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Abstract: The soil carbon cycle and global climate change are closely related to the mineralization of carbon in terrestrial
ecosystems. To accurately assess the characteristics of carbon mineralization and variation in the mineralization of carbon in
different succession series ( mesosere series, hydrosere series, and xerosere series) in the broadleaved Korean pine forests
of the Xjaoxing’ an Mountains in the temperate zone of China, we measured the mineralization of carbon and the
mineralization rate based on the chronosequence method. The results showed that the carbon mineralization rate and the
extent of carbon mineralization in the three successional series exhibited consistent cross-sectional variation, and gradually

decreased with depth. The extent of carbon mineralization in the different successional series was different. The virgin forest
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accumulated soil organic carbon and mineralization in the mesosere was the greatest among the three series, followed the
xerosere and hydrosere series. The carbon mineralization rate of the three successional series varied with time and exhibited
a consistent trend ( decreasing quickly during the first stage and gradually stabilizing). The six kinds of community-type
carbon mineralization in the three successional series were significantly different. The carbon mineralization rate of the three
successional series in broadleaved Korean pine forests was original forest > Betula platyphylla-Pinus koraiensis forest > Picea
koraiensis-Pinus koraiensis forest > Betula costata-Pinus koraiensis forest > Quercus-mongolica-Pinus koraiensis forest| >
Betula davurica-Pinus koraiensis forest. Mesosere series carbon mineralization fit a nonlinear exponential better. .Garbon
mineralization of soil organic carbon was significantly positively correlated with soil total nitrogen and litter-fall amount in
different successional series in the broadleafed Korean pine forests, and negatively correlated with soil moisture, soil bulk
density, and soil pH. In short, successional histories, soil texture, and nutrient status resulted in differences in soil organic

carbon mineralization of the different succession series in the broadleaved Korean pine forests.

Key Words: Korean pine forests; succession; mineralization of soil organic carbon; environmental factors
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V] I 2T A AR P PRI 2N D4 220 M X = B A BRI TR, T8 R0 A G bR /K T T 5% bk A B 2 A B o
Bt % 20 4 S0—60 AR ARARMRAY KFUBIIF & I, R 4R LU AR R i BUR AR, Bl 5 247 T LAEF R iy S 22 A%
AR R IRTEHT . LLAME Betula platyphylla Suk W4 Larix gmelini( Rupr.) Rupr. #XHE B. costata Trautv. 5% 15k
Quercus mongolica Fisch.ex Turcz 55 [ S it ih TRt Y A 2E o SR X T 33k AN [] 1) 0 2 T8 % 3R 971 2k
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fik 2R AL B FIIEAE P Ak 5 RS I OC R |, BRI /R B RAR ASHMOR R AR T 2291 R Pl s
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1.1 ARSI HESL

A FEAE A T e LN S22 1 ok BBl VA8 K B R A SR IR IX (47°10750" N 128°53'20" E ) , % X,
AT W I A TR R B 2 XU AE | AR R - 0.3°C AR IR RS IR —6.6°C AR B i <l 7.5°C , AR ek
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B T ZIAARR RIS 250 a A, T 20 2D 50—80 AFA %9k i ALK AR B AR A DA F #E HRAE | 11147 ( Populus
davidiana ) F FE R R R AR RIS TE 40a DL L FEAESL AN 1, 2 X A HL R 41K L B B M S, TR 4R
300—500 m, L Hy 10°—25°  Hidi ik - ey mspmige | A AL Nk 2,

®1 TRES R AL LD EIBR

Table 1 General situation of different succession series forest sample plots

R TR 2EA! ik | ez AR F R RbZH AL
Succession seriers Community type Elevation/m  Slope aspect  Slope/(°) Canopy Major component tree species
2T K5 ( Pinus koraiensis ) . . ffi ¥ ( Acer
rp A= R R 5 AL AR VAN 346 Kl 20 08 mono) \5¥& #2 ( Abies nephrolepis ) (75 1 ik
Mesoseres series PKF - ’ (Acer tegmentosum) MR ( Tilia
mandshurica )
WHE ( Betula costata) LIS T FA B A HE
N ( Betula_platyphylla ) . K H % ( Populus
ST HNFRUAEE Vi -
’B];%*ﬂﬂ”)\i% 400 [lif]4 15 0.7 ussuriensis)\ 7% T A ( Syringa
amurensis ) £l 75 12 ( Picea jezoensis) .
¥ ( Corylus heterophylla)
e . . 21 % 742 (Picea koraiensis) ZLKY REH
B AR RS WAL X - " N N 7
ML éé?ﬂ SEATELH 330 [iEld 3 0.8 L= ( Prunus padus) Fe T 7  HARE e
Hydroseres series PPF .
W (Acer ukurunduense)
FAE R A= FAME ZIAS DL TEMAN (Larix gmelini) |
310 [} 4 0.8 S
BPF A ( Ulmus japonica )
AR RS AU EAR /N N 392 i " 0.9 LI B MR ( Quercus mongolica) HIUHE
Xeroseres series QMF ’ WA BB F ( Corylus mandshurica)
54 T BR BAMEAR 430 % 25 0.8 S MRk BHE ( Betula davurica) BT |
BDF ) ’ T8 A6 84 ( Lonicerachysantha)

PKF': Pinus koraiensis forest; BCF; Betula costata-Pinus koraiensts forest; PPF; Picea koraiensis-Pinus koraiensis forest; BPF: Betula platyphylla-Pinus

koraiensis forest; QMF ; Quercus mongolica-Pinus koraiensis forest; BDF:Butula dayurica-Pinus koraiensts forest

®2 TRBEERIITEERER

Table2 General situation of soil in different succession series

. PR N
. s T AR , A _—
R g1 ;&ﬁ* " The content + 25 R . VR EL
. . Soil organic 3 pH ; Soil bulk

Succession Community of total . Soil layer . The sand

. carbon/ . Soil pH density
series type (&/kg) nitrogen/ /cm /(g/emd) rate/ %

cm”
£ (mg/L)

HAE G AR5 WA 4T KA bR PKEF 35.79 2.85 5.42 50 1.18 0.41
Mesoseres series ZLPARAER A= Ak BCF 28.73 1.83 5.61 45 1.16 0.42
A R 2R B NZLLRM PPF 36.81 2.45 4.85 40 1.12 0.43
Hydroseres Series HAER A= K BPF 44.98 1.84 5.04 45 1.16 0.51
AR R SETHRLT AR QMF 41.14 2.10 5.48 35 1.02 0.58
Xeroseres. series SRR HER BDF 26.80 1.34 5.45 40 1.01 0.62

12, LRt

H AR TR R 8 0 T Al P T MMM Z A AN YR AL AR 5 A TR 2R 91 1 9 25 ¥ A2 DA MORIT AR I A A
BT RSN SEN BRLLMAMRORI S AR SRAE U E MO BT TSRS G, BBl IR 28 1) 2 6 AR DL 2% 1R Y T2
TN LR RS , B VS I 3 AR MERE ML, BE M TR O 20 mx20 m, EEEHBIR 3 > A1, 54> A A8
R, BRI 5 HIE 0—10,10—20,20—40,40—60 em 432U , GFFh 4 25 M AL IR 36 4> +BE, G4
SRR 1 kg ZeAn REHTEE R RERBRARAR PS5, 1L 2 mm G J5 70 B 53, — 38 738 A TG IR R A4
HJA 4°CUKFEAT , — B0 AR B

http ; //www.ecologica.cn



19 FRFE A v [ AR R LA AR R 2R 90 A BB fL R 6373

1.3 WEmH KTk
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b5 KO R OB D SRR R, BT OO S T (252 1) CHEIRRE SRR 91 dedfi R
WAl 5 d e 1 RR, TEREFRAVAS 2.4 .8.12.16.23 30,37 .44 51 61 .71 .81 91 K, SRJ5 K NaOH 584545
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1.4 +HEA RS b BEEE A

FKHEHEZNME M & ABHORBAU S, FIH] SPSS 19.0 #KFAT LSD Z 5 A ki S 225t &M (= 0.05) ; FI ]
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Fig.1 Mineralization carbon of SOC in different sucession series
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i o7 HEAS T ELAG 1Y 58.26% F11 27.82% , WA= 1B R A AR AZLLAAMK 0—10 em 1 10—20 cm 2 30 L& 5
FEAFIAR) 53.16%F1 19.07% 5 FAREREAK 0—10 em JZH1 10—20 em 2 8T 1K) 53.15% 1 18.78% , 1%
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T HEHIIR 47.46% ,25.06% . S kR CBAERAERK 0—10 em J2 1 10—20 em J2 A HLERH 1k & 5 24 5 1w
[ 41.64%H1 27.54% , 3 NEEE RS 10—20 cm JZH 20—40 cm JZ1ETE T FH 2 5F,40—60 em JZ 2R AN BE .
2.2 AR RS A DR 2 SRR

AN R 2R 37 AT HILRR A Tk 1 3R it A (] 28 A 52 B AR — BB 3 (181 2— I 4) , BIVRE 33 A 00 ph F
M R TR, AR RS 2 DR 25 S R (P<0.01) , e RICRAS 56 A SE &R B0 0.988
1A AT 2B 335 3% 9 IA) op A R 21810 2 AN HETE 3 LI Ak R BE B (] 1) A8 AL A B 5 BOpR A, U175 AR
BIIR B 8 K (P<0.01) , R ZEAS MR ZE AR AE AR TR ) R 43 31135 51 0.98751 Fi 0.99388 (3% 3) . i
AR R ) SRR ERE g 0—15 d PR T L, 15—30 d, k3R Ek 2 I 18 R R A% 30—91 d, 71k
R TRE (K 2),

TR R R I LIRS . AL LIAAR 0—10 d BREE L, 11—91 d , Bk R B fk 5L B G218 R [
G, FIMERAEM 0—16 d Psliefk,17—71 d 0 fL 3R SR S G2 R %, 7291 d a TR, 184
TR R SRR SR RN = R AL TR AR AR R L™ (b 22 AN 0 3 | FE X R A 3
FHCH 0.966( P<0.01) AR . 3537 WI1H] - 58 HLAR 0 Tk 6 fill 1o ] (28 A0 A5 5 48 2ok 5, LA RIUR #38
S i E K- (P<0.01) ,R* 431355 0.93475 F1.0.98857 (1.3,

200
AR
~ : . 100 * ZRPLH
= 180 . )E!lﬁ\lﬁlﬂf%ﬁfr* \ » B AR
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7, 160 ~ o éIMMTf(]/;%M 5 = 5923219 + 70,9320 1 14.74
2 0l ¥ = 207356272 + 42 86e +10.95 o 80 I ST R — 0.93475
éb F?:ilﬁ‘l?ﬁ"film% R2=0.98751 1) ] E#?ﬁiﬂ( R2=0.98857
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Fig.2 Soil SOC mineralization rate in mesoseres series Fig.3  Soil SOC mineralization rate in hydroseres series

A RN TR . 0—12 d PR AL, 13—91 d, 7 bR B AR S P8 T R RIR TR
JE o A R RN T A LR AR SOR R 5 R AR 0.992(P<0.05) AR, [BIHAHT R, 5557 1)
(] A MR b3 3 B Ao (1] 1) 28 AR A 6 48 5ok 5, 1006 RIOR 34758 3 I 27K F- (P<0.01) , R? 435 ik 3
0.97584 71 0.9927 (K 4) ,
2.3 RIS A HLB b 3 3 B AR

INDLEVE R LEAA MRS [RIVEER 2R 81 6 FiE VR 28 1 3 (b R SR SR I J 46y R I 2D A R > P AR IR 2B bR >
BV AZLTHSIRS ELRAMEU R MRS S I BRZDAMARS 52t Rk RAEUCAE AR T 06 I i ZLAA AR 0—10 em 2 V-39
fEFRikF) 112.57 mg kg™ d™',10—20 cm 4 45.58 mg kg™ d™',20—40 cm 2~ 18.31 mg kg™' d™',40—60 cm Ky
10.81 mg kg™ d7", MLLAMRMEMCT- 22594k 4 )2 43 5124 : 83.90 35,17 ,10.21,8.79mg kg™ d™' . BIRAZLLIAHE
0—10 em 2R =0 L R K FH 78.48 mg kg d7';10—20 cm JZ K 38.59 mg kg' d7',20—40 cm N
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21.29 mg kg™' d7';40—60 cm 4 16.06 mg kg™ d7', FAHE
KA 0—10 cm JZH 1L N :90.54 mg kg™ d™';10—20
em JZ 4 25.70 mg kg™' d7';20—40 cm JZ A 20.58 mg
kg™ d7';40—60 cm JZ 4 21.78 mg kg™ A7 SEEHRLLM
PRI IER 4 2 F-{H 63.03,34.08,14.51 ,3.98 mg kg’
d' S AR BAE R AE AR 4 20RO 34,74,
21.05.12.05.11.71 mg kg™ d”'(K& 5) .,
2.4 REIEE R AR LSRR
AN R 6 R R A HIEA ML L 5 +
SRR AIERE | DIEAE A, 5 HIESE
JvE Y ORI W IEARSC (K 4) . RHEA YRS 1L
53R S B AR Y a0 O R BB U, ARG R B
K ,i55] 0.458( P<0.01) 1 0.461 ( P<0.01) ; +-3Ehybpi
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Fig.5 The mineralization ratios of SOC in different community
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Table 3 The personification of mineralization rate in different succession series at broadleaved Korean pine forest

B R 51 AR RS
Mesoseres series Hydroseres series Xeroseres series
TIEEE em X PR AAR N ELT
i woreietk ampeces SR o g X0
Soil layer Picea jezoensis HEU AR
Broadleaved Secondary fores Betula platypytta Quercus .
. L and Korean . Q.mongolica and.
korean pine of B.Costata . secondary forest ~ mongolica forest ;
pine forest davurica forest
0—10 R? 0.99076 0.999554 0.90969 0.84112 0.96246 0.99067
p 0.001 0.007 0.000 0.000 0.001 0.002
10—20 R? 0.97484 0.98757 0.94893 0.94379 0.87687 0.87861
P 0.005 0.009 0.000 0.000 0.001 0.001
20—40 R? 0.96805 0.96071 0.99236 0.89479 0.90078 0.90786
P 0.001 0.002 0.000 0.000 0.000 0.000
40—60 R? 0.92819 0.86223 0.81032 0.98561 0.87583 0.99404
P 0.004 0.001 0.000 0.000 0.038 0.000

R4 3INRERIIEAENGRT LS LERFAXELN

Table 4 Correlations between decomposition rate of mineralization carbon and soil factors in three succession series

s 7 - . TR E - Rk
marm TR g wily o LA >
[ISES Mineralization + 5 pH \ Soil bulk ; Content of
Type of . Water content . The ratio . Soil total N .
Factor Jantati of SOC/ ¢ soil/ % Soil pH ¢ sand/ % density/ /(e/ke) litterfall/
antation ol so1 (g ol san 0
Y (mg/ke) (g/cn’) AL
TR |
Type of plantation
Wi Rk 0,376 |
Mineralization of SOC/( mg/kg) ’
T HETKE .
Water content of Soil/% ~0.608 0.167 :
+ 4% pH
-0.047 -0.185 -0. o 1
Soil pH 0460
YKL . \ e
The ratio of sand/% 0.393 0.332 -0.430 0.139 1
A .
-0.636 " -0.123 0.436"" -0.111 -0.171 1
Soil bulk density/ (g/cm®)
THELA
.14 . o 2 -0. * 11 -0.01 1
Soil total N/ (&/ke) 0 0.458 0.259 0.307 0.116 0.019
TVEY & . . .
R 0.591 %" 0.416*" -0.715*" 0.422"* 0.362"* -0.460"" 0.038 1

Content of litterfall/ (g/m?)
* % 7E 0.01 KF E@FMI; = 7£ 0.05 /KF EWEMR

R RSB, ASBEIEU A 7 A 22 e 1) 3 B DR S A A R O o, RV I 8] , Zhang A 384 HLAKR
1l Vi BE AR AR TN, Deng X o [ H- oY 28 4 i YA TR 384 2 91 L S AT L BF 2 R 1, 1
FRF RIS 150a YRAE SR TR TE PR A ALK 2 A0 B LL I 35 i T IR AR TR O 50a ARG TS L AR SY
i VAR R 2R 9 iR R I LT RAMRObR I 24 S 250a , YR AE TR R GIMRE 2420 40a' )| T A AR B AN 55 B S A 400 i
AR RIS FOR AR AL, © & A BRR IE S, HE 8 — SRR RUE P RE , SR RO R A BZ 57
S HER TS g 2 ) AR R TS A LB, 107 LA AL & e T AR S TEAR O Ak, AR R
FYNEEVE KT s S 2 M Z R T DR RR, R IR S 35—50 om, HIB RS H, 3770
RS IR RE S5 2 o WA R R SR 0 VA R s, o) S J AR AR T R RS ORR THAR
K i BAEZ KRS EITAR IR , BEK o (3, BRI 1 SR e My s v | R a2 i - ST AT BILAR 1 B 2R
FRERC . RARECR R A LRI 15—40 cm, 17 3 SRR, FA 08 R 51+ 3L 2308 A TE
LERAY , BELER I AT REF T HL AN L SR R A R 1) TR JRE L 2 ) ok 8 FR A [R5 14 o) 24, TS W)
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MU LR B 5 Rk
3.2 AR RG] HEA PR LR P 2R

IINDLAE W [ LT FARAS [R) R 2R 91) 3 AT LR b5 08 Vi i A - 3 4 Uit B 35 IEAH G (R=0.383 ;R =
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