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Abstract

Aims Carbon sequestration is the basic function and most primary service of forest ecosystems, and plays a vital
role in mitigating the global climate change. However, carbon storage and allocation in forest ecosystems have
been less studied at regional scales than at forest stand levels, and the results are subject to uncertainty due to in-
consistent methodologies. In this study we aim to obtain relatively accurate estimates of forest carbon stocks and
sequestration rate at a provincial scale (regional) based on plot surveys of plants and soils.

Methods In consideration of the areas and distributions of major forest types, 212 sampling plots, covering dif-
ferent age classes and origins (natural forests vs. planted forests), were surveyed in Gansu Province in northern
China. Field investigations were conducted for vegetation layers (trees, shrubs, herbs and litter), soil profiles, and
sampling of both plant materials and soils for laboratory analyses. Regional carbon stocks were calculated by
up-scaling the carbon densities of all forest types with their corresponding areas. Carbon sequestration rate was
estimated by referencing the reports of national forest inventory data for different periods.

Important findings Forest carbon stocks at the provincial scale were estimated at 612.43 Tg C, including 179.04
Tg C in biomass and 433.39 Tg C in soil organic materials. Specifically, natural forests stored 501.42 Tg C, ap-
proximately 4.52 times than that of the plantations. Biomass carbon density in both natural forests and plantations
showed an increasing trend with stand age classes, and was greater in natural forests than in plantations within the
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same age classes. Soil carbon density also increased with stand age classes in natural forests, but the highest value

occurred at the pre-mature stage in plantations. The weighted average of regional biomass carbon density was at
72.43 Mg C-hm ?, with the average value of 90.52 Mg C-hm* in natural forests and 33.79 Mg C-hm? in planta-
tions, respectively. In 1996, vegetation stored 132.47 Tg C in natural forests and 12.81 Tg C in plantations, re-
spectively, and the values increased to 152.41 and 26.63 Tg C in 2011, with the mean carbon sequestration rates of

1.33 and 0.92 Tg C-a . Given that young and middle-aged forests account for a large proportion (62.28%) of the

total forest areas, the region is expected to have substantial potential of carbon sequestration.
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Table 1 General information of survey plots in Gansu Province

ARPREA AR YR M2 FEHBECR: RO AITX BEC A SR T Soil sampling
Forest type Forest origin ~ Forest age group I;Illgrtxsqber of Plot location Main soil types R
Sampling  Number of
Depth (cm) plots
Wiz PN 4.y E 1o 13 HE kA LR L kL 0-50 3
Abies fabri Natural forest YF, MAF, MF and Gannan Mountainous brown earths, moun-
. . . 0-100 10
OMF tainous cinnamon soils, and moun-
tainous grey cinnamon soils
ATH - - - - - -
Plantation
PN RIRM T IS LIS N A 32 Heg 2. sk =M. WiibEsE, b . (iik#s 1 0-30 1
Picea asperata Natural forest i} i Mountainous brown earths, moutain- 0-100 31
YF, MAF, PMF, Gannan, Dingxi, Zhangye, ous cinnamon soils, and mountainous
MF and OMF Lanzhou, and Wuwei grey cinnamon soils
ATk AN LN 57 16 Hm. & i ERAE, iHbis . ARt 0-30 2
Plantation YF, MAF, PMF and Gannan and Dingxi Mountainous brown earths, moutainous
. . . 0-100 14
MF cinnamon soils, and cultivated loess
PN PN Rk 4 Bemg PRPH LB 1= 4% - Mountainous 0-100 4
Pinus Natural forest MAF and MF Longnan and Qingyang  cinnamon soils and cultivated loess
tabulaeformis  x N NS N 20 WBL. WAL KRR PR LA L H4h. LEE 0-100 20
Plantation YF, MAF, PMF and 22 Mountainous grey cinnamon soils,
MF Linxia, Longnan, Qing- cultivated loess, and mountainous
yang, Dingxi, and Lanzhou brown earths
il KA/ iz I }KK A 1 0-100 1
Pinus Natural forest PMF Tianshui Mountainous cinnamon soils
armandii ATHk i 3 BiEd. KK Ip: LR 72E TSR R 0-100 3
Plantation PMF Longnan and Tianshui Mountainous brown earths and moun-
tainous cinnamon soils
Al PN - - - - - -
Larix Natural forest
gmelinii NI 4h . T,k 12 HEE. Berg. KUK, @ ibssE, b1 0-100 12
Plantation YF, MAF, PMF and Gannan, Longnan, Mountainous brown earths and moun-
MF Tianshui, and Dingxi tainous cinnamon soils
A RN ey 6 al il At £ 0-100 6
Cupressus Natural forest MAF Wuwei Mountainous grey cinnamon soils
funebris ATH _ _ _ _ _ _
Plantation
=S R YN NS TN ' 22 Berd. K. BB i bR 0-30 1
Quercus spp.  Natural forest YF, MAF, PMF and Longnan, Tianshui,and =~ Mountainous cinnamon soils and
. . 0-50 2
MF Qingyang mountainous brown earths
0-100 19
ATH - - - - - -
Plantation
L) RIRM ST 5 3 PR R 0-100 3
Populus spp.  Natural forest PMF and MF Qingyang Yellow cinnamon soils
NI T TN T ) 29 WA B Rk s R MR L. WAL 0-50 2
Plantation YF, MAF, PMF and ML AR Grey cinnamon soils, irrigation sedi-
. . . 0-100 27
OMF Jiuquan, Jinchang, Zhang- ments, and meadow soils
ye, Wuwei, and Lanzhou
HEA PN N N 6  Hm. KK, K it 1 B4+ 0-100 6
Betula spp. Natural forest YF and MAF Gannan, Tianshui, and Mountainous cinnamon soils and
Qingyang cultivated loess
AT - - - - - -
Plantation
i RIRH - - - - - -
Robinia Natural forest
pseudoacacia A\ T4k YN SN TN 1 15 P, BRBH. AR st Kt 0-100 15
Plantation YF, MAF, PMF and Pingliang, Qingyang, and Cultivated loess and grey cinnamon
MF Baiyin soils
FEMRACH R - - - - - -
Broad-leaved ~ Natural forest
mixed forest A TAHk % 2 LS| TR 0-100 2
Plantation YF Zhangye and Lanzhou Irrigation sediments
FIHRACAR RARHK LN 2 RK HkRIE 0-100 2
Coniferous- Natural forest MAF and MF Tianshui Yellow brown earths
mixed forest JNEW R 2. 2 BEma. 22 Wk 1 FEIA 0-50 2
Plantation YF and MF Longnan and Lanzhou Mountainous cinnamon soils and irriga-

tion sediments
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F1 (8 Table 1 (continued)

BWEAL  febdE R4l FERER PR TIX ERRE T3 FHHUFE Soil sampling
Forest type Forest origin ~ Forest age group Number of Plot location Main soil types

plots TOFFATE  FPAREC
Sampling  Number of
Depth (cm) plots

Hma. KK Bemds PRBH s . e b, sedidE 0-30 1

Gannan, Tianshui, Long- Mountainous cinnamon soils, yellow

FERVBACAR  RERHEK 4. h iE 23
Coniferous and Natural forest YF, MAF and PMF

broad-leaved nan, and Qingyang cinnamon soils, and yellow brown 0-100 2
mixed forest earths
N TR h 1 KK L+ 0-100 1
Plantation MAF Tianshui Mountainous cinnamon soils
it RIRM 112
Total Natural forest
NI 100
Plantation

Fghy by AT LR REAK . AR SRR AR Bk

YF, MAF, PMF, MF and OMF refer to young forest, middle-aged forest, pre-mature forest, mature forest and over-mature forest, respectively.

&2 HH A LA AL S hrife”

Table 2  Criteria of forest age group classification for major forest types in Gansu Province

ARPRATY AR IR HESZL Forest age group
Forest type Forest origin YRR TEAK ARk Rk LBk
Young Middle- Pre-mature  Mature Over-mature
forest aged forest forest forest forest
Wiz, MR RARHK Natural forest <60 61-100 101-120 121160 =161
Abies fabri and Cupressus funebris ATH Plantation <40 41-60 61-80 81-120 =121
Py KA Natural forest <40 41-80 81-100  101-140 >141
Picea asperata ATH Plantation <20 21-30 31-40 41-60 =61
B EANSRC ST ANSSE AL B /N REM Natural forest <30 31-50 51-60 61-80 =81
Pinus tabulaeformis, Pinus armandii and Larix gmelinii AT Plantation <20 21-30 31-40 41-60 >6l
Biv At HAb R REM Natural forest <20 21-30 31-40 41-60 =61
Populus spp., Betula platyphylla and other soft broad-leaved species T Plantation <10 1-15 1620 21-30 >3
TR, £rpe KARFK Natural forest <30 31-50 51-60 61-80 >381
Robinia pseudoacacia and Betula albosinensis T Plantation <20 21-30 31-40 41-60 >61
BRI JEAd e 2 RIM Natural forest <40 41-60 61-80 81-120 =121
Quercus spp. and other hard broad-leaved species T Ak Plantation <20 21-40 41-50 51-70 =71

I3 I ELLI300 gFH -5 7K AT WL &5 42 R 7
TESFEHL AT A2 B3N m o x 1 mkE 74/
FETT W FT A R 3 FRRIL e i e, IR 29300 g
W5 HAS /KRR 5 5 AR R A 2 A TR )
JE AP AR & A B S KRS A T TR I
36 LA 45 B 0T IV PRI ATURRR 25 SR A . F) o 35 B2
124 TIRREENE

PR AR A FERZ AN T R4
s HACR M R B, 12408 L, &2 A
i, AE100 emfr) + 55 LLSEPR IR B V5. 4%
H80-10 cm. 10-20 cm. 20-30 cm. 30-50 cm. 50-100
em AN RIRBE, FHFR TR 45 2 458 5 oy [m] S 4 =
105 CHt124 hfE i, THEAS TR HIEEE N

@ HiaMILT (2012). Hr& ity ALt g ).
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HITAEHE>2 mm UL EIRRAT, e ETRR T E .
[FIE), fERENEARE T NH40-10 cm. 1020 cm.
20-30 cm. 30-50 cm. 50-100 cmFE, H5[H—)Z+
BERE A% i LU TR G, At [ S = R R AT AR B,
R A PR ARG, AR B, o
i, P R TR A R AE A V2N s I WL 5
TS EAPIREEL S LIRS RAE ., AP
HOMAEE. LEWERA, SR AR
A0-100 em T3 LK L .

L 3 WL K % B (soil organic carbon density,
SOCD, Mg C-hm )44

SOCD =3’ (C,xBD, x D,)x (1R /100) /10
A CONEIZE IS B (gke ), BDINIZZ
F I T (grem); D% R E (em), Rl
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Table 3 Biomass equation of dominant and associate tree species in Gansu Province

FHh Tree species F- Stem (kgrind. ™)

¥ Branch (kg-ind. ™)

M Leaves (kg-ind. ") R Roots (kgind. ™) # Barks (kgiind. ™)

1. Z. % Picea asperata exp(-3.9744)(D’"H)™""  exp(—4.6350)(D’H)"”

and Abies fabri
2. AR
Pinus tabulaeformis

3. #ii#E Quercus aliena  exp(—4.0347)(D’H)*®”  exp(-8.4741)(D°H)"*%*

var. acuteserrata

4. fIR

Cupressus funebris

0.0427(D*H)"83% 0.0128(D*H)"81¢

5. ¥ Mt Populus spp. and exp(-3.8023)(D’H)**®'  exp(~5.9070)(D°H)" ¥
Betula spp.

6. A Larix gmelinii  exp(-3.6844)(D°H)**®  exp(~7.6840)(D°H)"****

7. 4B exp(=3.9041)(D*H)**%0  exp(-4.0957)(D*H)"*18
Pinus armandii

8. M kR exp(=3.7447)(D’H)**"  exp(—4.8449)(D*H)" "
Quercus variabilis

9. T AHR 0.0493(D’H))’1 0.0026(D*H)"1%%
Quercus wutaishanica

10. b 0.0302(D*H)"*4™ 0.004(D?H)" 0868

Robinia pseudoacacia

11. JLABREREZE Other hard exp(=3.8852)(D*H)**%  exp(-5.6360)(D*H)" %!

broad-leaved species
12. HALHIA Other soft 0.021(D°H)****
broad-leaved species

0.0011(D*H)"%

exp(-3.8828)(D°H)"*  exp(~6.3807)(D’H)" >

exp(=5.9391)(D’H)™>7  exp(=5.2791)(D’H)™™*"  exp(=5.5587)(D*H)"*"

exp(—5.3277)(D*H)*#12  exp(4.7557)(D°H)* "™ exp(~5.1129)(D*H)*4¢*
exp(-8.4170)(D*H)" " exp(=3.3630)(D*H)"7""  exp(—4.5914)(D*H)*4¢7
0.0258(D*H)" 7% 0.0079(D*H)"% -

exp(=3.9108)(D*H)*'™  exp(=3.2756)(D*H)"7**  exp(—5.8330)(D’H)****2

exp(—12.0638)(D’H) % exp(~5.1872)(D’H)™"”  exp(~5.0754)(D*H)* 47
exp(—4.8359)(D*H)> 7% exp(~8.3710)(D’H)'***  exp(-4.6176)(D*H)***°

exp(—3.3569)(D*H)™""  exp(~2.9066)(D*H)™*'**  exp(-3.2565)(D*H)*"'%¢

0.0119(D*H)"%* 0.1009(D*H)*87 -
0.006(D*H)*% 0.0119(D*H)**"! -
exp(—4.5320)(D*H)* 77 exp(-3.1575)(D*H)"77*  exp(~4.4480)(D°H)*"""
0.0022(D*H)"85 0.053(D*H)"™2 -

DA SRR T AN A (em); HoA TR A 5 BE (m) o

D and H refer to tree diameter at breast height (cm) and tree height (m), respectively.

1% )2 13E>2 mmbikA BT 5 E 0 B (%)
125 2HREHFRMRBEERE

X —FEH, KA SR SRR E S EAR
2 FRZ WA R R A2 b SR A4S 2]
GREH R AR A S R G (Mg Chm 2). Hl 42
BRARMBAE EIUIRIE T CGF )\ 4 E AR 78 U5E &
HR A AR I A RUR ) BTG, S AR
REB20114F I ARMR B IR O . F T-201H: 206044 LA
KELER AR, Hl 28 2473.0 x 107 hm’ ARk
ZRFEEMR, S EOR A AR P AR ARSI i
MEEHL E A D, R AT T DAR) — PR 2 4 0 4 11
TR X595 5% T AR AR L - Y 2% AT LR
DA —ZRRE R R 1), AR b 1 A 5 SR A3 i bk 2R
] — W AR AE S RGE S A T, 2 )5
FEANTRIRE AL TR AT E A K% A 75
RAFUN I . 28 RIRMFN AT 34 B
P A RIS R R B R B AR B3 sk 3. 4
A RS E B 1 AN [RI PR IR 8- 21 50 TR e 235 82 3fe A
AEOT I R TR IR R A
126 EEENHE

ARHIE T ] i 3o 2R 1A AN B R AP e i 2 11 [
W R o A6 AT MR 2 A = DUOIR Al 55 16 ik b
SELr AU ARARE YR X PERL(1996- 2001 2006512011

SRR, 44N I ST ) 4 4 R i A A A B
HEBREZE(AC, Tg Cal), AXWT:
ACS — (Csz _Cs])
(tz _t1)
X, Can CoZ ML . I AIRIRR k5 (Tg ©).

2 LRI

21 HEEXRANK, AIMESEGKREERER
gy

Hl A KRR S R G LV L %
¥, 41207.28 Mg C-hm >, MBS & 2 PR
JE RN h 7 AR J2(86.75 Mg C-hm %) >4 2
(2.25 Mg C-hm 2) >#EA Z(1.02 Mg C-hm 2) > B A
(0.50 Mg C-hm?)(#4). RFEIRKKEA P TRk
JE ERE L FARE TR TE W) R 5 By AT
36.03-179.92. 0.34-1.38. 0.36-0.85%11.47-8.35 Mg
C-hm 22 Ji], 255 RZE0 M HT5.52% 121.92%.
121.40%4196.80% v, T JZ2 A8 BRI AR
RUNAKS . sh BAZTERMEE AR, B MR N
PR, EA 2R 5 B d KA B AR 2 3 g v A2
PRI ILAR KRR S, AR 2 b 3 P o KR s /N PR 4y
R ZAZIRFIA AR, Fhv5 ) 2tk 2% i B K RH B/
(RIFRTRL 3 531 Ky HARRA SRR AL AR o o 38T WL %
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RN KRB RGN A o3 W% L

Table 4 Carbon density in different components of natural forest ecosystems in Gansu Province

ARPRRHL WHE R Carbon density (Mg C-hm™?)
Forest type FAL WA HAE (A THE
Tree layer Shrub layer Herb layer Litter layer Soil layer

&K% Abies fabri 179.92 1.38 0.36 1.47 383.18
k% Picea asperata 107.06 1.26 0.85 1.96 369.90
kA2 Tsuga chinensis 125.71 0.99 0.44 2.93 391.91
IS Larix gmelinii 102.61 0.87 0.71 2.75 296.44
VA Pinus tabulaeformis 75.93 0.42 0.51 6.92 179.99
LS Pinus armandii 71.33 0.39 0.78 2.17 215.78
FLAAAZE Other pines 83.23 0.49 0.57 8.35 216.50
HIA Cupressus funebris 64.15 0.57 0.54 1.54 362.56
¥r2E Quercus spp. 88.85 1.34 0.41 1.79 152.00
HEAR Betula spp. 63.85 0.75 0.40 275 160.11
¥ Populus spp. 36.03 0.49 0.73 239 118.20
H AL F S Other hardwood broad-leaved species 84.31 1.20 0.40 1.98 144.56
FAb#R 2 Other softwood broad-leaved species 44.42 0.34 0.52 2.64 125.38
EFEAZ AR Mixed coniferous forest 106.54 0.83 0.60 3.79 293.39
[ MHREAE AR Mixed broad-leaved forest 71.09 1.01 0.47 2.34 155.40
£ FEVRAZHR Mixed coniferous and broad-leaved forest 58.23 0.54 0.40 3.80 159.94
TACT¥) Weighted average 86.75 1.02 0.50 225 207.28

R5  HMA N TR A RGN R AL B L

Table 5 Carbon density in different components of plantations in Gansu Province

AR W% Carbon density (Mg C-hm?)
Forest type FAR WA AL I I
Tree layer Shrub layer Herb layer Litter layer Soil layer

V542 Abies fabri 25.79 0.77 0.53 1.39 272.30
A% Picea asperata 28.52 1.26 0.53 0.78 338.34
YEIAS Larix gmelinii 33.13 0.69 0.52 1.54 218.36
##a Pinus tabulaeformis 44.93 0.45 0.29 2.69 141.24
2114 Pinus armandii 57.79 1.17 0.48 2.53 174.25
LABKAZE Other pines 36.82 0.79 0.41 2.14 179.19
FIAS Cupressus funebris 22.38 0.77 0.62 0.90 232.82
¥R Quercus spp. 48.35 0.01 0.43 223 53.90
HEA Betula spp. 30.08 0.01 1.08 0.88 69.63
¥# Populus spp. 59.44 0.01 0.55 0.81 90.25
HIKE Robinia pseudoacacia 15.48 0.02 1.14 1.36 52.39
HAhAFFHSS Other hardwood broad-leaved species 27.59 0.01 0.85 1.19 72.02
HABFKFRFE Other softwood broad-leaved species 45.76 0.01 0.58 2.60 100.66
EFHEAZHR Mixed coniferous forest 36.37 0.16 0.68 0.72 51.12
[E -y 2K Mixed broad-leaved forest 27.18 0.01 0.72 1.07 34.28
£ [VRACHR Mixed coniferous and broad-leaved forest 70.10 1.14 0.15 2.39 328.21
JNBCF¥) Weighted average 31.39 0.22 0.81 1.37 107.07

FEARE M1 B, HI A KRR LI W EAE IESTERK(p > 0.05). S FARMSEAI ) 35 P LR
LT 7E118.20-391.91 Mg C-hm 22 Jf), A8 RECh BIE KRB A . B, B2 FAARIE S
60.17%, LA MWSHA, BLEEE G, fFHK-S AR, M bRIR /N B RIRMM AL, L3 LR %
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JE SRR 5 L (1)1.64-5.434%, ~F142.631%.

HiRA N THRBRMAES RGP LAk
BN, 4107.07 Mg C-hm 2, RBE 2 4% 2T 155
25 B K NIRFE R TR AR Z(31.39 Mg Chm?) >4
JZ(1.37 Mg C-hm %) >4 5(0.81 Mg C-hm 2) >#EA
4(0.22 Mg C-hm?) (#5). AR A THRER P, Frk
B ERZ . FARJZ MR Y Z 05 B BT
15.48-70.10. 0.01-1.26. 0.15-1.1410.72-2.69 Mg
Chm %, 285 B2 500071 486.34%. 170.95%. 80.24%
FI118.56% . 13 A7 ML %5 B A% Ak ¥ [ 7 34.28—
338.34 Mg C-hm >Z[il, &7 RAKNT5.91%, EH
Ao A, AT EELE, fFOK-SIESTERLE
(p>0.05)0 & N TARISHI T, A 396 B S 5 de K
FE /N (R PR T 3 300 A 25 A PR R i YR AS AR, 12358
7ML 55 P 2 FE A Tk % FE 9 1.06-10.88, 344
4.08f% o f[A]—HRFAF, RARMR A 96 B 1Y
TN TR, SFEE H107.79%, 164 bR R H At
AL, RARMRTEAR E 005 B 4 T N LAk, F
¥ 5 H1178.02%, 1t B R AR AR I [ ik e ) (2 2 i T
N LAk,

MEEA RN K, HIRE KRB N T
T 3¢ P55 359 3R 3 g Jok 3P > Bl SR> 1T SR> Hp ke >
LIS AR,  ELIF)— e 2 AR PR e e 2% B 4 v T N T
MRETA) e RIRMRGIEEAR, AR, T BAR, e
PRFN I 2 I R ok % 8 53 0l A 58.89+ 71.46,
89.73. 118.70#1176.61 Mg C-hm %, b A TAKZ3 5l
T147.42%. 84.99%. 100.85%- 67.51%%1102.55%.
B A BRUE (RN, R SRR P A [ 5k 5 3 485 s 22
B, i N MR PR [ 35 i N S0y 0% bR 21 o 188 bR i
Ko HIN A TR A AT B0 5 Bl A bR 1) 384
BRI, R ORI N TR AR, N AR
HURR % g A0 3T Bk IE B 5 K(186.79 Mg C-hm ),
73 kb 5 /)N (84.05 Mg C-hm ) (&I 1B).
22 HREFMEDSREBEEIR

Hl SRR ESRG LR 61243 Tg
C, FE#AN - S it 553 ) 4 179.04F1433.39 Tg C,
AR A R 1929.23%F170.77% (F6). RIRFR
Rkt B 49501.42 Tg C, 2 N THIN4.52F5. 7ER
RIRB R, A2, =AM R R R0
B 8 S 8UT WRR kg, I RAMWAES R
GBI 17.78%M118.51% « KRN M- VR AZ AR 1
BURK, &b T KRR FI38.73%, Rk, X

KA HR A AR A R IR S kA 311
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ALK EE(B).

Fig. 1 Vegetation carbon density (A) and soil organic carbon
density (B) of different age groups in natural forests and planta-
tions in Gansu Province. YF, MAF, PMF, MF and OMF refer to
young forest, middle-aged forest, pre-mature forest, mature
forest and over-mature forest, respectively.

FIRMAZS RGemcfits B 1 vr iRt ok, 43 15 16.12%
F4.77%. FENTIRS AR b, TR 3 A1 KT
AR LA B O, R MR =42 N TR
ARG 11 1562.61%, X N T MBs it 2 1 o ik 2643 31
1520.22%- 17.15%F116.14%.
23 HREEHKEEEREER

[ MMV R 19944 bk B2 A I, ARARAR
P EEARHE 0.3 5K 0.2, 4 R H 48— btk LL IR AN [
NI AR AR ] e 1) B A A8 A, AHEFUAE I 19964F
20014F20065FF1201 14F &S24 UCH 7N 48 AR08 55
Pkl UbAh, T R S A R R A K g
HRAEZ K I IL R, AT LR 4 2
it AR S W B e . T R A8 R AR PR it 5 I
) ARk 5 E TR 7E19964E . 20014E . 20064F 1
20114E4) ik $1132.47 135.27. 143.44F1152.41 Tg
C, H il MR Rl sshobA e figh & 7 25 I S0 bL F e oK,
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R6 N BRI ZS RGAE A

Table 6 Forest ecosystem carbon stocks in Gansu Province

ARSI RARMRB A PNl
Forest type Natural forest carbon stock (Tg C) Planted forest carbon stock (Tg C)
AR MR TR TR HBR et Y
Area (100 hm?) Vegetation layer  Soil layer Area (100 hm?)  Vegetation layer  Soil layer
1% Abies fabri 1 574 28.83 60.31 12 0.03 0.33
Z 12 Picea asperata 1 929 21.44 71.35 485 1.51 16.41
42 Tsuga chinensis 12 0.16 047 - - -
M Fa Larix gmelinii 27 0.29 0.80 577 2.07 12.60
MAa Pinus tabulaeformis 292 245 5.26 475 2.30 6.71
S Pinus armandii 544 4.06 11.74 156 0.97 2.72
HAbFAZE Other pines 9 0.08 0.19 9 0.04 0.16
A Cupressus funebris 506 3.38 18.35 18 0.04 0.42
¥R Quercus spp. 3 307 30.55 50.27 9 0.05 0.05
HeA Betula spp. 1813 12.28 29.03 6 0.02 0.04
i Populus spp. 551 2.18 6.51 1 260 7.66 11.37
JIFE Robinia pseudoacacia - - - 3189 5.74 16.71
HAmAERH S Other hardwood broad-leaved species 1 650 14.50 23.85 1 091 3.23 7.86
H Al FHSE Other softwood broad-leaved species 631 3.02 791 164 0.80 1.65
EFIHEACHR Mixed coniferous forest 42 0.47 1.23 39 0.15 0.20
FAHHRACAK Mixed broad-leaved forest 3215 24.08 49.96 193 0.56 0.66
£ fEVRAZHR Mixed coniferous and broad-leaved forest 736 4.63 11.77 198 1.46 6.50
&1t Total 16 838 152.41 349.01 7 881 26.63 84.38
150.10%-53.88% (FE2A). N T AR ik = bt i [ (1) 3 it
IR, 19964 £120114-34 0 T 107.93%. e
NSRS, 4. e pRp i B LR, &4 i 2K

I A T o N AR B i i 19 63.70%-83.21% (&
2B)o SAIHAA RIS 2L, AR PR Wi it it et LA+
Wtk I, N TR DA AR de i o A5 AN B 0T ) — i
Y RARIRBIA et 7 A8 MR B fids 1 0 B3 = T N
TR, & N THARIS.53-10.3445% . FARMRSY 5] by [] 350
AR ER91.18%. 90.33%. 84.68%F185.13%,
W BH R AR H it 28 AR AR B B L g 11 = 2 D ik
1 N N3 /2 ) T A B i B 1 '

HR A RARFRT9964F F1] 201 1451~ 1) Ao 4 [ ik
133 Tg C, tb ATh0.41 Tg Co RIRIAE1996—
20014FF12006-201 1AFE P A 54 3 18] ~F- 357 [ B 12340 v
T ANTLAH, 20 & H023F1.65 Tg Co M £F
2001-20064F 31 1H], N AR I ~F- 24 [ e & i 1 R 8%
PR, 3K FEEE A PR T 1998 4 LUK AH 4k T & (1 R AR bk
PR LR AR e MO — R AL T2,
HR A IR T N TR, 4. RIS
SRR LR N T 86.04%, A1 N TMH g fE AR Y.
H4INT 86.94%
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31 HEEAHRMESRAFHREE.

A TE A T U A 4 AR OPR O R A PR
IR ES ARG DG 861243 Tg C,
bR E R ARG N2.18%-3.74% (JH KR4,
2000; Z=70il4%, 2003). Horb 58 443339 Tg C,
SRR Ak 02,4245, LT %R AF T L,
Ui WIIZ DX R AR D AR AS RS8N R I ik
JE, FERIARR AU R E LR . IR TR
JE A = 4170.80 Tg C, LLBABCRI R ) 1k (2004)
(76.69 Tg C, 1989-19934). ERIAEE(2001) (71.92
Tg C, 1984-19884F). Z:JKAr%5(2008) (78.77 Tg C,
1996-20004F) Ik B 43 Sl 15 17 122.71%137.49%
116.83%, & B H 78 & AR bRk 4 703 1 LA R R #%
BRI AR .

HN BRI Z 0% 469.10 Mg
Chm?, & T 7K 22(2007)(41.0 Mg C-hm *)F
Zhang®%(2013a)(40.12 Mg C-hm )43 St 514> [H
M RA T2 R0 e, R 1 (7]
W AR 44 X B 76 (31.38 Mg C-hm 2)(FE i 4%, 2015)H1
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Fig. 2 Changes in vegetation carbon stocks for different age
groups in natural forests (A) and plantations (B) with time of
the national forest inventory in Gansu Province. YF, MAF,
PMF, MF and OMF refer to young forest, middle-aged forest,
pre-mature forest, mature forest and over-mature forest, respec-
tively.

T (18.53 Mg Chm H)(HiBH4%, 2014). FLILJE A,
— 7T T AT K R A2 S SR M
MR, AR B TG, LB mER G Y
S8 BRAK1920.75%H139.19%,  BRARBS (% F: 70 B A [H]
MM B & — T e 2z 5, HArx
D} 3R FRIRIF UK 22 R A 40 e 2 e B - 12 4652 R
HEE TR A, FeLL0.45E0.51F b i 5 %,
1 200 T AP R g i T ) 22 5, A R A —
ZES (7 ks %%, 2007; Zhang et al., 2013a). Hifi &K
SRIRTE AP % J 186.75 Mg C-hm 2, 1fj AT
WAL A31.39 Mg C-hm 2, X J2 i1 T HR A A Tk
17 83.85% KT AR AL T4l S MREY B, HAT

R TR RS PR S R 313

A i |I |

1996-2001 2001-2006 2006=2011 1996-2011
FEARS AN ] Forest inventory time
N ARAK Natural forest T AT #f Plantaion
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[=1 un
T

i
T

I B G
Mean annual carbon sequestration (Tg C-a™')

(=}
T

(=]
o

e
=)

B3 HRA KRR N AR B J A7 24 Tl e
Fig. 3 Mean annual carbon sequestration in natural forests
and plantations in Gansu Province.

BRI Ak . A B AR A 5 5 A 85.30% A7
FE P S PRR R h, BEAE AREE T3 0, &) ik
FEAZ DR R KRR S HR A N AP
AT WL B (107.07 Mg C-hm )80 T3 E A
TR ZKE(107.10 Mg C-hm (X524, 2011).
RARMAV45) + 8 5 1 5207.28 Mg Chm 2, 315
THIEFARIPHI K P(109.10 Mg C-hm %) (2
5, 2011), X2 H T @12 MIRSEIGREE AR
FATR i Ay i, R SR AT
Jai, ABIAAE—A R SRR A . AT
MIm=AA2 . HAARSEFER AT AR P34 T e B Lk
W 373,75 Mg C-hm 2, 35630 T4 24 45(2000) %)
2 2 AR AU B A THE(360.79 Mg
Chm ?)e AW AR AR TR VE R bk 23
A2 191-3 404 m, FLAT 3650 AR MK Ny Js o 7%
MR, HORAGTEDE G, LIHEARSNE R,
SR, A8 S R 52 3 R, AT R
HHURE R 2 (Tewksbury & van Miegroet, 2007), 1
PR AT LR A B, O BRI ARMAES R
G5 T L) - e R
3.2 HiRAHRWERERERRTE DTN
HIRAB AR N MM Bl Bk i 5 A 19964 ]
201 4R 88 H T 19.95.13.82 Tg C, 4E-F- 1y [Fl i
133, 0.92 Tg Ca', &R P KKK (©0.86
Tg C-a )FIATH(0.37 Tg Ca Y PRI E(E
T, 2014), T IR R s i e S DX I AR A ST
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[ B 5 (0.64 Tg C-a " )(EH2%, 2016)0 X AS[A] N4
K, H A R AR T Mk (.25 Tg Ca ML T
DU (& TEPR)(6.05 Tg Ca', 1994-20034F)(# M
2 2008a). ) A 44(3.25 Tg C-a ', 1997-20074F) (M4
BRI, 2010), T BT 4 (-2.28 Tg Ca ',
1994—20034F) (FEMENIHIEEE, 2005) 1L T44(1.91 Tg
C-a', 1995-20004F) (F 55 44, 2008)%5 HAh 44 4o 15t
BHH R 28 AR PRAE 4 ) AobR b LA s IR e Tl e,
TEA U b PR B e o o EE LA

3 AR P MR IR ZECOLHE R ) = ik iR 2 —
(Steffen et al., 1998), F&E A Lk H20HH 20 70554%
ARIHCLR T E BRI N 70.45 Pg C, XF 3 E AR
SR 5T 3 8 80% (Fang et al., 2001). H HF 5%
KW, ERMHANEHESSEE T, W—MHmX AT
(203 Mg C-hm ) LE RARBR(162 Mg C-hm ) HLAT 4
T () 2 ) B 0 5 JE (Baishya et al., 2009). Hil4
N TARHAL78.81 x 10° hm?, HALH Ak A
83.85%, % M 7 25 T M # 2 k  E  /) (18.00—
73.78 Mg C+hm %), Hfib 7o % MRk Bk, 45
R R B 54, INssE MR L, &), i Ak
WAL B 5 KW I BT, N TARTERE 4
B i o 1 LB 2 AR 1
33 EREEERNAHEM

AR 0 3 B2 R B AR T2 KR 53k
A, IMAE 2 AN ES RS, A&
M0, ARMBRISZ BRI Z R R 5 m, an3g
55 ¥5 9% (Schimel, 1995). &I (Vetter et al., 2005).
M KA (Pennock & van Kessel, 1997). -7 4/
) FAZ{k (Wiesmeier et al., 2015). 4 B i 3
(Kurz & Apps, 1999)%#45 EEARIAEBE M 15
HUBR (AR . DRI, R A R Ay B3R R B ey i L
A M, TFEAER—FRfE N R AL T
XS R NAGE, T RE0TARZ.
MR RERLZ . WiVEY) )2 B 382 DR R 7 FLARRAE
SR, AR ST BT X TR A2 BRI 5T,
TR 2 S, A0 it AN S A —
A E, deAh, MR RERE . VA HIESE(E B
B Al 15 5% AR PR AR 725 2R G PR (V) 3h A 9 Ay A
Ao LA S — IR ARAR TR U5 73 2 BH(1989-19934F)
NFER, J7 RS AR Z2F-(2001) ERCRHE(2001).
R JHE(2004) 52 BRFRAE(2008)K: FH AN F] J777¥2:
S I A A B 45 R 50 R 92,78 71.92,
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76.69. 7425 Tg C, 1% 7%158.86%17.58%.

HON A R LA W U A R8T A
B2 XK, AR T Rl IR 42 (Picea schrenkiana)
(RIRI#%(92.57 Mg-C hm 2)F1 4 HLI 5 B (452.00
Mg-C hm %) (34, 2016), HrPAELE (AN & A
ERZ. Eeka R A YRR, T
A UK 2 AR R OR, HOR/NZ TR L
TE A MR N TR B SL R 52 .
FHINEHIEE %, #3000 mPL Ff R4
A48 TR T AR 120%, AR A BA IR 50
Ve, A BF 5T R A 37% I RE M 2> A AE I IR
2 000-3 400 m, MMEHR S T BT AR L IEAT DU
FEAR (1) 3 3 (R FE A%, 2004). HiN444212
AN My 5 A7 WL 2 R [ R 28.24-649.44 Mg
C-hm?2, 5 25N T0.21%, T4 5T+ 358G VL
W RERARRE 23 AT A A oA, AR Zead e B f fa
R K-SIEAMER K (p > 0.05), A7 %(154.29
Mg C-hm A)PELETH2F 1 AR 1%48 6 L 34T BL
P EYIKF, ARG BSR4 AR 3 A1 1R e B,
ARAETH R AT T A IOk &AL 1
T8 B2, A2 L WLARCR B K SR Rl 2 — o B
R, ASCEHENG T CESRGEIVIK . HR T
JIWEFCR ARG RE A Tk, (AL SEBr iR
HIf AR SEAREALAT A, T ] T A S TR A
RO R BUE I AR, AT fi 2t A DX SR AR e s 12 (1)
AR B R o 5T BT 20 AL 604 FE AR LK I
ALY, R ARARKIHIRL(3.0 x 107 hm*) 52 3™
TR, PREAE U i R A KRR L =4 A2 i
BRK, HLREHBE /D, LEE3AN o IR 3ANRE M A AR S 43 531
H: 1704E. 2004F. 220-2704F 22 A7 i bk, FEHb
W= A2 4 042 23 51 432.35. 22.014118.05 cm,
SRR 15624 10.60F114.03 m, KA R A
60-90 cmffRIEHIT RIS, T HHH IR LT, £F
TR Z I, DRI E AT A8 s IR AR ) e85 5 n
ZOXIAMFEHEIR 4> ) A 3191, 3 404F13 268 m,
VIR A ARAR, MR AS AR AR, AR, T
YRR, A G B U A B 4
Fre S =, MG ETORMOLSE T =5 embh |
TR, AT ALNEIE A2 cm, H2-5 cm/iy
121 v AR Bk i B oy H N A 4 T R B i R T
1.04%. WAHWFFTERMH, 2045 L0 AN LA g~ T
10 e TR A AP 1115.1% (Preece et

ot 2244 Chinese Journal of Plant Ecology



al., 2012), #2155 ecmbL N TR TRk =,
HE 0 DX R BE B BRI A SR 22 o b Ah, XFRRAR
ARG EAL B0 o) — R 25 2ok 1 3 TR
M2 5, BT WU ek 4 8 R, A5 AE
PAT mZ 25 bk il 55 DX I RORE 1) - B8 i i e, 4%
B SR 25 o D, J7vhavEAL . TR [0 Ak, JF
ARG S AN AN 22 RS IR HIE A oert, B 4h
I H e R R 1 A TR DA R R R A
FEA A5 AR AT AR ] e Ay S5 ) AN o 1, A S A
i S5z e DX 45l S B R R PRI AL S~ P18

EEWEB B A7 IRkt 5 FHLE T (XDA-
05050202)Fw ¥ E 1§+ & #+5 £ £(2015M580877).

Bust  ROHE RAKL B B Ak kB F LXK R
H B R T Fo AT AR AL ER T R BP A R AR A g
T HERA.
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