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Impact of changes in vegetation types on soil C mineralization and associated

temperature sensitivity in the Changbai Mountain forests of China

WANG Dan'?, LU Yuliang', XU Li’, HE Xiu*, XU Zhiwei’, ZHAO Ning®, WANG Ruili’, HE Nianpeng” "

1 College of Geographical Science, Southwest University, Chongqing 400715, China

2 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China

3 College of Resources and Environment, Huazhong Agricultural University, Wuhan, Hubei 430070

4 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang, Liaoning 110016, China

Abstract; Soil organic matter (SOM) is the largest carbon pool in terrestrial ecosystems, with its temperature sensitivity
playing an important role in the carbon (C) cycle and C sink at the ecosystem level. To elucidate how changes in vegetation
types (primary forest versus secondary forest) influence SOM decomposition, we assessed a deciduous broad-leaved primary
forest and secondary forest in the Changbai Mountains in the study, respectively; Soil samples from each forest type were
incubated under different moisture (30% , 60% and 90% saturated soil moisture (SSM) ) and temperatures (5, 10, 15,
20, 25 and 30 C) condition. Then, SOM decomposition rates were measured at 9 times over 56 d incubation period. It was
found that vegetation type, incubation temperature, and moisture had significant impacts on soil carbon mineralization rates
with a significant interaction among these parameters (P < 0.001). Higher accumulation of soil C mineralization occurred in

the secondary forest compared to the primary forest, e.g., 346.41 wgC/g versus 241.01 pgC/g at 90% SSM and 30 °C
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Wo#s B #3:2013-05-26; &iTH#:2013-07-29
# MIRFEH Corresponding author.E-mail; henp@ igsnrr.ac.cn
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temperature, respectively. The two-factor models, including temperature and moisture, provide a good fit to soil C
mineralization, with both temperature and moisture explaining 82.7% to 95.9% variation in soil C mineralization. Moreover,
the temperature sensitivity (Q,,) of soil C mineralization was significantly higher in the secondary forest than in the primary
forest; however, moisture has a complex effect on Q,,. For example, the highest Q,, was obtained for 60% SSM in the
secondary forest versus 90% SSM in the primary forest. Our findings indicate that transformation from primary forest to
secondary forest would accelerate the decomposition rates of SOM, resulting in a larger loss of SOM. Moreover, secondary
forests with higher ), should are expected to be more sensitive to warmer scenarios in view of SOM decomposition. In
conclusion, the complex impact of changing vegetation types change and soil moisture on the soil C cycle in forests requires

focused research in future studies.

Key Words: moisture; vegetation types change; soil respiration; soil organic matter; temperature; temperature

sensitivity; Q,,

FMAZS R G bl S RS R B AORR IR | BRbK - R IS S B T A LIS i AR A HILJSR 14 4 itk 4 T
TR ATAAT S0 b AR A 3 R 0 DR 26 4 2 o R AR A 25 R SRR I e A F R R A MG 2 T A S TR A AR AR
R R A R A B A R A B A TEORR | X RS AL E R R T ARARERAE B R AR Ak R I AR A A R Y DR I,
A AR B 2 TR AR Ak (Bl - b R A Ak ) X AR AR AR 38 7R G Wt 32 B HE DG B 2 B0 52 A2 M i A sk AR AR AL I 9 ) FE AN 4
z—

TG HLBR St 5% 22 R BT IR R AR R, b S A0 S IR R A Sk R KBRS 4 e W B R K 43 X - 45
A HLUT A BB 5 FLAFAE 2 0 5 AN M T TRLRE K G 0o R s AR S ML 43 e 1 5 i S AR HL A
NE e R RRMAE S RGRAGIA BT, SR, 70 S M I 52 380 1k ( Bk 480 ) B, 5 5 2 B H e M R R A 58 L5
M), R U P A 1180485 TR AT 43 o)+ S e Ak 1) 52 i) DX R 5 XLt = PN B 3R g 2 b iy T R A LT 4 1 BB
EE%LIZ-MJ s

AR SC LA L b DX AR ) e R TR S MR AR SR X0 G2, 43 3 JE TR 2B ORI A bk ) L SR A TS RT3 B8 RS [RK 43 () 38 P 35 5
IR W e - R R AR SR R E Y 1) R B A AR Ak (R A AR VS YR A AR X FRbR - R Ak B HC R AR
PERGEENR 2 2) 18 713 U5 R FIK 2306 R - SRR b B9 58 FL 5 0 7
1 RIEREH R 77k
1.1 IR AR A

TFFE LS AL T A I E R [ SRR X LA R 2 B Bl (R Y, B AR 2 RS R, SR 2 5, sy
AR B P Al 28 RV, AR 3R -4.8—2.9 °C, AR R /K & 600—900 mm, 44F H IREF 4K 2271—2503 h, TLFEH 109—
141 W' 500 I b S RE ( R AR 1

S b A E R B A LU RARAE 25 R G S RISl ) 3 S SRR b 3 500 Ry AR BB RR S AR (M B A AR 128°5733”
E,42°24'18" N) FRAF I B U A TR A AR (ML BEAR BT 128°4718" E,42°37'43" N) , 4 RiIR ASMREHb Jg J5 AR AR, 2 K 1 Ll X
B o PEA RS R | R AR AT ZLA ( Pinus koraiensis) F5A ( Ulmus davidiana var. japonica) 2545 ( Tilia amurensis) WIS ; Ik
MRS S AR CEH RER 2SR 78 7 BU5 TE B IR A AR (—20a) , T BRI 521 B ( Quercus mongolica) (ZLFA (P. koraiensis) | 114
(Populus davidiana) KFIEE  BARIY &R JAA BT TR (£ 1),

x1 AEHFEERFR

Table 1 Vegetation characteristics of the experimental plots

TeARJZ Tree Layer HERJZ Shrub layer FAZE Herb Layer
e K I 55 = & i " .
e . wE mE o PR e e mR e
. Altitude Height DBH
Vegetation type Area No. of Area No. of Area No. of
/m 2 . average average 2 . 2 .
/m species /m species/S /m species/S
/m /cm
WHHK Secondary forest 536 1200 15 10.49 12.41 25 4 1 14
JE A AR Primary forest 746 1200 12 15.47 23.46 25 8 1 9

F B 4 IR T2 1

1.2 FEMLBCE M1k
2012 4F 8 7 MRS HIE Mt F R 1 00 , 73 BITE S EMRFIUCEMREE ST T 4 > 30 m x 40 m FEM, B, B0 30—40 %
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AL TERBRIWRIATEY G, R A5 5 0—30 em 38R ST HURE ; 20 R A 50 R IEAE RO l— MR A M (> 5
kg) 5 BN BIFE FUAEMRRR A MRS 4 MRG HEERER . BURER , 76 PO 3R b A Tad AR B (2 mm HHE0%) , R THkBR
RAMIT, Lt B D& 13RS (29 100 ¢) RUTALBE, JAERS> 4 CH 5,
1.3 EWNIEA SR 5%

RS I IR 3 NI B B (30% ,60% \90% - HEM A /K 5 (SSM) ) #1 6 MRBEBREE (5,10,15,20,25 F130 C ) ,4 KT
T 144 A SRRERL . Horp BRI S KK R R S ik A T A , B 3 WK, TR TR T 2 LSk

KSR SL IR T LA AT, SR LRI 8 Sk i, 2o Sk B0, BRI L 6B 40 ¢ RLE LD 10 g, 2% A 150 mlL ¥
BB , B2 57 5 INZEAR K 43 B Z 30% ,60%H1 90% SSM, FEFhJGTE 20 CHEFE 1A, e H3mn (bR, BiJE , 5555k
SRR BIHCA 510,15 .20 .25 1 30 °C BRI RS 3540 N BT 5%

8 JEIE I, HHERR R SR A 9 YR, Ar B R 1.3.5.7.15.21,28 42 #1 56 d BHIWIR, AE3EFRid R, 4
W 2—3 d RAFRE LS HIERER AN K 1 IR, H 8RR 3R F A R 09 i B M i 3 SR 0 8 3R e A7 00, 3 LA
SR

TR T R TR TN E , T3 pH R pH I, Ll R AT O, SEE R b i) 1
Lk 2,

®2 TEEAHE
Table 2 Soil properties of experimental plots
- .
R bEsD ik =5 2% e
Experimental plots Total Carbon Total Nitrogen Total Phosphorus pH Flectric conductivity
P C/% N/% P/%
JEAM Primary forest 8.06(0.59)a 0.70(0.05) a 0.16(0.01)a 5.29(0.15)a 93.89(9.51)a
YRR Secondary forest 4.03(0.47)b 0.33(0.02)b 0.11(0.03)b 4.99(0.12)b 64.89(4.49) b
B I E, 355 N BCFACERRHER (n=4) | ARIRV/NE FRER R B 25 55 .35 (P <0.05)
14 Hdusb i
U AR T AT
CxVxax
g = CXVxaxp (1)
m

A, R R IR E YR (weC g7 d7) , € HIIRERI N CO, Mk AR A B BERBHR, V BB F A L AR T, m S8
TN LT E, o 2 CO, AT BT LR, B R RIF L R EL,
Qo TER FHHR BB C R AT
R=axe” (2)
Q= e (3)
R, a,b HBH
JE 5T WL 3R G R BT PRSI 5 RN 7K e - HERRR™ AL s )
R=(axe™) x(exw+dxw+e) (4)

K, ROy HER L B, T BRI w i H S K e b d e HSEL,

FIFH SPSS 13.0 STk {4 X S S0 e 25 AR R IEA T IR T 496, R PAAR B 22 TR AT R R 06 T IR /K o AR w2k
TR Ao} A R A e U R OB A S | 2 22 SOKOE S P=0.05, A Sigmaplot 10.0 $8145 TR B 1k 33 ZR Bl 25 B R IR T
a1l ST A
2 GHR55W
2.1 PSRRI + B b AR 1 R

R A AR AL 5 1 S Ak B E B B0 (F = 3505.19,P< 0.001) (£ 3) , fEMRENRE T, WAEMAY L 551k 2
THE B2 TR AAR TR M X P 22 M B (1 1) o LA 90% SSM W3], AN B2 P (56 d) IR N 5 °C IR, Y AR bkt J5E
WA 4k BN 110.51 wgC/g, i FUAEMR T30 1k BBUR N 101.28 pgC/g; M35 320y 30 CHE, WAL 1k BFE
(346.41 pg C/g) WE R TR (241.01 peC/g)
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Fig.1 Dynamics of soil C mineralization in the 56 d incubation
SSM: AN S K i

3 HEWHEE EFEE KSR E X BRI RA R

Table 3 Effects of vegetation type, incubation temperature, incubation moisture and time on soil C mineralization rate

df F P df F P
FEBEZE Vegetation Types (V) 1 3505.190 < 0.0001 }3#7K4} Incubation moisture (M) 2 893.689 < 0.0001
i3RI Incubation temperature (T) 5 3508.190 < 0.0001 }5FEET[E Incubation time (1) 8 393.316 < 0.0001
Vx M 2 248.008 < 0.0001 V x T 5 353.065 < 0.0001
vV x1 8 10.970 < 0.0001 M x T 10 79.208 < 0.0001
M x 1 16 10.591 < 0.0001 T x I 40 4.332 < 0.0001
VXMxT 10 11.357 < 0.0001 Vx M x I 16 4.977 < 0.0001
Vx T x 1 40 3.836 < 0.0001 M xTxI 80 3.547 < 0.0001
Vx M xTxI 80 1.964 < 0.0001

2.2 REFKS XS IR
FHEE AR (F = 3508.19, P< 0.001) FI/K4H(F = 893.68, P< 0.001) %+ Heia {b s 2 W& (£ 3) . HIEmy kL2
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T 58 BIE ARG AN TRl K RO T 456w (b BN EL Y Bl IR S T R TS 22,30 C iR Bl (B 1) o RAEMRAI R AE AR
14 - SRR Tk 70 X L A A 8 i ] 588 I A TR 25 5 s TEAN S SRR A IR, U A AR 3 fhad R i) L T 34 B 3 T R R
M(E2),

T KN R L R R A R 2 (P< 0.001) , AR K 20 25 44, Uk AR bR - e R ™ 1 38 56 0 25 8 T IR AR Ak (B
3) . TEARIEAT (< 15 °C) ,60% SSM 1) JF i AR T e Rl (Uil 28 v, IR BRI 15 C i, IR AR AR Y T 38Rk 7 fb 3 2 Rt K 43 b5
M EFr, MPEARER (< 25 °C) , AR T IEREG 1L 3 R TE 60% SSM I ARXHIL , T 7E 90% SSM K 725 5 1M 24 R B 9 30 C i, +
et Ak H R B T =T

8 8 r
WA JR AR

6t 6

4 |

8]
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Fig.2 The effect of temperature on the rates of soil C mineralization rate
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Fig.3 The effect of incubation water on soil C mineralization rate

2.3 R ANR X+ s Ak R B G 4 R

ASCRHIUH E KRB R= (axe™) x (exw’+dxw+ e) AeAMHT 3R AN T 3™ (b BB 52, SC00 4y
FW B35 7 d, SR R R L R AR T IR AL BE 11 85.7%—95.9% , i 3% 56 d, MREE FIAK AL E R T IERR
11 82.7%—89.2% (Kl 4,3 4) , WAHh BRI b Sy IR EEGURERE B, T ¢ /K A BURPEFE 2 B3R 3 AT AU A - N (3537 7
d) URAE AR A Bt Al 0 il R A8 Ak LU B RURR T B AR AR L St (0 TE 5 32 HIESOK RS2, AE S A BT 5 3R )5 (15 5% 56
d) ARIEXT b A ¢ 4B RT LA IR AR PRI - e A Xo I RTIE BE 0Y 28 B T R (R 4)
24 Q, SHEHEBIRIK IR

RS TR T L SRR AL AR BRI Q) B354 (F = 483.81, P<0.001) , WRAEMRM Q, B2 TREM (K 5),
K305k 1 SERRA A ) T R Q, BLAT WU (F = 105.59, P<0.001) , BLAB B RIFI K 43 — 3% (A7 . 35 10 58 H 500 ( P<
0.001) (F 4), BEFEEI 7 d, IRAEME Q [EREK S BET &, TR T 56 d B RIMA 60% SSM Hi= (1.61) , TERIGHK, FERE 5%
7 d 1},30% SSM i Q, fHM 1.26,60% SSM I Q fE A 1.23, 1 90% SSM 1} Q  fHR 1.46;7ER53% 56 d B Q, FiEE 3= K o v
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Fig.4 The effect of water and temperature on soil C mineralization

F4 TEBTUSERBEEMKSEMERNEESH
Table 4 Model parameters of soil C mineralization with incubation moisture and incubation temperature
2% + et kit (17 7d) Soil C mineralization in 7 d + 3R ILH (FT 56d) Soil C mineralization in 56 d
Parametor WA JEi A K WA JEi A
Secondary forest Primary forest Secondary forest Primary forest
ZH a parameter a 1.270 2.226x1078 3.378 1.836x107°
ZH b parameter b 0.047 0.033 0.051 0.027
B ¢ parameter ¢ 0.015 3.644x10° 0.027 -3.599%10’
24 d parameter d -1.518 -2.781x10’ -2.513 7.044x10°
B8 e parameter e 101.982 4.239x10° 230.924 1.729%x10"
R? 0.959 0.897 0.892 0.827
F 76.112 28.150 26.707 15.492
P < 0.001 < 0.001 < 0.001 < 0.001
BRI R = (axel) x (e xw?+dXxw+e)
®5 HEFHEBIKS I L ERTLHBRESREE(Q,) HFm
Table 5 The effect of vegetation types and incubation moisture on the temperature sensitivity ( Q,,) of soil C mineralization
FIRAT7 d HiFrHi 56 d
LR Treatment Duration of 7 d incubation Duration of 56 d incubation
F P F P
FEHEZE A Vegetation types(V) 483.81 < 0.001 467.53 < 0.001
7K 43 Incubation moisture( M) 105.59 < 0.001 55.41 < 0.001
VxM 58.24 < 0.001 20.05 < 0.001
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Fig.5 The effect of moisture on the temperature sensitivity (Q,,) of soil C mineralization
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