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Abstract: In order to reveal the rare and endangered plant Pinus sylvestris var. Sylvestriformis natural population survival
pressure status, we made a comprehensive survey of distribution of Pinus sylvesiris var. sylvestriformis population by setting
up quadrats according to the altitude gradient in Changbai Mountain National Nature Reserve. We proposed three kinds of

survival pressure index including individual survival pressure index, population survival pressure index and community
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survival pressure index to analyze the survival pressure of Pinus sylvestris var. Sylvestriformis in six types of plant
communities. Ecological factors such as tree height, canopy width and tree azimuth were introduced into the pressure
survival index based on neighborhood interference model. Results showed that the survival pressure of Pinus sylvesiris var.
Sylvestriformis presented obvious difference in six types of plant communities. The survival pressure from more to less in
proper order were Betula platyphylla-Abies nephrolepis community, Pinus koraiensis-Pinus sylvestris var. sylvestriformis
community, Betula platyphylla community , Abies nephrolepis-Pinus sylvestris var. Sylvestriformis community, Larix olgensis-
Picea jezoensis community, and Quercus mongolica community. Multiple comparative one-way analysis of variance showed
that there were significant differences in the survival pressure among the six communities. The survival pressure in Betula
platyphylla-Abies nephrolepis community was the highest, which was significantly higher than that in other five communities.
The main competitive species were Larix olgensis, Pinus koraiensis, Pinus sylvestris var. sylvestriformis, Populus davidiana
and Betula platyphylla, which accounted for 87% of the total community survival pressure of Pinus sylvestris var.
Sylvestriformis. There was no significant difference in the survival pressure of Pinus koraiensis-Pinus sylvestris var.
sylvestriformis community and Betula platyphylla community, but the survival pressure of Pinus koraiensis-Pinus sylvestris
var. sylvestriformis community was significantly higher than that of Abies nephrolepis-Pinus sylvestris var. Sylvestriformis
community, Larix olgensis-Picea jezoensis community, and Quercus mongolica community. Among the latter three
communities, there was no significant difference in the survival pressure. Pinus sylvesiris var. Sylvesiriformis was a strongly
heliophilous species, the survival pressure of Pinus sylvestris var. Sylvestriformis was related to the plant communities
succession stage and age structure of Pinus sylvestris var. Sylvestriformis population. The strict protection and management in
the Changbai Mountain Nature Reserve was not completely conducive to the stable development of the population of Pinus
sylvestris var. Sylvestriformis. Finally, according to the characteristics of plant community habitat, population survival
pressure and population age structure characteristics, we put forward the corresponding management measures for six types

of plant communities to provide reference for the protection of the population of Pinus sylvestris var. Sylvestriformis.

Key Words: Pinus sylvestris var. Sylvestriformis; population; neighborhood interference model; survival pressure;

Changbai Mountain
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2 ERES

2.1 KHEMAT R YIRS 28 1Y

FIFH TWINSPAN AW REVE 0 0 28 07 16 W 1 LR o0 A AR ) BV 2R A R 530 6 25 . 52 1 % ( Quercus
mongolica ) BEV% RV K2 (Abies nephrolepis ) -1 FARAREVS  FAME ( Betula platyphylla) BETE | FAKME- RIS T2 REVE 41
WK MRS K YR AL - 1085 25 42 ( Picea jezoensis ) FEVE (1)

F1 KERSHNEWMETERB R HHSE

Table 1 Types and characteristics of plant communities in which Pinus sylvestris var. Sylvestriformis distributed

R A ARG/ /m iEi)ES Bl &
Community types Elevation range Canopy density Principal species Note
SR S IR BN . N
- N 3 — iy VN NS 0] PAYi =
( Ouereus mongolica community) 720—920 0.90 KK A EARZRE 10% , AR EEAT] 10%, LEHZE
RBR-K AR PR N ISEF UL/ S
(Abies nephrolepis-Pinus sylvestris 900—1110 0.80 AR CEB Sl g EARZEEE 0%, EAZEEE 20% FHEN EEAL
var. Sylvestriformis community) A
TERIZFIE S0% LA, HAJRRIE 12%—30% , L RE
R t AR /< o - o
R , 10801150 0.60 LRSI KEL i o0 i 90 48 0 BB 6002 B
(Betula platyphylla community ) e Kl
o~
EHE- LSRR b B
Wk Kk 3 -2 25 |E 450 B3 I = 5e
(Betula platyphylla- Abies 1000—1200 0.55—0.80 P RS K AR AR 45%, WETEHE 16% , HiBE T2 Sem,

: . UAAR/NS NEL/S BHERIE 18cm, FEEL FF 40%
nephrolepis community )
LA PR TR KB SIS K HEARZ T 45% , AR 20% , I 1100m LT

( Pinus koraiensis-Pinus sylvestris 913—1270 0.85 LI I EIE TEVE B AL AL L F ( Schisandra chinensis) )
var. Sylvestriformis community ) e HBRIERE (Actinidia kolomikta) $55 , FH#ER D

MR R TR —FBUAE 40% Fe A7, B AP 7EHE A2 v
K AT IS - AR KA sk, BRI 32 b, /R bR OA 3 55 B ROR, Bk
( Larix  olgensis-Picea jezoensis 920—1400 0.75 BT KA LS (Vaccinium Vitis-Idaea) TERETE T H W, AR EE
community) 1% 20%, B EEH R I AR 33% ., WK 1 200m DL F R

B97% 20em L FRIEIARE %

2.2 FEAINIAR Rk

N T BN FARAFIREAE A7 R 1 RN ARG B SR AR X AP R Rl RE (0 AT I 45 R AR | B ERURE AR
H SRR X P R A K T ANRE AR 72 Bk, /IR 9. 2em, T K72 78.8em , X Mi4% 46.69cm, H1 T H SRR
PrX IV OV VI TRAMARE 2 FH N b, 7630 T8 % b e BRORE AR AN AR BT 59 8%, 5 BEAR B 81.94%
ANFIS PR PR FEALT SR PRI 5 A R AE , BRI G W36 2,

xR2 HEXREESS
Table 2 Diameter at breast height (DBH) distribution of objective trees

W I %% 4% m V& V& VIgk VI /E23
Age class Class [ Class Il Class Il Class IV Class V Class VI Class VI Class VI
A% Individual numbers/#f 1 8 2 10 15 20 14 2
/% 1.39 11.11 2.78 13.89 20.83 27.78 19.44 2.78

2.3 KB AREES AT K A A7 IR S
230 BRI I A A RS

SSRGS i BFRESA T ST 7 B A B, P50 BB A 035 4 A O BRI LR A 38
G AHRE) 204 26 R (25.57 ) SEA BRI (BB St bl SRS B R BR R 2 | 45914798 % K Sk
W 21.79% 15.08% 1 11.17% , R FAE IR A7 FEATHIRE B 9 T2 3% o SR RZL AR SRR L 77 )
HEHO I 2,180 1382, S BRRER G FUSFIEAY 17 FE I ECH 5.440( 3 3) IR THL R HIBIREVS
K R BEAAF T B
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232 REBZ-KAMHE KAL)

R K AR IR A 7 MR FAMEEAR P X BRAE AR SE F RAR BN 2 48 BR (47.86 BR) . Hirf,
SRR RS MARR Z | TR R B 48.06% (3R 4) o K EMMTERETE T YR EE AR AR R TR RO
8.752, AR FAARFIIEIE A A7 e BB R Aol 2 2 1 1 9 A R R ol A ISR, I B 0 b A2 A7 T )
RROTI R 3.340 1.770  SEMBRAERES P A —RE e 1, R TARBELZ BT BRI LE A7 R T4 B0k
1,057, Hfv rp B R RO R ) 38 B AR A7 R T 9 A R

R3 FREHBHEARABREFES

Table 3 Survival pressure of Pinus sylvestris var. sylvestriformis in Quercus mongolica community

BRRFEATE S o L
e FEAAMRRLN H o .
- AL AR . W ol A= A s g 8 PP 17 1 8 5k
o KR Proportion of the : . . .
) » . Average number of . Species survival Population survival
Competitive tree species . number of competitive . .
competitive trees pressure index pressure index
trees
for a sample tree
SR Quercus mongolica 3.86 15.08 2.180
ZI8) Pinus koraiensis 1.71 6.70 1.382
KW Pinus sylvestris var. sylvestriformis 2.29 8.94 0.876
B Tilia mandshurica 2.86 11.17 0.368
FIHE Betula platyphylla 1.29 5.03 0.209
KA Larix olgensis 1.71 6.70 0.142 5.440
o AW Acer mono 2.71 10.61 0.112
IKAGTAERK Sorbus alnifolia 0.29 1.12 0.042
BB bk Acer pseudo-sieboldianum 5.57 21.79 0.040
FRMBE Tilia mandshurica 0.57 2.23 0.039
WML Maackia amurensis 1.00 3.91 0.025
TR Acer trifloru 0.43 1.68 0.012
RYEHKZ Abies nephrolepis 1.14 4.47 0.012
WAHE Betula costata 0.14 0.56 0.000
YL Summary 25.57 100.00 5.440

FPEERARAE 7 R MR RDRE

®4 RREZ-KONRBEEAKBNRERFES

Table 4 Survival pressure of Pinus sylvestris var. sylvestriformis in Abies nephrolepis-Pinus sylvestris var. sylvestriformis community

Lot o o
RIRHER RS AR I I

5 0 AL AT REL Proportion of the Wﬁi/ﬂ?\ ﬁ?a # ﬁ‘ﬁ"ﬁéliﬁl?\.jj fa #

Competitive tree species Average.rfumber of number of competitive Species su'rv1val Population ~su1'v1va1
competitive trees trees pressure index pressure index
for a sample tree

K A7EMH Larix olgensis 7.43 15.52 3.340

KW Pinus sylvestris var. sylvestriformis 6.00 12.54 1.770

M Tilia amurensis 2.00 4.18 1.208

B K2 Abies nephrolepis 23.00 48.06 1.057

SR Quercus mongolica 2.71 5.67 0.779

ZIH Pinus koraiensis 1.86 3.88 0.337

B Acer tegmentosum 1.14 2.39 0.129 8.752

EABK Acer mono 0.71 1.49 0.058

AEREBK Acer ukurunduense 0.29 0.60 0.037

MR Maackia amurensis 0.29 0.60 0.016

IKITAERK Sorbus alnifolia 0.71 1.49 0.015

i 7 k2 Picea jezoensis 1.14 2.39 0.005

REME Acer pseudo-sieboldianum 0.14 0.30 0.001

INIARE Ulmus parvifolia 0.14 0.30 0.000

FEAS Juniperus rigida 0.29 0.60 0.000

T 47.86 100.00 8.752

FHBARARE 7 BRI FAMEARTTROR A
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233 HMEREEN R AR T

FIRERRREYS b JEP A A REAR 7 Bk, BARRRE AR SE S RBR B 56.17 #k, Sap b, FIME  ZLAAFTC
FIRAFI AR 2 FIHER Bl A 77 R P8 B0 K, o 6.045 (3R 5) o K FIAR Al NN i B 26 A7 s T R
3.312, Fh N seram A . & H 114 ( Populus davidiana ) FNZLFA X HAM L 1E B — 2 A AF R 7, B W R X
PR ) AR AE TR A R B FhA A2 T 48 B8N . FIHEARRETE A AR R A A7 TR 48 80k 13,262, 4F
FRE IR

K5 BHREBRAKBREEES

Table 5 Survival pressure of Pinus sylvestris var. sylvestriformis in Betula platyphylla community

BRRFEATE 4
T TEPARBRELY [ . "
e AR AL . WA= A7 1 F5 % PR AAE IR 55
w4 A Fif Proportion of the : . . .
. L. . Average number of . Species survival Population survival
Competitive tree species . number of competitive . .
competitive trees pressure index pressure index
trees
for a sample tree
HH#E Betula platyphylla 20.17 35.91 6.045
KW Pinus sylvestris var. sylvestriformis 7.00 12.46 3.312
14 Populus davidiana 3.00 5.34 1.292
ZIH) Pinus koraiensis 13.17 23.44 1.127
K2 Picea jezoensis 6.17 10.98 0.716 13.262
K APE AR Larix olgensis 3.17 5.64 0.571
K& K2 Abies nephrolepis 2.50 4.45 0.197
LM Tilia amurensis 0.17 0.30 0.001
AR Acer mono 0.83 1.48 0.001
A 56.17 100.00 13.262

RPBARARE 7 BRAC FAMEA TR

2.3.4 FIME-RGERE N KA AAE R

FIFE- SR IZ RIS T LR A X RO 14 PR SRR AR TS G ARIREC R 44.43 tk, Hih %K KA AK A
TEIAAMERAES S, 20 9] 5 T4 AR BRI 24.28% 18.49% 15.59% (35 6) o K FATE A R A= 77 15 T 45 %%
K IK 8.548 2141 K AR | LAz AN A RE (R A o 28 77 R e B 8 2, FPREAAF R 03880k 21.532 16 K
FIFA ST 6 RIS 28T b A AR 1K,

F6 BAM-RAUBEZENKANEFEN
Table 6 Survival pressure of Pinus sylvestris var. Sylvestriformis in Betula platyphylla-Abies nephrolepis community
HbRREATE

. e A AKRELS L . \ .

o A HREL 5 X RIFh A I HR 5L PR A AR5

TEGEAM TR . Proportion of the . . . .

o . Average number of . Species survival Population survival

Competitive tree species . number of competitive K )
competitive trees Irees pressure index pressure index
for a sample tree i

K APEMAS Larix olgensis 6.93 15.59 8.548

ZIH) Pinus koraiensis 3.64 8.20 2.740

K EHS Pinus sylvestris var. sylvestriformis 8.21 18.49 2.726

14 Populus davidiana 2.86 6.43 2.456

FI#E Betula platyphylla 6.93 15.59 2.266

BA K2 Abies nephrolepis 10.79 24.28 0.742 21.532

EABK Acer mono 1.22 2.73 0.739

AR Quercus mongolica 0.64 1.45 0.475

Mk Sorbus pohuashanensis 0.71 1.61 0.397

BM Tilia amurensis 0.29 0.64 0.242

2 K2 Picea jezoensis 0.93 2.09 0.152

FHHEMK Acer tegmentosum 1.14 2.57 0.041

T 44.43 100.00 21.532

FHBRARE 14 BRI FAMEARTT R R
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2.3.5 ZIM-KEAMBEE KA ALEE T

LIRN =K FARARTE SRR X A 43 A Y BRI AT, AR N M e B T30 2 RO REA, BT 26 Bk, PARRFEASE 4K
BRECH 35.17 Bk, SEQARRIRI R 200 A4S K AR & AR AR EU 2, 351 R 7.86.7.83.5.69 il
4.93BR (R T) . LIRA RN 1195 Ik B X A 3 o 040 18 A A7 TR 0 3R, B A A7 s T 48 003 3 ok 4.345 1
4.248 , K ARSI P SE Gt v i — 2 I AEAE R PN AEAE R I HR B0 1.849, ZUAAHETR DI FOASFPAE (14 21 A7
FE 14850k 14.185 LR 1K

KT AR-KABREEARBREFEN

Table 7 Survival pressure of Pinus sylvestris var. sylvestriformis in Pinus koraiensis-Pinus sylvestris var. sylvestriformis community

HRRBEA S 4 . "
e T AR L o \
- AP HIRREL . W Ff A= A7 e D AR AR A7 T HR 3L
a4 AR Fif Proportion of the . . . .
o . Average number of . Species survival Population survival
Competitive tree species . number of competitive . K
competitive trees pressure index pressure index
for a sample tree trees
ZIH) Pinus koraiensis 7.86 22.35 4.345
K HTEMH Larix olgensis 4.93 14.02 4.248
KV Abies nephrolepis 7.83 22.25 2.153
KM Pinus sylvestris var. sylvestriformis 5.69 16.18 1.849
R K2 Picea jezoensis 1.86 5.29 0.678
SR Quercus mongolica 0.59 1.67 0.293
A KW Acer mono 1.24 3.24 0.160
TP Acer tegmentosum 1.34 3.83 0.158
HH#E Betula platyphylla 0.83 2.35 0.106
1145 Populus davidiana 0.65 1.86 0.049 14.185
WK Betula costata 0.14 0.39 0.043
TKAGTAERK Sorbus alnifolia 0.17 0.49 0.030
IINHERE, Acer komarovii 0.24 0.69 0.020
S Tilia amurensis 0.72 2.06 0.018
FEMBE Tilia mandshurica 0.14 0.39 0.009
MK Sorbus pohuashanensis 0.28 0.78 0.009
FEAR Juniperus rigida 0.14 0.39 0.007
REME Acer pseudo—sieboldianum 0.34 0.98 0.006
FrIB Acer trifloru 0.10 0.29 0.002
B Maackia amurensis 0.14 0.39 0.002
21 % k2 Picea koraiensis 0.03 0.10 0.000
L Summary 35.17 100.00 14.185

F P BERARE 26 FRAC EARFEARTHELR TS

2.3.6 K ATEMAN- B 2 AZHEE AP AEAE R )

K T AN -0 S AZ TR R 11 BRAEAR  SE R i (I A A i <42 5 28, FhED A A7
JESTH8%CR 7.780 % FIRMATERES T AE AR R 1R B LI I LR R A A7 R 148400k 4,532, O K A
B BRI A A 2 T) B 5 4 1 R A A7 T (3R 8) o FLBE RN X FIbA RE M #5855
2.3.7 ARIBEEPKAREFE IR NES

FIFH SPSS Ge it Hr i it 22 T A B0 1) J7 2553 BT ( One-Way ANOVA) FLAT 6 LTS 2 ih K (AN AR 77 TR
TR BT 6 R ST P K (AR AR A7 R ) SR b 3R i B 2 25 57 (F=23.003, P<0.05, % 9) . [IHE-
RS FZREE K AR AR D B K B A A R 885Gk 21,532, 10 35 i3 LAl 5 FRREVE 5 Z0A8- 1 IR IEYR
K AR 1 (PI=14.185) 5 FIMEREVE O B 22 5 (B 3 3 T RIS EZ-K IR K g - i =
FERETE B2 BRRETS ; FUMEREVS K IR FEIE S (PI=13.262) 5 RS F-K MBS LW B2 5 AR #E
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T B A0 5 = A2 BEE NS dr BREETR RIS R - UM ETE A VR A - 10 8 = A2 R VR RN S8 BRI IS
K IR FE R ST AT IN 43 3R 8.752 7.780 .5.440 I A B 22 F (B 1) .

#8 KAEMHMR-BHALEEAKBREREEA
Table 8 Survival pressure of Pinus sylvestris var. sylvestriformis in Larix olgensis-Picea jezoensis community
LR AR ST 4 - gt L
KF IR ARSI % o e s MR AR

SE A ATl

Competitive tree species

Proportion of the . R X X
Average number of P A . Species survival Population survival
number of competitive

competitive trees pressure index pressure index

for a sample tree trees
KA Larix olgensis 8.64 26.46 4.532
KM Pinus sylvestris var. sylvestriformis 5.27 16.16 1.759
1§ 42 Picea jezoensis 6.91 21.17 0.837
B2 Abies nephrolepis 6.18 18.94 0.242
AW Acer mono 2.45 7.52 0.161 7.780
7 Populus davidiana 0.36 1.11 0.099
FI#E Betula platyphylla 1.45 4.46 0.081
ZIHN Pinus koraiensis 1.18 3.62 0.052
T Acer tegmentosum 0.18 0.56 0.017
LA Summary 32.64 100.00 7.780
FPBEARSE 11 B A RE AT SRS
*9 sERRBEFESNSKITE
Table 9 The statistical table of multiple comparative one-way analysis of variance

251 5 A A e Y375 F 8 P

Type of group Sum of squares Degree of freedom Mean square Statistical value of F

ZH[A] Between Groups 1938.770 5 387.754 23.003 0.000

20 Within Groups 1112.545 66 16.857

A1t Total 3051.315 71
238 A IRECS R G BIA T PR Y LS A 30

G TARBRA L, ASCR I E IR IE 2 o a
FUATATT AR AL (1) BN TORSESR N T R b R £ o 5
A 03 2 AR ERIIR ™A F I 5, I E b b
g N, s N7 i~
MG EHRRRE hR R AR IR R B ok 2 od d
F(£10), 505 8 FIE 1 ORGSR AN 5 | ﬂ ﬂ
4 B SrtE ) — = &l
(Mt A m SRR S ) LUK 5 H AR AR A I B B A AR ) 0 ﬂ
II I vV Vv VI

158 Sa e B (B E ) Mot (1 S e 80 A4 !
W T—2, e P850 ) 5.858 11 5.642 , {HH T AT
AT EANTR], g 8 Ak F HEREEAR AL AR 2 07 191, g

V%ISR The types of plant communities

E1 6MEEXRMPRAREFENLE

Fig.1 Comparison of Pinus sylvestris var. Sylvestriformis survival

11 4bF HARFEA 04 5 i V5 77 18], B4k F AN [R5 46 %
SRR E AR TR, R AR R A2 R 1 d8 80 B g
11 B AEAE R 3880k 3.387, M4 5 8 MYLEAF K 1R %L
1A 0.021, FAAENT W i 22 5 o (2) 3801 7 el R AR
PR, B R Iz I ) 2 A ) P AN ) S 4 A o 1 2 A7 e 7 1)
25, WS 11 SRS 14 19550, Pk se 4
AR B 72 LA B 55 R G B B AR AR 5 RSP O T

pressure in six kinds of plant communities

1. ST HREEYS Quercus mongolica community ; 11; A A2 AR EEVE
Abies nephrolepis-Pinus sylvestris var. sylvestriformis community ; 11 ; [
MEREVE Betula platyphylla community ; IV ; FH#E-RL R 2 HE T8 Betula
platyphylla-Abies nephrolepis community; V: ZL A1 FH AN BETE Pinus
koraiensis-Pinus sylvestris var. sylvestriformis community ; VI K 4 75 i
PNl A A BEVS Larix olgensis-Picea jezoensts c()mmunity;z:m/J\g
TREFOREAF R N RN 225+ B 4E (P<0.05)
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AR AT —2 (B TR G A Y22 @ v AR A S5 0 5 AR e iR S5 W S AR 2= 5% R AR IR 138
BOV RS AR A ) AR A7 R D BE 0 i T 5, BV S AR 7 AR W AR A7 R T AR B0l 3,387, SR 1.244
(£ 10),

F10 FHGEEPERKERNMEERENESE

Table 10 Survival pressure index of an individual of Pinus sylvestris var. Sylvestriformis in Quercus mongolica community

MEHETE ﬂféﬁéﬁg

B ) ) T ek e

Foomm we U wme om0 D it Ifﬁ Tﬁfd
mumber  species DBH/m height/m Crown a/m Crown b/m ()/m (¥)/m Distance/m  Orientation survival 'nelghbor

pressure interference
index index
1 [EFi2 26.4 20 4 4 1.5 19.4 5.749 0.765 1.198 2.682
2 INELN 45.8 21 3 4 4.5 17 2.119 0.944 0.655 21.901
3 Eq 28.8 16 2.5 3.2 1.5 12 4.763 -0.630 0.132 3.852
4 AR\ 415 21 5 6 5 6 9.002 -1.000 0.000 4.233
5 £ 47.8 15 6 5 1 45 11.309 -0.928 0.020 4.470
6 AR\ 4.9 20 6 5 1.8 2.4 13.051 -0.965 0.025 3.120
7 S} 16.8 15 3 32 10.8 2.5 13.697 -0.913 0.002 0.456
8 EL S 36.5 19 6 5 4.3 9.8 5.277 -0.985 0.021 5.585
9 PR 7.5 6.5 3 4 9.8 15 4.600 0.000 0.040 0.271
10 up N 11.2 9 4 5 12 16 6.873 0.145 0.073 0.404
11 ELa s 37 20 6 6 8 19.6 5.385 0.854 3.387 5.624
12 up Nt 9.8 10 3 2 14 15.9 8.846 0.102 0.019 0.240
13 AR 13.6 14 5 4 14 15.6 8.820 0.068 0.274 0.464
14 EC 35.8 18 4 3.5 8.6 19.2 5.404 0.777 1.244 5.247
15 INEEN 71 24 4.3 48 17 11 12.460 -0.321 0.321 8.951
16 I 23.8 18 3 4 15 10.2 10.912 -0.440 0.118 1.148

DBH: H#% Diameter at breast height

3 e

AFEIRE I PR AN R SZ A RET LE AR TT B RN S5 AR I A AR 8 T30 o B S LRI ARl 45 4
A K, DRI I, K IR U T LIAR T RS FI A E AZ | SRR TR A £
B ZAZ , R F AN 2 — T FHYER R RIR R FARARAIE A, 2 th T 50 R AR MRAEL B 2 S I A el A AR R
F SR ZLT UG KRR, A R AR AL A th T AN N AE A T BYPRIE , B Wk — R AR Y 1 A A 5 E O
P4 S A T U SR R AR 23 A 1 R v 2 IR e LAz A5 FEPER B R A T S IR IR A
FARIAR FITIE BB e AT S, e Al T30 Y RTS8 8 AN e, 150 0.6, VS LA RO i p, 5
K EIRATE 5 (1 A HE G PR AR Tl AR BUEE 2 . Wang S5 B8 32 B A0 AQ 1) R /N L5 40 B S35 4 25 R i 3%
M), 5 45 B TR/ N 55 0 R AR AR Al Ak R BSOC 2%, B R RAC A 84, G 32 A AR 1) 2 A7 1 38
55, TKRESEAE 2014 AEN XK AR BE SR HEAT TR TTRIFSE , FOMEMCREVE R PR A e 5L B HE /N 9
Z KISk Z LA R o bl TR TR R AR 3 5 /0 DRI X G AR b o R )™ A2 B9 A A T
TR,

FME- RIS AZRET SR I R Y P RITITIT B, I AR R RER B N/ (o IR R R A7, i A1
LS AR AR E AR IR AR L TR RO | SE AT 22 0 RETE P U (K P RS R AL A
PRIEAERCR MR AR AEBORAAT IR Sy RN by A A 1 v TSI A 3808 B, R (1A% 25 BE PR 1 A
Bz MR AR/ IMER AT AR B . Z0RA-I ARV T T 200 i AR Y B P L K 7
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0.85 Dk b, P& K FUAN BRI A A7 ) F2 20k A AR R LA I F1 P54 | 2R I (1 9% A A1 = A 1Y)
AL GBS AR R T 61% 4 FIARAAF R AR K, SRR 2K U MO B & T A0 v s B B
K 15 A - A0 0% ARV A B AT B S 78 | ARV A ORI B R I /N i R B = | 22 Ak
SRR R Z I R AE R R 55 o 52y AR ARV VB R A, BV v B RO R A, el IS A
15,15 0.9, MR RA K AT, BRI — 20 LRGS0 A S Bk 56 COR B R bk, i THEVR
HA R AR TE B, B R U — A AR A B s e v, e R, AR A B 7 v A R A
FEHE AR R AR /N

PR A A7 0 RO I AR MARIE T 1) B2 R 40 S Hb R Y | 78 I HE- SR A2 B RN 2T AN - RS
FETE A I A MARSE T I, INAE L0 AN IR I A D7 A rh b id S 3] 2 BRBE T4 ( DBH 435118
36cm Fl 25.7cm) o 2 FEE T IV AR X IR AR AE R AR LR B, 1 7 AR Bl A= A T ) 43 0l 3k )
8.548 1 4.248 , TELLAA-K FIAAFEVR Y LA XTI RA B AR A7 TR D W B0, A i 26 A7 e 7 8 880K 4.345, 55
Hh X 2 FhEEVE AL A AR — 2 &, 28 PRI 1000m X 38, V% A9 1 528 R0 A 1) M 5 R 4 5 10 M
PR BT AR R T, 2R S5 A BAR ,  FIRA BCEAAR R, R TR ) 35 G 119 5 A il A5 A AR AR
FIGBEE T3 N A T bR XU s e T R BRSBTS

KA L A SRR DXCRIUT J2Bh AP ORI A B 20, AN SRV DR B R T TR (AR FREE, SR 177, 3 ol
FERE RPN BRI RN SR A R TR AR RS A, PRAP DX S T A 3 AR I K AR R T Ak 1) A
A SRR R PV S AR RAAE LA BRI AR RV T AR A2 TR 0 RN R IBOHE N, 4 8 BRIt . 1 XS AR 23 A1 1Y
6 FIAEPIRE TS IS HE FIAE- A2 LIRS EEV A A AR AR I A2 A A R ) R, 7 368 B % 22
R P A FIZIAA EA T B AR AIME L | BRI F P AR AR A 58 s i, ()R 25  81 550 I /S A rh 3
B—E B AL UL — e R AR REREIIUR A LT 8 &, (H R LA R/ A 7 E B = 2 WA P AR G
1R IS AT 1 A8 X5 1R RTINS (8 A AN AT DA 2t B ER AR 0 T 8 T ARk /DN 25 o] A R B AR E v
ISR RE . FIREMRIEE T i T ISR AR 2 P A A7 R ) A, T s X gl MR P E, vl 46
R FEMR)Z I A RE R SR BEARBETE AR A B . X T R A2 AR & 78 A - 6% = A2 MO 58y
BRARSEHETE | 1 IR b 40 K2 AR Pt AR A A 19 A AE R ARG/ 0 X AR 2 AR
AMESATTIEEE . A5 R 3 PRV rh ol b= TR R 7 38 Y BRI R 2 35 5, X M e 4% 1 AR )23
FIE S BRI 5 B 2 A T35 B A T BRI B0y, AR A T AAFI T IUR 2 A 58 AR A AR A 4 i T JROR T3

DIESRAR T ARt T S8 T — 7 B 2 3 [l P EL A SE AN A AR (S R ) A0 G bk (X 42
K A2 R AR RN, 2006 T 55 4 AR A LB AR R 1, T s B el e 5 s 2 IR R B PR R 22 1) B 5
b5 M A SCAb i 5 A PR AR AR X i S SRR R/ N B DA G, R B SR RN DeE T AR A AR A=
FEIREE NS VG 0 4 35 U R X IR 420 A e B0 e, e s A KX G T 1 10 5 4 B | 225 (] o 3
FIt AR, ot HA A A G 5 i Rt AR AR A S5 AN [ B e ) R A e R el e R N A
RKZESE % BARPI R 5 RN AN, B ARS8 R/ INAH ) A FE AN ) 7 7 AR AR AN P T B A 42 i 11 38
WA AEE R 25 5 o DL EARE B AT SRR TP 58 B R IC I i e i n) 8, R, AR S5 | AR | e
KOy AR A i —Fp A A7 R R | BB T 200 LS £ S WIS A A AG W) R A4 S R A % v 11
HEAEARI , T R SRR W AR Pl S R e A v 00 2R AR A A — B ER AARY  245R ) 38 S
— AR AR R A SRR AR Z R ANE G b _E Y IR IR SE A RIS R K o S SR T R
H T R ARAEL R V5 r il 3 I 300 4V FRATAE — i M B | A SCHRS ) B S B ] 422 S el IR 1 3 4 3
M), B2 W s R A0 T 3 4 B4 5 P 80 1 T TR AR

5% 3Lk ( References) :

[ 1] HEEBRAAIT. BEMR LV HA (54 5)  BRESRPEFAR Y24 T (). (1999-09-09). hitp://www. gov. cn/gongbao/
content/2000/ content_60072.htm.

http ; //www.ecologica.cn



9592 JAE = 41 4

[10]

[11]
[12]

[13]
[14]
[15]

[16]

[17]
[18]

[19]
[20]

[21]
[22]
[23]

[24]
[25]
[26]
[27]
[28]

[29]
[30]

[31]
[32]

[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]

TR, R, HEYR LGS S L. mAFAE L, 2004,

FUR, S, XA, SR, R R AMBITFE. AR EBER, 1993, 15(1) : 45-48, 51-51.

G, B/, SRR TR AR AR IS, S AR, 1998, 27(5) ¢ 27-29.

TR A, W2, M. A RSB A BRI (B Ah SE MR AR I 5. ML R, 2013, 42(1) : 1-5.

WSO, AR, M. RBKRAMTIENT. FMMLEE, 2006, 35(6) : 21-25.

WO, RIRK EAR A 5T, #RAR AR, 2008, 24(3) : 10-12, 25-25.

JAEMg, FEEA, FEAE. CO, BT X LLRA T A L ST A I Y52 R o FH A= 255741, 2006, 17(9) & 1757-1760.

S A, WA, KR, FUAE, AR, LAV FIANER I REIE I SR 4 AN E R TERIREE CO MBI, T ERE D HERF
2%, 2006, 36(12): 1148-1153.

Zhou Y M, Han S J, Liu Y, Jia X. Stomatal response of Pinus sylvestriformis to elevated CO, concentrations during the four years of exposure.
Journal of Forestry Research, 2005, 16(1): 15-18.

XU, s, MR, EUEAE. R BN B X AR bR NI E AR . B AR AR AT, 2005, 16(9) : 1581-1585.

MM, BRI, RO, RURAE, Tk, R, EFR, BRE, MEH, MR, TR, R KOMEMRBORUITHR. &l
FHE:, 1997, 26(3) ; 15-16.

XUAE, BiAAAR, JHRLT, KRB K ARSIRTIZ. Mol BAritit, 2007, 35(1) : 32-34.

W, Woat, EN, B R ARG IR E H A ERREOR. B ENEL, 2007, 25(3) : 130-131.

T, BREE, SRR, R, DG, SEERL, FACE, XUBEER K LS AR A 2 AZ AR 1) AR A SR B R . 1
AR, 2021, 32(1) ; 46-56.

FER. R, SRR, RIRERD, R, AR, TR, ARIRTE G0 1 L R I LDAA MO B AR A A s R N AR S AR, 2019, 30
(5): 1479-1486.

Weiner J. Asymmetric competition in plant populations. Trends in Ecology & Evolution, 1990, 5(11) : 360-364.

Yokozawa M, Kubota Y, Hara T. Effects of competition mode on spatial pattern dynamics in plant communities. Ecological Modelling, 1998, 106
(1): 1-16.

Grime J P. Plant Strategies and Vegetation Processes. Chichester: John Wiley & Sons, 1979 120-154.

Connel J H. On the prevalence and relative importance of interspecific competition: evidence from field experiments. The American Naturalist,
1983, 122(5) : 661-696.

ARFRT, TRSCEE. VLT AZLFN Y R SEA ROBIST. AL AR, 1998, 22(3) : 269-274.

Holmes W. Grass: Its Production and Utilization. Oxford ; Blackwell Scientific Publications, 1980.

Howard T G. The relationship of total and per-gram rankings in competitive effect to the natural abundance of herbaceous perennials. Journal of
Ecology, 2001, 89(1) . 110-117.

Wk, Fig2, FIES, E%E. BT RS Y — R FhESE RIS, ALY A, 2006, 26(12) « 2547-2552.

Biging G S, Dobbertin M. Evaluation of competition indices in individual tree growth models. Forest Science, 1995, 41(2) . 360-377.

BORIL - KARESY, e, 875, T PARTEFEARIUITEE R, PIutRaEbesAdi, 2012, 27(6) @ 152-158.

WL, PRI, REIEYR. NSl IR DUR VD MR R TR o B A9 B, AR 4R, 2009, 20(2) + 250-255.

Hegyi F. A simulation model for managing jack-pine stands//Fries J, ed. Growth Models for Tree and Stand Simulation. Stockholm: Royal College
of Forestry, 1974 74-80.

X, ZRR, R, WM. KKK TS (Taxus cuspidata) TP FIFR A3 4. A2 252544, 2007, 27(3) : 924-929.

FEdest, BRrak, XIS, sKaEFE, PSR, KRGS (Emmenopterys henryi) Tt B H 55 WAL AL Fp 2 B A 3546 2. LEA244R, 2008,
28(7) : 3456-3463.

ARFW, FOAL, whRAN. KA RSB AR AR L S S BRI, S BRI AR WA, 2001, 7(2) ¢ 101-105.

W&, Semyung K, X4, 5KIE, HERE, 1iPh, REEH, IO, VHIRETHA RIS RI S 03 A0 X MROKRFE 4 23 )% Jm) S SRR AL
AR, 2019, 39(10) ; 3687-3699.

XUFE, WOSCAL, B AE, FORAS. RS 2R AR e AR SRR AR N AR SE . R ARl R R 22254, 2010, 30(9) : 10-15.
FEFETF, GdF, WA, T, L. A O R BRSSO SE. EAS SR, 2020, 40(12) ; 2064-4072.

FRARVY. AT PR AL Y O R A B AR . AR R A S AR AR, 1993, 17(4) + 352-357.

JRESE ) XIFIE, A E K. KAWL E R A R DA BT 23 281 KOCIREN P 7. AR, 2016, 36(12) : 3525-3536.

s, B LA (H =) . Jent: Bles e, 2018.

Weiner J. Neighbourhood interference amongst Pinus rigida individuals. Journal of Ecology, 1984, 72(1) . 183-195.

SRR, RAAG, SRIEZ, BRI, T AT AR S 380 i A2 P A &I A 4 i S AR T AR B BOIERREL. 2R 25240, 1989, 9(1) : 53-58.
T, 280, BRAROT, SLBRIE, RBOL. SENTHRMORI A FIRR R SE RS, RIMIWESL, 2020, 40(4) : 552-558.

Mg, BORBT, BIFTIE. AP IILRIR. AR, 2004, 23(4) : 157-163.

i/, RHFR, BCme, EEM, F RBIL FLEHRARR N AR )58 o . A28 4, 2015, 35(2) : 389-395.

FEREEE, slReh, SR, FIESS. WURA WA Y AR RN ] SE S, AR 2RAEARAR, 2013, 32(7) : 1756-1761.

skedsE, R, wHE, TR, AN BRI DR RS 53T, etk R4 E i, 2014, 36(3) ; 26-33.
N, ARFF, O KRAMERRET 5ASKMERRVIE. Wb . HARIEIR, 1995, 13(3) : 47-51.

Wang X T, Liang C Z, Wang W. Balance between facilitation and competition determines spatial patterns in a plant population. Chinese Science

Bulletin, 2014, 59(13) . 1405- 1415.

http ; //www.ecologica.cn



