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% (DBH) W5 (H) AR (Age) MRS (CL) MR (CR) FaLIA IR (CW1) ZR TG IR IR ( CW2 ) S5 5 33~ T A% |
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A A Wi o5 ek A i AR LG 91 2391 g 18. 68% (18.39% 12.02% .39.29% 8. 70% F12.92% ; (3) Hb b 2E Yt 51 F 2E
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Biomass allocation patterns and allometric models of Abies nephrolepis Maxim

WANG Jinsong, ZHANG Chunyu, FAN Xiuhua“, ZHAO Yazhou
The Key Laboratory for Silviculture and Conservation of Ministry of Education, Betjing Forestry University, Beijing 100083, China

Abstract: Abies nephrolepis (Maxim) is an important coniferous tree species in the mixed broadleaved-Korean pine forests
in the Changbai Mountain. In this study, the above- and belowground biomass allocation patterns of A. nephrolepis were
analyzed using 21 harvested trees with different diameters at the breast height ( DBH). At the branch level, allometric
models for live branch and needle biomass were developed based on independent variables of branch diameter ( BD)
branch length ( BL) , and whorl position ( WP). At the whole tree level , independent variables including DBH, tree height
(H), tree age (Age) , crown length (CL), crown ratio ( CR), south-north crown width ( CW1), and east-west crown
width (CW2) were used to develop allometric models for biomass components of stem wood, bark, live branches, needle,
coarse roots, and the whole tree. The best fitting models were identified by stepwise regression method. Results show that
majority live branch biomass occurred in the middle and lower canopy layers, while the needle biomass was mostly allocated
in the middle layer of the tree crown, with no significant difference between the middle and lower layers in the combined

biomass of live branches and needle (P>0.05). The aboveground biomass and belowground biomass were 1. 026—506. 047
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kg/tree and 0. 241—112. 000 kg/tree, respectively. Relative proportions of coarse roots, live branches, needle, stem
wood , bark, and dead branches to total tree biomass were 18.68% , 18.39% , 12.02% , 39.29% , 8.70% , and 2.92% ,
respectively. There was a significant linear relationship between the aboveground biomass and belowground biomass ( P<
0.001). Slope of the fitted linear model was 0.23. At the branch level, allometric models of the live branch biomass
explained more than 95% of the variations in data and the mean prediction error was less than 30% . Models based on two
(i.e. BD and BL) or three variables (i.e. BD, BL, and WP) were better than the single-variable (i.e. BD) model, with
the variability explainable increasing by 1.2% and 2.0% and the mean prediction error decreasing by 6.26% and 9. 27% ,
respectively. Needle biomass was more difficult to estimate than the biomass of live branches. Allometric models of needle
biomass explained only 82.7% of the data variability, with the mean prediction error reaching 50% . Compared with the
allometric model based on a single variable, prediction accuracy improved little when including BL and WP variables for the
needle biomass. The live branch biomass was positively related with BD, BL, and WP; whereas needle biomass was
positively related with BD and negatively with BL and WP. At the tree level, the biomass allometric models based on DBH
explained more than 90% of the data variability. Inclusion of tree height did not always improve biomass estimation. Stem
biomass was age-related and biomass estimation without considering tree age could be slightly biased. Crown variables were
very important to accurately estimate the biomass of live branches and needle. Considering the variability explainable and
the significance of regression coefficient in allometric models, it can be concluded that DBH is a reliable predictor for

estimating above- and belowground biomass in A. nephrolepis.

Key Words: biomass allocation patterns; branch level; tree level; allometric models
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1 #REFZE
1.1 BRI

WFE XA T3 AR Aol B GRS 5 S ARBE (42°20. 907" N,128°07.988" E, ik K 748m) , ZIX
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T 2008 4 8 F e fE 21 #RA R KN RGN M QA HEATBERAZ i . R RAR A KB e 3
G390 3.4—35.6 cm H12.7—22. 1m, X G AR, B el & Hiate (DBH) (FEAL IR (CW1) SR
[ EEE (CW2) o FEESHLIT 5 om ALK A, K BT A Ak R e B ek, 0 s g AR X G AR B A 8 (H ) S el 4 38
(CL) B B LR (CR) , W R E X CR = CL/H, FH Xiao 1 Ceulemans HY 77 0w 04 A
PR AR E BRI TR 18] T 55— SR AL B WP, 5 —ANE ok WP, R R DI e, 2
BRI AR AL (WP,) o IRIEXS RARIRRIZE SRR RARRN 730 3 D, S ARPON RA R BEA AR AN 5=
1

R1 21 BRARARERFHE

Table 1 Basic characteristics of 21 sample trees

%Y . . R} e/ ) ) ek K/ j ek i/ 7R L/
(eSS et b Wit/ em 5/ m I/ BHERBE/m B /m AR R I/ m
DBH Numbers Diamet Tree T Crown South-north East-west
classes umbers rameter height ree age length crown width crown width
1<DBH<10cm 9 3.4—9.9 2.7-9.7 18—31 1.6—7.5 2.3—3.7 2.3—3.0
10<DBH<20cm 6 10.9—19.9 10.3—17.2 43—65 6.3—11.6 3.6—5.5 2.6—4.1
DBH=20cm 6 21.0—35.6 18.9—22.1 82—125 12.7—14.0 5.6—17.5 4.3—6.5

SR Peichl Al Arain (1975357 KA R 434
BT 3 2 EE AN A FERR A2 e R I G « LR
Sy EEREAT 0] SO0 2 ML T AR AR AR T R &
BT 5 VR I L A5 R0 A BT, AR A
2 AR AR RN R, BORE D i . B %2 n A
AR RS r AR AT R 2 A R
FERUI A S (n+ 1 —r) 58, BRUE AN FEAL 23 B T4
J7 1) B2 HD R B AR A (R 1) U R A ] s
CSRFEROIT RS LR 8 (WP) o SR 126 M4 1 HEEEhHEREREE
K ISy FEIRT R R % 2 RO 45 RERL (9 4% Fig.1 The map of sample branches in a special layer of the crown
(BD) HHK B (BL) o B AERER I G AL 43 85 )5 F85 C
oM T B EE PR,

FERE I S0 143 BT KB AT 43 BLAE 19 10 3820 1R B 450 o 5 i, 4538 4349 3G 45 B
— AR A A SRR (1] 5200 58 A A LA S SRR T F /1 o HE B R 15 R A B 50 A B 0 B T DA AR
B/ T AR, SR 5 F 85 C R /il Mk 2= fa 0, FRe, AR R G A 1 /08 8 bb SR B2/ T R o b 5
HH AR G A B BT AR Y T

T AR (<5 mm) U XA 2R AR PR AR R R R L2 3 R A B R BRSBTS Ak X R AR A RELAR
(>5 mm) PEATIEHE . BERRXT GRS BIHL 500—1000 o KLAR EERERE A SR fif 4% iy [n] 5256 %, FHIE s /K12 0 8
Ve, T 85 CHLZE T, FREE, AR S AL 55/ 10 5 HUAE AR AR T8, 7 AR X 2 AR L 43 31 A
—A~S5 em B, HF RS20 2 FH LintabS 4F58 0 W7 (300 2 FAF 58 56 B 0047 8 4F
1.3 HdEair

SR AR 7 AR AT SR R4 8 B A i S AR AR

Y =a X' X22XP--- X0 (1)

K, Y REYR, X AT ag—p, WHTRSEL, 0 FAGHGIRZET, AIHR S 7 20 5 O Rk 7

B

n#g

<« BB2: B+ 1-rig

InY =p, + p,InX, + p,InX, + p;InX; + - +p, InX, + & (2)
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X, py =Ina,, e =Inf o RN ZHEAMTH I RE, Al NP ECHE ™ A 1R 22500 2 SR AL
IEREA BB S 3RAHAE Y T A (>

A= (3)

1

K, n FHRRARNEG Y, %l_ O350 O R R LI AR A FN(EL, S EERGIE R BN Ja, AR e A
ESF

%: A xexp(p, + p,InX, + p,InX, + pyInX; + -+ + p,InX,) (4)

TEROKF b RATBEBC B AR (BD) B E (BL) MAERUIT RS LE AL B (WP) SIS B Wi B 2R

W S A KO e BT - RIS (DBH) RS (H) RIS (Age) WK (CL) B (CR)

AR (CW1) B ARG 1N (CW2 ) AL AN TR i B Ayt S o AR RS TR ) 8 20 e [ Uk A 1 i DA

AR PR O E R AL RS, AP BN R 2% MPE (% ) ATTBERMLG PR SEE T 2% MPE 14
W R

MPE:J%Qf Y, - Y, |/Y, (5)
2 BRESW
2.1 YRR R S0% [ gt 15
R RAEY & S A Yy s e R e 9 22 ) el

. . s 40% |- =8 R T
AT 2 s, WEECEY) B AR TRE T R,

Wilcoxon JEZ0R 5 71 5k b 2300 R 2E W i i 351
THRZE(P<0.05) , WA e i 2= A J2 36 AR P i
IR FE 2 (P>0.05) 5 B M AR it AP TR
EHZE . Wilcoxon IESEG K W e LE AT ZEr
A e i AR 2 (P<0. 05) |, 1B e 1 2R R 2

)
S
X

LY BN E S
Relative proportion of biomass
)
X

S A A TG 3522 5 (P0. 05 ) 3 B I, 3L 0 T Py
*Zﬁi n‘l‘é’i%%% EF] jf‘ﬁf[ﬂqj_t:}%' , HW%#J}%%D—FE% Live branch Needle Live branch + needle
TR EZER(P>0.05) H2 EERHTEYREENHBRNEEN G

AT 21 MRS E A e N A E K Fig. 2 Vertical distribution of live branch biomass, of needle
/J\?E E] % }:'JIJ j’i] 1. 026—506. 047 k g /Hi *ﬂ 0. 241— biomass and of their total amount in different layers of the crown
112. 000 ke/Bk. LA IR ELED A 90 i 46 X 53 T 19 A=W AR A 43 (% )ﬂ%ﬁﬁ%lﬁ!%ﬁﬁi?%ﬁ?&jmﬁﬁi%
W3 BT BB M R M A W E AL IRZE T AR E DR HAS R TR 25 7 .3 (P<0. 05)
TARBUEY R AR Y RS E Y R A P
A AR He A543 591 4 (18. 68+0.69) % . (18.39+0.89) % . (12.02+0.92)% .(39.29+1.49)% (8.70+0.37)%
F1(2.92+0.38) % , RFZHL LAYy 530 T AE YR 2 (8] B9 Person AHOC R 1A 0. 984 (P<0.001) , —# 1
BELIEA R EG TR 0.23 (&1 4)

2.2 BUKF EARY RS A KA

WRIETTRE(4) SRR L AR o S AR R V=2 x exp(p + pyIn BD + pyIn BL + p;In WP) . 47
BRI AR5 (BD) 2 AN (BD (BL) & 3 475 (BD BL WP) BTG A Yyt BT AR 4 S A A
R, g2 PR, A AR SR HE F A5G35 B3 (P<0.001) , 3R A: W A RS B ] fi Rl R T
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95% HAV-I TR ZE AN 1L 30% , 2 A8 i Fl 3 AR AR A S5 A5 R YO8 T AR it B AT i R o 4
1.2% F12. 0% , F-X MR 22 5051 R R 6. 26% F19. 27% A= By A58 () T 5 SR A oot 5 2% | R 080 ] it
R 4R 82. 7% HAV- SR 254231 50% . SR Al bE,2 A8 f 3 AR SR iy ] il i o4 oy ELF-34
TR ZE NI . S ANGEA YRS 3 TN AR 3 2 E ARG AR Y SRR AR R IE AR O, T
SRR B SRR BT e S AR A B I R A (R 2)

60%

140
g 50% |-
£ " 120
RE 400 | 39'_2;/" w0 $=0.23x-0.20 A
fg“a <00  R2=0967 P<0.001
=} 7]
B2 30% |- E .
mE 0% S s
' 32
2 18.68% 18.39° 2
R % 20% L o 18.39% b £ 60
H > <}
5 12.02% , E &
2 0% |- 8.70% % 40
2.92% a
0 =1 20
BE ®E§ 2 K3Z BE &S 0 \ \ . . . .
Ry BE 2 Kg ®S ®g 0 100 200 300 400 500 600
g @ 25 E Ay
© i Iz A Aboveground biomass/kg
H3 RAURABEENEHESE LG H4 LENBSHTENEHXR

Fig. 3 Relative biomass allocation of the different components Fig. 4  The relationship between aboveground biomass and

(mean and SE bar) belowground biomass

R2 BKFLEREME SHENEREERKDR

Table 2 Allometric models for live branch and needle biomass at the branch level

Mt ke FH Coefficients . e

Biomass Po P P2 P3 . Sig. g e

T4 Live branch 3.398*** 2,733 %% — — 0.951 P<0.001 1.018 29.29
3.470"%  2.1647**  0.588**" — 0.963 P<0.001 1.027 23.03
2,860 2.290***  0.249* 0.278 *** 0.971 P<0.001 1.014 20.02

£ Needle 3.298 %% 2,041 — — 0.827 P<0.001 1.035 47.30
3.282""*  2.167"**  -0.131ns — 0.827 P<0.001 1.032 46.90
3.480 %  2.126*** -0.02lns  —-0.090ns 0.827 P<0.001 1.032 46.70

#FE0.05 KV BT + +«FE0.01 KV LERRH; » » #££0.001 KV LZER B ns 7£0.05 K LEFARHE

2.3 BRKP EA Y A AR

RGN F e B A i S A e AR RO | R L e T S 2R PG T e R A S AR WAL S B, A
IRl o A a5 AN R 2 0 2 W S R IO G (P<0. 01 ) o BTN By i B D S8 AR AN 3 B, BRI R I 1) e
W FUA 5 T A A i P A 8 ) IR AR R RO TR T AR 5 A, A X AN R B A i 3 B8ORS0 T HeAth

TR -EL
SLHE,

WRPETT R (4) , ST MR 1 AR it R AR AR Y= x exp(py + p;In DBH + p,In H + p;InAge + p,In
CL + psInCR + pInCW1 + pIn CW2) , 43 3R BAAS 5 (DBH) 2 A5 ( DBH (H ) HEST A= Wy A5 50 % ) F i
R RT3 R 2455 ( DBH H Age .CL .CR .CW1 .CW2) &7 RIS AR 2 B A Y i iy fngk 4
FER, AR FRGE0 Y 35 (P<0. 001 ) , 3T 42 () B AR J AR AU AT fi B YL 17 90% , Hh B+ A
AW WA e KRR AR ) KRR AR e A AR ] g R AL T 98 % , I N R 25 N i 20%
TG A ) I AR AT R BV R A 97 % —98% |, - Y T iR 22 VE R 18% —22% , A=Wy i T A5 A A
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ARV N 94% —97 % AR 25T 22% —31% 2[4,

x3 FAARZENEEREEVENRERERY
Table 3 Adjusted coefficients of determination in models (¥ = a X ") for each component biomass ¥ ( Stem wood + Bark, Live branch, Needle

and Coarse root) with six different variables X

A5t Variables
R B/ m ra At 1 e M/ m ZR 74 7 5 i/ m

Yt/ kg

. Ma4%/cm W /m Fil/a
Biomass Diamet Tree heicht Tree Crown South-north East-west
rameter ree eg fee age length crown width crown width
T+ Stem wood + Bark 0.952 %" 0.924 *** 0.744 %"~ 0.776 *** 0.806 "~ 0.731 """
1%KL Live branch 0.925 """ 0.679 *** 0.708 *** 0.687 *** 0.945 """ 0.854 """
£F It Needle 0.846 *** 0.689 *** 0.373 " 0.726 """ 0.802 *** 0.711 """
HIHR Coarse root 0.993 *** 0.781 """ 0.754*** 0.752*"* 0.917 *** 0.853 "~
B = S A B —— —- fif —e—— MR
400 400 - 400
) ) ’
o 300 | / o 300 / o 300 | /
=< / =< : =
2 7 J 7
£ / £ 200 ; £ 200
5 200 5 - £ L
2 ¢ = ™ d -3
] ] I
100 - £ 100 £ 100 -
+ + +
0 (s 0r
0 10 20 30 40 0 6 12 18 24 20 40 60 80 100 120 140
42 Diameter/cm W Tree height/m AEHH Tree age/a
400 400 - 400
[ J [ J { ]
o 300 - o 300 o 300
% : > 0 > /
[ - -'
200 N 200 - . 200
: oo : v
] ] ]
R 100 - | | 100
+ + +
0r 0
0 4 8 12 16 2 4 6 8 2 4 6 8
54 JE Crown length/m Hi bR 0% South-north crown width/m Z5 1 [n) et i East-west crown width/m

E5 ERELEVESHZ MRS ERMBERE FLOBEREFARTRENXER
Fig.5 Relationships between each component biomass with diameter, tree height, tree age, crown length, south-north crown width and

east-west crown width

MR RER L, 5 IR A 55 2 A A8 BRSO [ i 1 A R R T 8RB B e RN BRAR R T AR B
A S R A W SR R AR R AR iR A T B R, P TN R 22 A P I L5 AR i B R B
HE Wy A TR L P B e AR X B o T [ E RS e o R 2R A B A e RORELRR A Wy i T L ) 2 725 O
ANBLE ARSI AT fif e DA R R BT A TS R L T DR 2 T AN

W% 4 FioR  RTB A LA AR 2 AL B ST 1R[] 4% F AR Y i fe o), I A W e B 4F
W AT ARAG I A T AR o R R A W i AR TR TR T A S e S A W A I A e ) o T
HE,
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R4 HAFLEREENEFEERKER

Table 4 Allometric models for each component biomass at the tree level

iiﬂnf&/kg Po P P2 D3 P4 Ds Ps D7 R P A MPE
AT AR -3.950 *** 2.694 *** - - - - — — 0.980  P<0.001  0.966 19.53
Stem wood —4.063*** 1.377*"* 1.504*** — - - — — 0.995  P<0.001  1.017 9.94
—4.778 %% 1,294 "% 1,546 0.207 - - - - 0.996  P<0.001  0.993 8.17
)3 -5.204 *** 2,591 *** — — — — — — 0.981  P<0.001  1.069 18.33
Bark -5.269 *** 1.840** 0.858 x - - - — — 0.98  P<0.001  1.104 16.02
—6.842 7% 1,658 %" 0.952**  0.457*** — — - - 0.992  P<0.001  1.020 11.04
TEAL —4.238 *** 2,501 *** - - - - - — 0.974  P<0.001  0.993 21.76
Live branch —4.235 %% 2,540 *** ~0. 044ns - - - - - 0.972  P<0.001  0.990 21.64
~3.984*** 1.755*  0.374ns - — 0.503ns  0.674* — 0.975  P<0.001  1.022 18.41
ot —4.245*%% 2,302 %% - — — - — — 0.946  P<0.001  0.906 30.61
Needle —4.260 *** 2.155*** 0.191ns - - — — — 0.943  P<0.001  0.912 30.75
-1.786*  3.569** -0.794ns  -0.741* - - 1.329*  -2.11lns  0.963  P<0.001  0.981 22.50
AR —4.460 *** 2.601 *** — - - — - — 0.992  P<0.001  0.963 12.40
Coarse rool —4.468 *** 2.507 *** 0.108ns — — - — — 0.991  P<0.001  0.966 12.04
—4.306 *** 2.409 *** 0.182ns - — 0.212ns — - 0.991  P<0.001  0.978 11.51
Bk ~2.739 *** 2,589 *** - — — — — — 0.993  P<0.001  0.955 11.34
Total tree ~2.792%** 1.970 *** 0.707 ** - — — - - 0.997  P<0.001  0.981 8.20
~2.766 *** 2.275 % 0.526" - - — —  —0.292ns 0.997  P<0.001  0.983 7.51
3 g
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