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Abstract: Temperature, moisture, and other environmental factors change with altitude, which directly or indirectly can

affect soil microbial biomass, community structure, and soil enzyme activity. However, research on the response of soil

EETA :ER A RFHEIES (31670620) 5 MFIKEEA 34T H (U1505233)
Wrfs B H#A:2018-05-11; % £& H AR B #A : 2018-00-00
* MIRVEH Corresponding author.E-mail; ymchen@ fjnu.edu.cn

http ://www.ecologica.cn



2 S % 39 &

enzyme activities in the alpine forest ecosystems of the subtropical regions is relatively limited. Daiyun Mountain is the
largest Pinus taiwanensis germplasm resource in China. In the present study, Pinus taiwanensis at altitudes of 1300 m(L) ,
1450 m(M) , and 1600 m( H) in the mid-subtropical Daiyun Mountain was used to study changes in soil microbial biomass
and soil enzyme activities at different altitudes. The results showed that the effect of different altitudes on enzyme activity
was generally weak in the B horizon, and cellulolytic enzymes activities (e.g., B-glucosidase ( BG) and cellulolytic enzyme
(CBH) ) decreased significantly with increasing altitude in the A horizon, thus resulting in a decrease in soil soluble carbon
(DOC) and microbial biomass carbon ( MBC) with increasing altitudes. Although acid phosphatase activity ( ACP)
increased significantly with altitudes, there was no significant change in available phosphorus ( AP) levels. In addition,
microbial biomass nitrogen ( MBN) and microbial biomass phosphorus ( MBP ) decreased significantly with increasing
altitude. Redundancy analysis (RDA) showed that MBP and carbon/nitrogen (C/N) ratio were the most important factors
determining soil enzyme activity in the A horizon, whereas soil water content (WC) and MBP levels played a major role in
determining soil enzyme activity in the B horizon. This study showed that. in the phosphorus-limited subtropical region,
inorganic phosphorus is easily fixed by iron and aluminum. MBP, can supplement available phosphorus in soil and become a
major factor affecting enzyme activity in this area. Soil organic carbon and nitrogen decomposition related enzyme activities
increased as decreasing altitude, which accelerated the turnover of soil carbon and nitrogen. Therefore, exploration of
changes in enzyme activity at different altitudes provides a scientific basis for predicting soil carbon, nitrogen, and
phosphorus cycling in mid-subtropical subalpine forest ecosystems, which provides a scientific basis for the management of

Pinus taiwanensts forests in Daiyunshan Nature Reserve.
Key Words: altitudes; soil enzyme activities; soil microbial biomass

RS LA — T A AR M PR AL, 25 S EOREE DGR K335 2 Fh ERE DN 1 1 28k, 0 T B 43 B A 43 52 1)
A Y BT AR DA R R T b R A e A A RV 5T Bh A Bl R
AR IR AL RS A AR B AN WA M e R S R EE S . R AL
T BT BT, FEORIE T RUEY MR R KSR, B S S LI LY B
P G A Bk R R A 1 — R AR R A2 RO ) A S R G ) ST P P A T T

IS AN [ PR B X AR AR - S TR ML RS2 M T IS — €18 . VP W S5 R 3R B B TR $A 6 HE 19 fin 1
HERGTEME TR, A0 Lei % AN WRSE R, 2 AL ok ST | 1T A I P | R 1 R R e T R
e YA BB BT e 07 5 A 26 e A 7 R R LR PR (4325—4956 m) A H— B &1t R
BRI AR 0 R MR A Y R TR R0 B 12, DR i - B
M, TR I N (VAR A A B S R AR A B TR B 2 R BRI
SRR A ARG eI K Gy R SRS YR RLAR AR A IR AR Al M2 i A X S
A A T R A A R A M A2 R W AR R PSR 1563—3994 m [y = LAy
X5 AN RAE AT (T A T I L AR AR S S I o LU bR v LU R bR R L e ) IS BB
TR T A L2 b LI R IR A ACP i I P 2 0 S 5 el PG I A AR AR i SR A
HEREOFE R IR IR 4 A BRI (B SR AR B bR I e LR A R e L ) ) 5 % 90 -+ Sl
TG VEBEHF AT SR B2 B, RIRDEER AN RS R i 7 AR 0 R P ) SR R i R 25 S 80K
FER A 3R 25 ) X A VR S5 A0 DI Re S L PR A R T T S ) b R RS PR e R
{22 5 1] B 23 52 A AR TG M X VAR T A o 7 AS AP 30 o 4 A W S B A | PR 0 SRS 1A R ¥ 4% ) i
AR IR 5T, BRI A A B (SR IE 3 ) B B /R R

ﬁ”ﬂ%( Pinus taiwanensis) X /J\{:Ti%ﬁ&, HERED TR K , WA ivhe s RN ES B R Ea R , JE e L M st AL AN A A R
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8 1 XY S S [RDEROGS A A B 2 L B LA PR SR 0 2 A SR P ) 52 3

(1 S LR BERE R B B O I I B DX 20 TR, ARSI UAS [ T4k B LA MR BT X 4
IRTEAN [RGB H AR 8 LA AR SR A 1) A 0 R S 7 e 5 P 52 M) S K s I P A A )
BRI T, DUYI 0 80 LA TR R SR8 B B LA AR I e JR A B AR~ M

1 ARRX5REIET

FEHLA TR A RN T 2 1l SRR X (25°38'—25°43'N, 118°05'—118°05"E ) , iR X M4k rp T4
A 10 o AR 18 3 IR DX 2 v [ A7 TR AR ) 2 R AR B e 1) F SRR X 22—, SRS g A Vi
P, BAT A8 B KA, 183 2 I AR i, ARP 2R 20°C , 4R [K i 3K 1700—2000 mm , 4E°F
PIRIXHEEE 80% ), 2017 4F 5 7, BEBGH 2 10 3 MK 1300 m(L) (1450 m(M) 1600 m( H) K S 5 A
AHIE A B L AR SRR, TRV 3 BR B 1 8 20 mx20 m AOFRIFEAE b, B3 Br VA Bl %) 32 22 00 S5 R 24 o 2510
By, PR AT AL D AR AEREAR L, L M T3 RN H 4R LR A 22 AR BE AR J2 DL 3 A LA e =45 2R A7y
( Oligostachyum oedogonatum ) 5 F, ¥ 4= 41 Bl 5 & & (Llex crenata Thunb ) | & fA £t 8% ( Rhododendron
latoucheae) 7 I LIS ( Eurya rubiginosa var. attenuata ) F1 %5 FE#KS ( Vaccinium carlesii ) %5 3 BA)Z DL HL
( Hicriopteris glauca) R &, 4 A 8 AL B T3¢ ( Microtropis dehuaensis ) . 22 7 ( Veratrum nigrum ) | i & Bk
( Woodwardia japonica) F1EEIEL ( Gahnia tristis) 55, TIE¥I AL A K B, FEHBIEARGAELE 1,

R1 ARIBHTEFHERER
Table 1 Summary of site characteristics along the elevation gradient

P A

‘ . ekl TR \ Tk Sy
LR R I%JE TR AR P E Mean diameter q:ﬂjﬂl_“ %ﬁ&Jx
X X Longitude and Mean annual X Mean height Stand density/
Site name Altitude/m . Crown density at breast )
latitude temp/C . of tree /m (¥R/hm*)
height/cm
L 1300 118°6'43"E  25°41'57"N 17.15 0.65 17.23 10.19 750
M 1450 118°6'31"E  25°42'13"N 16.20 0.60 12.05 10.83 2805
H 1600 118°6'36"E  25°42'50"N 15.50 0.50 8.24 3.66 1514

L. ¥4k 1300m; M. ¥§4k 1450m; H. 4K 1600m

2 WRAE

2.1 hHEREACRAE

TERAREREH N BEALAT I 5 1 2 mx2 m /MR, BERFRITEY) , B4/ DREDCR FH« S” RUR & R T
PBCE 5 ARG IR 12 IR R AEJZ R IR Z (A JZ)  IEREZ N 10 em; FERUZ (B JR) IR
FELY R 10—25 em, P RAR MY - IFEAE it bty (o] S 6 2 R g RER P WA R A RLAE K S AR AR A S 4
Bk 2 mm 0 SRJEHE AR U 9302 23 IRy, — Rt T AR o) SRR R RUE Y R Y
1 SRR S PRI A2 5 55— or LR AR KT JE T 0.149 mm G, FH T 438 0 AU S5 AR AL FR b
2.2 R HERRAL IR BN E T

3 Bk S E R E T E 4B ( Elementar Vario EL 111, Elementar, 78 [ ) 1 % , &8 % FH HCIO0,-H,
SO, ¥V i IE it 0.45 wm BEESLFAEL 8RS (Q/IEF J01-1997, 1363 ) , 3 FI SR8 50 M ( Skalar san++,
Skalar, faf %) M€ . 135 pH il id P IS pH 3+ (STARTER 300,0HAUS, SE[H) M5€ , K+ 2.5:1, +3%
T SR T4 AW TRLEE T (SK-250WP, SK. Stoto, H ) 5 .
2.3 RIS

T+ RT A ML ( DOC, dissolved organic carbon ) Al A] #1444 HL AL ( DON, dissolved organic nitrogen ) , H
EETKNRIBMOK LR 4:1) IRGE O, 48 0.45 wm EEAIE  FLEA PR/ (TOC-VCPH/CPN,
HAS) M€ g0 h DOC & it ISR 3 70 A (Skalar san++, 7 %) I DON &, LA 2 mol/LKCL R4
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VAR B S U FH T S B0 4 WA ( Skalar san++, fF 22 ) W0 552 108 o 9 - 49 B S AL (NHE-N) A S A
(NO;-N) &rit, AR M3 I3 30, I Skalar san++3ESEH (G0 &

2.4 HIERUEYIE YRR A BRI E

A A M (MBC) AR B2k R (MBN) SR 07 B 78 -K, S0 12 419 ) feJa FH B A HLER 23 Bt
X (TOC-VCPH/CPN, H A ) il 5E $2 B h MBC, FH %22 8l 53 B4 ( Skalar san++, faf =) il %€ MBN, MBC it
FAR B =AE ke, S AE N BB 78 5 R BE 28 + MU AU & 5 10 2508, bW FEA0 280, BUA 0.45, MBN 3154

NGBy =AE by, AR NI SRR H O HLA A 22 kR 28 BUE 0.54, HIEBUEY
A=) L (MBP ) SR FH A5 B -NaHCO, IB4RIE > T ARH B, = AE,/k, , 753 2250 K, BUA 0.40,

2.5 A SgEE D E

- HERFIG PES M Saiya-Cork 1 Sinsabaugh > i 7 35 S BURKE 3% e 6 Fp 585 R BEE 0AH & 1Y 7K
Mg AL . PR R (MUB) VA YD bR s K SR S M, L- 28N R ( DOPA ) i IR M)hr /s E ALl 1
PE BIOPAR E T RS PR T 285 20°C 1 U B 3%, K Ak IR S AR 23 0 15 R 4 h A 18 hy, FH 2 D) RE AR A
(SpectraMax M5, 3¢ [ ) il & HA G (K il ) sRBOCIE (SAALEE) o 6 Fh LIERERI A PR 465 S D RE S i
FARSE IR DA 2, A A 308 ek 0 S 36 R A e MR 1 iy 2 4 IS e B8 R S I (]

K2 TEBEMHTME RS KB ARY

Table 2 The abbreviations, type and substrates of soil enzyme

it Enzyme 455 Abbreviation 2 Type JEEY) Substrate

B 4 T BG C-targeting hydrolytic 4-MUB-B-D-glucoside

LT Y FOK CBH C-targeting hydrolytic 4-MUB-B-D-cellobioside

Z WA AL PHO C-targeting oxidase L-DOPA

i A PEO C-targeting oxidase L-DOPA

B-N- B B A A Ml (LT SRR ) NAG N-targeting hydrolytic 4-MUB-N-acetyl-B-D-glucosaminide
PR VLA 2 ACP P-targeting hydrolytic 4-MUB-phosphate

2.6 Hdsiab

Hdi 2255 Microsoft Excel 2013 b3R5 >R FH SPSS 21.0 Ge K (4F X AN R34 HE 45 P8 bRt AT 40 143
Bro RAFPIER J5 225387 (one-way ANOVA ) K5 56 AN [F] i 44 b L2 8] A= S PR 5T | T SRR 2 W A W i B - 3¢
it T P 1) 22 5 10 35 ( Duncan 125, a0 = 0.05) 5 FHBUAIZR J5 22 4387 (two-way ANOVA) HH A3 g4 F1 422 1
AT, I Y A Y S IR A 0 22 5 B 35 PE (Duncan 35, =0.05) , >R Canoco Software 5.0
B LA AR A P BT R A ) A W i O R AR e DL b SR TR AR D ) B R B AMOOT AR 4 T (Redundancy
Analysis, RDA) ,?/ﬁ\lzl b Origin 9.0 BAESERL

3 ZBRE5SH

3.1 N[ROSR AR A R

16 A 2T B AR, T ESOKE | R RERR S E S AM C/N BEA TGS L
TE LA H R Z A HAA 1 3 25 5 (P<0.05) (£ 3) . BEE IR T, pH I T B H R IA ) 2%
K, 7E B2 EHER WA pH A S8R TC B R (ERR T v A A KRR AL
MR C/N(P<0.05)

NO;-N & H7E A Al B W52 35 2 00 BB T = i a3, Fn L3R L, HO 4R NOS-N & & N F%
W53 035 51.14%H1 45.99% , BEMER T, A J2 -4 NH-N S0 F722 4k, 1 B )2 14 NH,-N & &
BFE TFFE(P<0.05) (% 3), AJZ13EH DOC 1 DON 7 f (R H I M R IX, B3 — A ek s
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FHEg R (F 3) o b, AR R ) AP B0 R (3R 3) . SR E 5 2200 RO T3
K IR R RE L EBE . C/N NO;-N NH;-N . DOC 1 DON EA# 2 #5001 (P<0.01) , - 2T f
A 3 PR P JBR A W S 3 S R (P<0.001) | I ¥4k x )2 X% BB .C/N . DOC Fl DON £ ' 2 1) 2 H.AE F
(P<0.01),

£3 TRBHALRKTEEREUER

Table 3 Basic physicochemical characteristic of soils in Pinus taiwanensis Hayata ecosystems at different altitudes

1JZ Soil layer A JZ A horizon B JZ B horizon Two-way ANOVA
P Site L M H L M H AE HE AEXHE
R pH 426 a 421 a 4.10 a 4.60 a 4.59 ab 4.47b ns ns
IR E Soil temperature/°C 14.18a  13.88ab 13.68b  1238a 12.18a 12.10 a ns
FIKFE WC/ % 65.56a  59.64ab 51.35b  3820a 28.94b  27.19b ns
B TC/ (g/kg) 99.07a  81.58a  41.19b  3488a 2145bh 5.26 ¢ ns
M TN/ (g/ke) 529 a 4.64 a 2.69 b 2.07 a 1.46 b 0.64 ¢ ns
S TP/ (g/kg) 0.36 a 0.38 a 0.17 b 023a  0.17b 0.13 ¢

A C/N 1879a  17.23a  1534b  1686a 14.64 b 8.68 ¢

AR AP/ (mg/kg) 4.98 a 6.20 a 6.40 a 1.62 a 1.75 ab 1.36 b ns ns
i ASA NH;-N/ (mg/kg) 30.88a  28.3la 31.51a 9.04 a 8.01 ab 6.07 b ns ns
fil A5 NO3-N/ (mg/kg) 0.96 a 0.64 b 0.47 b 0.58a  029b 031 b ns
MM LK DOC/ (mg/kg) 626.00a 374.07b 527.81ab 96.31a 53.09b 76.56 ab *
a7 A HLA DON/ (mg/kg) 2530a  16.02b  29.02 a 2.19 b 1.80 b 3.39 a

AR B 2 JEBUR AR K Altitude effect; HE; 2 Horizon effect; AEXHE: M4k Fl+ /232 HiAE A interaction effect of altitude and
horizon. & HEHE IV IMH (AiUER ) (n=5) , F—ATARRVNE FEERIRF — 12 A AR ] 22 5 8.3 (P<0.05) . ns, FR 00 F L
sk ok ow ok JMRIfRER P<0.05, P<0.01, P<0.001. WC: %7K Water content; TC: &), Total carbon; TN: E %, Total nitrogen; TP B, Total
phosphorus; AP ;A %LM, Available phosphorus; NHj-N; % A %, Ammonium nitrogen; NO3-N: fi§ & %(, Nitrate nitrogen; DOC: 7] ¥ ¥ MLk,
Dissolved organic carbon; DON: A& HL%(, Dissolved organic nitrogen

3.2 R[RNEHR A YA ) e 5

T+ HERUE Y A Yy AR RN 2 ] 2 B A R AR fb e g, B A 209 MBC & &40, A FI B 2 5
MBC MBN MBP & R T S 452 B R (P<0.05, 8 1), R+ 2% MBC MBN MBP ¥4 .3
S0 (P<0.05) , AN x £ )2 HXF MBP A #1938 HAEH (P<0.05)

3.3 URI[RIVEHROGT A B T 4 )5 )

AR A FEREHORE EEXT A 2 13RI P 35, X B )2 - A G M i SR IN (R 4) B
TR TEE A J2 35 BG Ml CBH W PR B2 FRE(P<0.05) , FIl LG4k AH LG, H 4k BG A1 CBH 1% T W I i
I3k 36.87% 01 42.79% , 1 ACP &M i E 44 i ( P<0.05) , LA PEO B IS TEAE L M A A, 10 v 3k 5000 %o
NAG oM, B 248k M 4K BG .PEO \NAG &P f5/0N; 1 CBH A1 ACP i 175 44 [ 15 4046 58 U] G\ 2 A%
b, MRS AT 4 FfoK A G R0 G Rl SL0 S 1 YR B, o X BG A PEO 35 B MR B E R (P <
0.001) , [k PHO LUISN, 20 HAh B2 W B 35 52 ( P<0.001 ) . ik x + )2 %5 6 R W3 i3 AR H
(P<0.05) .

3.4 HIERIETEE IR RDA 4347

DA St % 4 4 Sy 7 A | A SRR ORI E W A W AR O IR B R R A i IR S A R R R Ak
PRFE S, 2305 A (B 2 IR S TR T TR AT

W 2 Fr7R , AN TR A A6 #i 4% B — 2 B UEA T T AR G A SR 28, U I I 3 (0 38 R i) 1 L ST k.
2 PR T A 2 L IERE RS AR 79.95% , Horh MBP 555 —Hh R B WAEARSC R T A 2 LIERE
) 47.40% ,C/N B T 1%+ 2 TGS 0 12.50% , Uil & % A 2 RIS MR B EEAEH ., B2
bR T B 2 IS TS AR 1Y 66.33% 1 MBP Fl WC &/ B e i 1 2 NREE A7, Hoh we
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Fig.1 Effects of different altitudes on soil microbial biomass
AE Mk Altitude effect; HE: /2 Horizon effect; AEXHE ; 45 F1 + /238 HAEH] interaction effect of altitude and horizon. & P& K T2 {H 4%
M2 (n=5) , ANR/NGFERFORARIGHA R + )2 2 025 5 B 3% (P<0.05). ns, FRTCEBFELM; «, = o« = 550E P<0.05,
P<0.01, P<0.001

B R BOIE ARG BT B 2 IR S 1% 27.80% , MBP f# R T 27.10% , Ui B % B 2 1 SRR TE
P AR,
R4 FERETHEmEEOTL

Table 4 Change of soil enzyme activities in different altitudes

T2 FEHL Enzyme ( EALHEF wmol g™ h™' //Kf# Bl nmol g™ h™')

Depth Site BG CBH PEO PHO NAG ACP

A J2 A horizon L 62.70+10.83 a 6.31£1.93 a 0.7220.11 b 1.7620.52 b 27.4128.46 a  251.16%52.84 b
M 36.80+8.54 b 4.761.06 ab 8.91x1.49 a 2.63+0.48 a 28.22+4.27a  272.99x70.91 b
H 39.58+5.38 b 3.61=1.16 b 8.69+1.61 a 1.3120.33 ¢ 23.78+2.28 a  401.55%113.62 a

B JZ B horizon L 12.48+4.25 a 1.82+0.71 a 11.06%3.33 a 1.63+0.20 b 14.71£3.14 a 40.17+5.60 a
M 5.59+1.08 b 1.11£0.34 a 7.9421.85 b 1.7220.27 b 6.49+1.84 b 28.08+3.05 a
H 7.03+0.24ab 2.32+0.64 a 11.49+2.57 a 2.94x0.74 a 10.87+3.60 a 32.02+6.39 a

Two-way ANOVA AE we . **

AEXHE

AE 64, Altitude effect; HE; )2, Horizon effect; AEXHE . 41 1 Z 3 HAEM , Interaction effect of altitude and horizon. 3&H 4 A F 34 (H
hpifE2E (n=5) , Al —FIARRVNG FEEFRR ] — )2 ARG R 25 5 B3 ns, FORTCWEFVERI; « , + * = = 55483 P<0.05, P<0.01,
P<0.001. BG: B-Hi%iFETF M, B-1,4-glucosidase; CBH: £F4EZ K, Cellobiohydrolase; PHO; Z 4 LM, Polyphenol oxidase; PEO: i 4 L4
Wi}, Peroxidase; NAG: B-N-ZBRESEHI4IH 17 A ; ACP. FRMEBEIRAEE, Acid phosphatase

4 itig

4.1 A[FENEERT RV B AL
N P B2 KT R B TR TR e Y AR K R MBS b A B AR, AL
POAALE , H S TN F TP 3505 i B A, P HOC LI RRIR /)N, JR 7R P VA B /b | ) I AR
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10 M2A ¢ 1.0 HZBPHO H3B psp
HIB b °
[ ]
H4B
MBP:
27.1%, F=12, P = 0.002 PEO
< X C/N:
) a4 | 27.8% F=5.0, P=0.008
T < . 0, . A
2 PEO AP = NAG
2 I <
g2 S | M2Be “L3B
= M BG
*
H4A s o MiB .
- H3A LsA MSB %5 it
FEA MBP: .
ACP o 47.4%, F=11.7, P=0.002 e Lsh
cos HIA CN:
: 12.5% F=4.7,P=0.016 -1.0 MBP CN
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B2 AEBEHEI A BB ETEHREESIN TR
Fig.2 Correlations of soil enzyme activities in A and B horizons to soil properties as determined by redundancy analysis ( RDA)
LA/B:1300 m ¥4k A/B J2; MA/B. 1450 m ¥4k A/B J2; HA/B.1600 m ¥4k A/B 2. MBP . #/EY) LY, Microbial biomass phosphorus;
TP . B\, Total phosphorus; AP %M, Available phosphorus; WC: & /K%, Water content; C/N:f#%/%, Carbon/nitrogen

R RGN 3R MRS Y KU . AP &, NH -N 2 A H XA SR B F BB R, X A Zhang 25 (A5
g —3, EEFH R NH;-N 0] GRS 3 9 AU AL PRI [ %2 , NOS-N B 3% 3 F /K i AR fR (R 5 0, L
NH;-N 525 5 BfifFKi s . BEEE TS NH-N G & 254k, NOS-N & i 38 NI (36 3) , 13X 5l W iy 45
T B A2 A R RE L Zhang 45 76 TR A BCR J i XA Melillo 25700 78 5 HF AR AR IE 4516 — 3, T REJ2
DR R e 1 T A b X L P A e, TR L T 4 8 A WL P SR R i A 2R I T I i X
- L R A 3 S K AR ARG, R T A A B T BELAS R R A RS AR ER T A NOS-N B i E T
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