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A fb S g i 4R, B A2 - R IR SN, 19 10em bR TT LA f REAS R AR (1 HEAR 22 1) 1 38 I 3 26 86%—92% i A% j‘% +
%ﬂ¥W5i$ﬁ7k%%§KE%(P>O-OS) Wi 5 MR A 1) 18 0, A A 2 P - M R TET CO, R0 Y R g Ak B
740(20a) \768(36a) F1 809(82a) gC m™ > a™', HHFENTWL (IR BE MURMEFE EL Q o IRBHEAIE A3 fin 2 1 FHAY ka3 AR IR 73 314 2.64 |
2.91 F13.35, V-3 H3EA HUBK & fi (0—50cm +48)58 ) Fl s B X BRI Y 384 i i 34 in B - 398 % B2 1 38 g sl 20 s Horp B
BRI Y 58 0 L S WL & B YR 3 I g 43.75 47.72 F11 55.96 g/ke, HHLEREEE Jy 14.7 18.1 Fl 18.7 kg/m? . A[FIBRHIA ] 1R
A CO,AF a5 1A WL Y 2 MAFELE BB IEA X R (P<0.01) HHAHCRE F L2, 5 0—10em HEWA
MBS BE AR S e A % D1 (R =0.908)
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Soil organic carbon stocks and fluxes in different age stands of secondary

Betula platyphylla in Xiaoxing’an Mountain, China

HAN Yingying, HUANG Wei, SUN Tao, LU Bin, MAO Zijun "
Key Laboratory of Forest Plant Ecology of Ministry of Education, Northeast Forestry University, Harbin 150040, China

Abstract; Soil respiration, known as the second largest componentof carbon dioxide flux between terrestrial ecosystems and
the atmosphere, is sensitive to climate, vegetation type as well as forest age. In order to simulate the long—term forest carbon
dynamics and its impact on climate system, we need to understand the successional status of carbon dynamics more than
learn the responses of forest ecosystems to the changing climate. However,in spite of its significant role in determining the
distribution of carbon pools and fluxes in different forest ecosystems, the effect of age on forest carbon fluxes great is
uncertain. Soil temperature and soil water content are recognized as the main factors controlling the temporal variation of soil
respiration. In this paper, soil carbon dynamic was measured in different age stands of Secondary Betula platyphylla (20a,
36a, 82a) in Xiaoxing'an Mountain, China. Soil respiration measurements were conducted using a LI-6400-09 soil CO, flux
system from May to October in 2008. Besides, We measured soil organic carbon content (g/kg) and bulk density (g/cm’)
at four layers across the chronosequence in August 2009. Our specific objectives were to; (1) compare the cumulative soil
respiration during the growing season for the different age stands of Secondary Betula platyphylla, (2) quantify soil organic
carbon (SOC) contents and SOC density and (3) establish quantitative relationships between soil carbon fluxes and SOC

density for the three forest ecosystems. Our results showed that the seasonality of soil respiration was driven mainly by soil
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temperature with the peak appeared in August,and was roughly consistent with that of soil temperature. Soil temperature at
10 cm could explain 86% —92% of the variation of soil respiration for the 3 different age stands of Secondary Betula
platyphylla. And the soil volumetric water content was not significantly correlated with soil respiration rate and it was not a
key factor to soil respiration. We fitted site-based models and used continuous measurements of soil temperature to estimate
cumulative soil respiration for the growing season of 2008 ( days 132—295). Cumulative soil respiration in the growing
season was estimated to be 740,768 and 809 C m > a™' in the 20a, 36a and 82a Betula platyphylla, vespectively. Both,
cumulative soil respiration and Q,, increased during stand establishment. Q,, was estimated to be 2.64, 2.91and 3.35 in the
20a, 36a and 82a Betula platyphylla , respectively. Both, total soil organic carbon (SOC) contents and SOC density at 0—
50 em increased during stand establishment, but decreased with soil depth. SOC was estimated to be 43.75, 47.72 and
55.96 g/kg for the three forest ecosystems. Meanwhile, the figures were 14.7, 18.1 and 18.7 kg/m’ for SOC density in the
20a, 36a and 82a Betula platyphylla, respectively. Soil surface carbon flux was positively correlated to SOC content ( P<

0.01), and the significance level of the correlation depended on soil depth, and the soil carbon flux was more positively

correlated to SOC concentration at the depth of 0—10 ¢cm(R*=0.908) .

Key Words: stand age; secondary Betula platyphylla; soil carbon flux; soil organic carbon stock

T A ER A A R G S K% | S A R MR AE 25 R G0 - H AR P 1) U B €O, I — A
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T et R AR A AR R X AR AR S S R A R P A TR PR 1 R R AR U AR AR - S
BRI e AT 1 R LA, ASBIRFE R4 /N 2% 2 U i [P R AKX 3 AR i B By 1 M R SR U A AR (A 1% 571
30 20,36,82a) NBTFER R, B TEHG 7R AN [RIMREE FIMET IR UCA AR (1) SR 0 3 ) 2245 3 258 A S 2
LGRS T ; (2) A HLER & A AR AL 5 (3) TR i A S R

1 HRFAE

1.1 5T MESL

AT FEHAT T/ N0 1l X R 3 A B, FE AR R A SR LR KR U8 MOlk R B8 9 (129°11'—129° 18K,
48°07'—48°09'N) , iz XS5 i T KBl 2 XA A, o P 1 1 A AR (o R bk L | 340 4R 338 m, 4
PRI -0.5C 1 A0 AREAR, F5 8 -22.7°C 7 A iR B, 300 20.4°C 4 H BREHECA 2190h 5 4 [%
KR 625—750 mm, WA T 7.8 A4y, 28 K& 5k 930 mm, M Z 17484k, TR L i RAR LR T 9
Ha) A K e R 100—110 47,
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WFFEREHL Y A28 0 (M, AR A R 20 2R A2 S AN B 2 . AHIESE o B B 4y
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Table 1 Site characteristics and vegetation composition of the sampled plots

Mo e

Mt/ a TE4R/m BE/(°) Beim) 42/ em 5/ m Stand density  TF T EZ PR
Stand age Elevation Slope Aspect DBH Treeheight N 4 Main species under forest
/(#k/hm?)
20 310 2 Jiits| 8.6 7.9 1542 1,2,3,4,5,7,8,9,10
36 318 7 it 13.4 12.5 1505 1,2,5,8,10,11,12,13,14
82 388 13 [T 17.3 17.3 1003 1,2,6,7,10,13,15,16,17

1. E¥E Betula platyphylla ,2 . ZI8 Pinus koraiensis,3: Z& 5T & Syringa amurensis 4 4V Larix gmelini,5: B8 742 Picea jezoensis 6
F TN Acanthopanax senticosus , 7 : 1145 Populus davidiana ,8 ; 4% Tilia amurensis |9 ; FIRE R Rosa dahurica ,10; Y3 K2 Abies nephrolepis ,11; A4t
LI AE Philadelphus schrenkii, 12 . R Do Euonymus pauciflorus, 13 ; WML Tilia mandshurica, 14 ; T HE A Acer tegmentosum , 15 ; e Corylus

heterophylla ,16; KEW Populus ussuriensis, 17 - P2 Prunus padus

1.2 - HEOF I R KA S R85 R il o

2008 4F 4 A FATEE M RE N BENLAT % 6 NN N 10.2em, BN 6em B PVC H3E3R . B PVC PRI
SIS, TR -3 b | I e L ) s B0 ) 7 B A AE e FE 2008 4F AR K2R 5—10 H Ay bTE], R A LI-
6400-09 +3FERFI 2= 7% 352 3] LI-6400 [ #EEE 0 M R 58 (LI-COR Inc. USA) e - 3EWF I R | MR 4 KW
SERPARL , 20 REPTAS B 1 Ok, I 10 Yk, RRRINGE Y 24h BT BT A HIEIR L BUR R IER . T
LI-6400 43 HHAXAEAGIR T MELLZ AT, I A BB AR AR 4 Z8 N S0P IR I I S AR T 5 17 AR i DX o
AR PIAME A 3R A K R i ZE T AR

FEHEAT - ST R T 3 0 10 [ ) o - S A R T (LI- 6400- 09TC) 47 A A= SFEERBFIE Y — > o, M 1
HER A 10em b 38R B2 [B] A F TDR300( Spectrum Technologies , USA) #R4HM i€ 0—10cm R 35857 Y4k
RS K a5 3R 2 1) 3 285 W i ph A 9 M I 30 19 78 MOl 5 S Bl B
1.3 AT AR 7 S RN B A T

2009 4 8 Ay, 18 3 INARIBRIE I HE T IR UL AREE L P, BEDLIZEL 6 > 380 i, i 39 i & 2 2k
J& A3 e R 0—10 em, 10—20 ¢m,20—30 cm 1 30—50 cm 450 JZBURE . 32K J] (100 em®) 78 4F
—+JZI RN A B3 AN EE IR AR 5T HLZ) 500g - 3ERE 5 ke A A IRl M SL 86 =
F A PR (SOC) M AE o AFHHAIBR IR TT P9 L HERE & b A A AR R A Bk, 72 105°CHET 24h )5, FREE I
TR AT, FEMASINE R A SRS  BGR/ RR s 100 H 0, SR E 85 BR A AN #5072 + HEA Bl
e i

A AR B AR A A TR ) 2 b R A MR I &, T e DR B SR E ST
TR AN SZ TR 2 UR BE A2 ], DRI 0kt 30 23 B 8 )8 R PP R 2 = 38 oA AL I e ) — AR L 2 Y
fabr, H— 12 i APERE EE (SOC,  ke/m*) TR AN .

SOC, =C, x D, xE, x (1 = G,) /100
IR I — - T R n SR, 842 - 4985 1 Y A HLER S (SOC,  kg/m*) 7 .
S0C, = isocii C.xD, xE, x(1-G,)/100

i=

A, CRHTIEAIR S B (o/ke) D, HIEEE (g/em’)  E LRI (em) , 6, R EARKT 2 mm 547 5
T o BT A (%)
1.4 BRsT
- SBEITI  %R  F- SER E  1406 R A SR R A 1
R, = ROQBT (1)
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GO A o
Qu= e (2)

A R R L3I R (mol m ™ s7') 3 T R 34 3R (°C) 5 R, M 0°C FIEIR K (wmol m > s7') ;8
S RN FREL L T T RE AR TR A TR e AR R IR AR (Y e R R - BEROR

A ZR I ] Y B SR THT CO, 38 Tt 2 T S50 Ay - 38 I 082 540 2 T 17 i 50 R BSOS 2 5 3 2 sl 2R I T )
e R ARZS A DA A BN o0 DK AN [ R B ) T B 5 A 490 R e R AT A DG
GBS , RIERFIGH A 10em HURAR FIR B A G B O % (36 3) , N ILie H T WA st AT 33k
CO, 438 £ fy Akl

I 3 B b Y A SR R S B ULI (I i S G )20 W A T e o, R 8 A e 2 1
LMK R (P<0.01) BT

T,,= 0.455 T,+ 2. 785 R*= 0. 975 (3)
T, = 0.584 T,+ 4. 683 R*= 0. 952 (4)
Ty= 0.502 T,+ 4. 201 R*= 0. 964 (5)

2, T ARG S G 05 R A5 WL 1 -3 10em VR EE (°C) |, Ty \Tag Ty ST HISE MRS 20,36 ,82a Y FIKER
SRURAAR 10em Ab +-3RBE (°C ) o DIMARHE G 3k 30 B Bk T LIBT3 3 A ek i [R] 25 1 43¢ i
B FRIHAZ () F(2) il AR R B /3 AR K TR 5—10 A 4y 38R0 CO, i &,

FIFH B R J5 22531 (one-way ANOVA ) LB [RIARIS FIAER A bR - Pk R | 3R | 308 R
THEA PR S TR | IS LR B X - HESR T CO, 38 122 5 5 SR IRT B2 P [l U 4 57+ HE R i
WAL ORI PR EMRR, SR E K E AR, BB0E Ha=0.05, BT A EUE R R
Origin8.0 FI Microsoft Excel2003 73 HlIAbHRSE AL, Ge i3 #r i SPSS11.5 Geit o3 Hr kA4 b BRS¢ 1

2 HR545%H

2.1 ASRIBREE PR R SR YR AR A A HE R A 538 6 1) 215 AR AL RPAE

Az K Z5 P AN T R P RE A 118 - SR i R A 2 B — 80 P 244 053 | 3 5 IR B A B T AR (L A A e AR
—(E 1), FEAERFPIH(S AR0)3 A FHEARZ ] ) 1= 5980 ok 3 2% S A/ AR AR A 1.95—2.37 pumol
m™ s P R R T, A T R SR B 2 B AN TR [R] A ST SR ) 25 AR R, I A
7 HARF 8 H AW, A5 ALTE RN 4.72 —6.65umol m™ s, B J5 T IENE I AR AW T I, 7EAE K ZER
(10 2R ) AN[FIARES A+ HERF I 5 5 2 ] 1) 22 S5 B AR /N AR AR FEIACR 1.43—1.85wmol m™ 57",

R2 FEMKKEERARERNTETFRER TIHEENREFHESELE

Table 2 Duncan’s multiple-range test for the means of soil respiration, soil temperature and moisture in the different age stands of

Betula platyphylla
- HEIT 4 HgiE E IR K
il Soil respiratipon/ ( umol m™2 s7!) Soil temperature/°C Soil volumetric water content/ (m®/m?®)
Stand age P b2 75 S FRN P b2 5 5 R AL Tl brifE2E 75 S FRN
/a Standard Coefficient Standard Coefficient Standard Coefficient
Mean L. L. Mean L. o Mean L. L.

deviation of variation deviation of variation deviation of variation

20 3.34 0.98 29 9.43 3.68 39 39.96 4.75 12

36 3.82 1.41 37 10.25 4.32 42 35.27 5.38 15

82 4.13 1.65 40 10.87 4.61 42 26.83 5.09 19
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2.2 A[EIBRES AR SR A AR S Ik 0 5 PR3 [ 10 - :
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[=}

TR N g
221 FHEVEURHR S R 0 R ' [

3 AN EIHERK 2 1] -1 10em AbBOF IR 22 BR 5 %gé» EEE
F(P>0.05), HARENTIITRAMWE RN 2 | |y 23
AL, 3 MR PR e R BT g T 2 L
B (E 2), % Z SRR E (P 3 2] 175
0.001). FIA-THEEIE AT LARBE R MBS CLREM 1l g

u?%ﬁ%‘: 86%—92%[3/‘3/Ej§1( lzl 2) 1;2 14117 1é6 15;5 263 254 245 2%5 25;2 22)5
o o O‘ N s H #§ DOY Day of Year
H A S 550K A 9 4% 2 TR BE 2 (R] 1 F5 B
RIS (% 3),3 AR RS g Lo B 1 FRIPREREMALING LRFRALE l0em LR
N e T B RS TASE
E;H‘:j:i%% 2.5.10 ﬂ] I5em ALI\E/‘J{DE]IIE %B$&E%‘*H3Q<P< Fig. 1 Seasonal dynamics of soil respiration rate and soil
0.001 ) ° /EEJL/Q;'%%V\] 20 \36 \823 E[ﬁ'{‘%?ﬁ W\’;‘Eﬁﬂ(ﬁéﬂﬂ 2 N temperature at the soil depth of 10 cm in the different age stands

5.10 F1 15em &b 439005 3 A8 40 43 9 i e 1 G - g of Betula platyphyll
i F R % K T A ] — RS 1 P A AR ] 09 e 0 g
W 3 R 67. 5%—74. 3%, 78. 8%—83. 5%, 82. 8% —

RIEFPE (P<0.05) 02T B ERIE R 5, Mo, Hesh T
92. 1% ,76.8%—80.4% )7 S | ZR B - R BE SR P8 02 1 1 0o ol 2 B2 MR 1 2 1 T a3 (32 2) . - SRR

Hu X I E TSR R AE AR - 3 R G AR A g B IR T R BRI A 1.43—5. 18umol m™ 57! (20a) , 1.85—
> 5.73umol m™2 s71(36a) ,1.62—6.73umol m™2 s~ (82a)

R T R BE T A S 0 N U Q) B R
M, A SCGE I AT (2) RITH Qo 18, 5 R R (E 2) , BEE MIE 3G, Q (8 5238 3 1 35, MRl 20 .36 ,82a
FIMER SRR 100m ZEH Q o TEHIK N 2.64.2.91 F13.35,

£3 TRARBERRBRRERNFEARENTEEES TEFRELENXER

Table 3 Correlation coefficients of soil respiration with soil temperature at different depths in the different age stands of Betula platyphylla

T HEVRBE/em 20a 36a 82a
Soil depth R =ge'” R? P R, =ae” R? P R, =ae' R? p

2 R,=0.536e"%T 0.734  <0.01 R, ,=0.675¢%04" 0.695 <0.01 R, =0.641"%67 0.729 <0.01

5 R =0.792e"0%7 0.855  <0.01 R =0.788e"%7 0.907  <0.01 R =0.768¢>"2" 0.835  <0.01

10 R, =0.821e"977 0.921 <0.01 R, ,=0.828¢%17" 0.933  <0.01 R, ,=0.801*17 0.866 <0.01

15 R, =0.834e"027 0.796  <0.01 R, =0.806e™" 0.768  <0.01 R ,=0.815¢"'%" 0.804  <0.01

222 LIERFIRECRS ORI OCR

AN [EJRRES FIREAR ) 0—10em VREE B3-SR Bk i 22 55 1 3 (P<0.05) (% 2) , H 3 Mg FrHesk +
B KL 2T BhAS BEAT W R (1 2) , SRR Y - S i s R AR A IS — 3, A Mr R, X
AR, HHEE KX PR VE 52 I EAS 5835 (P>0.05) , {HAE 36a FIMEM N S + AT &K
IR F 35%—40% B, - HEIF I3 ARG LR A Y A3 1 85 K Rk v T RE 2 o) - SR 7 A kA
TI7E 82a FAMEMKIN 24 AR TR 5 7K SRAS TG B 7E 309%—54% 22 [ i, - SENT I 58 S5 ) 2 0 114 i - 497K 45
Fh s M (& 2) .
2.3 RIRIBRIE R SRR A AR 398 LK & 2 0 e E A AR 1

AN[RIARES FIHEARY) SOC B B A4S 121 SOC & & I (E Z I A AE i 3 25 5 (P<0.01) (R 4) , b
FMRER A3 TN, SOC B F i aRBE Z 34 i, 20 .36 ,82a AR A AR Ak [l 43 51l R 13.11—79.41 ¢/kg, 19.94—97.84
2/kg,21.17—106.53 g/kg(F 4) ., w45 )2 AFH SOC F K15 ,0—10 em,10—20 cm,20—30 cm F130—50
em 4 NZR A RAE S5 BLAE 82a(106.53g/ke) ,82a(62.29¢/kg) ,36a(49.89g/kg) ,82a(21.17g/kg) HHE
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¥=10.8209¢0-0971x R>=0.1205 P>0.05
R2=0.9208 Q9= 2.6406
P <0.001 @] @)
5rF 5r o ©
4t 4t
3r 3r
2 r 2 r
1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 ]
4 6 8 10 12 14 16 18 20 10 15 20 25 30 35 40 45 50 55
7 7
36a s 36a 1 =-0.0037x2 + 0.3188x - 2.7241
y=0.8275¢" R?>=0.0973 P>0.05
6 r R>=0.9326 0;0=2.9096 o 6 r o
- P<0.001 o
o O
g 5r 5r
¥ g e
E
R 4+ 4+
%E
=
H g
8 3r 3L
3_5‘
w1
2k 2k
l 1 1 1 1 1 1 1 ] l 1 1 1 1 1 1 1 1 ]
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Tr Tr
82a e} 82a e}
y= 0.801560‘1209"‘ O O
6r R2=0.8657 0;p=33501 O 6r o
P<0.001 o/ © =0.0015x2+ 0.008 1x + 2.41 o ¢
=0.0529 P>0.05
5+ 5+ O
41 41
3t 3t
2 r 2 r e) o
o)
l 1 1 1 1 1 1 1 J 1 1 1 1 1 1 1 1 1 J
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TR TSRS
Soil temperture/°C Soil volumetric water content/(m?/m?)

B2 AEEEBEHERARENRN T IEFERERM 10em R TERE T EFRESKENXR
Fig.2 The relationships between soil respiration rate and soil temperature, soil volumetric water content at 10cmdepth in the different age

stands of Betula platyphylla

NGRS

TEITE F 0—50cm TG R PN, 3 75 Bl 8 % 88 A9 484 o 3 K, LB A 4 (A8 AR B L 0.68—
1.43 g/cm’ T SOC 5 W)t - SJE TR B2 g ST /1 | JH v 2% J2 A8 AU 8 B R A2 82a FIMERK, Bt/ NG JE: 20a
S 778
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x4 FRKREERBZXERHTERENTINGRSE
Table 4 Comparison of soil bulk density and soil organic carbon (SOC) content in the different age stands of Betula platyphylla

i/ a TJREE Mg b2 A PR b2
Stand age Depth/cm Density/ (g/cm®) SD SOC(g/kg) SD
20 0—10 0.68 0.12 79.41 16.3
10—20 0.78 0.22 58.3 10.6
20—30 0.96 0.38 24.12 10.4
30—50 1.21 0.17 13.11 8.7
36 0—10 0.73 0.22 97.84 23.6
10—20 0.82 0.14 54.34 14.4
20—30 1.14 0.36 49.89 8.5
30—50 1.39 0.07 19.94 12.5
82 0—10 0.71 0.26 106.53 24.5
10—20 0.93 0.24 62.29 15.6
20—30 1.02 0.09 33.92 9.3
30—50 1.43 0.18 21.17 8.2
2.4 N[RIARES FIMER SR UCAE AR A HLRR % 3 1Y 281k 25
30—50cm
AR RIS FAREARIG) SOC A% 22 57 1 35 (P<0.05) [ 20—30cm

B 10—20cm
22 0—10cm

553
(=
T

(1 3), BEE RIS B98N, SOC B3 AR 14 | 2036,
82a MRAr 1 SOC &% i & /43 B R 15. 1kg/m’*, 17.67
kg/m’ 1 21.53 kg/m* (¥ 3) , AR Z[H] 0—10cm
+JEM SOC B EAF{E R E 2 5 (P<0.01) , B Shu
5.06—7.29 kg/m”, 1Mii 10—20 c¢m F1 20—30 cm +JZ )
SOC ¥ 22 B AR W2 (P>0.05) , I 51 i [ 4 31 N gl
3.31—5.28 kg/m® Fl 2. 24—4. 05 kg/m*;30—50cm -
JZH SOC %5 B AE A W 35 22 5+ (P<0.01) , P Bl [l oy
3.33—4.91 kg/m*( 3) ‘ o
10 AU ML T 22 8] ) 9% 2 different age stands of Betula platyphylla

FHLL 10em B4R A HHERE (°C) R A AR & vy ke
S 11 - AJET R S G AR TR A A A K 2R P - 43R 1T CO, 38 3, 20,36 ,82a MY H IR T CO, 4R it
539k 740 768 F1809¢C m™ a™' , AHIEAHT R, AN [FIARIE 8 5R1H CO, 473 & F 0—20em + )21 SOC % &
ZRIBIFEAE B W IEAHDCOE R (P<0.01) (R HARCRR N L2 5, b 5 0—10em + 219 SOC %5 B 4 ¢
e REYI(R*=0.908) ,

—_
W
T

LB B
SOC density/(kg/m?)
=

36
FAi#% Stand age/a

3 it

30 TR AR R SR UCAE AR A S IR o S ) 2 4 A A S H: T2 BB R Bl [N

ABIFSE R 3 AAREE FIMER IR U AR AR L Sl 52 0 — B0 B i 2 s Jmy | HAT B I ) 2219 A, BT A
RN A B 7 0 o 3 i iy 1 A K T A P Il R e, 5 IR AR B 3 — 3, XRM L
SRR B UM /N 22U AN () Rl P AR SRR A bR SR P IR R 1) S B LR, AR I 9 v 3 2 [ k5 ) i A
KFR(P<0.001) (& 2) HWIEW] T LA, X 5B IRl AR B 52 245 AR — 20> Vose 5 NN, 4R
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