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Abstract; In order to accurately estimate the size of carbon pool in the forest region of Xiaolong Mountains ( Gansu
Province, China) , carbon content rates ( CCRs) of dominant forest vegetations (13 tree species, 14 shrub species, 10
herbaceous plants) and the forest litters of 7 stand types were measured with dry combustion method. Based on the biomass
data from sample plots, the average CCR of tree layer, carbon storage density and carbon storage of forest vegetation were
calculated, as well as the carbon storage allocation of each component in 8 forest stands. The average CCR of the 13 tree
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sinensis, Larix kaempferi | Pinus armandii, Picea asperata , Abies chensiensis, Fraxinus mandschurica, Cornus macrophylla,
Acer mono, and Quercus liaotungensis tanges from 0.4501 to 0. 5049. The mean CCR of shrubs (14 ), herbaceous plants
(10) and forest litters (7 stands) are 0.4446, 0.3270 and 0.4221, respectively. In this region, the average CCR of tree
layer in the 8 stands varies between 0. 4676 and 0. 4976. Results show that the carbon storage density of forest vegetation in
Xiaolong Mountains is 39. 4254 t hm >, and carbon storage is 13. 3579 Tg. In the tested 8 stands, carbon storage
allocations of tree layer, shrub layer, herb layer and forest litters are 98.07% +0.73% , 1.38% +0.43%, 0.17% =
0.08% and 0.37% +0.37% , respectively. We conclude that the estimated tree layer carbon storage density in Xiaolong

Mountains is similar to the reported value in other areas of China and around the world.

Key Words: forest vegetation; carbon storage and allocation; carbon content rate; carbon storage density; carbon storage;

dry combustion method

FMAEB R RIIR EBA R R (1146 Gu C) , 2 5 £BRI L EBREE (2477 G C) By 46% ', fE4:
BREIEI AP HEE T2 EZENEM. BEl At AERE LR kH CO, B 8, THERAERE
BRI E AN B R 2 R R S A Y B I B ERUAEY B HITE S BT EREED B, ZAAREE
A Y18 R A R AP ) S R R S BRI B Sl B PN RBE T o ASCUUH AN LA 5, 3332
Mo IX F BRI RAV R SRR HEAT T W , R A A Y B A TR 8 M TR AR B P &2
Mo ETR B EFBRGE B AT T AR, i T Ak & 400 BBk i B 0 BURHE , Bt — 25 T i b B W B AR Ak A
S R GRRIEFARE FE D FRE BRI AR I PP AR R E R S 5
1 HEE5FZE
1.1 B HAEs

/NBE LA T H AR ARES RB , HAL ZRIS TG B (33°307 ~34°49'N,104°22" ~ 106°43'E) , 2% 1R 75 ] T HHF #Y
HFEHT, FEEHRET ~ 120, BmREEE 39.2C, 5K -23.2C, =10CHEFHE 2444 ~3825C ;4E H iR
A4 1520 ~2313h; LB 120 ~218d;4E P& TH & 460 ~900mm, R Z=HE P 7E 7.8.9 Ay EE LK E 989 ~
1658 mm , JHXHE E 68% ~79% ; THREE 0.89 ~1.29, BIRIEFMFBIERE X ; RN HEELBIE L BE L, pH
6.5 ~7.5, &RKAARAMY) 824 Ff , A FRAMF 312 Fi, A 512 7 F A Y 1687 Fp>4
1.2 W B E ik
1.2.1 i d

R SR BT B —E R R B AE o B e dn i, R U8 & 254K 50 BT o He Bl AL A b,
i 0.06hm® (24. 495m x 24. 495m) B 1E 5 T [ R A i 3o 40 3™ ZE G HARMEIL N 3 AR AR 1 5 A 4’
(2m x2m) B9RETT . BARIBUCER ARG ZRARYE IR YO, B IS IR 1219 SR(EARBRLE 1),
1.2.2 SEBbrRERE S

P AR R, B M- F AR A, RERHER, RIBRHA EHEM A RZEER . B/
2R X R E R KRR TR, RARE IARZ IR AR K], & H & Aol T HEE , IR ARAR AR 102 #
AT AREIARKNEE (T T BB AR #EATEURE, o T, T B TR B Ak 0 BeBURe , B (3 )
MR AR L BIBURE , B ARG R A R /b B RI4E R i i, IR A48 AR AR R R T 2mm F 20
R 5 2 BIN AR TR AR (TR R EAR (M AR) ARSI Y R B4 T IR, 7 i SR R R BUERE L o

ABPFEAE/NE IR T 13 FpITAR 14 FHEAR 10 FEAREYILA K 7 AR EI D) (T AT R K
EIFHEYD FER(FE2) o FTEARWFETEBLAHE ( Quercus aliena var. acuteserrata ) \JH¥A ( Pinus tabulaeformis) |
1 F2 Bk ( Quercus variabilis) | F#E( Betula platyphylla) \#1#E( Betula albo-sinensis) . H A& M #4 ( Larix kaempferi) |
1 (Pinus armandii) . 4% ( Picea asperata) \ZgW VS ¥ ( Abies chensiensis) | 7K Bl ( Fraxinus mandschurica) |
KT AR ( Cornus macrophylla) . AW (Acer mono) | 3L H Ak ( Quercus liaotungensis) % 13 F; EAREIE R
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F( Rubus sp. ). 3 %% ( Rosa sp. ) ¥ T ( Corylus heterophylla) . ¥ ¢ ¥ ( Lespedeza bicolor) , ¥ %7 ( Cotinus
coggygria) . ¥ ¥ ( Hippophae rhamnoides) ., T #2 Bk ( Cerasus tomentosa ) | % & ( Lonicera japonica ) | 2 5 T
( Elaeagnus umbellata) | 1135 F ( Malus baccata) & ( Tilia tuan) , B3 ( Euonymus alatus) G 1T ( Sinarundinaria
nitida) \ B M) ( Tamarix chinensis ) % 14 $f; E AR Y3 K £ E (Stipa bungeana ) , H £ B ( Bothriochloa
ischaemum ) | F B ( Pennisetum flaccidum) \yKEE (Agropyron cristatum) (KT .0 B (Juncus effusus ) 5 35 (Artemisia
lavandulaefolia) k15 (Artemisia gmelinii) | ¥} 5 % ( Fragaria vesca) , B # #F ( Anemone hupehensis ) . & ¥ 5
( Thalictrum sp. )% 10 RS,

PR B A RMIER AT 8SCHMERMA PR EIEE, )8R 7E0Pr w8 L s 2R A,
S T RIEBURE 2T AR A5, ARS8 R Y 3 OBk il , B0V B i BURE B 80K, ZE WU e Y 2 |
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b, Wy Py AIESE § R EY j B AEYIR VEBRER (i =1,2, - ,n3j =T, B, B, M, 4R) o
1.3.4  ZRAHEL g B AR TS

RIEVSHER TR A R B EA OB AR B3R AR T B BRI B A o RO B i R, MU A K (4) 235
XH/NBEIL 8 RARFHTTAR JEARR ER R WEY RS0 MBS ERETEE, AR (S) 2 516b
B 8 LM A R B iR, AU (6) IE B BB/ NS LR XA [/ J2 3R 25 21 70 B9 1 3 Aok gk 4
AR Bctt &

Dc =B - Rc (4)
A, D IR T MBI (t hm ™) B MR (1 hm ™)  RONE LM HE AN THRE,
Sc=D; - Sx107° (5)

R, S NFEIMA L5 (B) Bl & (Tg) , DR FEAMAFA 5 (8 BEBREEE (1 hm ™) , S HFF Ak
SER(hm’) .

DC = M (6)
pIR!

A, Do /NIRRT A B 443 T BB B (1 hm ™), Do /B AR IR 32 280K 53 e R B (A
B AR EYR) R TSR (hm ) S AN LA R F AR AR ()

2 HRESH
2.1 FEREDH
2.1.1 ERFEIE & BRRRFE

EPFE BT IE SR (3R 3) W, TR BISERITE AR B b L G M T BB & kR &=, AR AR
TARTRE R Toib R F— R4 2 Z IRIE A R T B A R 4 20 Z B B & ik R ARG IB AR A K. FFA
FHZ HEEFERAEALL B ARE AR/, BHEERCR, BT A MR P9 4 00 Z TR B9 15 BR R 57 R BUAE 5% LA
W, H o Z BE SRR 2 (BES B/MERZ 2) BRI 6% o AR AP RIH 7 2 18 & R IEE
PR R—2 , B S S BRI R R 7 REAE 6. 6% LA, B2 SHRBEH TP EIRZLE 10.6% LIK . M E&K
LB AFERFEE S RER YL AR, A E BRI R, HOUNSE 2 b AR5 B SRR
RIE . BIFHHITE AR AT LAE I, S AR b & 4 0 ) & B R 3 155 T W R, B S I o -
o B2 SRR A DL T I AR EARRI PRI A . AP B3R PR SRS B &mE o
O, HZ(ETE 0. 6% LAPY s W B39 S B AR ) 1] ELA 41 I ARFh & T W R A ( RIS ) (14 FIER
10 FFEEARN 7 FMIF IR o
2.1.2 MoHF I E R

3 WUR N, F— W8 RS AR R K R —E08 SR ENFEE —ENER . RIB/NK
L3 R AR SR PRI TR A S A R AR, AR (2) . (3) S BT H H 8 BT AT &
B (F4),

HREYN,E—EWM XA, RERF& A EYETE BAY R AT & B L HIRERFE R LR
ARALTIAR 4k , (B AR A3 45 A ) B AN AN B P2 S Bk RME 2 X S R R B R AR/, B— XIS E BOE, WE R R
BT LA PR S RE IR F /D, R 4 8 R SRR B R - PR RS B
FEHAE R REIITE 0.21% LA, SRTp AR B3R BOF 2 S BB S0 B BF X Fi R B E A K, 8
RN HIBREE N 0.49% o K2R 3 FRIMFIZA D PRI TIREB SR 4 o HRE RLEI M 184 Y1 B I AF £
BRI B, HEETE 1. 81% LA . 4 TSt AR R HEAR B 739 & B SR8 LE B , 3978 0. 49 4 (0. 49

+0.01) , HAty 3 7 I MMk 2B S BRI T, 33 0. 47,
2.2 FRACIEL AR AR R
HA/MEIL 8 MM ITTAR FEARR FEAR MR YRS PR AR R T B SRR S ~8,
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Table 5 Carbon storage and density of different components of tree layer in 8 stand types in Xiaolong Mountains

- g5k % B Carbon storage density(t hm %) BAEE
s A E Carbon
— A F Fx B " w LLEE

2 ove storage
(hm?) Stem Bark Branch Leaf Root Total
ground (Tg)

BELS Quercus aliena var. 178556.8 21.6233  4.2415  4.7893  0.5737  7.0435 31.2278 38.2713  6.8336
acuteserrata
T4 Pinus tabulaeformis 46755. 8 14. 7226 2. 7549 4. 8616 2.4887 5. 3689 24.8278  30. 1967 1. 4119
B MR Quercus variabilis 16995. 9 14.9511 3.9115 6. 2228 1. 5755 10.6854  26.6609  37.3463 0. 6347
%% ¥E Populus sp. and Betula sp. 7082. 5 18. 9504 2. 7866 6. 6362 1. 1466 6. 8986 29.5198 36.4184 0. 2579
FEH# Larix sp. 6241.5 19. 0225 3. 1107 4. 5473 0. 4098 5.9458 27.0903  33.0361 0. 2062
21 ¥ Pinus armandii 4813.0 16.1123 2.5843 9. 6031 2.0273 3. 1566 30.3270 33.4836 0. 1612
=8 #2 Picea sp. and Abies sp. 444.0 22.7211 2.9921 10. 0596 4.3813 6.1104 40.1541  46.2645 0. 0205
FALRIHRIM The other-broad 0055 5 53 3003 22401 9.2512 16447 8.7479  36.4583 45.2062  3.5227
leaved mixed forest
41t Total 338815.0 20.5464 3.4831 6. 0068 1.1691 7.3074 31.2054 38.5129 13.0487

R 5 BN TR Z R A F AR Z WA R AR B & 4 00 Z R 7 R E 7, ik B AR IF
WA HIAR R A5 Z 8, B RA R H AR 7 Z B3 2R BRI Z T8, S EYE  FRELHENR

R AL

B3 4 ~6 A, Mo BT B aRAE B BN SR R R F R M IR RN, Ak Y & E
WM F R IR B AR B BRI, SR BRI, Eh A A T B R R R ARG AR 1
IR, BRFZSLHARF RSN IR RS WA IR RRE R M E T, HtAR S R R 451 AR R S 5k
AR E AR AR R R iE BE At &, BP 2R BRIB IR A A I Ll B A 20 A 7E B [ _E 2 ]
WHREZR . Bt FWETRERBER S5 HEREE )R — M EE N W &S 3SR, E KRR
ERRE ERRERFARAESREEIEIITF , IR 2 BRI B BRI — it Bei o R A% fE
TS RANBIT 3 AR, 75 M & P AR BRI IR 22

F6 NEEWLS KRS EAETRAS HIERE R RGHEE
Table 6 Carbon storage and density of different components of shrub layer in 8 stand types in Xiaclong Mountains

o R 5% % B Carbon storage density(t hm~%) BEE
Stand Are;l B+ - oy HE B4y J=3 Carbon storage
(hm®) Stem & Branch Leaf Root Above ground Total (Tg)
BLUTER Quercus aliena 178556. 8 0.3417 0. 0509 0.2893 0.3926 0.6819 0. 1218
var. aculeserrata
AR Pinus tabulaeformis 46755. 8 0. 2706 0. 0401 0.1384 0.3107 0. 4491 0. 0210
BEEAE Quercus variabilis 16995.9 0. 3061 0. 0455 0.2138 0.3516 0.5654 0. 0096
#3 ¥ Populus sp. and 7082. 5 0.3182 0. 0632 0.2388 0.3814 0. 6202 0. 0044
Betula sp.
AR Larix sp. 6241.5 0. 3066 0. 0650 0.2421 0.3716 0.6137 0. 0038
B # Pinus armandii 4813.0 0.3133 0. 0640 0. 2401 0.3773 0.6174 0. 0030
BAE* Abies sp. 300.7 0.3182 0.0632 0.2388 0.3814 0.6202 0. 0002
FAUR RSN The other ) 0 0.2967 0.0935 0.3233 0.3902 0.7135 0.0556
broad-leaved mixed forest
&7t Total 338671.7 0.3182 0.0597 0.2698 0.3778 0.6102 0.2193

* BT ZEREAANTH, WEERBEA, A TEREEER, RERAK A BN MR TER ERESLMMARREL No shrub and

herb but only forest litter under the Picea sp. forests because most Picea sp. plantations had formed canopy structure; the shrub and herb layer under Abies

sp. forests is similar to those under the Betula albo-sinensis forests
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Table 7 Carbon storage and density of different components of herb layer in 8 stand types in Xiaclong Mountains

sy R {85k % B Carbon storage density(t hm %) RiE R
Carbon storage

Stand (hm?) Area H Leaf & Root K. Total (Tg)

BB MR Quercus aliena var. acuteserrata 178556. 8 0.0180 0.0196 0.0376 0. 0067
T4 Pinus tabulaeformis 46755. 8 0. 0268 0.0413 0. 0682 0. 0032
B MR Quercus variabilis 16995. 9 0.0224 0. 0305 0. 0529 0. 0009
%% ¥E Populus sp. and Betula sp. 7082.5 0.0477 0.0216 0. 0694 0. 0005
FEH# Larix sp. 6241.5 0. 0406 0.0424 0. 0830 0. 0005
1 Pinus armandii 4813.0 0.0188 0. 0389 0. 0577 0. 0003
¥o#ks* Abies sp. 300.7 0.0477 0.0216 0. 0694 0. 00002

H Al FE B AZHk The other broad-leaved

mixed forest
41t Total 338671.7 0.0196 0.0256 0.0452 0.0153
* BT EERERATR, WER R, A T EEELER , AEWR A SHHEEY REHRRTER ELRSOHMEL]  No shrub and

herb but only forest litter under the Picea sp. forests because most Picea sp. plantations had formed canopy structure; the shrub and herb layer under Abies

77925.5 0.0141 0.0270 0.0411 0.0032

sp. forests is similar to those under the Betula albo-sinensis forests

=8 /MBELS KRS EEDENECERERBMEE
Table 8 Carbon storage and density of forest litter layer in 8 stand types in Xiaolong Mountains

oy AR hm?) PR (¢ hm %) KR (Tg)
Stand Area Carbon storage density Carbon storage
BB MR Quercus aliena var. acuteserrata 178556. 8 0. 2427 0. 0433
T4 Pinus tabulaeformis 46755.8 0. 2236 0. 0105
B MR Quercus variabilis 16995.9 0. 2332 0. 0040
%% ¥E Populus sp. and Betula sp. 7082.5 0. 2005 0. 0014
B * Larix sp. 6241.5 0. 0000 0. 0000
1 Pinus armandii 4813.0 0. 2216 0. 0011
k2 * Picea sp. 143.3 0.2255 0.00003
H Al FE B AZHk The other broad-leaved mixed forest 77925.5 0.1842 0.0144
41t Total 338514.3 0.2205 0.0746

= MR BB REERERHTEY  No forest litter under the Larix sp. plantations and Abies sp. forests

2.3 /B L BRMAR B 4 BOAAE

B3 5 ~ 8 FHA/NGE L& b BARE B & IR B EB A RILATE 9,

229 BR, H /N LM X 2R AR e 2 AR B AN KR R AR « TR < AR < 4RI < 4,
<HeBEHF < B < HARR MRS < B8 0 /N LMK X & bk 43 2R ARIE B 2 55 B 255 B 39. 4254
thm ™, BERAEE N 13.3579 Tg, K LIS HRAR BB A% B Bk, HA IR MBS AR BB Bk > , 2 Bl 5 % X
AR BBRAE B 52. 4% F1 26.92% o FEH /NG L1 8 bk 4> 2 ARKE B BBk A B 1 AR o , BRARTT A
B 97.34% ~98.80% ,JEAREH 0.96% ~1.81% , EAREH0.09% ~0.24% , FMHREZEW 5 0% ~0.73% .
Fe A BT b BE A B AR B R 5 AR K LR, EZRAAE S R BRIE I h A BRI 51,
3 #ig5itie

(1) /Bl BRI KA 13 FTRAR B I 28 E SR IEE N 0. 4501 ~0. 5049 , & M- R 2H 43 i)
P EH R LSE S T MR, P& 1. 47% ~3.40% , FhA& K& 3255 RAHE 1.55% ~
4.91% ZJa], LA S TR R B Fh ) 5 5 B RUTE 1.75% ~6. 59% 2 Jd], 5 th E B T M 5 Z%0(6.5% ~15%)
F EIXRE B0 0 AR B /N LK 8 bk o H A W1 BRI TR AR B T 3 4 B 3RV R 0. 4676 ~
0. 4976 , R BT IH R4 09 T35 3 Bk 2l 5 T WA A

(2) BRFEM TS HRBRE(BREY) SHOBTFEHEBRE (REYRMBCES) %R, 7
ARBFIITE K 13 ANFRAR R b HL 2 (R 1. 81% , A i — o R 2B 98 th 03— &, B RV T Ak 2
ABIAN(FE 10)
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(3) 7 E R KM ERRERHRMES RERERE MRS, BRI E RERA 0.5 RIENIE
FRARLR TS aR ™ R 0. 45 fEN PR B BRI ™ R RORIE A F AR HIR A F
BRI, W Birdsey 7EAf B R E ARMER R G BB AE B I EH AR 0. 521 FBREITE, M A% 0. 498 3t
#P7 Shvidenko % A\ZEAGHARSD Wt 7 ZRAKABREE BB XS T AR P BEL 0. 5 WA BRI, HAM
BoR A% 0.45 385V,

RIEABIRAIA (3R 10) KIBFFEEE R, P ETR AR FERBIEK KT 0.45, L4 0.45 M0 FI9F 5Kk
REHR BT IS AR R M A IR T ARFPER A B4R/, 7458 BRI A Z B ik i B 2RE 2
BYETREHE R 3% ~10% WM RGIRE" o ABITH , IR T A REE R BT 0. 47, 4 IR K972
FRAREIE 0. 49 A% B AT E SN E M A PR M A Y B F iR I B R%00.45 50.5,L00.48 1k
NEBRRPORMG B 2MBENT AR R B RTREEM. SERH RSB RIRRAKIEA F XA F 2R
ARERLTTR A R B35 e R A B R R

(4) SHIABITILB (3R 10) , /NS 1L M X ZR AR B B TLI8 AR i 3 R A AR Y 35 B 2R 34 3 /s T4
JEH X, WS MR FB A P FRBEME 1. 1% ~3.3% 5 R S REME 1. 4% 5T MR- P&
BRABEMZE 1. 5% ; SHRFREAREL R L OFE—ENER, WHZESE P FRENEL 1% ~
7.7% PR F R ZE 3.6% , M- FIFHREBEME 3. 1% . ML LRHEE, EREANF X R —
WP BB RA R, R FRBEGFEZSR . B, Fikakts 2 188 E SE B 8T8
KRB R, B 7/ MORRE S KIEARME S RERE B R, RIF R & R T iS5
AREEREOUA K, BIEF R SRR K BB IR K BRI R

(5) BrFELEREW, HA/NBEIL 8 FARSTEA R T AR BB (39. 4254 1 hm ™) 5RE K it R 531
BRI B B B — S THERABGE (R 11) o i Bt I, H /BRI M B B B AL T RIE 9
FEPKF  BRAE BT B, X R E R LR AR TR BURSR , R, B LARE RS 3 Ak
BUE B BB BB M, 0 18 B X ZRAR BB B AR TRAE S BEE T RAFHOZERE . 1201 X B9 45
RS ARG B EATRKETE S ZH

F11 FEEZXRMMRFHRGRENTHEREE
Table 11 Carbon pool and average carbon storage density in different country or region

ERZEHRX FHMER (M hm®) B (Pg C) SPAYHERRE B (¢ hm ™) FRBRIR
Country or region Area of forests Carbon pools Average carbon storage density Reference
A China 108.6 4.2~54 38.4 ~49.45 [24,25,27,32]
R Z Bk FSU 800 46.3 ~50.2 57.9~62.7 [33]

2 #r Russia 771.1 25.6 ~42.1 33.2~47.6 [34~36]
*H USA 200.7 11.4 ~12.2 56.6 ~61.0 [29,30]
&K Canada 440.8 15.2 30.7 [37]
{i# Temperate zone 600.0 33.7 57.1 [38]
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