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Effects of stand age and competition on allometric relationships for biomass

partitioning in Larixkaempferi plantation
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Abstract; The effects of stand age and competitive types of trees ( dominant and suppressed trees) on biomass allocation
ratio and allometric relationship of each component were analyzed using ANOVA and multiple comparison based on a
chronosequence approach for 7-, 17-, 30-, and 40-year-old Larix kaempfer plantations. We developed the high-precision
allometric biomass equation as the basis of estimating biomass and carbon storage of Larix kaempfer. The results showed
that: (1) the stand age had significant effects on the allometric relationship of biomass allocation. With the stand age
increased, the proportion of stem biomass increased, but the proportion of branch and leaf biomass decreased, while the
root biomass gradually became stable. The biomass model of stem, branch and leaf was significantly improved by adding the

stand age variable. Age effect was the most significant in young stand stage, so biomass model should be constructed
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separately. (2) The tree competition types had also some effects on biomass allocation, but was less than that of the stand
age. The dominant trees had more foliage biomass and less stem biomass. When the site conditions were similar, the
competition effect could lead to the difference of biomass accumulation in the organs of dominant and suppressed trees, but
the proportion and manner of biomass allocation to different organs were almost same. The competition within stand would
not result in the biomass allocation strategy in terms of the theory of allometric relationship and the theory of environmental
priority. So, when estimating the biomass of each component, the difference of tree grades in stand would not bring more
deviation, The conventional method of estimating biomass by intermediate tree is feasible. (3) The root biomass of different
competitive types of tree in pre-mature and mature stands was relatively stable. The percentage of root-stem ratio can be used

to calculate root biomass.

Key Words: Larix kaempferi;stand age ;tree competition types ; biomass ; allometric relationship
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Table 1 General situation of different Japanese larch growth and development stage plots

N V- fi 4% T T i 4] MRy B e
T T T TR b . ik LR
Average Average tree Crown Stand density/ : .
Stand age Plot numbers . . ) Elevation/m Soil depth/cm
DBH/cm height/m density/ % (Ff/hm?)
7 9 8.91+0.51 8.39+1.13 0.89+0.1 1771+341 37427 47+3
17 9 12.70+0.48 14.71+0.77 0.79+0.06 1647+331 327+22 56+3
30 9 20.01+2.09 21.09+2.31 0.81+0.09 720+274 453+20 46+2
40 9 24.84+1.98 23.18+3.11 0.81+0.08 479+123 367+81 52+6
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Fig.1 The allometric relationship of stem, crown and root biomass with DBH
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Fig.2 Allometric relationships among tree crown, stem and root biomass
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Table 2 Biomass allometric equations for the tree components (needle, branch, stem, bark, root, aboveground and total biomass) with stand age

and tree competition as dummy variables

FARIMAR I AL AR BRI ST

WAL Dummy variable model with stand age parameters and fitting statistics
Tree component - - - -
a (S.E.) b,(S.E.) b,(S.E.) b5(S.E.) b,(S.E.) R? RMSE
)FX‘]L lﬁi%ﬁ 0.292(0.189)  1.601(0.402) 1.930(0.249)  2.090(0.208)  2.055(0.200) 0.908 " 16.17
Stem biomass
ﬂj&ﬁi%ﬁ 0.030(0.016)  1.903(0.262)  2.060(0.207)  2.091(0.177)  2.049(0.170) 0.920" 2.39
Bark biomass
H=N
ﬂjﬁﬁz%E 0.002(0.001)  3.514(0.653) 3.209(0.580) 3.035(0.501) 2.932(0.482) 0.758 " 2.92
Branch biomass
Ry I o
i fﬁz%E 0.002(0.001)  3.240(0.390) 2.898(0.348) 2.671(0.301) 2.554(0.290) 0.776 ** 1.16
Needle biomass
H=N
*EEE%E 0.090(0.040)  1.739(0.335) 1.860(0.259) 1.938(0.218) 2.022(0.209) 0.903 3.48
Root biomass
i =N
L EEYR . 0.171(0.100)  2.141(0.301) 2.261(0.232)  2.335(0.197) 2.287(0.189) 0.920 16.21
Aboveground biomass
BAYE
0.246(0.112)  2.067(0.277) 2.188(0.214) 2.263(0.181) 2.236(0.174) 0.931 16.29

Total biomass
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» FR AR TE A ST R AR BN SRR G S T
BRIy Dummy variable model with tree competition parameters and fitting statistics
Tree component

a (S.E.) b,(S.E.) b,(S.E.) b5(S.E.) — R? RMSE

A=
/H:Fl%li 0.109(0.071)  2.367(0.201) 2.381(0.211)  2.375(0.229) — 0.888 18.02
Stem biomass

)(‘ E=N
)FJ&/EE%% 0.030(0.014)  2.071(0.144) 2.050(0.152) 2.077(0.164) — 0.909 * 2.53
Bark biomass

)(‘ E=N
*J&/EE%% 0.135(0.110)  1.701(0.253) 1.528(0.270) 1.246(0.327) — 0.741 " 3.02
Branch biomass

- A G
i fi%ﬁ 0.480(0.188)  0.899(0.125) 0.777(0.135)  0.465(0.167) — 0.781 " 1.55
Needle biomass
*Ed:%E 0.011(0.006)  2.639(0.217) 2.714(0.227) 2.675(0.247) — 0.895 3.33
Root biomass
b b . 0.205(0.102)  2.249(0.168) 2.241(0.177)  2.214(0.192) — 0.907 16.56
Aboveground biomass

ey =
B 0.204(0.101)  2.302(0.154) 2.307(0.162) 2.277(0.176) — 0.924 16.98

Total biomass

a by by by 1 b SERBH S E NS BARAER , RN IHIE A R B0, RMSE ¥ rARiR 22, « R 5AR 1 L FRILEE, « P < 0.05;

* * P< 0.01
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Fig.3 Relationship of stem (with bark), branch, needle, root, aboveground and total biomass with DBH at the 7-, 17-, 30- and 40-year-

old stand
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Fig.4  Relationship of stem ( with bark ), branch, needle, root, aboveground and total biomass with DBH at different tree

competition status
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Table 3  The difference of Wc¢/Ws ( crown/stem ), Wr/Ws (root/stem ) and We/Wr ( crown/root ) in different tree age classes and

competition status

WS A Wy s/ 0 T A PR AE Wi/ 4T A ) ik TRIHR A= o/ A SR A )

K Factors Crown biomass/Stem Root biomass/Stem biomass Root biomass/Crown biomass

biomass We/Ws(S.E.) Wi/ Ws(S.E.) Wi/We (S.E.)
M3 Stand age classes
7 4FHE T-year-old 0.708+0.023a 0.347+0.015a 0.508+0.120a
17 4E2E 17-year-old 0.233+0.023h 0.220+0.015b 0.993+0.120b
30 4E4E 30-year-old 0.092+0.026¢ 0.187+0.017b 2.209+0.137¢
40 474 40-year-old 0.093+0.027¢ 0.225+0.017b 2.478+0.143¢
PR32 Tree classes
E# A Dominant tree 0.3710.021a 0.244+0.014a 1.086+0.114a
SEHIA Intermediate tree 0.280+0.020b 0.251+0.013a 1.499+0.106b
BEHER Suppressed tree 0.281£0.022b 0.256+0.014a 1.687+0.117b

[RIZA [ FRf R 26 57 . 3 (P<0.05)
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AR, TATTFIE LG R 50—, Jenkins 5% 75X 55 [ 32 SR Fh 5 0 7 B2 (08 rh A A i AN 2
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0.35, B BUAMALE AR E TE 20% /540 o TEMRGT IR B A BB 2 i e R AR W] RS2 1 45 B A 4 i 4 L)
Feam s R A WOCRE F1 1 FRATAO BRI UE S T %R, ZELIAR AR A et o 4% 1 A 1 L B8 T it
AR AR S OO TEMRIM A KRB BB, AR IR R A 3 T B9 ) 52 Wl 2 S BORE AR FIAR 23 7K 1A B
15 R . AN e AR B3 i e A A FIRE S JR X AR A 198 S JH 5 5 B A A7 2 28 G 24 1Y, T A 1 0
ARA A AT 8 2 B e 5 1A K BOR SR R BORR E P . PRIECTE R Al 3 A 1y i B At 1 1) A0 0 A=
57 TE LA Y S e 7 SR OCTE Y R R TE SR B A S 2 S 5 L FRAT TR A, Y7 2l dkBir Bor
R A= Wy e B v L ARDRAE S 30 T AR Wy i 2 A D 22 19, (LR TR T AR 23 Hh O IR o LU (DR A 13t R 2R
ZAATHY

H A TE AR TR AR W) (We) BT AP0 iE (Ws) FIRFAR AR Py i (W) AR B 2Z (8] 9 Lo 491 5C 284 32 B K 58
GBI, YL AR BIRTEF T B IR A Py i LU AR (We/ Ws B We/ Wr) 5P BRFIPE R A 22 57 i
o AW Z AN L 25 S AR IAE A R A Wi b A AR AR ) AR AR | Sl [ Y BB O R R A
SR SEE A Myt 23 7= A 8 2 T AR AR A ) A SRS B M R E L Tomaki FEU D Naidu %50 FEAF5E 1A
(Betula platyphylla) FKJERS (Pinus taeda ) P AT H A A= 38 0 BE H A 52 Wi 1] 8 s R 73 L 48 22 1A 4
TAY AR AR Y ABEE T B AT AR EARAE Y e XS H 8 A BRI Z5 Rk E I
B PR Ry 2 BRI B P AR AR A 8 = PR 1, DT 43 BC 48 22 1) WA ) R AR U 22 1) 01 RO 33, R A B AR 4
B AR A P it 43 TSRS IR A S8 5, {H Veronica 551 S Wit A T4 EAC A R RIAR AR S8 1L B
(09 AR e 20T L 2 SAE T8 0 S M A5 0 AR 23 03 I B8 22 1) A0 W) i B ARV, (] IR B 8 24 i R XUBR B8
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