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Abstract

Aims Plantations play important roles in modifying regional carbon budget and maintaining regional carbon
balance. In this study, we assessed larch plantation (Larix gmelinii var. principis-rupprechtii) carbon dynamics in
Weichang County from a perspective of the forest biomass-soil-wood-products chain. Our objectives were to elu-
cidate the carbon sink capacity of larch plantation and the influences of biomass, soil and wood product pools on
carbon balance.

Methods CO2FIX model was used to evaluate the carbon storage and flow of larch plantation over a time span
of 120 years. Input data for model were derived from practical investigations and published papers. We validated
the simulated results and found that this model was suitable in the region and the simulated results were reliable.
Important findings (1) Soil was the largest carbon pool for larch plantation and the wood product pool had the
smallest carbon storage. Meanwhile, carbon storage in wood products gradually increased with time. (2) In a rota-
tion of 50 years from secondary poplar-birch forest to larch plantation, 250 t C-hm™ was sequestrated by the larch
plantation. 70% of the carbon was transferred into soil in the form of litter and logging slash and the other 30%
was transferred into wood products. (3) Larch plantation was a carbon sink during most of its growing period and
turned to temporary carbon source when it was harvested. Larch plantation could sequestrate about 0.3 t
C-hm™2.atin the long term. Our results indicated the importance of wood product carbon pool in carbon dynamics
of plantation, which facilitated our understanding in the carbon dynamics and capacity of plantation.
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W PR LI R BAE AL R, X TR R A
AR ™ it st 30 I R ZAR D0 o T CO2F IXAR AL )
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ZRER IR G AR BRGNS 30 T2 1N
(Nabuurs & Schelhaas, 2002; Kaul et al., 2010; Ne-
gash & Kanninen, 2015),

#e b 9% M ¥4 (Larix gmelinii var. principis-
rupprechtii) AT AE L 77, A, Ptk aRSeRs s,
e TG AL b X = ZEE AR Al . AT TSR %
X AL A N TAR AR e . TR e F
17T I (FE20 M4, 2009; BKEN 4%, 2010), X}
TRRP= AR PRI AR WA . AT ST Lz X 1)k
WIS N T BEFOR 5, WY H CO2F XA B A5 40
TIZ NI R SRR i 4 B B A
IR, R LR A ) 1) AR bV A A
TR COLMMMR I AR ? 2) k. +
SERRAMR ™ W AE A TV TR N AR AR Atk
R8T A T ey 2

1 #MRFITTE

11 fFREX#R

WU R TR As il B = i AT A
IR E O, AT 3 L 5 5 R i
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118.23° E, ##45700-2 000 m. iZ%Hh[X J& -3 2 T
ST U Rb s et P 2 IR L A, PR 3.3
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JE AT o

LR T, R E R, R
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B PSRRI A 1% XN T3 MR ) R
b v mE RS RN E EEAE AR AT 3 HE (Betula platy-
phylla). 11i1#(Populus davidiana) &= 77 A, Ak F#EA
A 5 1 (Lespedeza bicolor). #%(Corylus hetero-
phylla). ZE#%(Corylus mandshurica), HEAHIY) T34
1595 B 22 5 (Carex ussuriensis). ¥ 4" & (Agrimonia
pilosa). b K (Poa nemoralis)&s. HAbi& A
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Table 1 Main parameters in carbon dynamic simulation of larch (Larix gmelinii var. principis-rupprechtii) plantation

Z:# Parameter ${H Value
[FEPINRIS 120
Simulation length (a)
4% Rotation (a) 50
I IR
Initial carbon content of 158
soil (t C-hm™)
APHEA LP ub
Basic wood density (kg:m™) 540 450
1% Carbon content (%) T Stem k¢ Branch i Leaf # Root
LP 49.71 51.00 51.07 53.37
ub 50.00 50.00 50.00 50.00
JE#% 2 Turnover rates #% Branch I Leaf #R Root
LP 0.05" 1 0.05
ub 0.05 1 0.15
TH KA % Forest age (a)
Thinning or harvest
14 21 31 45 50
LP 0.4? 0.4 0.4 0.5 1
ub 04 0.9 1 1 1
RARJE ACBORAR ™ it 1 3 i J5iA Logwood 4L A4 Pulpwood FKAYF 44 Slash
Product allocation for
thinning and harvesting BT Stem & Branch M Leaf W+ Stem k¢ Branch M Leaf T Stem k% Branch M Leaf
LP 05,0.7¥ 0 0 0 0 0 0.5,0.3 1 1
ub 0, 0.6" 0 0 0 0 0 1,04 1 1
mh 1 A i K= EHLTP T EMTP S STP WRGE S HMD KSR LD
Expected life time of
products (a) 20 10 1 10 145

1), BEALI0.05 KRR R E W IS%AG S o 2), IEARIN0.4% 7R RAR I BUAZ AR 43 & B IIA0% B R A e 3), IEARINO0.5 7R B = R AR A L)
I50%E /™ N A, 0.7 71 Ja W IRCRANM AR AED) B II70% 7 N IR, J5A ., AR RAGTI R 2 F0 R SR AR B (R = A EUH R 1) 4), BEAb0
H10.693 SRR RALE T = RS PR UCRAR B A AR A =k JROR I L. LP, by itia A LAk, UD, M RAE4.

1), the value of 0.05 represent that 5% of branch biomass is decayed each year. 2), the value of 0.4 represent that 40% of stand volume is thinned. 3), the value
of 0.5 represent that 50% of tree biomass thinned is produced into logwood in the first three thinning, and 0.7 represent that 70% of tree biomass thinned is
produced into logwood in the last two thinning; the value of logwood, pulpwood, and slash sum to 1. 4), the value of 0 and 0.6 represent the percentage of tree
biomass is produced into logwood in the first three thinning and the last two thinning, respectively. LP, Larch plantation; UD, understory; LTP, long-term prod-
ucts; MTP, medium-term products; STP, short-term products; MD, mill site dump; LD, landfill.

Ay e AR T S 2 B N\ B L FR R AR [ 2R
KRWOGRER) DR A& F 10 2 e Ee ]
FAEREE. ST BORISET 2
AR E RAGHIN ] 95 fEABEsh, Atk
RARR T4 KB (3R 2) i Al 20 Sl ok T U
NIFIE AH 8 (2001) . Hh 4R 55 (2002) IFFL A5 L . 46
JEHMRA N T T R (22 0. BHE) A
R A2 50 12 DX S o A AT B (1) 4 B
(P 4%, 2012). HEAb & HRAFIAR T B 1 AL 2
ARSI R B TR A . AR
6 A N TARIEE B RARIS [ FER AR s Bk 5 T
YR IAT I 7 &, R AR 504F, e
A AR FE (0 IAE144F L 214F  314E, 454F), H
KA E WKL,
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2 AL AR N AR AR R R T A
Table 2 Stem growth rate of larch and undergrowth vegetation

4 JbyE A N THR Larch plantation MOFHIBE Understory

i PR N L A SN
Forest age Stem growth rate Forestage  Stem growth rate
(@) (m>hm2a™) (@) (m*hm2a™)
0 0.50 0 0.50
5 3.12 10 0.76
10 6.27 15 1.35
15 7.30 20 2.05
20 7.20 25 0.83
25 6.20 30 0.82
30 5.20
35 4.40
40 3.70
45 3.10
50 2.70
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REETR Y . X AP A KT
7K H 5 M R 35 (www.worldclimate.com) #5381, -+
He/K oy 2 R AR R i P T AR .
2 W i 1) G B R VR T A BR D S5 M 4%
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ZH P R IR T A ERE 0004 G . 7 500
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HR ] SEE, DA B CO2FIX AR R HEFEAE 4
TSGR BN TR . A T SAr i s = i e
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409
S . THERIL, B MO, EEEA (). H
28 FLAL R BRI 2 i AR A b P A A )
R, JEifiE T &= AR bl . 5=
Y A0 25 dw A ok B 11 2 B (2020) 5% H AR AR
P A A (I A R

BRI 4 R AR (T B, s AR
g R R I ) AR A
fiitd . BRI I . AR e g
ST LS A0 1) i R A R B R 2 T )
B, WAL JT(NPP) . R ARG H AT
(NEP). t-3gEmpmg s,
1.2.3 #&BILGIE

N T IR U AR AR 200 X R R ROR, BRATIAE
2008-20104F i/ 7 T %X 9. 12, 13. 30. 324k
JETk A N AR IR A= s it o, LA B SR R
779 SOk (B 2 Je 4, 2012). HHEI2F] WL, byt
P N ARG At o (AR S S AT B w4
PE, TR, OB ARt 56 117 25 S B /R Bqu A 5 sl
{2 1A TG B2 75 5 (p = 0.225) . iX & HICO2FIX 7Y
e AL S &G 1), XAk TE A N T ARER
A MRS BB AT SENE. thah, WG
MRET AR RV P A A S N, ASTFCE L)
A GV A N AR 38 4 ) 46 5 2% 1% 4 158.05  t
C-hm™, 3 55 22 Hid ME Ve 25 bR - S35 3 13 1 S B
PEHHE161.5 t C-hm A4 15 (FK 24 88 4%, 2010). 78
b, — M AR A A KA B B ARG T R,
A b b N AR 38 i 25 155 BIAH >4 TR it
MR AR 2, T DA FURET - 98 it o

160 r

i HBoKE
Mean monthly precipitation

/ (mm)
=
<)

Y
=
)
S

—_
[
(=]

K
(==l

) =0.92x+1.59

60 P4 R*=0.995

4t g

20/

5 . . o . . . .
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BRI SRS 25 R 5 I GOW il T 1R (A) R B K (B) A LB

Fig. 1 Comparisons between data from Global Historical Climatology Network and data from monitoring site nearby for mean

monthly temperature (A) and mean monthly precipitation (B).
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Fig. 2 Comparison between simulated and measured values of
biomass carbon storage in larch plantation (mean + SD).
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- — G0 Total C stocks
100 e R .
15 Soil L =+
. Thinning Clearcutting
— 4 Biomass =

Fredh Forest products

Hcfi# it C stocks (t C-hm2)

50 F

0 —— i W

2 #R

21 fedeEM IR A THRIBREE T

SEIETE A N TR B3 AR BBk R
Kt M B AR W E 3T s . I AT LU
H, HEATE R N TORRAE B B R0 5 fi i A A
AR FA, DUAR A% 4 J) 30 S TR Ok AR 1k,
AF 4K L4 31 40-50 t C-hm 2f1150-200 t C-hm™,
ik FARJE A E N, HoRARK B ik
(P RE M 58 g R 2, L 3gcAid AR RN R AT N 38 2
PG PR G DR e THA AR, AR AR 3 2 i T
Heohn - HERR A, T 3 AE TR s KR R B,
R A B 1) A5 A Y15 B K 8807130160 t C:hm™%; 5 HiAih
T EAN IR, A7 il e iy - o T ) 2 T8 3 18 o 40
B, BFUCRAR G AR S S D B, B S
SGE AT, AE AR ST 0 (R 3
22 AEMHAAIHREIREF DT

NPP S i T 40 5 B [ 52 COL [ BE 1 o (E AT
Fur, HRAbE AR N TR NP B AR 28 B (B
oo B M AR)BRIGER RN R, HEhAAE
WIEAPT7R o HeALTE RS N AR FINPPRE A AR 3] 52
WAL, AT 41.5-7.5 t Chm2a™t. fEfREA

60

80 100 120

I (4] Time (a)

B3 AEbTE A N Bt B 2D &AL .
Fig. 3 The dynamics of carbon storage in larch plantation.
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mean of the net annual sink)(Nabuurs & Schelhaas,
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Fig. 5 The dynamics of net carbon balance in larch plantation.
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Fig. 6 Carbon flow of larch plantation in a 50-year rotation (t C-hm™). NPP is net primary productivity; L & S represents litter and
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