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Abstract; Since 1980, China has launched large-scale afforestation campaigns with an area of 30 million hectares. Even if
afforestation only slightly affects ecosystem C stocks at the local level, it could have a significant effect on the global C
budget if enough agricultural land is converted. We studied the change of C stock in biomass, forest floor and soil and C
circle after the cropland was converted to larch ( Olga Bay Larch, Larix olgensis Henry) forest in seven stands in
afforestation chronosequence, and made comparisons of ecosystem carbon change with adjacent Korean pine ( Pinus
koraiensis Sieb. et Zucc) , pasture, and cropland. An adjacent 250-year-old natural forest was included as a control for the
possible long-term carbon storage in Changbai Mountain, northeast China. The findings are that: the C stocks in biomass
and forest floor both increased over stand age ; from the third year to the 33™ year of cropland-to-forest conversion program,
the C stock changed from 4. 134 to 74.11 Mg/hm’ for the biomass, and from 0 to 11.31 Mg/hm’ for the forest floor. Soil
carbon density initially decreased during the first 12 years to a minimum level of 75. 87 Mg/hm’. Then it gradually
recovered and started to accumulate and reached a level of 84.28 Mg/hm’ in the 21* year, as high as that of cropland. The
ecosystem C stocks were 81.778, 114. 488, 130. 004, 187.255 and 178. 580 Mg/hm2 after afforestation of 3.12.22.33
years for larch and 33 years for Korean pine. The carbon sequestration of larch increased over afforestation time. There was
no significant difference in the ecosystem C stocks between larch and Korean pine. The high ecosystem carbon contents

(269.57 Mg/hm®) in the 250-year-old afforested stand suggest that the afforestation ecosystem in Changbai Mountain area
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may serve as potential sinks for C in the long run.

Key Words: carbon sequestration; afforestation; Larix olgensis Henry; Pinus koraiensis Sieb. et Zucc ;Northeast China
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Table 1 Primary information of survey experimental plots

J—— LM Average BB/ (BR/hm?)
Gl
wHRE g P o
Foren ool Longe ad | natn i PHEE WEEE LK
ype an ngituce an of slope Altitude K42/ cm i /m Density of  Density of Site index
afforestation age latitude P DBH Height enslt.y ? sy o
and slope planting living

K 7% 128°4'43.2"E
:f\;%l: 43°10'17 2/,N’ North west, 9° 640 — — 7692 7423 —
LN, .
= I |1 128°5'4 .2”E
;Sﬁ; 43§13,3Z SN North west,12° 605 1.41* 0.56 7692 7333 14.21
LN, da .
K H& N 128°5'46.8"E
1‘{;:\;%8: 43°11'31 4"N, North west,8° 587 5.82 7.70 15300 8075 15.76
LN, .
=l 128°5'48.4"E
;;%1; 4351(5)'33 5”N’ North west,11° 609 7.32 9.10 8500 3950 14.21
LN, .
K H& N 128°5'44.4"E
*ii;v%l;‘a 43°10'16 8"N, North west, 9° 640 9.62 12.08 6667 2750 13.34
LN, .
JERT 128°5'16.5"E
;EF%ZJa 43§1(5),3(6) ;,,N’ North east,9° 580 9.10 12.28 6667 2850 12.17
LN, .
1. K u og! . "
?\;%3: ‘léslfﬁ ZE North west,7° 591 18.24 18.33 6667 1050 13.34
LN, a .

N 128°5'43. 1"E
g?ﬁ’ 43§1(5),4§ 3”N’ North west,13° 605 14.56 11.18 8333 1900 /

* HAR(E

1.2.2 JEAR EA RAEY) V&Y A W) B BURE R 5 J7 1

BR T RIAAR, NIHRAESRER T ERFER TP, TARZENAY)ENE RGN AL
BHE ML BCE 2m x2m REDT 5 B, TERSRAEITN, GBI T ARMRSE R EME R, 1% 10 BRI ERERE,
FHLA 50 em Sh— =, X H b R4S HLTE 73 E R A, 23 e AR (D) FikkiE (H) , B R BrinEAR TR 15 3
HEEAEY R X THEARR T b, WPHE AR BB E BT SRR, 4 B R S . AL
V)2 F0A AR Y B s R TR — R AR AETEICE 5 AR 1m x Im B/NRETDT iR RS N AR
K, RSB AEY &, RN FAES TR MBI T R E RGN B LS 3 MED, A 20em
x 20em F[E 2 HEFE ZER AR R Ao i RIS S , PR A ARIGLAR o
1.2.3 RRIFEA JFER FEAMEY M & C RiE

XEFIRAR FEAR, AR T CER B WAL I RIAR 4 AR 0Bk & & BEACHE W) , 20t b 8040 (3t R AR 4343
HIE . BEFEEGEMRRERSS,100°CARFIGTE 65°C THT RIEE , VB BRSO iR, T . k& B
Frerk-JuE 9 #r{Y (FlashEA1112 , Thermofinnigan , Italy ,2002) 7£ 1330 ‘CER & & .
1.2.4  13EMERRRE 5K

AR TIERIEZE) 1m BB ,3 ANER, HIH &M EESOEH IR, 2R miE R AR K
BURE , I E B KA B AIAE,

TS BARRT G, BT, i 100 H . T 58 %-J0 R 20 Hr{U (FlashEA1112, Thermofinnigan, Ttaly
2002) 7E 1330 CillE H 2R . W pH AR BAE (FKE 1:5) s R ABOERLEE{O & HI3EHUR A AL ;

TRABERAMTE.
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WX FR A T, AEAT A #R iR 22 , BV AE 1358 v ) FEAR AR 2o 088 n 388 2 Bk A 0 B - 3 3 ) 3 3 JF 7= AR R 4
CO, 5,
1.3.3 mbEfAtHE
YRR RITE Crp=M;x Cg+ My x Cp+ Myx Cy+ Mg x Cy (1)
A, Crp RV BRRAER ;M RIBBF i« S THRE, Cs BB i W T BB & 8 M, RBH | SRR
7, Cp B | SEWBRE B M 2B | SRR, C BB | SRR B R  M BB | SRR Y
Ji, Cr 2B | SRR IBR & 2
V&Y AE B Cpr =M, xC, (2)
K, Cop 2 T B A B2 s MR B ¢ SRTE M B C =B #Y ¢ SRR TR Bk 5 & o
TIEE UK FE (SOCD) 2 B H3EA VLIRS & iR A CRLR >2mm) & B MATILRFIRER, SOCD #it
BARN

" (1 -8)cpd.
T, = 2 —1’0 Lid (3)

2, To A ) R BE Y B N 3 WU B (Mg/hm? ) ,n O IR 4328, o, W56 j )2 0 LR AL
BEE (vkg) pNE j B EHRE(yem’) 65 j EURAETE M, 4, 05 j )2 HIEE (em) .

HEBRG DIREERITE Cr= Cpp+ Cpp +Cs (4)
K, CR_RAMBEE 1) BB & Cor RIRTE TR A L ; Crp it AW BT R ; Co 2 TR & .
2 GRS
2.1 HHgREEKNAL

BHHEMER IS RERICHEE TR, BHEWG , RFEMF RS B R, B8 33a 7% 4 (R
% 36a) FRHF 33a LLHA (R 38a) UM TSk E /T 51E 49.33% M 47.71% . [Fl—FRARM S B EIRE
BWRAFR, B 33a H7E S FIRTEL AR FIRHR 5k & 2 7 5102 46.99% 43.50% F145.77%

AN TRIR B T ) 25 40 B Bk i 7 B AN ) 1), SR BE 33 1) 9 A0 AR A0S 1) A ) 8 ik i A 4 ) 2
74. 11Mg/hm’F1 69. 941 Mg/hm’ (% 2) o Ky A\ AR 7% H-FA R 25 BE K, L Y& P 2 F 41 5l A 1 Al 78 30
ZEZRT, A KB ER AR, IR EY R K. F—WFORFEERPHERE R Y B WG R
BEIR B PR TR A

A RV, S IR AR, SR T A Pk E A o B, s it A R E R R AR F B, B AT LA
ROt A IR R KB AE S REMASKE B, N\ R ERRES REM BT R KEEFEES
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2.2 JRAEEAER AR

3a MMM R R AE W RIEE /N, B KERREEY EERESHMT A, RER 2/, it
YEITEIE ., FEERPHERRMIG I, SR E B, BT ER WS E B o g IR, 2%
AN T AL TR T IR — 2 LA ERTRE Y, V& A B SR FE AR L AT B
BT GERPEAR 38 ) < BRAR” o R [ 3B Bk AE PR v A At L £ AR ot R B G K e A R 9 A R B AR ALY L
21.21—39.04Mg/hm’ (3% 3) . LMHHFAE Y RER K, BRFIHEHA B XK A&, (BRI i
PR R IR VE 4 LU 2R 5 o0 fi BT ARYE D B B SR R K I o FE 76 P Y Bsf (] e 51 R otb B RV P 364 1
BERH RGN TG AN , 78 33a BB, B F—FBdE A AR T, BT AR S R A 22a K,
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x2 FEESREGLRBEEBERNLILER
Table 2 Comparison of vegetation carbon stock among different ecosystem types

FA YL/ (Mg/hm?) HEARFNBEA

PRI i AL Bt iﬁfﬁ D /(Hlfg/fy&hE sy BEKGE
Forest type Stand WA R m m /(Mg/hm?)
and afforestation age age Stem Branch Needle Root C stock in C stock in Total C stock
8 8 (including Tane leaf o0 arbor shrub and © stoe
bark ) grass
KBEEHAE, 3a 6 1.259 3.065 3.262 0. 846 3.834 0.3 4.134
KEEHAEK, 8a 11 38.984 11.453 2.896 16.710 31.516 0.01 31.526
KBEMHIK, 12a 15 35.558 8.393 1.942 13.126 28.504 0.02 28.524
KEEHHAMK, 18a 21 56.295 9.958 2.050 17. 065 40.571 0.01 40.581
KEEHIAMK, 22a 25 53.142 9.713 2.026 16.474 39.235 0.01 39.245
KEE MK, 33a 36* 115.828 11.340 1.837 23.444 73.910 0.2 74.11
ZLFABK,33a 38* 79. 069 18.328 14.771 32.184 67.921 0.02 67.941

# PR IAR IR 3a B, £LAMSR Sa

FEYRBR S BZEIRNZERARRK, S BMAEWR RS M BRER K. LMHREEDKRSE
Ry 451. 86g/ ke, HUCR AR, Hoik & B A 436. 78y ke, M AN HI /N [RIRVE AR IRVE ) , BEH BB
SRR BB, 2R AR BE A N, AR S B A BN S 33a HITE I AAIR S B /D, LM U 9.3% o Y%
YRR A BB R LI RAMHL, Oy 17. 64Mg/ kg, AR LB BFAFBR A7 H-AA ALY 1. 56 £ HUCR R IR 15. 12
Me/kgo V&M HAMRHL KRR 8 B A | FEIRAFAEFR TS A, B 332 FOMHMB R 5 IR i B4 N2 9 11. 31 Mg/ke.
PR BTERA RS R & BB B (BRI WS OB R, U8 5% 13 9 1 4 A T JBE %o A
SRGHREE W —E MEM.

2.3 hERAERREL
FRAESRGE R TR IRV AL %A pH Al C SRR 3 Fim.

*3 EMESREGABMTBENE.FNSH.pH NLIERE
Table 3 Soil projects, soil particle distribution, pH, soil density from four soil pits dug in different forest type

ARG BIHER TEEE HEHL i ZA {2 TRAE

B3] afforestation I:E){i /em /% /% /% soil densit pH /( gSkg)
Ecosystem age(a) Depth Clay Silt Sand /(g/cm?)
e H — A 0—13.5 4.78 52.63 42.59 1.08 (0.09) 6.1 (0.08) 2.88
B 13.5—34.4 4.53 49.60 45.87 1.65 (0.11) 6.44 (0.12) 1.38
KE&E M 33 A 0—21.7 9.32 63.75 26.94 0.98 (0.03) 5.72(0.07) 1.96
B 21.7—56 2.95 71.91 25.14 1.46 (0.06) 5.85 (0.16) 1.35
FAR VN 33 A 0—13.3 7.34 75.05 17.62 1.04 (0.08) 5.98(0.12) 3.06
B 13.3—43 1.16 69.33 29.52 1.49 (0.1) 5.88 (0.11) 1.21
H 15 A 0—12.8 7.37 40.40 52.22 0.90 (0.03) 5.84(0.12) 5.01
B 12.8—48 7.02 45.64 47.34 1.3 (0.07) 6.02 (0.11) 1.07
JE G HK (250a) — A 0—I15.2 0.60 64.84 34.58 0.63 (0.02) 6.51 (0.13) 7.33
B 15.2—58.3 1.08 84.32 14.6 1.27 (0.06) 6.13 (0.17) 1.52

DR s i 5 AR R T 45% , Bt LASK 46 - S st RS AR A B o X i R b 9 - S9ESHE A 0 AR R DA
ALROKARIE , BHPE DL R RBOVERAE A T3 . BEE IBBRE AR RIS AN KL & B S a3, 3 st %
BAIG. BHHEMIE 13 pH (HIEIR T 29 0.3 807, A 55 BRILE S
£33 EARFRBHHEAREERR 0—100em 134 HLAR % B 1AL (L TE LR 70. 87—115. 83 Mg/hm® (% 4) . 1
BB 12a (IIHRERE N BAR 75. 87 Mg/hm’, LLIRHF La BIFEIR T 9. 6% o SAJG , L 3RAK BE GG In, 3] 33a )
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B8 ik 101. 83 Mg/hm”, LR B 1a MYBEIN T 21.4% o BEAFHEE 48 bR F 3 ER 25 O 84. 032 Mg/
hm® , EBHEMK 21a [R5 + R (84. 28 Mg/hm®) PR B B B 3EHROK T LUREHHE At ) L35

F4 FRESRGAZFWNLRBER

Table 4 Carbon content in forest floor and soil of different ecosystem systems

PRy 5 N PR Bk 0—100cm +3ERkfH &
s sty e /ey /g )
Mass of forest floor C stock of forest floor C stock of soil in 0—100cm
KB (1a) - — — 83.90
KEE A (32) — — — 77.74
KB% MK (8a) 21.21(1.02) 422.14(21.11) 8.95(0.44) 80.16
KB%MH K (12a) 24.01(1.18) 420.19(20.99) 10.09(0.49) 75.87
K EE MK (18a) 25.47(1.19) 418.22(20.90) 10.65(0.52) 90.01
K EEHFAMK (22a) 27.29(1.38) 415.43(20.77) 11.34(0.56) 79.42
KB%M A (33a) 23.86(1.11) 413.5(19.34) 11.31(0.57) 101.83
2185 (33a) 39.04(1.39) 451.86(22.59) 17.64(0.87) 93.00
il — — — 84.03
Wi (15a) — — — 116.20
JEUEHK (250a) 29.86(1.36) 436.78(21.78) 15.12(0.76) 183.57

LTAARE b I T A LR BE R 93 Mg/hm”, HUR RIS AN T 10.7% o [RIZ3B#F 33a, LLAARE S LK (T 0T
PAREHBR A B T 8. 7% o VLI L3RR R e 22 5%, (HAE AR L 2R AR T BE. 4
PR B R L JR Y M & B SR VR IR AR v AR (BR 4) L (BLIRAJRVE W B ki /N TV
R EREDHIRE 30% M 35% , LLAAFITE AR IR M50 50% Je 95% 535l 7E2.1 a 71 8.8a.1.6
a f16.6 a, FTLABIFIFI T LR G BEAERAR T EBE . NTHRKRIRIEE SR T MARKAT
SIS, T IAFILIAA N TTARER G PR EBIAIBE L 1. 0, ARG IR BERAR, B A T AT S (/5
S 38 AR S Sh M AR AR 2 AN KR BB AD , TR IR T IR 9 W B R R B B B B R 116. 2
Mg/hm® , EE K 195 FEFARE S ZTAARE b 31 85 14. 1% F124. 9% o 158 BB #8 BRIA AR X6F + 39 B3k 295 B 5% L
BRo AMHEIREY)—BAER R, R TR PR R ER R EA M ERIR . I B YRR
R (B H TR AR, A ¥y 1] 3 i R LA 5 T 2 ) U Y W A AR WU AR X 5 5 0l o DG PRER) B 2 BE
2 183.57 Mg/hm” , BRI 2.0—2. 2 fif . Xt FHHth + 3, o FARAEWREFEAENCRI B B 5 L bR A0k v 5 2
B, P T BB AR N, T EL/K £ 9 Rt — R UK, HA LR B L ARk R
2.4 BHHEMNEES ARG RN

He 25 TR R R AR R B R RV o S IO
L BAE R FER B SR, f T RA - 00108

170 - P<0.01

BBV, iR R/, & SR EEA A E 1
Bt R, WEEWEEYERIGM, L85 HTLE
B D, B2 B R R R AR b, R A
68% o ] WLV TR HE AT LA S RS E
HEZMK. BBFHEMIG 18 7% A LT A S R Gk sob— L
EREAE BEER &P A Y B 1+ ki 245 JEHEEBRAERR Stand age/a
ELELAAMRIR, {H 2 £ WA BRI I8 75 W Bk i B L ¥ I A K e -

195 B A T R 9 B B DL LT A 55 5% Fig. 1 Eclarbiﬁ:frii#;iﬁif:ﬁtzzw;?oi{:nd soil in
IRHE XS LA R BE RSB 15a MFBE gorevation chronosequences of larch

R AEE IR 15a(12a 1 18a MV IIME) 75 H i

Bfk
C stock/(Mg/hm?)
8
T
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AL 1.4 15 HERMESRENRERNEA BEIEESR . T EME ERAERRHEM, b A Y25
ARBR, T 55 b 4 3t A=y A2 AR AR R LA/

PR S A N AR AN ZL M bR B 5 30 20 1) 2 40a 300 -
180a, 36 £ELE VR M A C SHOE R, 40a 724, % - ]
AR R E BT VAR, TLLH A Y B A gk 52
BEhNo FRIATEE I AAMRE] T BUBERIR Z 5 , LR A2
ARGt B SR PR 7 AR AR
3 g

MAR 2 ZRAREY) 3 A1) 7 XA 3 Rk Bk
TR FERR IR 30 4 5 I A 0 B AR AR TR T 0 7E

fi
C stock/(Mg/hm?)
— — [}*] |38
(=3 wn (=] wn
S 3 S 3
T T T

wn
S
T

|

S

BB , 7 A 20 R, O FL T4 T bemamiees
HOREE . A RBRAE NS R G b LR A L
SRR RGBT 10 B LR A R TR M2 HURRBLERRAAL SR CRAR

Fig. 2 Comparison of carbon stock in tree biomass, forest floor

AR A AR GG T OB R L 2 Comperkon o an
B, BIEAIMEDREIRIA, FIATH |, . o toorts s e C. 4068 S b, 5 88 150
HEBRGEN — KAF ARG, R A5 82 sk 2250a
AR, RGBS , 55 B R B 2 X AR B , AR T AR
YIELAAETE T AL T B2 G54 AFR“ T AR, LT A R A E R, AR AR A BB
WG, A R AR A R B 3 Y, AR A 33 AR I RS LT AR 1 AR ) BB AR R 43 B 2 73. 91Mg/hm’ Fl
63.921 Mg/hm’, iXF Vesterdal B 5% i 45 15— Bk, 28—29 4E 4 IR W ( Quercus albus) F1Z 4% ( Picea asperata
Mast) 4Py BEAEE 2 75Mg C/hm*F1 105 Mg C/hm* ! |

PRVE Y2 3R I SE K , IR 98 W B T B R A R R S PR R Al . IR PR AL B LU E A )
B8 EE, B HIEPBREFNEUE N ZPER . TSRS B EE BN IE N  — AP B IE
AR, RAETIE T B R . R F AL R ARAR I , A FH AR A AR G B A A P BT
TEARJE ) H R AN B A DUIE , AR R A S RE IR IR A 2, b TR T FRE. KB%
MM AT S B2 417.90 mg g ', JREVIMARNE , —RESMERHA 20% —30% , £t N THRIIARAR
WY -3 B IR A, FE SR A VI IR M R b, A AR G K R T HER PR , B I on R W3 2 2
TR . FEIRBREAII, T BN, TRVE W R TR B D . e IR, 3k B AR BEE A HL
YR AE IR o il . HLOR B A B TR T W) LU AR 5 o0, BN b el T i) 3 BIA S A T S A o0
R BN, FEX A WG B, FATE W B A AL AR L R ARSI . B, BHFEAE 12a IRk
FEREAR, B b B AP E AR R, IE Y BUE S , N TARGX R AE S RGEH — R IR B S, E—1
FosE AR S RGP ARTEZRAR R IR B W B A, TR 2K 23k B — B Sh P4 , X B 4R
ARG .. AFFR I, 7E B B A H RE B R I FPREAR AN 5 , 3R 25k B AR BRI I Ik RZER B
HEERIBRME TR o Guo 251 X 423K 74 55 6 F oA FIAS ALt 1398 vp B il B S B STk 537 AN A
HIBHE HEAT 347, & BN B B\ AR T 3 A R4k, 38 kit B T R 10% , T AR F BN TR L 3t )
FAZEAL , T3 pfet B 1S fin 18%
4 g

IBBHEG 425 R G A DR A B R B Wik it B A L IRk i B AT RER A AR RR 281 . 7EIR#FIEAR
VIR 12a B, 8RR PEAI/D , BTG BRI E B R, 1BHHE 12a B BB B/ V& 75. 87 Mg/hm® 8%
JEBHIRE  TERBE 21a B, £ 3968 MUBRIR E B 4% B A 7K 7 84. 28 Mg/hm’, 21a J5 + 3Rk % B e
&R,
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iBHE3.12.22a 1 33a K A FAFI 33a MZAAES RGE M Bk 5 52 81. 778 .114. 488, 130. 004
187.255 Mg/hm’ Fil 178. 580Mg/hm’ , Rt [X B s AR A (K I PE AR RIS ) AR S R ) BBk i &
BEWABER ., MKPEE (W1250a) , 425 REREFHIGE S IEH K (269. 57 Mg/hm®) . XFRRALEH, K
H L AR BHENG , A B REKBIRE R — AWK,
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