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Effects of neighborhood competition on biomass and its allocation of Larix olgensis
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(School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] This paper explores the influence of different methods of competing trees on the
calculation of neighborhood competition index, analyzes the corresponding rules of Larix olgensis biomass
on neighborhood competition, so as to provide a theoretical basis for the research on competition mechanism
of planted forests. [Method] Based on the analytical wood data of 147 sample trees of L. olgensis in
Mengjiagang Forest Farm, Heilongjiang Province of northeastern China, this study analyzed the effects of
neighborhood competition on the biomass and its allocation of tree wood, bark, branch, leaf and root. Four
methods for selecting competing trees (fixed radius method, dynamic radius method, adjacent tree method

and control tree number method) were adoped. Based on the existing nine competition indexes (CI;—Cly),
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through correlation analysis and random forest importance ranking, the optimal neighborhood competition
index was screened, and the relationship between biomass of L. olgensis and its distribution and
neighborhood competition was analyzed. [Result] The optimal competition index varied with different
methods. When the fixed radius method was used to select competing trees, the competition index (Cl;)
related to the object trees and DBH of competing trees had the strongest correlation with biomass. When the
dynamic radius method was adopted, the competition index (CI,) related to DBH of competing trees and the
object trees, as well as the distance between them had the strongest correlation with biomass. When the
adjacent tree method was adopted, the competition index (Cly) related to DBH and tree height of the object
trees and competing trees, as well as the distance between them had the strongest correlation with biomass.
When the method of controlling the number of plants was adopted, the correlation between competition
index CI; and biomass was the strongest. The results of random forests showed that the competition index
selected by method of controlling the number of plants had the strongest correlation with biomass of L.
olgensis. There was a significant negative correlation between biomass of each component of L. olgensis and
neighborhood competition index (P < 0.001). The biomass distribution ratio of each component was wood
(63.6%) > root (17.8%) > branch (10.0%) > bark (6.6%) > leaf (2.0%). The neighborhood competition index
was significantly negatively correlated with biomass allocation ratios of tree wood and root (P < 0.001),
while it was significantly positively correlated with biomass allocation ratios of bark, branch and leaf (P <
0.001). [Conclusion] Neighborhood competition significantly affects the biomass and distribution of each
component of L. olgensis. The influence of competition should be considered in the biomass model
estimation. This study provides theoretical support for accurate estimation of biomass of L. olgensis
plantation in northeastern China.

Key words: Larix olgensis; biomass; neighborhood competition index; competing tree

AW B A3 TE A SR 2 AL A B R T B A 7 5K
HEwm ALK K EMEEY, MY iE A F
BB E, SRR TR 7 SGHRAIK 73 4%,
AT AR A K T AR T A ) Ay E AL ) AN S T A
W= 77, I RRARAE = i R DA i A B
HE/ERP,

[ViER SR X N S S S AR T R W A i N
MAKKE TR, FERORMEESOGR, 2 H, 77250
FIK 535 o WA 2Z 8] (1) 58 e AL SZ W AR 53 2540 L
T ZH TR B 5, 3 5 ] B OR £ 2H 40 3RS R BRI K
ZIN, 3 1T 5 AL AR AR B AR ) R AR SRR A Y, SR T AR
& 5y BU AR ) 55 G 2 1R B A R AL A AH R i
8. 40, Lin SEUE A R AR B, B T
SE T )BT EL RS, FRRIT T YR E A
TREZ IR R 2R, 45 3R B B UR (1 BRI 20 T AR
I OHECHE. BRARFASED @ ERAEY EREE
K, FARFHAR BB FIIARFIYE AL 55
ANE 56 4 R, FFR AR Y W AR &0 N AR ) B AR
B, 53 1 50t H ART& IS (Larix kaempferi) £ 40
SEYE SR R EAEKIC RN .. HA R
S WLVE 4 S O T R B, 38 4 R 20 AR (Pinus
koraiensis) A%« B LSBT B B, REAR AR
VIEA SENRECC R, Ha bt EAY &R 5

PRA )2 LU 55 3 S 235 A O, T Hb T~ A2 4))
T S S e B A S R A B3 . AT
FAR, M a2 PR A E T, FEE 24
BRI BT, IF H3E AR A TR I AN R
PEC, Men ZEPRIEFE R B, 230 45 B4 A AR AR 1R A2 40
B AR, 554 2l SO AR A )
R 5 A FURH AR A 0 B4 e . DRI, ZE A TR
RAYIEIS, A L EAR T8 R AR AW & N )
TC PR 52 P BT 71

A5k T 4 B TE SN AR AR AR S A A [R] ) TR
Yoo — M 58 4 48 HE A AR 20 rh B R T 1 <0832 32
e, SEFHREOAE I SEBL 1 XS AR 2y hAH SRR R 5 4
ERER A RIES s SEG AR R/ BRI S X ROR
V) PR R B TR S AR A T E B R R
T T X RARIEIEIEE N, F & B R
AT G A 22 8] P 2 B 150 B N 38 e A, 1T A
FSEFHREC O, IR SE SR AR R O . B
s A R FH [ 5 AR e B AR 5 4 4204 1,
F TG B A BB AR A D 5 S A T o B 5 S 8 2
SR FIEM AN (156 5 s RIS PESEN R BN A AR,
M I AL A e A R R S B AR, DL HUAE
MR AR 52 4K, 138 X XAk (Cyclobalanopsis
glauca) IR MR TEFAE DLIEAT 73 AT o BEAN, A 55



94 b = ok X

¥k

47 %

SR FH 28 AR B0 18 RS X R B 1) 4 R ARAE
o P AR KA FH A A V& T FA (Larix olgensis) A [F] J7 [A]
M55 PR DA E SR IA W AN [F] 5 ) b ) 5 4
J& 731, Yang 5K B AR AR AL € 75 4R, Bk
550k RO e B 28 IR AR AR DR 5 G AR R T R 3L
AR Quercus liaotungensis ) TE /N [A] 56 4+ 55 B R 142
Yoy B SRg o tE AT W, 56 oKk U 2 BRI 9
XTRMA B2 5%, e GE s £ L ER . Bl
K2 HOt 5% 2 B d i ) 5 ) 55 4 4R Hel R H
Hegyi fill L 36 S R EAL T 4+, SR, dl i Lh i
AN[F) 7 500 58 58 P AR T S AR IS8 G R U AT F
ARIE. BRI A, AR FEAFESLH AT T, 56
G2 BA AT AR PRI PRONR I e 1 5 56 4R
ATHERE A 8] ) 5 S R HOR Rk AR I8 E 5 B — 8
=98

K V& A 2 R E R A HIX Y 3= 2R A R 2
—, BAETREE. AR, A, 75 Am e
I7\ GRS R, AERERMAES RS G R
8 AWFFUEET BT AEAR &R KR K
7 A N AR A AT A B8, SR AN 6] 7 iR I B3
G, THEARITE 484, 1@ A Y R AR T
GHRHCR BN S, JE TR B EE T K B
WA AR e B L3 L R S MR AL A

1 A5 RAIL 5 B 58 7 ik

1.1 FARE#EHR

AfF 704 X A7 T Rl VA A R W T A e B K
& Pk 3% (130°32742 " ~ 130°52'36" E, 46°20'16" ~
46°30'50" N) o i 5% b RIS R ARl B, R AL
& VOIS, RO 22, SRR DARE AR Ny
F, M ALK Ll ke Ik L R AR K. i K XA
A T AR K R 2 A, A3 AR 2.7 °C
AR BE—34.7 °C, 72 35.6 Co “FHIFEK
B 550 mm, “FIIFHR 250 m. %Ak 3 ETRACH F
B AEM A 5 HR(Quercus mongolica) 1111
(Populus davidiana)~ 21 (Betula dahurica) A
(Betula platyphylla) 7= % (Picea asperata)- #HHk#k
(Juglans mandshurica)% .
1.2 MRAZE
12,1 #yEisk

EREKRIGIEE T 22 Beygmfa N LA 2
P, FEHR/NA 20 m x 30 m 3% 30 m x 30 m. B
JeHEAT R A, O [ 5 RN BT A B SL R BEAT
FEAKS R, W& i A W R 1 432 (D, em) B & (H,L
m) Rl CCyyo mDSFEFRFR o 44 BRI B AR R A
oy, FIREE W AR EARIE 0 N 5 9, THE &R

WIS E AR, CACPRHETE R POE SR 1 ~ 2 BRFEARAE
DT g AT AR T B SR AT A o R 5 AE T R B 1 A
THEHO BT . B A R A SR AR AR 7 b, I BGE T R
B AR IR S JOR HUE BB AR Dy i b A 2R AT U
JE, BT 147 BRIGHTA, FHXTEHTAR 8 m LAY
AN RS T N Do 2 Al D 557 N o AN B A
FRATA G K BT 4% 1 m o BERREUEE 7 &, 75 % B
B3 ~5 om (R EE, 2 i & 5 5% 1 34 FORE Bz 6 Jofg
IO, IR (0 b ) i DA 777 1) %o 45—
RETA B R HAT T, R K R AT R A A
DIRRERE, AEARAER IR 355, 23 S0l FR EURS g
B o HORE o FERIAR A B2, RO > 5 cm).
HFIFR(2 ~ 5 cm) /MR (< 2 em) 4 2% v I 58 & 7
IR . A [BUEE AR AE 80 °C fER N BT AR IR
5, HORE S AR T 5 R 5 B ) BL A 3T DL
o385 i TG BB A S LE W . MRy BT AR S
AERENFE 1.
122 #SEsEEHFR

T R B 8 DTV — R 4 Bl 23 o T E
FEN, s AR A AER, R EOE,
B 4 FogiEamlbsicon Ty 1L 0L V. [l e 242
IR T W . Hegyi s - fa B0 H 7%, DI HR
e, FERREAR M 1 m FFGR, DL 1 m o SR b
INZE 8 m, W% BE B UK RO TE 448, %
A AR AR R R AR SIEAF ST
NPBES R G DR ES, 1Bl g
R TROE PR 1R, DA IR 4 oK
FES ARV LLREE F AR K B SR CH B 1)
MR RS G PRI G AR Tk . 1% 6 N
WL ) 77 FEAE R 2% 30 el R ASE Y (3% 2D, s AT R
H AR S AR ELHE 73 A 6 A & IR B AL AT LA, 8
o B EE B G T b IR 4 4G R B UF
AR 4 VR 9K B AL A AR TR IR . A 34
REKISES B i oL, BAFAE— %
5 PRI 4 A ) e W A5 28 1 A e At B Pk B e AR
() ek i AR B 0 o DL I B R 32 H 4 R it e e
KIFEA, R 2O T A5 B0 e AR 3= 2 (gD, ]
HGOR % 250 0 =1.620,

Cl= 1

n ] DiXdIStl] O
CWxi _CWyt

= 2

q Core 2

1
=— 3
- )

XH: Djv Digy RIRFES R jRIARFIXE GO i 4z,



Ham e g

+ SRIRTE o0t AL AR T R L S S R

95
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Tab. 1 Statistics of basic information of Larix olgensis stands and analytical wood
Byt Giit & RME /ME BTN bRt 22
WS /a 62 13 36 16.077
FHIAR/cm 27.1 8.5 16.3 6.093
o ¥ 3
SR /m 27.8 9.4 17.895 6.341
RS2 B /(B -hm ™) 3322 500 1585 914.791
4% /cm 33.4 55 16.44 7.020
4 /m 28.9 7.8 17.73 6.055
WA YE kg 579.894 3.079 118.50 129.444
SRR T W R A e kg 49.229 0.478 9.35 8.597
W AP ke 48.874 0.544 11.75 11.213
A kg 8.516 0.696 2.278 1.960
AR AP /g 148.485 0.576 31.85 34.381
F2 MBAREMEIREER
Tab. 2 Basic crown width model of dominant trees
SH Ak LA
Hi's AL 3
a b R2 RMSE AIC
1 Cw = a+bD; 1.656 0.074 0.167 1.086 181.091
2 Cw =aD’ 0.815 0.455 0.178 1.088 181.327
3 Cw = a[l —exp(=bD)] 4234 0.073 0.167 1.095 182.109
4 Cw = aexp (bD;) 1.936 0.024 0.183 1.085 181.005
D\
5 Cw = / 2.282 0.440 0.169 1.094 181.988
a+bD;
6 Cw = 1/(a+bDj) 0.471 -0.007 0.182 1.085 181.053
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Tab.3 Competition index formula

TEETEH N ZH 3R
n
D .
el CI, = ! [12]
] Dixdigij
n
H.
CI Ch = L 12
2 ; Hi Xdim/ [ ]
n
D .
ClL Cl; = 5{ [10]
i=1 !
CI Cly = o
4 iz [10]
i=1 !
n D?
Cls CIs = J [16]
; D? X digyj
n HZ_
Clg Clg = / [16]
; H? X digij
n D 2
Cly CL = Z ~ [10]
i1 Di
n H_z
Clg Clg = Z H’ - [10]
=1 i
cI CIL Z Di i (1+Hf) 6]
9= n|l+—
’ < Dixdisij H;

E: Dy DiARRTES RN ZANIIE, Hj\ HARRTE AN mAN
X BARM  disj FERTEF RN GOR Z R RS, nfRRTEH AR

2 HER G M

2.1 FEHARAYIEE

K FH ] 52 AR VR B 4 KBS, B 56 4 112 11
BN, e AN PSR R RN TRFE.
WE 1 iR, 55 ERLE 1~ 6 m A FH 3 45 5k
MR, 16 6 ~ 8 m Z (1], T35 5% 4+ ¥ B B i e /s
e, Wik, 6 m AT K AVE A E R0E
ez, BT RA 6 m DA P (R A O L AR K 1A 4K
A

SRR A [ i vk shA R HAR

20
18}
16

Bl

gﬁ: v o \

sl
= 08 \

o6 ~-.
041 ~.
02}

~~~~~~
- ~

0 1 2 3 4 5 6 7 8
TEFEE/m
I SO ik ek i i R e (R A A EE%]
Fig. 1 Trend of average competition index changing

with competition radius

ARVE L 5 il ik Bk o B 5 S AR AR B0 43 ) A 2 430,
1260, 289, 1 168 #E(F 4),

R4 AXFEERESFARER

Tab. 4 Results of competing wood selection by four

methods
Jrik S RAMAL SEHAREL
I 7 A2 (D 147 2430
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