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Abstract: The elevation gradient may affect soil organic matter through a variety of environmental factors. The soil organic
carbon pool is an important component of soil organic matter; its any slight changes may have an extremely important

impact. Therefore, there may be variations in the soil carbon pool at different elevations. Soil organic carbon is an important
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indicator of soil fertility, which is affected by various factors, including soil physical and chemical properties and
microorganisms. Pinus taiwanensis Hayata, which is an excellent tree species for afforestation and timber in high mountain
areas, has recently experienced a decline in the high altitudes of Daiyun Mountain Nature Reserve. A study of the change in
soil organic carbon fractions along the elevation gradient in the P. taiwanensis forests of Daiyun Mountain Nature Reserve
can therefore not only provide a scientific basis for estimation of the carbon pool in this region, but also can help to
elucidate the mechanisms influencing the growth and change in the dynamics of the P. taiwanensis forest. Therefore, in this
study, the P. taiwanensis forests of Daiyun Mountain along different elevation at 1300 m (L), 1450 m (M), and 1600 m
(H) were analyzed for the basic physicochemical properties, organic carbon fractions, and microbial characteristics of the
soil. Our results showed that the soil nutrient content first increased and then decreased along the elevation gradient, and
was consistent with the trends in the soil carbon fractions. The microbial biomass carbon and microbial biomass nitrogen
were both the highest at M altitude (1450 m) , and the elevation gradient had no significant effect on carbon hydrolase. A
redundancy analysis showed that total nitrogen was the most important factor that affected the change in soil organic carbon,
followed by the carbon/nitrogen ratio. Therefore, in the case of a small elevation span, it was mainly nitrogen, rather than
temperature, that affected the change in soil organic carbon. The high-altitude area with a high recalcitrant carbon pool ratio
may aggravate the growth dilemma of the P. taiwanensis forests in this area in the future, thereby affecting the carbon pool in

this region.

Key Words: soil carbon composition; altitudinal gradient; microbial biomass carbon; carbon hydrolase; Pinus

taiwanensis Hayata
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1.1 FEHBREACTE B

SEHRAEHL AL TR A RN T R A B AR OK B = 1 KR SRR 4P X (25° 387 07"—25°437 40" N,
118°05/22"— 118°20°15" ), 6T W00 408 1550 0 M 0L 20 B S G T A P 2 LB
ARSI 15.6—19.5°C AR FERT 1y 1700—2000 mm , [/ 24 HTE 3—9 Ay, &4FF3%5 H ik 220 d.
A R ML LM RCTHE LM e BRI BTV REME 0 B35 B Ol 28 L0
MR AE B DL RPN 15 AT (Oligostachyum oedogonatum) | FEAEAEYIA §l 1527 (Llex crenata Thunb.) 5 Fk
A% ( Rhododendron latoucheae Franch.) % B A% ( Vaccinium carlesii Dunn) F1%E FEZL 4542 ( Eurya rubiginosa var.
attenuata) 55 , KA 2 UL B ( Diplopterygium glaucum ) ] 3, fEA- A B P (Veratrum nigrum ) SEVSE ( Gahnia
tristis ) S BK ( Woodwardia japonica) FNEALAR T ( Microtropis dehuaensis fokienensis) sl ORE R LA
MRS OLANER 1 B,

£1 TRBHELRHRERRFE

Table 1 General information of Pinus taiwanensis Hayata forests along elevation gradients

e . e T o
B s i TR -
. . Mean diameter at Mean height of Stand density/
Elevation/m Crown density . )
breat height/cm trees/m (Fk/hm?)
1300 0.65 17.23 10.19 750
1450 0.60 12.05 10.83 2805
1600 0.50 8.24 3.66 1514

1.2 SRt

ARWFFER T WF5E M5 L IEORAIG A O R IR B2 f) 28R, T 2017 4F 12 A IT = I gk |
(3 MK [ 1300 m (L) 1450 m (M) A1 1600 m (H) | b, BEHC T 3% ml A EE AR 09 3 A B LA SR, 3X 3
MR E G — R R AR Al 5 R A O R AR T A R S50, PRICAS IR A A TR 1
BEHLATEE 542 m x 2 m BYREDT B RE DT Z A RYBE B A /N T 5 m,
1.3 HOED5ik

2017 4 12 J  AEREAFETIT MR S” BUAr S BRI E 5 AN IBURE A, ZSBR R I8 75 40, 1B o3 ) SR AR ik i
JZ(AJR) FIERZ (B J2) B H5 [/l —ME NI 5 AN GUIR G 5 VR — R BdJa BN 3OS 5 1
I SRR B R A T [T S = PR AR R AN A B 2 2 mm RS 2 S RS, — 4
SR 5 D B A 2= M BRI 2 4 5 3 — 8B 53 T 4 CARIRAAAE , I T00 5 A $ A 0y s R 6 2
1.4 &SRR S Ik

+35E pH 18 BEFS L pH 3 ( STARTER 300, OHAUS, USA) M, /K Fe Ay 2,501 385 7K R A E 2R
FHHEFE ; H 3 B8R (TC, Total Carbon ) AL ( TN, Total Nitrogen ) FH#% & 02 40 #711% ( Elementar Vario EL 111,
Elementar, Germany ) illl &> ; + 3% 0] % ¥4 HLA% ( DOC, Dissolved Organic Carbon ) F1 1] %5 ¥ 74 #L % ( DON,
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Dissolved Organic Nitrogen) , 258 F /K MIREER (K LR 4:1) IR E O 5, £ 0.45 wm JEREANDE , HEA
PR 737X (TOC-VCPH/CPN, Japan) M€ W T DOC & &, H4 220 81 73 H7{% ( Skalar san++, Netherlands )
P2 PE Y TN (NHZ-N NO3-N &, JF 230 DON=TN-(NH;-N) -(NO3-N) [ 2" ] 145 DON & & ; £ 34"
JE A ( Mineral N) B9l %€ H 20 mL 2 mol/L KCI fiTA 5 g fif +- it 71242, IR G B0 05, LI R E & igdtd
U8, FH S 3h 7 B A

3R A W) 4 W) & Bk ( MBC, Microbial Biomass Carbon) 11 4= #) 4= ¥ & %\ ( MBN, Microbial Biomass
Nitrogen ) SR F %017 BE 75 - iR B B0k 2 ) PR LA 43 BT 13000 5 44 BBORE P A WL 7% ek, FH 3% 230 3 43 BT AX
MERBOE T B A SR, 8 MBC I AR B =AE /k, , X . AE, Jy B 75 15 K B 25 + HE A7 HLR & = 2
(8L, b, WIS A MR R 5 2R BR 0.45, T MBN HR A By =AE/ky by WA RS R 5L, 0 0.54,

3G 2 B Saiya-Cork 1 Sinsabaugh ™" (1975 75 5 £F 4 2 /K ft it (CBH) | B-Hi A HH 11 ( BG) 1 1k,
FAAT AT (BT g e 38 A 125 mL AR ER 2% thif (50 mmol/ L, pH=5)  JHEE A HEEBEFE 5 min
I Bk, i W v e RS VR AR 200 pL BHIE A% T 96 fLIsALAR , H<JE il ( MUB , Methylumbelliferyl )
VERI BR8N I 8 K S P o BOF-ARCE TS PR T &0 20 CHEIR IS IR )5, HI 2 DI REMEAR{X ( SpectraMax
M5, Molecular Devices, USA)MEHI IR,

R HERR A 43R T 26 R /K A 9 7 22 B BR IR B0 T g 0.149 mm XU £ A, i 20 mL 2.5 mol/L
H,S0, T, 75 105 °C R /Kf# 30 min, I 20 mL 258 F/KFE RS 28 8045 0 fF Bt 0.45 pm 38
i, 75 2B I P8 (labile carbon pool I, LP I -C) , EERIETER CRLFHER | nIETERZESF KL S Y,
B Bl AR N2 B KB LIS VR R, T AE 60 C R RET A 2 mL 9 13 mol/L H,SO,, % il F &% 10 h J5 H
EET KGRI REE] 1 mol/L IHR BIHAZE D, F 105 C F/AKM 3 h, J5 S4B R a7, 15 2008 00 12 Mk
(labile carbon pool 11, LP I -C) , EEAUFELF4E R EMKALEY, LP 1 -C I LP I -C Z Fka s /K i ALY,
HUEW 3 F AT BIUBK 3 B S R o 80 A 4 25 8 7K IE VR BOR R e % 2 60 °C BT, 45 21 15 1
(recalcitrant carbon pool, RP-C) , FELIE AT RS, FRE 5 IR AT R AT 3G E
1.5 sk

W TABEFE RN 5 A T — DR E b (] SPSS 24.0 B AF R AT 2 11 TR 5 A B &
(Linear Mixed Model Effect, LMME ) 73 #7 A [R5 4k 38340 I BB Y A W i /K i e Pk R ik 28 405 1
28 5 &M, 7E LMME 238 eh R0 5 A S AR g sr i 852, JRAE N BEFLALY ( Random Effect) |
PRt AT AHERR B AR A IS Z Tl (22 57 DA SRR S0 AR R W F R -, B8 AR B AL T Al 0 2 9
Tt FBRK RS PEVE A PR 86 R -, T Canoco 5 8PFEATICAR 438, LLAr BT HZ TR B9 AR DG HE . 181 HT Origin
2017 im IRz

2 #R

2.1 AR

ARV AN ] A )2 5 LA AR ) - 38 AL A7 35 25 5 (HLJ Bt 25 Vg B o B2 AR A B 3 e AR — B0 (3R
2) . BEMERT R, R pH B AR ; SWC TN . DON NO;-N F1 Mineral N f9 255 W B4k - FH S B0
STt T AR A R S AE MO R AL 35 B B i 1 NHS -N & B RIS TR 39, 78 H i3k b s Bl i i, o
25.16 mg/kg, DOC 7 A JZ2H B 2 H4EPA AR, A 2RI M iR &, b 186.31 mg/kg; B JZ N
TE L 1A e, R 54.52 mg/kg.
2.2 AERA S

TR AN 2 B LA AR R A B35 (I 1) o HHIRIERBR ST B )2 400 Bik 3% i o 2
KT A JZ(P<0.05) , H A B B 2 EHER) K A5 HEm A2 ATE & B b G R T S B R BT R S
AR R 38 7RI MR B B AR, 3 AN 49 B S 20 A 1 Al > 8 i > 12 i
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Table 2 Basic physicochemical characteristic of soils in Pinus taiwanensis Hayata forests along elevation gradients

+ 2 Soil horizon A JZ A horizon B JZ B horizon
R Altitude L M H L M H
+i& ST/°C 10.00+2.20Aa  9.64+0.25Bb  9.42+0.24Ab  8.32+0.36Ba  8.10+0.21Bb 7.96+0.15Bb
pH 4.45+0.11Ba  4.29+0.10Bb  4.12+0.09Bc  4.60+0.16Aa  4.49+0.07Aab  4.41+0.04Ab
TR SWC/ (%) 28.12+2.58Aa 49.28+16.10Aa 35.31+4.93Aa 24.20+2.86Aa 40.01x11.44Aa 20.87+4.02Ba
BAE TN/ (g/kg) 2.59+0.38Aa  3.89+0.93Aa  1.81+0.41Aa  1.07+0.15Ba  1.28+0.34Ba 0.60+0.05Ba
AL C/N 17.54+1.43Aa  17.30+1.12Aa  14.21£0.39Ab  13.04+0.83Ba  13.71x1.14Ba 8.74+1.09Bb

Al LK DOC / (mg/kg) 144.27+42.11Aal86.31+62.93Aa 162.36+32.45Aa 54.52+11.90Aa 18.58+5.37Bb 31.84+8.11Bab

A A HLA DON/ (mg/kg) 3.54+0.98Ab 8.98+3.09Aa  4.87+1.55Ab  0.28+0.11Ba  1.46+0.24Ba 1.19+0.25Ba
B A5 NHE-N / (mg/kg) 15.44£2.42Ab 23.82+5.47Aa  25.16+6.38Aa  9.17+0.69Ba  11.88+2.25Ba 8.51+0.87Ba
T A5 NO3-N/ (mg/kg) 0.62+0.30Ab  2.38+0.42Aa  0.49+0.18Ab  0.43x0.07Ab  2.46+0.65Ba 0.17+0.06Bb
W JE A Mineral N /( mg/kg) 16.06+2.63Aa 26.20£5.42Aa  25.65+6.52Aa  9.59+0.66Aa 14.34+2.18Aa 8.67£0.91Aa

TP - E R E2E (n=5) s AR IF RS T2 8387 [F) — Mg RO [ L J2 18] 22 5 (0 25, AN R/ S RE 3R 7R A [ i AR [ 1 )23 1) 22 5 b 25
(P<0.05) ;ST 4 Soil temperature; SWC ; i 75 7K 3 Soil water content ; TN ; 514 Total nitrogen; C/N: B Lt Carbon nitrogen ratio; DOC ; Al A PEA
HLB% Dissolved organic carbon; DON: A %445 HLA Dissolved organic nitrogen

2.3 IR A P S A O A K S B 1

AR B2
MIFERIBE T A B E R B 5w T g2 ']
BR(HI2) . MUEMIAEMRBA M R B2 | ,,
MR B REREE A 2 B RN 843.97 meskg A S 25 0 e As .
88.68 mg/ke,365.65 me/kg M1 35.77 mg/ke. ARMEH 2 ol o

FEEE TR AE Y A W A 22 538 B 1 i K OF (P<
0.05) , MR 2E P 26 e il O R G8 31  E7KF-

VR 3 X i K i Tl A B 25 52 ), (FUAS ] 4 J2 ]
BRI e 2 5 B 2 (R 3) A 2R TS PE B 2 & T B 2 (P<
0.05), A )= 1 SLF 4 K E T AR AL FIFE 0.72—0.77
pmol g™ h™' Z [H], B-H B BF /T 12.96—17.91 wmol
g hT'ZH], B 2L YR S AT AR 1.28—
1.52 pmol g™ h™' Z [H], B-F ## 11 B A~ T 0.22—0.32
wmol g™' h™' Z[h],
2.4 TIEERA S5 IREL R AR DG

TORGINT B MR E AN IR 3R i 3 B
BT IR (1B 4) , F WG 300 B X6 i 20 43 A Wb 2550
M, A J2EHER B 2 R B T o Sl i e T
PR /P78 T 1K) 98.1% F1 98.2% , A 2 + 345 —Hli A1

pool/(g/kg)

MR RP-C

Labile carbon pool [ Labile carbon pool Il Recalcitrant carbon  Soil organic carbon

/(g/kg)

Ptk LPIL-C

/(g/kg)

kg% LP 1 -C

1450 16

1300 1450 1600 ' 1300

R /m

B 1
e

BHRBET R LMK LER S BB R, TR

N AR R T AR 97.3% F1 0.8% , B JE A —
SANEE b oy R R T AR B Y 97.3% RN 0.9%, TN 5
b A3 i Z A R AE A DG PE TR o W W 7E A )2
B ZHRBEE &, C/N IRZ., 54b, pH Mineral N
F1 NH;-N MBN 25 M - 36 41 43 i E 2R

Fig.1 SOC, RP-C, LP I-C, LP II-C contents in Pinus
taiwanensis Hayata forests along elevation gradients

Pl T o B v Sl S R AR kR TR S (g) s AR
KRB FREFRIR A — AR 12 [0 22 7 3, AN /NS FRER R
N IR HRCR 7] 1 J2 6] 25 5 9. 35 (P<0.05) s LP 1 -C.: ¥ Pk, Labile
carbon pool 1 ;LP II-C. 8%, Labile carbon pool Il ;RP-C: 151k
e , Recalcitrant carbon pool;SOC ; + B HLRR ,soil organic carbon
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Fig.2 Changes of microbial biomass along elevation gradients
P A 45 T 5w b e T R A W A 0 e R R A R ) e R ek (mg) 5 AN RIRS T B3R 7R [ — WSO [R] LR 0] 28 57 3, AN R/NG 7 B R
N[ HF AR ) 2 ) 25 53 3 (P<0.05) s MBC : f2E WA W4 5%, Microbial biomass carbon ; MBN : f32E 4 21 )t % , Microbial biomass nitrogen

3 Wit

3.1 T HERRA ST A HERORR AR AL

ARHFFEH SOC FEEABie 4 53 T s o Bl 4K T e 2
PG ETHE TREREE A 25 B 222, [ — L2 A REHIE SOC % # I AL 2 8 2 K1 (K
1), De %5 BTS2 LI\ R Vi (0] 305 25 S 2 5 M) 1 e AT WLAR AR 22, T AR AT 9 A0 b YA A R VAT ¢ ) - 30 5
FEAR(FE 2) ; HHEHWFR AR YR (9—10 C) il FAMF T FE L, Crowther ™ 254\ i BE 22 5 %F SOC
O i 152 M LR IR X R PG S B ) PRI HE s YR G SOC ISZ M IF AN B35 . B T A AL %
ANAEK, S SRRRAEDY SOC IR & — AN R -3tk PE A AL AT st AR BRIt AR fh 2 21 v 22
S BB A 73 BT R 43— 2P ERSE SOC BYZSAk , 4 3R R B AANBRZE 73 b 1 Pl 35 12 RIS M B 3 B A7 7E 12
FH2ES AR M AR B e E B (B 1) o 38 H AR AN 20 43 FC IR RS U AN [ ME S5 fife itk 4 93 140 L2 AR
PR 5 A B 2 0K 5 RS AR SR e ) Rl 398 BRI Sh S 1 2k A Bk Tk UK
AT A S 22 57 . ASBIFSTIX HAL TR SR A ) I A 2 b 2 5 ey 40 9 00 1) U1 ks e 52 e e 05 A\ T 52 )
XA PR X 5 Garcia—Pausas " 2R 5E 45 R — 8, B — 1, Wik 22 Sl g 3% pH(£ 2) , pH
] S 3 R A WILRR A A | S Bl R RO B T AR R Bl R R I SOC R 4R
i, AHETE AT BRI R A B E 25 (K 3) Xl iR S B4 R Ry Atk IR A %
ZE 5 H A
3.2 MG WA W R K SR R TR R A Ak

T A AR YRR ERUE Y R R R SR, B TSR R R AR T D e e 4 B et

http ; //www.ecologica.cn



16 1 R A L AR L AR 2H 3 BT 4R A AR IE B i A 2% 5767

HERE 7 A 4 1 BR B R B A0 NS AR MBC A
MBN 43 512 5 HLBS A0 A B8 P 0 B 5 ) 75 Ak 1 35 AR ‘ BE

G BRFR G HOVR/N, R BA R RG24 3
RER SRR ) AW B8R A R LB 2

2 (5 1H B R R VRSN MBN 5fE g £ O

BT 2) TR T HH NN NN E 22
RIHBUROAE BE R FBI (% 2), Al 2

SRR TR R GE /R e S ER Rl O 1/ g 0¥

BRI LR R AR T e = T
PR R )RR O, AT 4 S R AR A 1 4 21.00

MBC 845 35 2 57 ° Rl o THE 0] SWC A5 B %5 .

ZERERM (£ 2), H—Jm, XIFEE 05 £
MBC & &7E TN F1 SOC & Ay Hb X B8, M4 #if 53
P~ 1209 TN Fl SOC FEA R 1A o 35 25 5 (%
2) X BE R S BRI IX MBC WA BE RN
Al A P X TR 5 9 W 3 4 b SR Al I 1300 150 1000 gm0 1%
SRR AR DR O R VA R T 4R
BRUT I ELRF T - et A W S A R T T e
SRR AE A . AWFFE PR SORAT I K AEBE ¢ rests at different altitudes
T PES AR THE T S BAHN B (E 3), RS Fam AR R L2 2% 5 % KNG i
FEH VIR0 FE AR AL KB K SR B TE PRV BB B0, X FURRIRIER AN S22 5 5B (P<0.05) ; BG: BT AT B 1T
SR RURR 20500 AE R[] 9 4R T AT bR R B 5T 4 RS — fiti ,B-1,4-glucosidase ; CBH : £F 4 2 /K fif:ifj , Cellobiohydrolase
2, BT 2 BRI i %o SRR A fR RV L, AT
S0 A PTG P B T PR T R T AR ST R M IR A A R AR B BRAG PR R AT, + 38 DOC A HEFR 4
FEPTE 53 AT 0 N LIZ ) i R s B D, DR ITT DOC Bl 5 G v B A S ARG B
T FEARAE W K S Bl TG 5 38 SWC AT DOC #5f  EAHSE S ARG 46 2 X SWC Al DOC 75 B2
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Fig.3 Soil Carbon hydrolase activity in Pinus taiwanensis Hayata
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