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Carbon storage of Larix olgensis plantation at different stand ages
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Abstract: Forest carbon storage usually increases with stand age. Most studies focus on the carbon storage of arbor layer,
however there are few in-depth studies on the allocations for different layers of community varying with stand age. In this
paper, biomass has been estimated and carbon storage and immobilization at different ages in Larix olgensis plantation have
been studied, based on the survey of sample plots in Larix olgensis plantation ranging from 7 to 41 years in representative
region of Lesser Khingan Mountains ( Northeast of China ). The methods of allometric dimension analysis and sampling
harvest (quadrat or transect sampling method from Forest Inventory and Monitoring, US) were used to investigate the
biomass of arbor layer, understory vegetation layer and down woody materials (DWM) layer. Carbon content in different
organs of Larix olgensis were determined using an ELEMENTAR Vario EL Il CN Analyzer. The main results are as follows:
(1) The biomass of both arbor layer and organs along with the proportion of stem increased significantly with stand age. For
understory vegetation layer and DWM layers, the biomass changed in the same tendency. Fitness of the equations for arbor
layer was good, and the change of parameters, such as biomass expansion factor ( BEF) and root/shoot ratio (R) were in
normal level. For example, the value of R was high in early age and then gradually tended to a steady state. (2) Total
carbon storage of community increased with stand age, and is in sequence of arbor, DWM, and understory. At different
vegetative stages carbon storage were 6.585 t-hm *,66.934 t-hm *,90. 019 t-hm *,124.603 t-hm >,162.683 t-hm ,
for immature, juvenile, middle-aged, near-mature and mature stand respectively. For carbon storage of arbor layer were

3.254 t-hm?,58.521 t-hm *,78.086 t-hm *,108.02 t-hm >,138.096 t-hm ">. Mean carbon storage of understory and
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DWM layers were 10. 859 t hm *and 1.863 t-hm ~>. The proportions of arbor, DWM and understory layers were 86.10% ,
2.04% and 11.86% , differences among the ages became littler gradually with the augmentation in stand age. (3) The
dynamic trend of carbon immobilization in different stages enhanced at the very beginning, and then declined. The
accumulation rate of carbon storage in middle-aged stand was higher than those at other stages. Carbon immobilization of
community were 0. 940 t-hm *,3.889 t-hm>,3.615 t-hm >,3.628 t-hm >,3.968 t-hm *, and that of arbor layer were
0.465 t-hm2,3.39 t-hm *,3. 137 t-hm ,3. 133 t-hm *,3.368 t-hm . With the trend appearing as U-shaped line,
immobilization in understory layer had a decreasing duration(from 7 a to 19 a) while DWM layer was going up linearly. The
mean immobilization for understory and DWM layers were 0. 079t-hm ~and 0. 423t-hm >. In conclusion, our study shows
that carbon storage and distribution patterns in Larix olgensis plantation expressed obvious dynamic variations with stand
age. We expected that our in-depth analysis can provide insight into the methods for estimating carbon storage and dynamic
change laws in forest community at different ages. It can also be concluded that Larix olgensis plantations as an important

and widely distributed plantations over northeast China, have huge carbon storage potential in the future.

Key Words: Larix olgensis; plantation; stand age; biomass; carbon storage

BEE “ IBBHEAR” F0° B PPk B bl TAR A S , TN TARE AR BRI i, N TARTE A& K CO,
R A A [ 5 T PO PR MAS BN o B LSRR, B NSNS IR 2R ARSI R 0 A 1 Rk o R BF S0 BLAS:
FAHRY (AZRFAARSE AT B BBF5T, S BETE A4 4 B RS 28 1L R B A i 4 A
REWIRAZ RS o N, 4855 AR X K 1 7% 44 ( Larix olgensis) N THAK R BFFEXT G, MARA AN
BV &2 AR KT EERTRFIR B B BT N TAREE & A Y 2 B 28 2 T R AE Ay BO R AR . SR M KB
S N AR TR BT 2 BB 5 K43 278 I 58 SR UMK X /bR 5 28 WE VR i 335 5 SR AL EE R 58 Fn3ie 2 5 M A
1 HREH=E
1.1 BrRHAES

PR AL T/ N6 20 rE EH B T AR TR Tl k37 (JE 45 46°31'—46°49 (R4 128°55'—129°15") b TR %
VLA PP ERAMRCT 5 /N 24 22 W 5 B AR L e X3, P 393 BE 7, ARbk L3 s A, )2 BB 30—60cm , £1
WD, RXAEFHRIR0.36 CAAL IR 2050 C, K E 618 mm, HXNEE 68% , TR 100d, 4
H RREF %k 24530, JB CIRH KRGS R SR, FEMEYEREE (7.8 Af) , mHERA MK AETRA
ARG B EARHER , AR AR IR I 0] | 2 R BE S AR B S U SE IS bR A AR o RPN TR H B
H AT B, ARl A T—41a, FE R BUREI AL b G B 4 MR MR BARMER F LK 1, KE%
A N AR R A B — | K TS A E TR 5 90% LA L, e Xt f . AR REAR FZEA R ILMIE
( Philadelphus schrenkii) .3 ¥k #§ ( Sorbaria sorbifolia) . 4 1E Z. % ( Lonicera chrysantha) | %] 7. fill ( Acanthopanax
senticosus ) \/NEIE Hi ( Deutzia parviflora) %, S35 B 8% , FA FEA H LK T ( Cardamine leucantha) |
W7 %L ( Filipendula palmata) . & % ( Carex callitrichos ) | Jik ( Pteridium aguilinum ) | 7K 4z R\ ( Impatiens noli-
tangere) % P75 R 53% o MF AR 5AAK ( Down Woody Materials, DWM ) Sy i) -4 7 i 451 A KA 4
A S5 4H B 4 K S5 ( Fine Woody Debris, FWD) | F K Jii ) ( Coarse Woody Debris, CWD ) Fi1 5] 4% H: F1 4
(Residue Pile,RP)
1.2 HRTE

R A2 B AR PR W VR 25 55 Wl {4 R (Forest Inventory and Monitoring , FIM) (A2 %", #E 4 M BERE
HoBE 3 B4 S FHRER R 505. 1—673.5 m X RER N RE 7 RERIABR R B AT I 2 . IRIB B ATRA 4,
RIEMEHIAME ) 2—3 MR EEARERE], ETHARUEAR 18 Bk, 20 BIAI A “ B U087 ¥ R 5 s 0 5 3l b 0
HFRAEYE" . WFHEEUE EAR AR LA R Y5 Z 40 R4 8 R A ks ™ B
5B AL 1. 5m x Im BEAREDS 90 A, 242 2. 4m [HEARER 24 F1 5. 69m [ AIA FTARELL 66 & 0 AR
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VSRR IR 0 080 A S B0 TR 0 2105 K 45 B 4 80 0 3 LR R R ) 3o
14. 64m HUEA AR 24 4,264 7. 32m MRIASBIREE 38 4

HERIE MBS 45 J2 28 B e 105CRAT, BIFHURTER . SR ACRR 5 28 2 AL M R
S TR ABRAT LT RE AR REBR RIA TSR 2 A R R R L TS o LD R A
BRI T AU RR 0 BT . 28GR , K 1A HA T R B RO -2 23 )
:0.5150.0. 5212.,0. 5075 1 0. 5332, A J5t ¥ 5 A4 )= LA K bk AR 4502 Bk A B J0U R 4 L) . 45 B B %
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F1 FEAHBRKEEHRAIRKSERFUERBERTF
Table 1 Basic status of sampling sites of Larix olgensis plantation at different ages £t

H i Hhie %7 )4 i Wehr HREE  FHRE FHRE AREE AP B

Plot Age Altitude  Slope degree  Aspect Slope Soil depth DBH Height Density Crown
No. /a /m /(°) /(°) position /cm /cm /m /(#k +hm~2) density
1 7 300 9 SW60 Lower 40 3.0 3.0 1663 0.16
2 15 308 7 SE62 Bottom 45 11.5 12.4 1623 0. 65
3 19 296 7 SW30 Middle 46 12.7 13.9 1560 0.76
4 23 354 10 SW6 Bottom 45 15.2 15.8 1352 0.83
5 27 304 5.5 SE39 Lower 43 15.8 16 1114 0. 80
6 32 376 6 SE15 Upper 40 16.1 16.3 936 0.75
7 37 383 6 SW58 Upper 37 16.6 17.2 783 0.73
8 41 309 9 SE75 Lower 55 27.4 26.3 520 0.57
2 ZBRESH

2.1 ARRIFRESARAA: 8 RSB
2.1.1 MARZHEEYERHE

M 2 AL, K ETE IS A TARRARAR R385 B A 0 B 2 AR A 38 K T3 o, 1R B T %W Fp LA M A
FitE . RFEFRMRAR SR EEYEKR/DNHET R, 7 FAERGAMIR > T4 > RE > RER > W >
B2,15.19 .23 27 4EA R TH > R R > W > ER > W > AL, 32 SRR 37 R4 T0F > 1E R > W > 1
R >R > AR AVEE T > WER > IRR > W > W > Mk AR FC S , W T 57 5 Lo i3

x2 FRAMRKEAZEHREREEVERSE

Table 2 Component-specific biomass of Larix olgensis at different ages

Ei=tan 4y Mg Age/a Ty
Ttem Component 7 15 19 23 27 32 37 41 Mean
L FHt 0.796 24.143 42.563 49.264 62.643 81.646 139. 888 307.0 88.493
/(kg'hm=2) W& 0.197 5.517 8.649 9.028 9.057 11.102 19.354 35.411  12.289
Biomass TR 0. 564 3.038 8.032 11.443 13.658 35.586 36.968 42.852  19.018
b1%53 0. 003 3.117 4.337 5.179 11.074 9.195 5.171 3.627 5.213
s 1.055 3.573 4.185 4.69 4.77 10. 071 11.965 14.252 6.820
e 0. 562 6.891 10. 12 12.451 12.745 16.102 27.646 63.809  18.791
it 3.177 46.279 77.886 92.055  113.947  163.702  240.992 466.951  150. 624
AL/ % Tt 25.06 52.17 54.65 53.52 54.98 49.87 58.05 65.75 51.75
Ratio Wz 6.20 11.92 11.10 9.81 7.95 6.78 8.03 7.58 8.67
TR 17.75 6.56 10.31 12.43 11.99 21.74 15.34 9.18 13.16
b1%53 0.09 6.74 5.57 5.63 9.72 5.62 2.15 0.78 4.54
s 33.21 7.72 5.37 5.09 4.19 6.15 4.96 3.05 8.72
e 17.69 14.89 12.99 13.53 11.19 9.84 11.47 13.67 13.16
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AR R, i 25.06% ETFHE] 65.75% o A B4 I A3 KT 8/ B Bd B 2, 1 33. 21% T [ 2]
3.05% ,3% 5% M Ha Al Vs — R v el b T AR B AR R E R IR K. ERBTHISEARY EL B 2 081
s W B LB RAFTE 8. 16% 7oty , IRAR BB/ NERRETE 12.48% ot o AT, KEEM A& A E EWE
MR EER O K B AR 7—41a P BB IERE T, LUREEE B R WA LI E 7™ LA 22
IR o
2.1.2 MorAYE Ko

LA RE IR A VORPRIRE AR A Y BBUR , DU IR S A& H 1 D°H y B8 &, & I A 20E A T
T—4la GE— AW R EIAGTRE (R 3) o WK R BONIREZE 5 T 704, BT 45 20 057 #E X A ) B A 58 i AR
B, NAEMBITRITEAS S A YR, SRR KEET A F SRR Y B I 129. 753 kg, K
R R AR RS YD 84.74.16.105.28. 909 kg AFK 4 BT AT, BARBEARESHE Kbk 234 B8, (H
AR, 41 4540 242,815 t-hm >, 43 FI2 15.23 454 132 4E4E /9 3.23.1.95 F1 1. 58 4%,
o EFR S AR BT  EL I 7E 80% LA b, Hrp R T BT o EU 0 B, 38 56% LA B, 41 SR AR S e bk A Y B
73.33% o WTEAEWRAEARSHARIG T 32a B FIWEH 51. 341 t-hm ™, DL 7 4R AR SRR &5 LB 51. 05% g
BRR 41 A BAREL B 13.01% /e RARAEYIRLL T 44 H AR SRR FT o EL] ek, SR BEARES (4% fin
Mo AT, K E P& HAATE 15—41a B9 THH, W T 280 SR A Y8 Sl R ATIHE R EMRA
PR AE AR BE VN 2 AR A B A R T AR

®3 KAEMRAIREWERERE
Table 3 Regression equations for Larix olgensis plantation

P RELR?

Hor Bl = 75 A ) bz SD BEE: Sig.
K X Coefficient of .. ..
Component Regression equation o Standard Deviation Significance
determination
B Trunk W= -0.539 +187.793(D*H) 0.998 4.639 0.000
5 Crown W= -3.033 +102.027(D*H) -36.716(D*H)? 0. 862 9.990 0.007
A2 Root W =1.099 +30.051(D*H) +2.289(D*H)> 0.999 0.817 0.000
Hb b Abg W =17.765 +279.31(D*H) -96.104(D*H)? 0.968 13.268 0. 000
BAPEA Tree W =12. 083 +254. 556 ( D*H) 0.988 17.709 0.000

R4 TRANRKREHLRKSZESENBRSEILE

Table 4 Biomass and allocation proportion of components of Larix olgensis at different ages

fihr 415 Ml Age/a T
Item  Component 7 15 19 23 27 32 37 41 Mean
Y T 1.651 48.138 79. 891 78.811 79.874 86.812  124.686  178.054 84.740
/(t-hm™2) M5 2.697 15.789 25.824 28.814 32.865 51.341 42.363 31.580 28.909
Biomass AR 0. 935 11.184 15.787 16.834 14.198 15.071 21.647 33.181 16.105
- 4.349 63.927  105.715  107.625  112.739  138.154  167.050  209.634 113.649
&it 5.283 75.111  121.502  124.458  126.937  153.225 188.697  242.815 129.753

HEH/% WT 31.26 64.09 65.76 63.32 62.92 56.65 66. 08 73.32 65.31
Ratio W5 51.05 21.02 21.25 23.15 25.89 33.51 22.45 13.01 22.28
AR 17.69 14.89 12.99 13.53 11.19 9.84 11.47 13.67 12.41

- 82.31 85.11 87.01 86.47 88.81 90. 16 88.53 86.33 87.59

2.1.3 HEYEMEBESHUE

WA 1 PR, K B B 5 (BEF) 72 0. 4129—0. 6130 Z [AIZE 3], FEAKEYHE KTTAE K. HRAR
FC(R) 7E 0. 5660—0. 1736 2 [l 45 3], A N Ti#a TAE o MR b (Root/Crown, R/C)7E 0.2936—1. 0507
ZIEAEgh, AR TR R 2. MOARIEFGARE (T 8L R) 56 & 1E A% E (M) b (non-assimilating/
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assimilation organs, C/F) 7E 11. 9524—31.7639 2 [&] A% 12 e BEF  —m—R 935
gl BEAK IS 38 T A8 K. BEF .R.R/C J& G/F F-¥J{H ol ——rCc —e—oF 130
(BB 7 F 4 &S HUE) 57714 0.5236.,0. 1936, L 08| 125
0.5672 Il 19. 6056, 5 & ¥t BRI A MBE — 5 | 17 s
ﬁ[w,lﬂ . E‘ ol - 15
2.2 RRKE BB - R HA ' 10
2.2.1 MTFHRE T 1°
BEARB AT (1 195 R PR A A e 2 A R R T

SER R R, BARNISEREE T . W3 S AT, it A

15 M FEMTE EARR D, EAMBZHRKE  m1 FE#ESKELEHHRE BEF REL R LR
I, B0 EL B T 90% , MR R AE & 43 Bl ol 4. 838 kAEREEL

t'hm_zﬂ 2.237 t- hm_z . %E:% tt@]ﬁﬁ%% , E Fig.1 BEF, R, R/C, C/F for Larix olgensis at different ages
72.65% F127.35% Jo 45 , PR AR A B TE 19 4EA AR

IyHIER >, R 2.063 t-hm 2 BfEIFAIE AN, 2 41a B 11.352 t-hm >, AR FAEBZE BB 2 BHE T
A fpiasy, BAR A B iER D, H BV B T ARMAR PR B I AL A THE & i

x5 FTEAHBREHRAIHRKTEESEVERSE
Table 5 Biomass and allocation proportion of shrub and herb of Larix olgensis stand at different ages

B ATHBE Mg Age/a
1) Mean
Item Understory 7 15 19 23 27 32 37 41
YR Y N 0. 029 0.210 1.383 1.901 2.909 3.038 4,925 9.206 2.950
/(thm~?)  FER 4.808 2.027 0. 680 0.815 1.025 1.359 1.663 2.147 1.816
Biomass it 4.838 2.237 2.063 2.715 3.934 4.397 6.588 11.352 4.418
SELH/ %  WEAR)Z 0.61 9.38 67.04 69.98 73.94 69.09 74.76 81.09 61.90
Ratio HAR)Z 99.39 90. 62 32.96 30. 02 26.06 30.91 25.24 18.91 38.10

2.2.3  KREWERkZ

BRFEA N AR RAAZ YR ST ARE R R B, — BRI KT 0, A 7 Tk g2t /1 3238 , 42 2t
FRARBREE )+ HERR PR AL o ISR 6 AT L, 4K B A Wy B K, P48 19. 014 t-hm ™ LT 5 B 36 0032 7
W, TN 78.79% o FIREFY E YR B D, T 4.869 t-hm ™, BT (5 Ho 3 0 2 W71, 1935 2
20.18% o WLAM, BIARSGHATY Y E R D, T3 0. 248 t-hm S LLFRLY 1% o 7 Ta KBARGIA R Y
YR, 15—41a BRI 410 355 43.286 t-hm ™, R FARZEYE 173, B TIUBELHEESH
TR TR DA AR I3 AL A BE 18, B AT

F6 FEMRBRKEZEHRAIRKRUREREMERSE
Table 6 Biomass and allocation of FWD,CWD and residue pile in Larix olgensis plantation stand

s AWK il Age/a

Ttem DWM 7 15 19 23 27 32 37 41 T Mean
YR AR 5.285 14.498 16.419 18.021 18.849 24.276 26.083 28.679 19.014
/(t-hm~2) HA Y 0. 000 0. 030 0. 061 0. 094 0.143 0. 247 0. 401 1.011 0.248
Biomass JHAHERY) 0. 059 0.275 1.809 4.094 5.189 6.033 7.896 13.59 4.869
it 5.344 14. 803 18.288 22.209 24.181 30. 556 34.380 43.286 24.131
YL/ % SR B 98.89 97.95 89.78 81.14 77.95 79.45 75.87 66.25 78.79
Ratio HIA Y 0. 00 0.20 0.33 0.42 0.59 0. 81 1.17 2.34 1.03
TR 1.11 1.85 9.89 18.43 21.46 19.74 22.97 31.41 20. 18
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2.3 BHIEBRAEE S AT
2.3.1 FHERAEENZ SR

SEEEWEBIE R SREITE, A ERK AET A TR, B 2 7T, 7 G4 R Bk i &
%, ZJEFFEE K 41 454 B BEE FIFE A Z IR 5 B A B K fH 138.096 t-hm 1 162.683 t-hm >, B
R Zhhit 1R A K, AR Z “S” B AR . 1E T—4la [6], RRYIER K2 i i & 2 4 A3
(R*=0.9719,P <0.001) , 7F 4la 35 3|5 KMH 19. 47% - hm *; K TR ERMERE R — KL K (R =
0.9567,P <0.001) ,23—41a A5 K TF 7—23a, 7F 41a K B HK(E 5. 108t-hm >, B FEH, K AEH A
TTARTEAR BARHA L gl i AR Hh i AR L 0 2Pk R bR Y 7 5 F- X ik it 2 O 6. 585.66. 934,90. 019 ,125. 103
162. 683 t-hm >, T AR ZRkAEE N 3. 254 .58. 521.,78. 086 .,108. 02 ,138. 096 t-hm 2, BEIXHRfE R SME IEAHR
(R*=0.9138,P <0.001,n =8) ,SF-HJ{HH 91. 672 t-hm >, 25 [B] 53 Fi P B 2 : T K2 > BIVE R B YZE > WA
WE AR RE PR E .

I 3 Bkt & o BLai ok E , 15—41 A& 2R B BT & Lo B To R 3l , T 7 448 R bkt
SR AN Z R K TEARE ARFEWERRZE R T M2 i bE & BT 5 135 Ee 3550 85.99% (11.85%
M2.17% ,5E A ERMEM . Kb FFRERERS DI S TARYZE AT HEEZER 7.25.
39.65 fif, difE AL, BT N TARBEE B R A= SR BIKF. WA T FE )25k & L 5] B
AR, BT AT, WA T AN THEE M SRR EE . A, REEER IR ZIE R ZR AR
Tk P R - 3k P 2 [ B B P o U 2 R, ERE VR Bk it B O A 2

~ 200 —6 100 —
E —o— T =
ss —— FFAR 45 & .
22 150 |- —A— ARERMRIE s -
R R —a— B -4 E‘ gg —— AR
2 L1 |,z ge or —— HTIRI
Xz E g —a A
WE sof g 'S
#é &) 11 < < B
% <
K 0 1 1 | | I 0 0 T\A; P & e o o—¢
7 15 19 23 27 32 37 4] 7 15 19 23 27 32 37 41
iy Age/a i Age/a
B2 FEWRHEMEERBMERITEL B3 FEWRHEEEREAEERR L]
Fig.2 Carbon storage of community and layer Fig.3 Proportions of carbon storage to each layer

2.3.2 HEWMEREEEE

W
(=}
1
J
(=}
W

P 4 T, AR AR R RIS RS £ | Los T
8 AR SRR A B TR A AR, F 4 5| I -
73396 bt FARBEEEERTHEY K3 g <t
2.894 t-hm?,7—23a i FORMA R EMAZ S AW 55 ) —o Ak 102 g;
B, A PV BERS s BB AR TE S R BB, e e 5 1O o1k
23—37a AL FIRGEAK T s 76 37—41a 4G H 2 A B ol

7 15 19 23 27 32 37 4]

PTHARER A7 182 BT, AR Z R 4F [ it Agela
FERSFH92 0.079 t-hm ™ 72 BUARFIMEAR 4325 BE ) %,
BRI B , 7E 15—37a ZB|FT AR 410 il ik 3K 4F [
EEBTVR, 22U BN E, KEYREZRE
AEE B E R 0. 423 t-hm 2, 7E Ta £2/)N, 15—37a TR ZEAL , 7E 41a KB H A {H 0. 475 t-hm %,

4 FTRAREHREEERBREFEEE

Fig.4 Carbon immobilization of layers
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3 itig

HHEEMHAAKAE L, K A N TAREES 4 Y B RSB MR R E E B 5K A% RAA 1
LT B AT DA Fe 2k - KR B m FAdtEmmn™ . 5ENEER LB
o, K EEH A THBEE R R BT A (DR A 255 75 6 M i ff A Tbk K B8 IR 4
R N AR R FALAR- KSR AR B T AR A TR L A AR F D B AR
RS o R AR A2t X K 1 96 A TAK LA A e BRBE BV B K

PFR R, PRIB K B EHIAROR R R RN E SR FZ— FERVE O E R 410 )5
FH R BRI AR AR M FAE I B 22 570 7 4R AR UMK AL 7E LA - B DA B, B i 2 R 385 fin E ZAREE S R
MEAZAER, 15—27a PR mRbE B3GR, BRpSEK — BUatia], B 2 M B B B, 27—
41a BB TR , PRG540 Bk it B AL FRARKE, RGRIEE B, SENSERIETHK
R TR FICT s B, BRI = Bk B 7K o DFRCIE R I B AR AN LA 8 B B
MRARAA , PRI Bi A B I AR BEAR S35 BE IR/ e IEAD, R R BRI BARBEREAR 2 , R Mk i B 2 &
BEARES I I AR e R R e 2 NS T 221k
4 #ig

K V& A AR A 4 B PRI B BT K, S35 129. 753 kg ¥k 1, S ERF SN R A > A > R ER >
Bz > A > A, 8T BT 7 ELBIl ik 58.75% o W b 1 FB 4 A0 B AR AR R 4 43 Ak B RT FAR GR AR AT L
& BIRBERTE S8 BEF .R.R/C J C/F {4514 0. 5236 0. 1936..0. 5672 1 19. 6056, [FlAT, K [ 7 H#4
N TAREETS B i B B AR 3 I T 38 K, 389 91. 547 t-hm ™ ZS A A3 R : TR K2 > KIRWIBRAK)E > WK F
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A, BEVE TR R AR R R 3,396t - hm 7 TR 2 AR A B AR R A BR AR Z 2K 2. 894.,0.079.,0. 423
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