE 2R R A AMF =2 B 2 Bt Vg 4 7 0 1

SOC, 66.9%, F'=36.4, P=0.002
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BN 5 U0 Lin 2877 & BT AR - R0 B RE 75 =5 BE BEWE P T v S e e AR AIE R SR Bl A T VR R T X D o T
{1y [ A7 TR TR] , (H 38 SOC & EZAZmE 7, BRI, RIEMUEY A PLFAs RN | B
PLFAs S5 SOC i R IEMKEKER" | L0 G m i YR E EZAER, IR Rz +
A A R ORI SR I R 22— 3R 1600 m Ak SOC 5 i/, 1ol 4= W I 5 77 43 32 S BR
il , TS W A= ) PLFAs S22 0 kR I T A e o A e T A b IX 35 332 B A TR 1

A P il ) 24 o = B A A W R ke W ) 5 SR RS 0 vk A S i 0 AR R, ACP 3 P AL BT 4R
1600 m > 1300 m ZbMHFAE(FE 2) , S EA MBFFT A RARRLS . 30T B2 B TR 1600 m &bz 2B BR &I 5
FEEE AR R B XA ORI b H TR £ 1 ACP SR ARBCA & i PD SR PEAE IR 1600 m Ak
W EEREAR K 2) , TEE BN TR A S e it 22 5 . —J7 1, 4R 1600 m 4k 148 SOC Fil TN
i 5 S A XE LU R R e R AR M PR T BRI R A LY L B — T i, B AR T R T
W, - S E s M B 2 ARG T PB4 A e R A AR L T PD R EORE T s b
SIS IAN G OB PD I AR R R RO X AR, A, ACP L PD 3 M B 9 B S A Y
AAp B i — 25 R R R T RE e AN R B R B 70 L B ZVE ), N Rl 4 b IX DL ACP o8 32, i #E
BRI PD,
3.4 HHEA ML GE PIRETE 2540 e D REXT 2 53 1) 5 Wil

RDA 43#r 2RI, SOC J&5 e - HEwh 41 o i) 22 I+, H 5 A PL#E 4 53 (NaHCO,-Po 1 NaOH-Po) 5 I 3%
IEMIE(E 3) , A#FFE R, SOC FURE HHER A S AR G 561, Hou 45 5 11 4% SOC Bl R & T3
A HUBE A 43 e B S R LB N A HLBE R A S 0 R IEDY i SOC BB RENS AR 5 1 4
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Fig.4 Conceptual diagram of soil phosphorus fractions in Pinus taiwanensis Hayata forests at different altitudes
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