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Study on neighborhood zone and neighborhood com-
petition intensity in Pinus taiwanensis population

DUAN Ren-Yan!:2* , HUANG Min-Yi!, WU Gan-Lin!,
TU Yun-Bo?, WANG Chao?

( 1. Department of Life Science, Anging Teachers College, Anging 246011, China;
2. College of Life Science, Shaanxi Normal University, Xi’an 710062, China )

Abstract. Competition among trees within a population exists when resource availability falls below the sum require-
ment of the population for optimal growth, Competition for both aboveground and belowground resources takes place
over different size zones. It is difficult,if it is not possible to define the zone of influence for use in a competition index
(CD) for individual trees that includes all competitors and sources of competition for scarce resources, Generally, re-
searchers have determined empirically that larger influence zones provide better correlations with tree growth. It is
important to choose the suitable competition index and qualify the competition zone. Pinus taiwanensis is a common
species,and it is one of the dominant species in subtropical area. The results show that; (1)the improved competition
index is more suitable to study the neighborhood competition; (2) the methed of increasing the range gradually can
qualify the competition zone suitably; (3)the competition intensity in P. taiwanensis population increases with the in-
creasing of zone, and in a certain zone, it increases very quickly while it has a little increase beyond the zone, by
which the zone of neighborhood can be ascertained; (4) the plants with different diameter scale have different neigh-
borhoed zone; (5) the relationship between the competition intensity and the interference zone follows closely the fol-
lowing equation CI=AInC+B. A new approach to measure the competition intensity and to ascertain the neighbor-
hood zone on studying the plant competition were provided in this paper.
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B M 1961 4 Harper 8 B4 A TH O S U
3k , Y4B T 41 (neighborhood interference) B BF
REBTEHEESETEEMRKRRE, B RNIHE
Yy Rb B S H BT A S 2 — (Pacala & Silander,
1985; Weiner,1984), Xf 4B & T K/NWEE — K
FRAESBIE T8, 4R A 4888, BRI AM
REEMTRISE, AR EER KRS EEMAK
#i0E B K % 4 48 B (Binging & Dobbertin, 1992,
1995), AMKHEE N EFEBEEIFEN MR
P E AR KN, RFEX WA AT E B AN &
(Binging & Dobbertin, 1992), B F& Mk FE 4P
IEHEREW, ZHTEEERE/NRESOFRA, B
MR ZHEKBEENERBHR., KEERNES
BB ZE, BN E R RKKIE(1993) MR F AL
AL AP EAFEEl m AN, X 5HY
MEFHEHAF B ZEREEFAEE TN
Rk E . HAE PR AR RIS TR RELE
KEFER L MBEANMEZRMK S =4S, Daniels
(1976) U A Y LR S FEE P EMETR
EIREE L HMTF 853 F AR ol R MET . H#
FRHBTHINEFREA -3 E N UR T H
BoWNAERENZERBEZFHENE KGR
KRR, 25 E 84814 Bl R RS m /b, A
REVET R B EAR AT Z B T HOR . BRI %E X
WEMTHAZHE, ARFEFARHW L. 0
XA TR ISR AT B, LB ] m 7 R
T T X B — B MR 7 AR T G AE R AE R R A LU B
B O B — N BR8P, e & 38 A9 B 8 X A
X IO, A BB BT i B Y 35 4 98 B o 3 S B &%
EMRW PR FRE?

B IM (Pinus taiwanensis) 3G EMA, £ F
BEIOR, RERH R il KA R BE R BB,
HEERERMX EREHERMF, BEAERANR
FHEGHESRSF,2003), RIATAR LM ISR, KXE
ERAERHEME REEETFBENBGET
BERHERFUENF S, FHEITXEFEERD
WMBEEMAMEZESTONMA, BENSEESH
ST G 1A BN AR 1R 30 4 Y E O o R AL 3B
WK

1 R RN

REWERFRAELTEZRERKTELE

FEALER, Hu4b 116°25'~116°32" E,30°41'~30°48" N
ZiE L B I B 20 km, RAILE RS, £
FERATRFESARERIE: FKER KL TR, FF
¥RE .5 CEA, FHMEWE 1 900 mm, L4 K
W23 G EBRERARNEELSHNE. &
F Ak T3 H 4% R RN B IR 4 T i R e AR
BEX, HHEYERFEE MEEL, FHEYME 1000
KR (EFEER,200D),

2 HRFFE

2.1 HI\RE

BMmERERFILEXBTRLE, ELEEE
FINMM SR T MR S M ER ER B,
R —AE T OEE 5°~10°, WM B W), A
R EH AR TR, £ 9& 55 10 F0 3 BB & 48 8D
BB AR SR 2 SRAVE B ST, B REHB T FR O 40
m x40 m, FEREHIFHITERE S WE, ICREMHE
BRE AR AR , [ A0 B2 R A T R A IR
2.2 EHEIEYHME

AT PR 8, X PR TE S48 4, B R A X4
PIBAE R RPN R B E, FRHFEERE T —
o R [F) B R RS IR ER TG , 1993 BLAR %, 1997) B LL3K
BRVG AR5 A8 A5 2 R 3 K B B AL AR T 42 18 A Bl gk AR A
BRI, A BR A UL IR 7 GRBRTE4,1999),
HRTEAFERERAXMRE, K RERX.CL =

DD R CL A AR BRI BB
BB, B PRI D, WERIE; D, B
25, J B 5 HBRIR OB s N AR OB

oS R 1S B 1 m 8 B
B R D R 80 EMER 251 R OB (B
L 3 4 4 R O K T SRR 1 m 41, 48
WAREE S B B 2 R O B K R B 4
EROER N, HRTREEN 1 m KR
RHEEHE S BT, TEK L m W8S R 1
R, BB EAAR CL THE—RRE LSATE
BOAE R T4/ T 45K ME IR B9,

BT —ERE L BUEROER, WREER
it FRE AT AEE SN ESRE R
A B ARBFT T — 2 Ml R AR CL,

= IDIDT (dy + 1), CL HARBBIE HH S
B HAEFHHE LA LR,
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2.3 MIRALE

WRIEFISMAE N FHREY LA, TR
NELHEY S HE. NEAFE T HENEE
A0 R T LA A HE R, 2L 80 R, HL A R TR bk B9 4R 14
FrE—ERENEER. RELHETISES 2K
ZIRIMBEE, R 5, o B I BE Rk 0~10 m fE
AR EHEF Y L HEREE S P EESFRE
AR AL B BRI, 43 5 FR A (R % 2 i Y R HE AT 40 B
By ZHEEREITEE D,

3 HERE A

3.1 BRI E R

IHE H LA ER 80 Bk, B /NIBAE 3.2 em, B
KHIHE 27 cm, I GRE 16. 3 cm. AT IRE R K
BRHESEGE D HAP, F/NRR B B R
BB, % 5~20 cm 5 BARELH0 83.75%. A
BRI, BEFHRBERIGHE 4.6 cm, BKEH
30.5 cm, RERR A BB AB A R AKX F.

3.2 MU R RS EHWILE

ST 5 (E - A b o il AL 0 B — R K R OR
HE WA EREFBENDTI, FIEFEKRNEE
1 17.8 cm, A 38 B P &8 4 43 7 18 00 0 4B & X/
RE2, BEHERA,1 mBEAN 2 HWBERE
FEXTE/ANCI. 5 em) , HIEHIRE (1. 3D HETET 10
m A MNEESIBRE (3 0 H 44. 4%, i —
¥, XHEMERBHRERE 1 m ML 53 WA AT
ERMOEZIWA 1 m A 2 BRBEHEMIBFEHEY, X
ARESERARFAE. MRAFGEHEEHE I m
NEERIRE N 0. 18,7 10 m AN 1. 09, 4K
16.5% ARG FHHE, W, FRMEFERTEE
SR EBUT AR A T PN, TR /N T B R Y
THERE. HANMEFREOEAEUOER, B
WG RF SR BUE R T RRE A LR .

Hit— S A AR BGEN L ESE, B TERA
AT 81 4k » BPBIFIE — St AB R BRI (— bk, — A
D . BEEBMBEMMZFERED), L4085
IR 0.9 m M 1.1 m MALER, THEHEH

K1 AUBERNBESH

Table 1 DBH distribution of objective tree among Pinus taiwanensis

12 4 Diameter scale (cm) 0~5 5~10 10~15 15~20 20~25 25~30 41t Total
%% Number 5 24 20 5 3 80
H 4 kb Percentage (%) 6. 25 30. 00 28.75 25.00 6.25 3.75 100. 00
F2 AEAESFBHERAKXWMILLE

Table 2 The comparison of different competition indices
BEE (m)
Neighborhood zone 1 2 3 4 6 7 8 9 10
Bk ¥ B Neigh- 2 5 7 10 20 25 35 43 49 55
borhood number
Ak 2 9.5+2.4 9.6+5.6 9.44+3.7 6.7+1.6 10.542.7 12.5+4.6 14,9%5.2 13.5+4.2 12,8+3.5 10.9+2.1

The average DBH
ClL 1.35 1.89 2.10 2.15

CL 0.18 0.34 0.51 0.74

2.50 2.55 2.73 2.87 2.94 3.04
0.75 0.79 0.93

0.96 1.06 1.09

CI, 43312 1. 23D.0. 83D #1 CI, 4> %% 0. 28D,
0.23D,5r %I M 0. 4D 1 0. 05D, 2 R EMIEE
HERDNUAEZE 0.2 m, NBEIE Fiff, BRZES
BeF —ERENREK, BERKMEEAS KK, B
ARREARFESEE CL THT 33.1%,CL {UTF
BE18.1%., AT, MRS IEHTRER FERA UL
A7
33AERMEENBEERER

MEW L, FE S EBENT K, BHEERE
BERBLHEM. BAERAAN, FHRZ=FBEHLNHN

e EEmE —ERER, i TREFRZS AN M
A EFEEEMERSABBIE, FAFE—E
WIRE NI R, ZRBER, 7T LHAN RS &
HREESEER. RIVCEIELST KERKBE
TWERBT R AR SR R R, RA S BRA
UG ERISEER ST SRE, R EEAE
B BO B 4T 5. LA R SR IR BB VE ) (4T AR X B0 2
PREGSBIATE D B T3 WM ZE S Y K. Hk
BREAME, BETCERE —EHEH.
AXLIEE N 15~20 cm FE LA B, BT



114 i |

29 %

2 14 0 7 y=0.15400.041

@ 1.2 } (r=0.975, P<0.01)

a 1.

o | 77322: y=0.074x+0.451
o € 1.0 (r=0. 941, P<0. 01)
B 08
ﬁ = 0.6

> 0.4

[V}

g 02

(=]

° 0.0 .

01t 2 3 4 5 6 7 8 9 1011
ElusEE Interference zone (m)

Bl AREWEEERE LRSS EES
M (RE N 15~20 cm)
Fig.1 The neighborhood competition intensity of
Pinus taiwanensis population in different interference

zones (the diameter scale is 15—20 cm)

WA 2 Y KTE B R kB E S ETEE . ®ITR
M E, TERASBRUE, R 2 S TRY%
BB EKFELUL,TWH 24 R® A8 8 K, W
MEP RS A, WE 1R, BER 15~20 cm By
HUMENT S mWEERN  ERS4RBREEELR L
FESH HHEABPRGIEN 0. 150); 81 5 m
B, S R E BRI, BN A B A8
(KB 0.074), FH,5 m 75 A A M bR 3T ZE 4k
MAEKAHEWNE R, AL S m XNREE,
BEBRS THKEMHEEIEREE, BRPERSL
— BRI, B A B B8 55 , B IR R RR 1 46
PRGN EFETE 5 m &b,
ARAEREUNHNRESEEARAMESR (K
3. BHXRE AERAR-SHEN, ARELH

£3 BLASMEZSSEESREEENXER

Table 3 The correlation of interference zone and neighborhood competition intensity

B HE1 4k HE2
Diameter scale Equation 1 The zone of neighborhood Equation 2
0~5 y=0.632z-+4.067(r=-0.996, P<{0.01) 4 y==0,262x+5. 428(r=0. 971, P<C0.01)
5~10 y=0,449x+40. 374(»=0. 958, P<C0.01) y=0.159x+1. 865(»=0. 968, P<(0.01)
10~15 y=0.2952x—0. 359(r==0. 983, P<(0. 01) »=0.098x+0.836(r=0.992,P<C0.01)

15~20 y==0.1542+0. 041(»=0. 941, P<C0. 01)
20~125 »>=0.107x—0.051(r=0. 998, P<C0. 01)
25~30 ¥y=0.029x—0.022(r=0.901, P<{0.05)

y=10.074x+0. 451(r=0. 975, P<(0. 01)
y=0.057x-+0. 349(r=0. 988, P<C0. 01)
y=0.006x+0.055(r=0.916,P<0. 05)

w A~ O o U

F4 EEEREXMERNERSY
Table 4 Model parameters of the competition

intensity and the interference zone

.ﬁé?ﬁ (om) B Ro. 05 Ro. o ‘E%ﬁ
Diameter scale ' Significance
0~5 1.473 4,466 0. 89 0.82 * *
5~10 1.261  0.542 0. 95 0.88 * %
10~15 0.863 -0.242 0.98 0.93 * %
15~20 0.414 0.111 0. 85 0.76 * %
20~25 0.392 -0.071 0.91 0. 84 * %

25~30 0. 044 0.011 0. 87 0.59 *

“rPpe0, 05; “ % x PP<C0.01,

HUMSEERREENE EABE R 2 )
21 AAREERE KO T8 EE, £ F %
BRI PFR 2 HHARERE/N,.FEHILEL
BB RAL, IR 4 K 25~30 cm B LN TETE
3 mfE,BRN K 0.006, AR, BHKBEHF
A, ARG EEERNTHRREREERREGE D,
3.4 FEFWETE R M BIE TS EERER
HYMEFRIZZHEEHA, LPFIHE
HSREENTEHMBEERENETRRNE
W, EHE-TAENTEEERESETFTRAR

B, RIMIMUESRENEATE, UARKE W
WENATE, RAKYE FRERN BRSNS
ARNMEFRESEZWMEEMNXRBTEBELA.
SERFH BT B VA R REYRR, BT R
B B AR R B 3 BEAY, B . CI = AlnC+ B, K &,
Cl ARSRRE,CHBEWEE,AMB HERSY,
BEEREERY BB EKTE (RO, FHNHZ
BRAST T AR e Y B B AL AR R G IR
(RS, MMERKR\ELMPENTSRERT
Bl RTNM. YEEXE - EREN,. EHR
ER AL E BN (R 5), LR S LR
W&, %% BRI 85 BR B AR WY LA ST s 1R SR Ak 3R
FREMEMBEENLER.

4 itk

WPHRESFHRYEEYBETERFENAR,
SRR FE BN B A AUTT LA AT B AR AR
KEBETIRERER, BT A HTEEFE TR %
ARBAEEE S QRFEE, 1997, B TER
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MY BEEARIE . 8 RERE A THEMEN, L
EEYRREGRGEHEA THEENEL. ®BE
EEIWPERNHB Y KRB EE SR E
B BE B | 4B 4d I B #k N & A9 K/ (Bella, 1971 ; Brand
& Magnussen, 1988; % I f %, 2000; Purves &
Law,2002), AIAC#RE T KENHEDSIET I
BOERL R TREMBHRE, BNARFE—E

B & BB T, 20 T R AF 7E 5 ROAEAK (6] BE B 4E
Ry R . AT TS T BT 5 50U BT 5 A9 5K B
EHBHRER, Rl —MEYBEE S RAEE,
i RAE LB LA B BE 4R 1R T PR BT 55 LU R WL A B
FE BT B2 tH A AR (A 55 S s BEAR BU AR 47 o8 S T LARU BT
F 1 m EEAKBETESFIEEO KR ERIE, BE
T3 B AR ) AN

£5 FTRAXWMEENZELASEKEREENRERY

Table 5 Model prediction of neighborhood competition of Pinus taiwanensis population
intensity in different interference zones

BH (cm) B 1 5 B Inference zone
Diameter
scale 1 2 3 4 5 6 7 8 9 10
0~5 4,47 5.49 6.08 6.51 6. 84 7.11 7.33 7.53 7.70 7. 86
5~10 0. 54 1.42 1.93 2.29 2.57 2. 80 2.99 3.16 3.31 3.45
10~15 — 0. 36 0.71 0. 95 1.15 1. 30 1.44 1.55 1.65 1.69
15~20 0.11 0.39 0.57 0.68 0.78 0. 85 0.92 0.97 1.02 1.06
20~25 — 0.20 0.35 0.47 0. 56 0.63 0. 69 0.74 0.79 0.83
25~30 0.01 0. 04 0. 06 0.07 0.08 0.09 0.10 0.10 0.11 0.11

ARTEER AR AT R 32 S Y0 B BT, K B L HEY B4
HEfIKECRT £%,2002), BXL L, — /8
A4 4R R TIE TR 32 S5 0 (R 2 A0 5 ), B 5 Kk 0 B LA
BRARKBI KRN, B2 &M M H 25 (5 F 7
%,2003), REMYMEETHENNMELTRE
AERGRES , EHTEHIREEERERINZAN
BN G HER, T EMBENSERNRENR
— o B, 20 SR AR B 4K — Y B B LUAE
fil AR IR AIE T RES RN AE R TR B4R R ATEE, H
B B ST A 4 B 3 4 A B 5 87 4 0 R TR 5 i TS PR
NERFTZHBEZTERAEBENBEN T, IE
PLEARE ERE A EMNSATEE . XA RBRIEXS
FrEMBM TSR ERA SR, Rt A SR
2R B Ry IHE .

MR SR, A 30E 5% R B LIRSS % il o
WIEFRENSEERBTHE—-FHOHE SRR
AR Z £ KT E 7k i & 4R IRTE B K T4
MW R LS EE, TS 2 FENFERE:
(DREAESHEE, —KFRKEREANTL
(ERAE, 1997, RBHEY B LTS EREE K
THEHEZEMOEER OQOBYAEBEEEER L3
G, MAGFEERTES (GRETHE,1998; B{
%,2004; B - ,2005) M EILMT S, T =S
MEETREATH L ERMEE. RHTSE,. 25
P RTE B 5 s AT A 8 B SR BB L LA S B A
REFRENTERUEERAFTESEEL, M

B 5 SR RTE B B O vk (A0 DA BR R B — RE TR L AT A9
W) 9 4B 14 7 — JE Y B P9 bl Bk K I A Ak AR 48
B X EFERBREATEHLNIALE, E
EWNHE— N EREE,F —ERIEEILE, RS
— M RAERRE. BET WA R LRSI EE
BB RE, TR LR r RS et — 2
BHE. BEEENHENEYERFRXRNMAR
BREM, RAZSY RKEENPERBEERE
B SRR TE BN 5k 0 181 B T AT B — RO
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