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Effect of aboveground competition on biomass partitioning of understory Korean
pine ( Pinus koraiensis )
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1 The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China
2 College of Science, Betjing Forestry University, Beijing 100083, China
3 College of Forestry, Beihua University, Jilin 132013, China

Abstract: Competition is an important factor in biology and plant-plant interactions has inspired an increasing concern in
recent years. In plant communities, competition is defined as the interaction between individuals, brought about by limited
resources. Aboveground competition is usually size-asymmetric; the bigger individuals have a disproportionate advantage in
competing for light than the smaller ones. This study deals with biomass allocation patterns and aboveground competition
influences on biomass partitioning and allometric equations of understory Korean pine ( Pinus koraiensis). The results will
contribute to understanding the mechanisms of aboveground competition and provide a theoretical guide for effective
utilization and protection of Korean pine. The results show that; (1) When dividing live crown into three equal layers
(top, middle and bottom) , live branch biomass increased from the top to the bottom layer, while needle biomass was
highest in the middle and bottom layers of the crown. However, there was no significant difference between the needle
biomass located at the middle and bottom layers ( P>0.05). The relative proportion of coarse root ( >5 mm) biomass

increased while that of small fine root (<2 mm) and coarse fine root (2—5 mm) biomass both decreased with increasing
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total belowground biomass. (2) Stem diameter at breast height and tree height both showed a significantly exponential
correlation with aboveground competition intensity ( P<0.001). Breast-height diameter and tree height both decreased with
increasing competition intensity. The ratio of tree height to breast-height diameter showed a significant linear relationship
with competition intensity ( P<0.05), whereas, there was no significant relationship ( P>0.05) between competition
intensity and crown ratio, which is defined as crown length divided by total tree height. (3) With increasing competition
intensity, the relative proportion of stem hiomass deceased while that of fine root ( small fine root and coarse fine root)
biomass increased. There was no significant relationship between competition intensity and the proportion of live branch,
needle as well as coarse root biomass (P>0.05). (4) The average root to shoot ratio value was 0. 15. This ratio was not
affected by competition intensity ( P>0. 05). Similarly, the stem to needle biomass ratio also did not correlate with
competition intensity (P>0.05). (5) Aboveground competition significantly affected the biomass allometry of aboveground
biomass components and competition intensity showed a significant negative ( P < 0. 001 ) correlation with biomass
components. Thus, competition should not be disregarded in biomass studies. Regarding forest management, it is necessary
to carry out tending operations to release the understory Korean pine trees from competition, in order to stimulate their

growth, to obtain timber products and to protect the available germ plasm resource.

Key Words: understory Korean pine; aboveground competition; biomass partitioning; allometry
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nephrolepis) 5 #1 ( Picea jezoensis) . %% ¥ ( Tilia amurensis) | [1#E ( Betula platyphylla) | 5% 7 #k ( Quercus
mongolica) 7K MMl ( Fraxinus mandshurica ) . K 5 ¥ ( Populus ussuriensis ) . M ( Ulmus japonica ) Fl P& #
(Maackia amurensis ) 55 o 12 X 38 T52 2= KU M 10 1R el R Bt P L0 b A0, 41240 R 3.3 °CL AR K B
600—900 mm, FIZEEEH T 6—8 iy, T yILMmEAE AR AR+ , 12 VR 20—40 em, BF5E XD
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1.2 W55k
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FHEA2 AR SOR FTEIGHE Y Tterative Hegyi 3a FH 8 80T R X 2K 53555 R Z [0 56 SR 1L, 1% 38 4 18 BUR Jis
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Table 1 Basic characteristics of ten understory Korean pine trees

p . e LI E i . M AYE AR
Y= H@ &’ *XJ[% e LUECESE S South-north R P o0 e Aboveground Belowground
Diameter Height Age Crown length . East-west . .
Number Jem Jm P /m crown width crown width/m biomass biomass
/m /(kg/ﬁi) /(kg/ﬁi)
1 1.9 2.3 34 1.6 1.3 1.2 0.826 0.154
2 2.7 2.9 31 2.2 1.9 1.7 1.503 0.210
3 3.2 3.3 35 2.6 2.6 2.5 2.564 0.355
4 4.0 3.8 33 3.2 2.1 1.9 2.826 0.469
5 5.2 5.9 48 3.8 2.8 2.6 4.297 0.703
6 5.9 5.2 38 3.5 2.7 2.3 6.534 0.947
7 6.2 4.4 26 3.6 3.3 3.2 7.621 1.170
8 7.5 6.9 50 4.9 3.5 3.0 10.01 1.236
9 8.5 6.8 40 4.3 3.6 3.5 13.221 1.962
10 9.7 8.9 48 7.2 4.0 2.9 19.068 3.365
148 Mean 5.5 5.0 38 3.7 2.8 2.5 6.847 1.057
FrifEiR S. E. 0.8 0.7 3 0.5 0.3 0.2 1.845 0.311

SCHITA G50 B 2R A 1 R ol 4R 2F STATISTICA 7. 0 ( Statsoft Inc, Tulsa, Oklahoma) & R 2.12.2(R
Development Core Team,2010) Lmiﬂ:ﬁ?o % FH i R o Sigmaplot 10.0 YER
2 HRESWH
2.1 ‘YRR

ARSCHTE 10 BRETRAXT G ACHE 1A 9 8 5 1 T A= B K /INTL FRL 230 0. 826—19. 068 ke/FRANT 0. 154—
3.365 kg/#R(FR 1) . WAL BT ALYy il B A Q8] 1 s, T RUCE Y AT ERE P T E,
Wilcoxon AEZ MU S /R e 2 HAVEY I E T R, P2 B E R T TR (P<0.05) ; #10t4E
Yyt FEO AR T T2 B R 2 M0 A T8 8.2 22 5% (P>0.05) s B b DAt A= W i e b T E b R
JZ, B R 2 AT 2 A i 5 22 5 (P>0..05) o

RLAR A=Wy (L AT AR 6 00 LU S 70% 5 B T A= 10 B B 3 n , /N AR CRELAIAR 1) L 191] 328
W/, TORLAR T o LU i i R (1 2)

60 - 100 -
— 2 - . .
& 5ol — whEH 2 % LA
2 e W TR é 80 L ],(f
N E .8
RE 40f § §
Iz me O —v— ML
=& a0l &2 o MR
mm 5 C E 84 40 — *E*E
) =
fim il £5
&’ 10 - %,i: a ~ (Q_&_g_&_%) _____ o —————— 2
% 3 0 1 1 1 ]
0 0 1 2 3 4
B Bt B+ £t HIF AR
Live branch Needle Live branch + Needle Belowground biomass/kg
B1 HTOREHEYMBEEEST B2 MTARTERERFEVESHTEMENXR

Fig.1 Vertical distributions of living branch and needle biomass Fig.2  The relationship between relative proportion of roots with

different diameter classes and total belowground biomass in

in understory Korean pine trees .
¥ P understory Korean pine trees

P RAIXT 193 O AR 2 P o SRR A A R HE BRI 743 A ) G R A i o 2
P BRZEION bRiERR B R 7R R 225 .3 (P<0.05) T
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ANFRPARFR A M AR i AR B 43 b (y) HHL R A5 (o) $UE 77500 0 HHAR y=86. 14
(1-e""") (R*=0.815;P<0.001) ; FIZIH y=6.90 + 16.79 ", (R*=0.732;P<0.01) ;/NIAR y=6.74 +
424.22 ¢ (R*=0.768;P<0.01)

ANIEAR A i R AR Y MUARAE Y TR ECEY R B AR E BT A MO A i R R AR
Yy AT He 9] 43 310 Sk (1. 08 £0. 18)% (1. 13+0.13)% . (11.13+0.41)% . (18.49+1.34)% . (14. 85+
1.47)% (49.03+2.52) % f1(4.30+0.92) % , Hbo =Y 5HF A9 & 2 [ %) Pearson AH3¢ R i 0. 986
(P<0.001), — % 52 WL MM, A RPN 0. 17, 10 B ZAR MR L (R/S) TER R 0. 12—
0.19, ¥R 0. 15, 4R (/NAIAR +HH AR ) A= 5 5 it AR W 9 LRAELYE B R 0. 11—0. 27, 34EIR R 0. 15,
2.2 M b AR R 0 D S

TE PR S AR R R AR L (H/DBH) MR LR B OC R AN 3 B, SEAR IR E S AR R R Y
R EIREUHIC (P<0.001) , Pl 585 om BEHG R M FIARS v Y2 i/ N . v AR L S sa ik B 22 i 2B 4k
PEIEAEE(P<0.05) o TR 5 b 48 5 5 ik B 22 (1) TG d 2 AR OGP (P>0.05)

12 - 12 -

Y= 11.96 exp(-0.09X) Y=9.31 exp(-0.07X )
R*=093 P<0.001 R*=0.76 P<0.001

©
I
[ ]

T Tree height/m
N

Hatz
Stem diameter at breast height/cm
(=)}
\

0 1 | | J 0 | | | |
0 5 10 15 20 0 5 10 15 20
14 1.0 -
£ Y=0.77+0.02X -
< R=058 P<005 \i
%/ 12 § 0.9
ey g=!
@ = g « °
Q
23 10 Zog- ® °
EE S
B3 # o
2 R
= 08 07 [ ] °
2
2 o ® °
° [ ]
0.6 1 1 1 | 0.6 | | 1 |
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A IRIE TEAIRE
Competition intensity Competition intensity

3 MRTaORH EESREESKHE, WE, MEREERMEILENXR
Fig. 3 The relationship between competition intensity and breast-height diameter, tree height, height to diameter ratio and crown ratio in

understory Korean pine trees

4 $E7R T M b SE S R LTAN A48 B A W o e EL B A R, B/ INIAR SORLEAR $EL A 5 AR R 13 F
Krg6 2% (P<0.05) . Wl 58 om0 I, 25 4 i 7 S ik A Wy i 0 AT B G128 8 s/ , T 20 AR A2 40 2 A X
BB R (B 4) o WAL B SO ARG 7 B BRI S F R3S 2 (P>0.05) . {HBA SE4 iR B R,
A I A 9 g ARG EEABIAE 38 R ka3, TDAEAR A 9 s AR LB s N a3 (B 4)

MR (R/S) IR Z 3 5w GRS IR, — 38 2 [0 0 i ARG ME (P>0. 05) , 250 b5 50 4 i B A0 A G
IRANEZE (P=0.085) (1 5) . {HFfA e 4 i B, 250 A /M M e P KRS 5% %
5 i 2 A (P<0.001) (1 S)
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Fig. 4 The relationship between competition intensity and relative proportion of different biomass components, stem, live branch, small

fine root, needle, coarse root and coarse fine root to individual total biomass in understory Korean pine trees
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