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Abstract: The natural abundance of the stable carbon isotope (8" C) records key information regarding the ecosystem
carbon (C) cycle and is commonly used to assess the C dynamics in terrestrial ecosystems under global change. In this

study, we selected four typical forest ecosystems along the vertical transect distributed in Changbai Mountain and measured
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the C concentrations and 8" C values of leaves of constructive tree species, litter, and soils at different soil layers. The aim
of this study was to explore the patterns of C content and 8" C values in the leaf-litter-soil continuum, as well as their
ecological indications. The results showed that foliar C content first increased and then decreased with the increasing
altitude, and the parabolic peak appeared at the Ermans birch-spruce-fir forest stand; moreover, the C content of
broadleaved tree species was significantly lower than that of coniferous species, reflecting that coniferous species had a
higher C sequestration capacity relative to that of broadleaved species. Climatic factors and vegetation types dominated. the
pattern of foliar C content. In addition, foliar 8" C decreased with increasing altitude, indicating that vegetation at-high=
altitude sites had lower water use efficiency (WUE) and higher water consumption by C sequestration relative to that at low
altitude sites. Litter C content gradually decreased with increase in altitude, whereas topsoil C content at the 0—20 cm
depth at the broad-leaved Korean pine forest ( BLKP) and Ermans birch forest ( EB) was higher than that of the Korean
pine-spruce-fir forest (KPSF) and Ermans birch-spruce-fir forest (EBSF) , reflecting the predominance of vegetation type
and soil texture together. Overall, the birch forest had the highest SOC turnover rate, followed by that of the two dark
coniferous forests, and that of the broad-leaved Korean pine forest was the lowest. Our results suggest that climatic factors
are not the predominant factors in the belowground C cycle of temperate forests at a small scale ,~and vegetation functional
types and soil properties could have greater effects on the turnover and stability of SOC. Because the factors driving the
turnover of SOC are not the same at different study scales, we should more intensively consider the research scale when we
explore the effects of environmental factors on C cycle and C budget in terrestrial ‘ecosystems. The SOM turnover model ,
based on the regression of logSOC and 8" C, is a good method to characterize the rate of SOM turnover in various

ecosystems, which can be used to evaluate the response of SOC dynamics, to global change.

Key Words: "C natural abundance; leaf-litter-soil continuum; water use efficiency; soil C turnover; mountain transect

FRMAAE il bt A 25 2R G0 ) F B 21 B o, R R TR B AR A TEORIN At 2 il Mo A 25 R e e K o
EERAFA 1400—1500 Pg (1Pg=10"g) GRUAHLSIE GG E T 138 JE bl - B i 22 1) 2—3 A%, i ZR AR+
B2y 5 BRI LR (SOC) FE /Y 73% Y, o, A AR AR I LA 10.38 42 hm | AR A 4 90 it o 50 31 A
59Pg Fl 100Pg, (' 2 ERARAM AR R 10.9% , 75 AR AR A= 25 2 G ni A1 2R R T A rp LA 2% 2 e J A b
SOC fifi it Z Z Fh N R R0, A5 K BRI pi e T R AT e
M P DRl XoF BRARAE 28 R Gl it Rk J] 2 () s i) 2 ) ik 3R A 0 B R 2 el R A 7Y ) iy 2 R Sl
7 B AR AV DX IR 4 BR Bty 2 25 2R e VA DA AN 0 o e 1) S

HE)-J8 7% ) -+ e SR IR G MR IR 01 38 A AR 1 (87 C) et TAE S R AR IR A2 1 OG5 B
P38 i 6 A1 FH 2K €O, (87 C=—8%0) ,—FR o I T A [ B 1B it (8" C = -25—-30%0) , TR K —
o ) F IR IRGR [0 KA A — il MR R TS (87 C = -26%0) T 20tk A L3
YA E S s AR e E MIVE S B RNy T AL B W, SR 5 P40 5 LB BE 0T (87 C = -25%0) , #E I
A FRHEE €O, (87 C=-27%0) BIKA P, HFREY A HZER " C, S8R NP C A &%,
MR =8 C XL, NI AE S REAA A1 87 C H2E 55 W 8, % 81 TR BRI S A8 4k F0 Al
TN 5 R SR IR A, BN, B R 87 C FEEE SR K A FIHECE (WUE) IR, BERS
S e BN S5 K 43 T R T S AR ) A SR T, RLASURE ARG SOM 41 43 2 B TR T A i
ALBC FARRI RIS P sk A R ANIBURL | R R SOM 4140 ) 4 i Tl B e AR e AR L IR, e M T
I R 3 B B A A5 SR AE V5 0 A0 3Rk A it 1 U N BB S e Ak, D RO PR B % SOC 21 43748 b ki ik it
TAMIXT TR BRI, i 2 S N A LR A B O oY 2 3 TR B0 C BR B C AR ik e fif
A HAREC FE RS HT ek B 2 sh S MRk R FE AR

AR (AN E T = KRS SR e AR A ) 2 I 3 RS AR A A - SO P Ak R S T R e A S R G R

http ; //www.ecologica.cn



16 AR A A DR A AR - U7 - TS A U SIS —— 2 TR PRI AL R M 5287

i1 WPAME T I Bl A A R G RIS RS AU A5 7 1 T 2 B IR 14 5 AR IO ARk
SRR IR |3 b A TR AR A B A FE I T B R BT R AR I IR AR AR, —
FUE B 5 R BA e E A I CHRLZT , TITRAE K AR 2 RE N , R BR 5 S A Xt A 25 2R e ik R 3 o AR A 52
WAL T ERAE RIS 6 T R B YRR BE RN AR SRR OGS VR R, A s R ; [ e
P T IR A, /K B8 0, SOC JR % 237848 | #E T8 SOC LR L O THIE B ik, A SC LK (1 il Jb e 1.
A i R ZRAR I TR G, F RS E PERK [RIA2 R BAR , WFFEAE Y I 1 -8 9% - L e S ARl 25 1 0 6 C 2 Y
AR, 0BT SOC BhZ5 N 8 C A2 BEAR AL Z A1 A5G 2 | 1K 1&T B BH AR [i) Sty T Bk O BRI R P RPALE . RS 4
R—TE R bl LUINR AR A 25 R Geie i 0 i e S R Sl ATL ) fr) B

1 #MR57EE

1.1 PR IXHEN

5T XA T E AR DU L AREAP X (127°38'E, 41°42'N) , Fe KR 5 5 2691 my. 2% DX J@ T~ M iy s
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Table 1 Stand characteristics and soil properties in 0—20 cm surface layer of four forests in Changbai Mountain Nature Reserve

e 2L TR Z A eSO -
PR . . HEBR
Broad-leaved Korean pine-spruce- Ermans birch-spruce- .
Forest type L . . Ermans birch forest
Korean pine forest fir forest fir forest

R Altitude/m 740 1350 1629 1996

ZIH Pinus koraiensi o
e, Ji:M,\l %nfts OraLeIiL.SLS Y K2 Abies ephrolepis, 101§ 2242 Picea jezoensi,
FEBE EM Tilia amuresis , . L NS ALs . - ..

. : . ZI# Pinus koraiensis , B H2 Abies ephrolepis , EHE Betula ermanii

Vegetation KM Fraxinus mandshurica e . . Lo N

il . 1% A2 Picea jezoensi EHE Betula ermanii

5% i Bk Quercus mongolica
A Soil type I B Rk R N o Fatast bkt AR L

J50R/C
U 2.5 0.5 2.1 -33
Mean annual temperature
FHRAR/un ¢ 689 855 943 1074
Mean annual precipitation
L 2

LW/ (VhD 328.75 285.24 174.30 130.62
Biomass
E I iy =N 2
RAGILRE () 12.06 20.08 11.21 6.72
Existent. quantity-of litter
pH {H pH value 4.66 4.47 4.43 4.45
5k f1 Gravel (>1 mm)/% 0 21.47 40.50 4.60
fibkirSand (1—0.05 mm) /% 19.4 75.93 67.73 49.95
#rkr Silt (0.05—0.001 mm) /% 55.45 12.40 19.30 33.60
AL Clay (<0.001 mm) /% 25.15 11.67 12.83 16.50
T HEE LT Soil organic matter/ % 19.75 (0.81) 20.85 (4.90) 17.58 (1.75) 18.37 (1.17)
A Total N/% 1.88 (0.40) 1.02(0.29) 1.12(0.13) 1.69(0.13)
A Available N/ (mg/kg) 932.54 (89.27) 436.77(128.52) 548.18(50.93) 758.79(52.95)
S Total Phosphorus/ % 0.13(0.05) 0.08(0.04) 0.07(0.01) 0.09(0.003)
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AFRIRARIEHY APt 67 C AHEEAS - Bl B A e B2 (R 3 528 B3 (11 1) AELAS TR AR AR 37 il ] 2 S
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MBI S B i 65 C BRI 2.29%—5.4% . 5541, T AR 5 Rk 7 b 2 1) ELAT 1
B RE HAE Bl A A R 3 TR — ARt 8V C A B R R (B 1,7 2,P=0.046) .
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E1 AEFHAEFAHMHAHRSENSC EEHTH
Fig.1 Variation of foliar C and 6" C among species and forests
BLKP : [# I ZL#AMK broad-leaved Korean pine forest, KPSF: £ZL#A ¥ A2k Korean pine-spruce-fir forest, EBSF : fi ¢ 2 12 A2k Etmans birch-spruce-
fir forest, EB : FEHEAK Ermans birch forest

®2 FEFEREEMBHAITE CEEMSCCERHNERHES T

Table 2 Two-way ANOVA for foliar C concentration and 6 C valué among tree species and forest sites

75 eV S F BB A i Total C content/ % 813C 15 3" C value/%o
Source of variation Name {H Mean P HI{H Mean P
ARSI Forest stands BLKP 51.53¢ <0.001 -28.34 a 0.28
KPSF 56.70 a -28.42 a
EBSF 55.81ah -28.44 a
EB 53,47 b -28.92 a
W FIZETY Tree species £ 52:51b <0.001 -28.92 b 0.039
EAR /N 55.82 a -29.04 ¢
L 49.32 ¢ -27.39 a
SR 49.36¢ -28.08 b
P 7 56.75 a -28.29 b
Bk 56.33 a -28.41 b
EHE 54.06 b -28.49 b

FRARST Hh ot e

Forest stands X tree species
BLKP ; [f I ZLAAPK broad-leaved Korean pine forest, KPSF : ZL#A 25 13 A2 4K Korean pine-spruce-fir forest, EBSF ; f5 Mt 2 ¥ #2 K Ermans birch-spruce-
fir forest, EB: i HEAK Ermans birch forest ; [f]—31 rh AN [7] FHE R R YEAY 22 57 0. 3%

0.49 0.046

22 RS EMSVC FAE

4 T FRAR - SR B 8 Bl MRV R i R AT R 0 AR T A SR A ], AN TR ARAR S A 2
0—10 em " JBT3R)= 118 BBk & 5 25 5 W 2 (161 2) o PRI ) 2 e O i Wit o YA v B 1) 38 M0 8 I % o 21
FAMK(47.28%) 3 5 THEHEMR (33.84%) (3R 3) , B BT 3R)Z 38t 7 it J2 i 2D AR 183 (5.79% ) , ok
JE G AR (5.45% ) TTLLRA = B AR EERE V8 IR (2.84% 11 3.02% ) (£ 3)

5 3 S LR AR RS A S, -4 8 C (BB 3R B i 8 g n (1 2) o e 2RI R I
i A2 EHE AR ISR 6V C fH il s, FMEAR I I, AN RIARAR (] 22 55 (8 3 (3R 3) . sURVE W2 5 , T
B FEHIR 8V CAB -3 =27.15%0 , 53 5] LU 8 I ZEAA AR L00A = AZ PR T HEMR 5 2.5% \3.6%F11 5.6% (£ 3) .
[, FEHE S A2 T 482 6 C B 3 AN FRARA 1 55 3.6% 3.1%F16.4% (£ 3) ,
23 TSRS SUC FEZEIXER

KA bR L 4 FhRAR 13 87 C 5 1ogSOC ¥ L BN i 2 1 A G R |, logSOC REMS M B 14 8 C
MG 95% LA b (& 3 FI5E 4) o AT FRAEER K 2 WHE 2R 145 SOC Y Ak R 280 KA 38 AR I 4k
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Fig.2 Variation of soil C contents and 6'*C values among soil depths and forests
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BLKP ; [& L #ABK broad-leaved Korean pine forest, KPSF : ZL¥A = ¥3 #2 4K Korean pine-spruce-fir forest, EBSF : #1242 K Ermans birch-spruce-
fir forest, EB ; f HEFK Ermans birch forest; Oi: KR IIIAIEYZE ; 0a: K0 TTEYE ; Oc . TE RO RN TEDZ

£R3 ANHEMFEVNEMT RE 20 em P EIFECREMSBC E

Table 3 Soil C concentrations and their 6 C values in the O horizon and top 20 cm of the mineral soil in four forests

+)Z + R FRMEETY Forest type

Soil horizons Soil properties BLKP KPSF EBSF EB
kY2 S /% 47.28 (1.33) a 43.671(2.20) ab 38.94 (3.13) ab 33.84 (5.20) b
HHLZE O horizon 8B C 15/ %o -27.82 (0.18) b 28114 (0.32) be -27.15 (0.15) a -28.67 (0.19) ¢
B -2 SR /% 5.79 (1.67) a 2.84 (0.84) b 3.02(0.98) ab 5.45 (0.68) a
Mineral soil layer 813C /%o -25.81 (0.20)"b -25.67 (0.18) b -24.91(0.33) a -26.50 (0.19) ¢

[l — 47 AR T RE R R BB 22 5 35 (Turky’s HSD He2)

3.1 R R R 8" C AR BERY A A AR Ry B A A A

VR L B TR R R AR AR S

BLACHE I R AR A
R, FE AR
S, TR R

() FRIESE T RATAIWFF
Tee B TR AR o E IS DG 5 A AR
— RS LN T A O R T

SE AR TR ZAL IR 1) ISR IT 0, S BUR YR N 1 B

AR 2R P 2

IR 1900 m e A5 B ME MR I -k

G BRI, TR SRR KK CO, TR IE DL 5 2
HEREAT G, BEAb, ERIT BRI B A i b5 T h
R, S0 S0 B TR I
WP RIS I, K AT B R F U B R 5 B8 7 B, WA K 306178 44 1
ARSI T2 BRI 05t 55 85 TR AR | I o R BLD 5 e , W
LM O 2 B T

TEVRIKT L I 67C T U MG £ 2 T B K A FUTROR (WUR) ARt K 0 i

T 3C

Soil 53C/ %o

—&— BLKP
——v— KPSF

1g(SOC)

B3 4FZFMLIESC EES log SOC EZEEITFXER

Fig.3 Regression model between soil ' C abundances and log

SOC values in the four forests
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W15 KA AT AR B AR S BRI A3 UL 2 7R 43R FH 28038 8 50 B T B A A e AR , B o 5 — s i ) ik o 22
THFERIK AR, A IETT AR R 1 6 C B Y44 e JEE ¥ N Tt T e (1 1), R TRLBE A1 ik
B2 S ETT AR R W25 T K W57 FET BRAE K A G I . T3 81, Rl — ity a4 Aof v
Frg 67 C 3 e T RT AR Adr, 156 B ] i AR A K ) A% 36 oo T AR, G [ B R K A A, 5 AL A DG Y
DIREIEEA 5, AR T BRI =, R 4 R SE O, D6 BE T (FEIE B AR AF R AR fOL & R ) 5
5, K ST AR RO PR, FA O S B0 M RERR K S AR L LIRBE R A SRR ], RSk AR T ke
T LA AR DX LR K 0 R TR 22 T W T R A TR) 30 A B T T AE PR K K 3

R4 ATMBEMLTESCC EES log SOC EZ HEFERSE

Table 4 Parameters of regression model between soil 5'>C abundances and log SOC values in the four forests

AR 15 7 2 » [ ¢
Forest type Regression equation

i@ - £LAA K BLKP Y=-25.01 -1.61X 0.97 <0.001
LI VR AZHR KPSF Y=-25.07 -1.85X 0.95 <0.001
EHER VR K2R EBSF Y=-24.37 -1.76X 0.97 <0.001
TEHEMR EB Y=-24.28 -2.92X 0.98 <0.001

3.2 HEERG R OV C FEM AR XS E X

4 ANFRARLIE SOC A8 BHRE L FE R ,20 em LLF )2 S0C 2 A K, EZIF KTk B FIAR R J87%
PIAR R 2252, IR AR VA )2 505, S 9 LU BTG B 3R 2 soC BRI ;i HLR A — 2k b T
A AR T 3R )ZE (0—10 em) 7,20 em AR 2 AHURIHA D SRS AR S, A58 -1 S
| SOC Fifi 25 B i £ () G T BE A0 o 8% 0 S ik 5 e b 4 VA 2 AR 5 B T 0—20 em 7 2 H 3802
I 2D A bR e LR R HEAR , P WG BT ARl (18] 2,58 3) o JRTE W RN o )23 ke % 1t 14 A5 4 ) 43l I
FAEHY T RE RN - b 9 25 5% R 2T AR ME AR RS B R 7 i (50.19%—80.6% ) B3 i T 1 /1> g
EFAR 1 (24.07%—32.13% ) (£ 1) , b A AN A 5T 5 T SOC BIMRFF SR, Sk, e - il
BRI ROE AR RIS MR C/N BIK, G Tl A4k AR IR A R R, SAE YRR |
SEPRTFAH LL A B K S50 22 2 K P Il AR L AR 2 SOC 1 5 1152 1 1] B S U B v, AH DL,
Zhang % PIF5E 2], 3T R ESRIET RIS WM AR SOC 2N &, AR b S B F 5 MY VS Wi A
TR AE T 2FAK SOC g it (U 78 X3l H 5 RU% b A A oA 3 pE L [ Fs il 25 soC fit i
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