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Differences in biomass, litter layer mass and SOC storage changing with tree

growth in Larix gmelinii plantations in Northeast China

WANG Hongyan, WANG Wenjie * , QIU Ling, SU Dongxue, AN Jing, ZHENG Guangyu, ZU Yuangang
Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry University, Harbin 150040, China

Abstract: In despite of many researches on relations between biomass carbon and tree growth, the similar soil organic
carbon (SOC) relations were rarely surveyed and conclusions are also controversial to date. Through the clarification of
these growth-related differences between biomass and SOC, we tried to explore some simple indicators for identifying the
changes of SOC during forest development. An investigation was carried out on the biomass, aboveground litter mass and

SOC dynamics of 139 chronosequence plots of larch plantation forests in Northeast China. Our results showed that: 1) Tree
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age was a credible parameter to describe biomass carbon changes. Significant linear correlations between larch body size
(DBH: diameter at breast height, tree height and plant biomass) and tree age were observed ( P<0.001). Similarly,
significant increases in stand biomass density (biomass per one unit area of soil) with tree age were also observed (R’ =
0.35—0.6, P<0.001) ; 2) Surface litter mass was quadratically related with tree age, i. e. , obvious escalation before the
age of 37, but decrease thereafter was observed ( P<0.05). Other growth parameters, such as DBH, tree height, tree size
as well as biomass density were linearly correlated with the litter mass above soil surface (R*=0.14—0.82, P<0.001),
and the best correlation was found in tree height. Thus, tree height should be the optimal parameter to evaluate the changes
of litter mass in larch plantations; 3) Various parameters of tree age, tree size and biomass density had rather similar
relations with SOC storage in different soil layers. In general, SOC in deep soils ( >40 cm) was negatively correlated with
plantation age, while positive mounting SOC was found in the surface soil ( but without statistical significance (P>0.05) ).
This contrary changes made the SOC ratio between 0—40 cm and 40—80 cm increased significantly with plantation age
(P<0.01). Similarly, the tree size parameters were significantly negatively correlated with deep SOC (P<0.05) and the
ratio between surface and deep soil SOC also displayed a significant upward trend with increasing DBH and tree height ( P<
0.05). However, stand biomass density (above and below ground), which has taken the individual tree size and tree
density into account, did not significantly correlated with the SOC changes (P>0.05). These results suggested that the
simple parameters of stand age, tree height and DBH are even better than some sophisticated parameters (e. g. biomass
density) for evaluating the change of SOC (both vertical distribution and absolute storage). Owing to the fact that SOC in
deep soil is more stable than that in surface, the increase of SOC ratio indicates that more SOC may accumulate in surface
layer, and this will be a risk of soil carbon return atmosphere (for example in a fire). In all, carbon storage changes during
the development of larch plantation forests is obvious both aboveground and belowground. Besides the main part of biomass
carbon, soil carbon is also remarkable and should be carefully considered in carbon budget studies. This discovery is of a

guiding significance for the afforestation of carbon sink larch forests in northeastern China.
Key Words: Larix gmelinii; plantation forests; stand age; biomass; soil organic carbon
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Table 1 Regression equations of dry weight of organs and DBH of Larix gmelinii
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Fig. 2 Effects of Larix gmelinii plantation age on tree body size
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Fig.3 Effects of Larix gmelinii plantation age on living biomass of different organs
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Fig. 5 Effects of Larix gmelinii plantation age on SOC of different soil layers
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R2 MARKNMNEYEEZE(») MABELFENR(y, g/em®) KRN
Table 2 Effects tree size and biomass density (x) on SOC of different soil layers (y, g/cm?)
BAR E2/ e Al | i
A Type if::jx jﬁ::ffy/ecrl: IRZ;Z::T; equation R P
PRAE 2R %% DBH/m 0—20 y= —0. 0008x+0. 6883 0. 0006 >0. 05
Average size 20—40 y= —0.0005x+0. 3913 0. 0004 >0. 05
of trees 40—60 y= —0.0024x+0. 2927 0.0152 >0. 05
60—80 y= —0.0023x+0. 2126 0. 0325 <0.05
W H/m 0—20 y=0.0023x+0. 6391 0.0034 >0.05
20—40 y= —0.0007x+0. 3932 0. 0005 >0.05
40—60 y= —0.0023x+0. 2856 0.0093 >0.05
60—80 y= -0.0025x+0.2128 0.029 <0.05
PN 0—20 y=0. 0001x+0. 6679 0. 0005 >0. 05
Root size (kg/#k) 20—40 y= —0.0004x+0. 3998 0. 0054 >0. 05
40—60 y= —0.0007x+0. 2826 0.0319 <0.05
60—80 y =-0.0005x+0. 1972 0.043 <0.05
B FRAR RN 0—20 y=3x107x+0. 6684 0. 0004 >0. 05
Aboveground 20—40 y=-8x107x+0.4 0.006 >0.05
shoot size 40—60 y=—-0.0001x+0. 282 0.0327 <0.05
(kg/tree) 60—80 y= —0.0001x+0. 1965 0. 0432 <0.05
Y MR Root density 0—20 y= —8x107°x+0. 6857 0. 0007 >0. 05
Biomass density 20—40 y= 1x107°x+0. 381 2x107 >0. 05
/(t/hm?) 40—60 y= -9x107%x+0. 2633 0. 0026 >0. 05
60—80 y= —1x1075x+0. 1936 0.0159 >0. 05
Hb ARy 0—20 y= -5x10"8x+0. 6836 0. 0005 >0. 05
Aboveground 20—40 y= 3x107%x+0. 3824 3x107* >0. 05
biomass density 40—60 y= -8x1078x+0. 2646 0. 0034 >0. 05
60-80 y==1x10"7x+0. 1936 0.017 >0. 05

PIR)ZE 3 (0—40 em) 52 32 (40—80 cm) SOC Y HLE N A HLERFE b , 1 1 H 5 7% R AR IR (1)
IR ZR F Ve 5 BRI T AT LR PR S e K 3« P A SR )2 1B (0—40 em) 5 TR)Z 1458 (40—80 em) A Mok
B A AR S 2 RS A e 3 (P<0.01) . 0—40 cm SOC ff 5 0—80 em SOC 4 Lt 151 LA 45 4F
0. 12% PR B3 1T, R JZ 3T 5 9 EuAg 0] LR ] (4 2 R j% X A% 0—40 em 5 40—80 cm (1) FL{E
PLEFAE 0. 0198 B3 35 b IF M oeME 835 (818 =0.02,P<0.01) . BEIATE MM FE b, H I 20k

SR AR R (E 6) .
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Fig. 6 Effects of Larix gmelinii plantation age on vertical distribution of SOC storage in different soil layers( ratio)
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MR IN A=y it 85 B2 X -3 SOC 3 B 40 A i 2 e UL 38 3, Y& A R J2 13 (0—40 em) 5% )2 4
(40—80 cm) A ALK AY LLAELRE NG A2 3G K2 L3, AR 3 (P<0.05) , #)ZHE(0—40 em) 5
0—80 cm THEA PR 5 M2 & IEAHE (R =0. 0331,P<0.05) , &M 5RZE L (0—40 cm) 5
R)Z 1 (40—80 cm) A HLER Y FU 1A & IEA 5E (R* =0. 0447 ,P<0.05) , )2+ 1% (0—40 cm) i 0—80 cm
AT B LU AR =5 A3 ORI i, — 38 B 3 IE AR DG (R® =0. 0419, P<0.05) . ARFZAR/N Hi_EFB K/
51458 SOC T A AR B3 (P>0.05) . RS Hb FAY) %S 38 SOC T 15401 A A DG
(P>0.05) .

R3 HAKXNEVEEZE(x) WLESOCEEN(y: HE) HFM
Table 3 Effects tree size and biomass density (x) on vertical distribution of SOC (y: ratio)

B3| X 545 +HZ/em [B )= 72

Type X index Soil layers Regression equation R P
MAFEION M 0—40/40—80  y=2.8578x+2. 3651 0. 0359 <0.05
Average size DBH/m 0—40,/0—80 y=0. 1875x+0. 6865 0. 0331 <0.05
of trees ] 0—40/40—80  y=0.0379x+2. 2726 0. 0447 <0.05
H/m 0—40,/0—80 y=0. 0025x+0. 6801 0.0419 <0.05
MWRKNV (keg/BR) 0—40/40—80  y=0.0028x+2. 7269 0. 0093 >0. 05
Root size 0—40,/0—80 y=0. 0002x+0. 7115 0. 0063 >0.05
i F#A KN (keg/BE) 0—40/40—80  y=0.0006x+2. 7328 0. 009 >0. 05
Aboveground shoot size 0—40/0—80 y=3x10"x+ 0. 7119 0. 006 >0. 05
Y R 0—40/40—80  y=9x10~ x+ 2.7289 0. 0046 >0. 05
Biomass density ~ Root density 0—40/0—80 y=4x107x+ 0. 7123 0. 0025 >0. 05
/(t/hm?) o b AR 0—40/40—80  y=8x10""x+ 2. 7304 0. 0048 >0. 05
Aboveground biomass density 0—40/0—80 y=4x1078x+ 0. 7124 0. 0027 >0. 05
3 itie

AR S R G A PTBEEL A 2 D7 I, 5 — A Wi A 0 A R R MR R O SR A A
Wik AR AT LAGE S WA B s B4 e KOy BRI R TR, DA K T SR B M R T ) RARASET R
Yyt 5 A A LB, AR A R R U AR AR AR R R T, T B AR R
AR 22 57 e O AR 25 B Rk STk Y MR AT A H Y

R RBUR T BB SRR E By a2 ARG UE I 33X — 5, i AR 53 A ) PR 1 14
KM AN, BEE MRS B AN T, v AR A R RIAR B R i AT I BRI AR 3 . A A
IR 4. 53 1/hm® TR L I A B AT RE S PR S 22 i A S AR A, 7R A i
KRR 43 35 43 3 FC A 01, DASRE g A 4 DT 3R A B 2 B R 2 AR RIS S5 i AR 4 SRAHAE T, Xl
W2 ST R B e S S i b b FR G A A A S PR A B AR TR T, T D0 A 58 5l ) 4
], TV IR D ST TS | 2002 BUAH AR W B B b 0 A 7 1 i AR AR 7 0o S LA —
SEANTEAE . MR AT (BLE IR W SEIAR TN ) S R4 I 12 90 0 35 2 g K (R >0. 73, P<
0.05) , 1 HAKA A=Yyt % B, /5 9 REIS 1 4 e B, - 3 1w AR B AR Wy it e 2 /0 B0 — N bR, 0 SRR 2 B
FIEMCOCHR M BRI T AR B, 2 B AW AR R A ATER T (4,53 thm™ a™') | TR R B9 RBLECR
AT 29.8% (1.35 t hm™ a™") , Sl AFEIE 5 R Y AHSCHR bR A0 B % O 2 mT LU R AR AT LA B Af
Mg R b A= e ) SRR R A mT LR R 5 50 I 7 ) 2B e R S AR ok SR AE A HLRR 19 A2 1k, AR
SCRHE R — LA,

MRS T AT LR A B ORI, 2 P B ARG 2 5 TR R RS (I 4) =t T
R A R I TR g M A b, s S0 ] e P M M At 755 37 AR50 52 4F VR AR Y i A ARG, A
Wi A B T BN IR A BRI T R v A R R E L A A BT R, O LRI AN A B B, R R
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Y B4 FPE 3RS a0 C/N HL S BURTE 0 o it 7 TR I8 A AR SRS B RS , YR YA 0 o0 f A B P IX
FUWETRE , FEORE Y A S MIE D RS T4, B, SE TR L, v] DI R b oy f
M AE YA B (EX R AE JCOC R AR TG A 4 o (MRS ) e 0B 7 T FRUAE 9 6 ) Xk b 3R A 95 0 1 5% T
(E14),

it - R A AR o A AR A AR AR, H AT Z5 8 AR —80, BOCE %P BRI AR 1 4]
167 4% 25 MILAR 5 2 BE MRS T3 I, Hamburg'™)  Juga 2650 BF 98 IA N, #E MK T HERR A% S AE VI & R %, SR 5
AR, TERMEE" Ity 1 Rk B R AR AT B e BRI 38 I, ZEiR AR 12 a AR BRI
FE/N, 21 a J5 e B B R R Paul 255 IR A 2Bk 43 AT 204 A M8 S56 T MRS 3R
AR R, R AR IS 5 ARG WA 5 a, TIERR FFE2 3. 64% , Z 5 B4R N, 2 30 a ),
- IEF A 30 em AR E T HRAIIA 1058 . Wang 251 X 45 A6 b IX B B Akt B vh 75 A8 AR A
K S8+ emm 2RISR, H3EA HUBRAE 0—20 em B9 BRUGERT LA 96 g m2a™  (HEGHE
BRI R AEAE 22 5 A SRR A E B D BRI 52 . A A S8 DA 3 M 2 R 08 5 350 1 9 A L e 1) ik
/L N Klopatek ™ X5F Pseudotsuga menziesii BIWFFE KB SOC T4 MR AT LIGAF|-14.2 ¢ C m°a™ . FsrHrss')
Xif KL BE U P AR AF 5 B % B REAE W B T SOC FRARAaSE . AHFE & B, e T ps Ak Kad i vp 24 %
KRG S e/ S R TR 2 A LBl 5 RS A A il 2 AR 5B (40—60 em Al 60—80 em) , SZ M43 A= K
S F K 3R 2 HIERCA AR (P>0.05) RE ARG aHY) | AT eI R 2 TRk AR /2B K3 hn it
A PR J R AT RS PR A R AR T B 13 T A LT A 1 R 3R 40 0 JEME MR R Z7E 40 em
DAY DR P8 A K R R iR, 3602 R IR R XK T IRE , 40 60—80 em +3E, QNS M7 Ak
A3 AR S Fe /N IR 2 A HLS IR AR LA R 2 SRR BE I - AR B A7 AE AR AR i, 262 13 S5 TR 2 - 5
ZTLVEVER M T AR TS, URZE TS RZE 5 SoC AEAE R + 58 HLER 48 bR iff 55 & 2, 0—40
em/40—80 cm SOC HLIEREMIL B34 K (P<0.01) (K 6) , X — H A AR fb i R n] DL s BR4F 1. 98% , 11 i
HLL0—40 ecm/0—80 em HLAE AT ITE IS 240X F 2 1, 322 - R AY He =535 0. 12%

B T AT LARHAR IS R AR AT A AT BRORI/INRIR 43 A 1y et 285 B 00 728 Akt T DR SRAE 7% A AR A A=
(B2 3), XS SMORFER —FE (L ETERS) 38 bl T2 5 M | X Le 8 b5 & 5 id
HPE G LR S A PR B S R A FRAE AT TR (R 2 M 3) . SAEYEEEML(TRA
P AR R ) BRI (I A R R ) KT - A [ 2 il R o B AT T 43 A (0—40 em/40—80
em;0—40 em/0—80 cm SOC HUH) MIAHICOC R 1Y i EE A X R E RS MR Z | iX — 25 R AT BEULRH , (07
T AR BRAF A A P R A S R AE M T - 38k BRELA A RS A, FL T HE R L BT AR R DL RO
(2. .33), A, SHRIBHFMLL,0—40 cm/40—80 cm .0—40 ¢cm/0—80 cm SOC FL{H 5 Mats AT .35 IE A
(23), Z M ERIRPRFEIREIEI, B PA i AR KA 322 H 1 SR 2 R 2285 B i, DI RZM Rk
PR A RS Z Xt S D S IR i Ry ORI A A R LT T A A 5 T T BB A R R T T K, RN T
MRZE L R A e ThRE T BT B X — A,
4 ZEig

TR AR b Hh DX P e N TR MRt A e Bt PRI (R 388 K, AR R /NN A ) i 2 BE AN B I, 24 Pkl /)
F 37 a iF, HbFVH IS DI BEMIE TSN 0 T T 38—52 a RIS B R R, RIS R AR
ARKIIN AR Wy %5 R B4 R T8, A G 35 (R =0. 14—0. 82, P<0.001) . )2 T4 ML iR (40—60 cm
1 60—80 cm) S ARISAF7E B ERFEAGE S, RZE LA B0 (P>0.05) , Mife W52 56 L
(60—80 cm) AHIME 2, i B3 K/ MR R KNG 40—80 em A HLAK B 2 FAHIE, 0—40 em 5 40—80
em 3 HLARAE B B B ARES 535 19 (P<0. 01) , BRACE- 21K/ 5 R 2 4 3845 HLAK 23 614 56 (P<0..05) 5
1M 0—40 cm 5 40—80 cm XA HLAR A I FLAE FEARA I/ N (B2 540 8 ) 3 K2 B T3 (P<0.05) , 5 &
FIGR)E R E B AR MR I SR FUAE A3 N, R PR G - 3ERRAT 1) 2 2 FRUR I [ IR 2 0 D 1 3
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