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Total belowground carbon allocation in China’ s forests
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Abstract; Total belowground carbon allocation (TBCA) in China’ s forests is estimated from published data on soil
respiration and litterfall in 33 plots. Rates of soil respiration and aboveground litter production are significantly correlated in
mature ( =45 age) forests and insignificantly correlated in young forests ( <45 age). While pooling data of mature and
young forests together, a signifcant correlation occurs between soil respiration and litter production. Based on assumption of
stead-state of belowground carbon pool in mature forests, estimates of TBCA range from 1.460 t025.100 t C hm > a™" and
average 9.217 t C hm > a™' in China’s forests. TBCA shows significantly correlated to mean annual precipitation and
insignificantly to mean annual air temperature. The contributions of TBCA and litterfall to soil respiration averaged 74.2%
and 25. 8% , respectively. The contribution of TBCA show an increase trend with increase in soil respiration, whereas that

of litterfall show an decrease trend.
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BAK RARE B AR RESEREEKENTEN C 1Y, TBCA EHMRBER P REETHEE
HIER . TBCA EHIR BB AEYENKEZK CER, R TRHAS RERCAERHMEER LA
Fio BiHAEYI AR EREIH T 3469 C ik 60 Pg CORMAEHEFMERRL) , BRI W EEAE
FAEE C 8(120 Pg C) B 50% P, B AREEL G IR BHR BB B RS C 8 (410 6 Pg C) i 10 517,
[Flit, TBCA Rl A A ARG BWR AT S P — AN BRI ™ b B AR e B e 7 B Lo B %
B3t 30% ) W B M b4 BRI MR g A 7 s R, EAR R R AL C — AR BRI, 513K
R F C AR B BB RS,

AT, T EAREM TR A TUERATR(NB AR RRETRE ERETRS) WA B KRE,
BRI W7 [ AT L4052 TBCA BBRSSIRA . ZEBEMT C FEAL TR ERE T, Raich and Nadelhoffer" 2T H &7
{EE AR I C A Sk I TBCA, HETE B T—2emF5rp "™, %oy i 58 Fl T R Bvbk ( S5 24
), TR T SR B ki >, [FAd, Raich and Nadelhoffer' ' JRBFSE T 28R R B B A MR HL T 8%
AEER, KB T HIEFIR AN TBCA 57 Y4k HiR & 6] 2 8 F KL%, 4%t Raich and Nadelhoffer
BRST R 9 P B8 T 22 306 Y8 T B R AC 3 T T o 398 P % 425 4R EK 5% — 1), Dawidson 4538 5 i 42
IRGA I E /Y T HEIP 3R, A MRBMRLEPR SHEY XL RHETTEFMY . MEMERE X
TBCA BTSSRtk % 5o RS RIS AR A Dbk TBCA BIBFSE! LR T /KR &4 M AR R B4 Bk
RREME TSR,

230 1k 42 P9 B R EE B FRbR TR AR R M B R , AT B AR LR AR B X R
e F oA BOBESR, LA A of B B ARBRAB AR ST 4 BRI T B
1 HiEPrsEFn AL
1.1 Hipiks

W42 A B4R Sk v (R ek B 33 O R 98 SR B R 33 AN (3% 1), o ep BRI I R v 4
K3 2K R REEREHS 10 4~ IRGA B (i Y #84A Licor6400 NDIR . CID301PS.GXH-305.CI310) &£ 17
A EBA-SAEEE 6 A,
1.2 BRI E B O S B e I

I i - S92 BB v B I O vk TRGA 3, T B TR Ak A S 330 5 7 3k B A T 11K
T PR AE R HhTE X ORI T ik T R B SRR R R BT AR IE . R PO AR BRI E O ik b
T —BBEE - BN INE R T Xt L6400 FIT Mg Tl 45 BMEAT s ™ . b Fuise 7
SIS AP PR 53 PR VS B AR S B, AR SCR T AR T B R 45 RHEA TR OE o

AR TR P, L6400 AR IR IE B E 4 R FERREXAR(E 1), ATimTREER
T S ) 5 5 S i R M , AR SO SR AR M D R R AT R ETALA (v = 2.3263x - 1. 7738, R
= 0.7649) . BABI LSRG EA Fri(R, B 7 LIE A H7E iR S i 84547 35 R RS , BT 77 LASY
RS BT Mk T 52 4 AT ARR I
1.3 it

BB R BV H T B R4 TR R0 RS, I A P R B AR R I B D TS 2 Pl s T
AR AR H T B B RS2 BRI R E , 9 T e, —Be 5T R 45a 1 BbRiAs 203 T S = IR o
BRI , ASCHLSEAR M =45 4R Bk, <45 44k k™ . IR BRE RS P& 8 48% ,

FIF SPSS13. 0 B4R T PR SR E M HEATRAE T, FER A R E I SRR AR BEE IR T2 R
BERRE, RRFEH—BHEERAENTEE,
2 48
2.1 IR SHED KR

FE AL EPRAEE R SAEREYE R BEMRMAX(R =0.3319, P =0.000) (& 2) ;ZELHER
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(2.8246 0. 692 ) FIELEE (3. 6015 +2. 108) 5 Davison BF55! B2 (3. 630 0. 377) FIERFE (1. 780 +
1L.022)¥FTBELF (P =0.8262;p=0.8313) , HAZ (4515 29.055 f17.560) MABELR(P =
0.0001) , HRE—HMUKBIRAMREXKAFEREEZR(P=0.5479),

®1 PEFRAKRAERHFLRTRS FHEY
Table 1 Annal soil CO, efflux and litterfall in various forests of China

FRMAER R iR FEAE TR SR METE SE  REYERLF E 2PN
Forest type" Age? MAT(C) MAR(mm) (tChm™2a"') Method® Ref. (tChm~2a71) Ref.
W LT AR oG -7.3~4.9 600 ~900 7.392 IRGA 21 2.118 21
VAR e 2 2 i e -7.3~4.9 600 ~900 7.182 IRGA 21 2.009 21
BB oG -7.3~4.9 600 ~900 6.507 IRGA 21 1.456 21
R oG -7.3~4.9 600 ~900 6.841 IRGA 21 1.211 21
SRR 30 4.8 611.9 2.370 IRGA 22 2.340 22
[SE0 e 4.8 611.9 3.090 IRGA 22 1.630 22
THEH e 4.8 611.9 3.900 IRGA 22 1.870 22
B e 3.7 1817 21.749 IRGA 23 1.790 23
B 50 3.7 1817 12.320 IRGA 23 1.500 23
SRR 55 8~10 900 ~1 200 6.088 AA 24 1.744 39
SRR 45 8~10 900 ~1 200 7.705 AA 24 2.470 39
W LT AR 180 -7.3~4.9 600 ~900 10.599 SCGG 25 1.920 40
B e 6~12 600 ~ 1100 8.543 IRGA 26 2.288 41
=M 44 6~12 600 ~ 1100 10.487 IRGA 26 2.102 41
=M 34 6~12 600 ~ 1100 11.061 IRGA 26 1.282 41
e AR AR oG 19.1 1749 13.742 AA 27 5.097 42
BAM 33 19.1 1749 4.543 AA 27 2.502 42
# BB A THR 33 19.1 1749 9.439 AA 27 4.337 42
W RB A oG 19.6 1743.88 9.990 IRGA 28 2.236 28
R e 19.6 1743.88 8.462 IRGA 28 1.770 28
YIARR T HAR e 19.4 1731.4 20. 889 IRGA 29 3.046 43
EREGZETH 400 21 1927 15.860 SCGC 30 4.380 30
& B R ASHR 100 21 1927 10.010 SCGC 30 4.240 30
R 50 ~60 21 1927 5.780 SCGC 30 2.190 30
A LU M R AR oG 19.7 2651.6 8.243 AA 31 4.799 31
R EFTH 0G 21.5 1557 7.200 AA 32 4.042 44
MR 20 21.5 1557 7.636 AA 32 4.728 44
R EFTH 0G 21.4 1557 12.736 SCGC 33 5.552 45
BAM 11 16.8 1250 5.908 AA 34 1.141 34
R 25 15 1400 6.908 IRGA 35 2.799 46
BAM 20 16.5 1200 ~ 1400 2.868 IRGA 36 2.616 36
BAM 16 16.8 1100 ~ 1400 2.857 IRGA 37 0.557 37
BRI 10 14.5 1000 5.500 SCGC 38 2.290 38

1) FH-£T 3k broadleaved-Korean pine forest; ZL#4 = 8 #2#k Korean pine and spruce-fir mixed forest; I ¥E = 842K Betula ermanii and spruce-fir
mixed forest; {HFESK Betula ermanii forest; I #AHK Pinus tabulaeformis ; I HERK Betula platyphylla ; iL ZRARHR Quercus liaotungensis ; ¥ 15K Abies Fabri; &%
PHAEMR Quercus aliena var. acuteserrata; ISR Picea asperata; ¥ ERFER SRR Castanopsis kawakamii natural forest; £2 K #k Chinese fir; #% Q38 A THk
Castanopsis kawakamii plantation ; $§&JE 35 HK mixed pine-broad-leaved forest; ) BBAAK Pinus massoniana Forest; ZUARH T AR Altingia gralilipes ; 22 R,
4RI HHR monsoon evergreen broadleaved forest ; 1 & P JB 32 #K mixed coniferous-broadleaved forest; #&7HF LI #1 i #K tropical mountain rain forest; &7
ZE Rk tropical monsoon rain forest ; # AR Hevea brasiliensi ; Kk Populus deltoides Bartr. cv. “Lux” ; 2) 0G . ZZ#8#R old-growth; 3) IRGA : £ 4pS {%k
4r#tEE infrared gas analysis; AA:BRMETRULE: alkaline absorb method; SCGC : EaA4H-S MR 1% Y: static chamber-gas chromatogram
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e
-
B 40 y=23263x - 17738
5 < 35| R*=0.7649 357 p=28246v+3.6015
R < — 2 =
O 30| = 0.7104x1 546 <30 RE=0.3319
@ B ol R*=0.899 Eos}
= B
X2 o20p R
= S 15k BEIsH
HEOF HE L
= -§ 51 § 5
" % 0 I § .«
= 0 2 4 6 8 10 12 14 0 ' ' : : : '
&2 3 < 5 [ -2 -l 0 1 2 3 4 5 6
= TR M 500 2 3PP 2R (£ C - hm a ) P Litterfall (tC- hm 2™
Soil respiration measured by alkali absorption method A 1terta m-a
Bl 1 IRGA B 5H8TR Wkl sE + B IR R L R B2 PEFNRELIEFRESEREDRNRR

Fig. 1 Relationship between soil respiration rates estimated by IRGA Fig. 2 Relationship between annual soil CO, efflux and annual

method and alkoli absorption method litterfall in forests of China

R L PR S AR R Y B 2 B RS (R® =0.3245, P =0.004) (& 3) ,(EAR BRK13RAF
R SERE Y RN REARARBE (R =0.3485, P=0.092) (F 4) . BANERHERM (2. 7864 +
0. 830) FIAREE (4. 4422 +2.596) 5K BT FEAP ORI 2R (2. 6849 +1.358) FIEREE (2. 246 +3.810) WL B
ZF(P=0.9975;p =0.9381) , K2 (4}F% 30.495 f128.719) LB EZF (P =0.5055) , HRE—IHH
BIEARAERANTEREEZSR (P =0.6991),

25
35 ¥ =2.7864x + 4.4422 y=2.6849x +2.246

R?=0.3485

)

a

(5]

(=3
T

R?=0.3245
* 20 |

2,1

\o)
W
T

FLECOTRE
Soil respiration (t C-hm
- =
) W =)
LI — ]
A IECO R
Soil respiration (t C -hm %a ')
S
T

[V

I I ! I I | 0 | ! ) I I |
0 1 2 3 4 5 6 0 1 2 3 4 5
EEPRFEM B Litterfall (£ C- hm *a ") EPRTEYR Litterfall (tC -hm >a ™)
B3 R R R RS R RARR B4 P ERRIEAE L R R SRS RNER
Fig. 3 Relationship between annual soil CO, efflux and annual Fig. 4 Relationship between annual soil CO, efflux and annual
litterfall in mature forests of China litterfall in young forests of China

o ] AR B 4k 5 R AR R A EREE 55 Davison BF5E! o ) BB 72 B9 A1 3R (2. 806 = 0. 451) FIEREE
(3.133 +1. 132) B ZE 25 (P =0.9817;p =0. 8974) , 422 M55 Davison FFZE ™ 422 (4.898) 5 5%
ZH(P=0.000), FERBIAMNEL BB BIEMR2ZES Davison 5T H B R BB T 72 o 1 #128
(4.193 £0.600) B (1.270 +1.826) F14x22(10.129) ¥ B E 2 5 (P =0. 8235; P =0. 9283;P =0. 066) ,
FR—FHRERN , B E RS R EE T 25 Davison AR H R TR EEF (P =0.6563 1 P =
0.2339),

2.2 HEZRAREH T BT

[ ZEAR B 3 T Ak A B AR AL 1.460 ~25.100 t C hm ™2 a™' | PH{E % 9.217 t C hm > a™' 4RMEE K
1.198 t Chm ™ a™'(%2), FEZFMK TBCA SEHKBMHXARZABE (P =0.19) ,[B5EHHEKENE
BEFAE(R=0.480,P =0.021),
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®2 HEFKMTHRAERE S TRPE LG
Table 2 TBCA and its contribution to annal soil CO, efflux under China’ s forests

S o L R
> N Min. Max. Mean SD
TBCA (tChm2a7!) 23 1.460 25.100 9.217 1.198
TBCA & 37 0% LU 41

Contribution of TBCA to soil respiration( % ) z 47.3 1.8 74.2 2.5
PRI Y5 TR L)

Contribution of litterfall to soil respiration( % ) z 8.2 52.8 2.8 2.5

2.3 PEZRA TBCA PP Lo

FEZEAK TBCA (5 T I3RIPIR LB M 74. 2% ,ZEALTEE DY 47.3% ~91.8% ARMEEN2.5% (£ 2) o
TBCA & +3EFPIR LA S4E K B R IE A (R® =0.290,P =0.047) , Ji% 405 + PP IR LU AP 29 (6 K
25.8% ,EALTEE Y 8.23% ~52.8% AREEN2.49% (F£2) o HEFRA TBCA 5+ P IR Ho e 1 RIPR
FIR T3, 2 S MR (y = exp(4.501 - 1.861/x) , R =0.521,P =0.000) (& 5) ; i %4 o 1 30
% L 19 Y 5 - PR B 2 BT R ARG, 52 52 R84k (7 = 12. 163 +121.901/x, R* =0.485, P=0.000) (& 6) .

%
100 Eg 50
EZ o 2=
238 [ HEZa0
BET g0 B
S ®=23 30
Bos 0 HeE
Hs & g 20
s 8 60 - RE S
<E = Bt o
BE&s0f =
=0 40 | | | | | | | o] 0 ! \ \ \ s . |
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
+-3ENRIE Soil respiration (t C - hm %a ') P Soil respiration (tC - hm *a )
Bl 5 TBCA fy 13RI kb 5 e - 3P IR i 7 1 B 6 JREYy L i b e SR 4L
Fig. 5 Relationship between contribution of TBCA to soil respiration Fig. 6  Relationship between contribution of litterfall to soil
and soil respiration respiration and soil respiration
4 i

4.1 HHTIEPERSHEYRIER

o FRbk TR SAE R R R B E R IEM X, STEARE FHK ERRER S HERREYEE
EAEED RE 3, SRRt 5 2RISR 0 1 R B — A B ERWA X, HEREY
BRI, e YRR e, T PR AR B . B T ARARAE O B I — SRR VT 4R S BRI 9K
Y= BARRE YR, EW IR 547 h R INEE— E B XX A, I Raich S WET7E SR ZRAAE S
ARG 0P AR R R AR AR 2 B S TR A T PR ARbk 38 R I AR R S AR A
KEMAZERRARBERGOEE TABEENE X, Ivine Z5 34 1 T 478 A E W 75 & #A ( Pinus
ponderosa) HRHY + PR , WAL D IR BT LA B0 B9 T S , B B B RS M B AR A 7 LG
SMBEIB o 1B Weber™ WL 3] 14 bk iy - 398 WP 100 308 2 LW T AR AL AR I B0 B A A 7 o B b S 4 4
( Pinus banksiana) , Raich WUEEHI B4 7 1 89 B B B AR LB AL 7= 1189 NPP 155 86% , {B. 48 WP i 2% H i35
36% "', 7£ Michigan fi31 "> #1 Alaska"™' S5 FRWER B _b A= 7 ) B2 R 1R 64 2% A AR BB R0 I i %

Davidson S48 2 Ak 1 WP 5 8 36 7 B 7 78 b BRBVR B R BE T A BBV, FF A TT BB 5 K Ak
AR 2 PRI R AR V& % - SRR F) TR A8 R T ML R V8 0 TR RER /N 36, 3 ELIA A3 5 R R bk —
YR MR R LA R 520 KR S R A KPR —3 T o (BASCH BAR BB EEE K TR R
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BARBZERADE XRS5 P EHAR LR SRS YR B B R X,

SRR R L, 5 E PR R 0% 5 75 ) & 8] B A I B8, RS BIE SRR R 208 8%
e, AR PR ¥ Yy & T 4 3800 F1 TBCA FYRE RIS, REAREE = R RE 48 /), LR 5% TBCA 541
EYRENXFZE/EME S, HMX MRS XBRENAERETTEEA TR ERNESRENTFEH
—BWE®" , Giardina and Ryan'’ 7RG #1854 7% 478 A 88 Al T TR EL FrpF ST R 4kBG TBCA, BABAIIA 3X
B SHT C EREREHBIRICK, M5 TBCA SHEYRIR IR ARA X, Davison FHRIFEY, R
H WA AR TR IR SAE B YR A A E R XL R . ARSGES R R L 1R E R 4
Ve VR SEARE HIBIF IR SAERE Y EHAT IR SRS, LIRFR SEREDBINAFERENLREMER, B
W% 2P A e (y = -5.2722 +19. 902 ,R* =0. 141, P =0.255),

4.2 FMHTBAEC

ABF5E H E ZRARE) TBCA (B TERE#E 1.46 ~25.1 t C hm ™ a™' 28], #13 Davison ZHF 515 H FEETE
BE(3.65 ~18.3t C hm % a™") "™ 3T Raich I Nadelhoffer BF5T H 2 ERZEAk TBCA (BT (2.6 ~11.0
t Chm™?a™")", Raich il Nadelhoffer BF5T F f) 13RI o 40 3R AR ks T 52 , S 30 - SR I 45 SR IR T
{5 TBCA fEEEMAR" . B W P 2Rk TBCA $(E 755 B 3718 9 B4 2R AR 45 240 24, 40 Raich
713558 3 FE B ETARR TBCA 43514 5.95,5.01tChm2a ' f4.17t Chm > a™', Clark Z"FE 4
B B35 Meterosideros ZEM 3% : 5.7, 6.3,8.7,6.8 t Chm™> a™'; ELFHFHP terra firme ZEAR 54 8.8 F1
17.0t Chm™ a™', 3R PG dipterocarp ZAK AN 9.1t C hm ™ a™', HFASCHELZ SRR A THEE,
AT TG EA T I AR 4 I L bk TBCA B9 HhAR , {BLVEE A A %G R 1E , #H [RI4E 8 (36 4R 4 ) AHIE L L i
MARNTLAR TBCA T/ FHEBA LA . ABFRHAHAMT C B SESH B REY C HTEE,
X5 —fRIRER TBCA WA Y BB EFEY C HEBRZRMAL

Giardina ZeRF55 ' 8 M, £BRRUE MM T AR SE KB E IR BERNEMX(R =0.45,
P <0.01), #ATA, " EIZRAAREH T B EL S ERIBNE SR, B 5EHBEKENEBEHRX, &R
ZRMEHE, BT SR REGEARS, IR i85 P RN SESRF(FERNKRRE) 52RH T HRMNE B
EZRAX,

4.3 TBCA R EHxT L E0F I i) ST R

BRI T C B TR RS, W+ PR Sk 5 T TBCA Fiib b ¥4, TBCA fd EREY &+
P A 2 AR AR RN R P X IR IR B TR . E AR T R EC (AR R ) A AR R IEY)
B0 1 3 P I B 2 TTER 4> BN 74. 2% T 25. 8% , 3% 5 Davidson BF 5T o B A AL ( 4 B N 76.0% FI
24.0% )", Tfi Raich F Nadelhoffer BF5T A4 7% 18 71 TBCA K HLABIMZ) S 1:2,3X 5255 o + PR £
R R Mk S a3 TP R A BRI £ . BAM, ABESEH TBCA 5 3P L il lE - SRR B8 A T 3
K, TR0 o 3P L ] 0 ALK, 25 B I S 0 348 R, AR R Xof - S R 1 BRI O, T IR % 0 ) L X BT
R R

1B RBP4 7 3 TRk 48 0 TBCA B2 B (AnAR 2R PR IR AR R AE 7= B A TR , AT #87R TBCA 4
BN+ EE, HAHE C WERAR, X ESRENRRAERIAFE, BRijA % TBCA HRKRRL, H
ToEA s I8 20 TBCA REBE M HAF A (IR R PR R RAET]) WEE LR, 5 4F TBCA ifhit4;
454 ANPP I H3R4MRIR TT LA H B4 A 7 41 o ¥ 2 ZRARBR TR B0 5 Bk fef BB 2 TBCA wh i
R AR AR AP B AR S X AR AE B RIIE — S BT prE s %

N R THE TBCA REATHLT C FEAE L R BoREEIE 19 C E 8598 % YA L 3 rp i ke boAE X
BUMYBRE L, 2R, Clark %5548, B FRAEXTFZ T C IR (LA C AR 4R A AR AR )
B4k .C M BRARE WM EHE CBA) BT 8BS R TBCA M EREME . [, MM+
NP P AR B AR AL IR T BEX B TS 1A 15 B i TBCA S5 R 7=AE M, ASCHTINAR TR A 1 S np i 84 , oK
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AR RFFENE ., T LRI EER RS S B PR AR E P AER ™, HT,
BARFAFRARE T B VT BEAE B I IR RUR (47 ) BEGE TRERES, B4 RE LR R
x4 8 SR WA S AR R , TS 3 T Bk R T BB B L. BT, 78 A P v i B TBCA I, B
PR HEAFRAR AR T35 1) + PR RS P BCE , B OREAR T BRI 3 T R X — R . B4kt
PRI E I AR, IR RE S 3 TBCA (A BERIE R . BRI XA KT E 4 R TRIE,
B TURIE S B RE— MR RS, B AR ERMERZ /MM M Tk T, DX R R TR
1) 3 24 3 A S ZRAK - SRR 9 I B 9636 2R DA v R [ BRbk TBCA RO
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