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Table 1 General description of sample plots
e . ﬂgﬁ] gﬂ o5 glz B ( ;,j F / , Jif14% Diameter/cm W Height/m
Plot code  Treatments comr;e:slftion d:s;)ilt)}}/] Stand dr:nsity %_/J\ SR Fy ]%_/J\ TR Ty
Min. Max. Average Min. Max. Average

ZH-01 Tl 611 A 141 0.66 825 5.0 66.0 14.6 2.0 29.6 11.0
ZH-02 §v) AZ2H IR E T4 0.71 957 5.0 59.1 13.7 0.5 24.1 11.1
ZH-03 T3 AZ2A 1R I 1AL 0.72 1115 5.0 55.7 12.9 1.3 28.5 10.2
ZH-04 T2 AZ2F R0 1 0.83 1058 5.0 50.2 13.6 1.5 25.8 10.9
ZH-05 TO SR B E1# 0.74 1089 5.0 53.8 15.1 1.4 21.8 10.0
ZH-06 TO AZRIE2A TR 0.46 617 5.0 50.7 15.0 1.8 27.1 13.3
ZH-07 Tl SHEOAIILI1 R 0.85 1071 5.0 50.9 13.1 1.5 21.8 8.9
ZH-08 T3 SH2EILT1241 8 0.88 1162 5.0 58.5 12.8 32 31.1 10.9
ZH-09 Tl 652241 17K 0.90 857 5.0 522 143 1.4 18.9 9.8
ZH-10 T3 6Z2H 1415 0.77 1011 5.0 70.1 14.3 3.1 29.4 11.7
ZH-11 T2 452 H IR 11401 0.87 1054 5.0 58.2 14.1 22 26.5 10.9
ZH-12 TO RESS SESTSIVIN 0.67 754 5.0 65.3 15.9 1.4 234 11.0

T ZHARER S MRIRAEM, SRS, ARE A, AR AFEY, LARLNR, ORER AR, B, HARK AR, BARERE, IR
FAABOME, AR M, 2R H AR Fh . Notes: ZH stands for natural secondary Quercus mongolica forest, . Stands for Quercus mongolica, . Stands
forBetula platyphylla, #. Stands for Populus ussuriensis,?I.. Stands for Pinus koraiensis, ff. Stands for Acer pictum, #%. Stands for Tilia mandshurica, ¥ .
Stands for Larix olgensis, 2. Stands for Betula dahurica.,’K. Stands for Fraxinus mandshurica, <. Stands for other tree species.
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Table 2 The number and basal area of tree species in Mongolian oak plots

e Fi ik v T TR A Lefsl L7313 Lesl dfd
Dominant tree species Basal area/(m?-hm ?) Percent/% Tree number/(tree-hm ) Percent/% d value
5 i ¥k Quercus mongolica 9.82 47.82 284 29.50 0.0222
A #EBetula platyphylla 2.82 13.76 81 8.44 0.0109
2L KA Pinus koraiensis 1.44 7.00 167 17.30 0.0103
4K Other tree species 1.40 6.83 145 15.02 0.010 1
K5 ¥iPopulus ussuriensis 1.21 5.92 64 6.59 0.0102
KMk Acer pictum 1.06 5.15 92 9.53 0.010 4
WM Tilia mandshurica 1.02 4.99 54 5.56 0.010 7
K BV M FA Larix olgensis 0.68 3.29 33 3.39 0.011 1
MEBetula dahurica 0.52 2.52 11 1.11 0.0116
7K Bl Fraxinus mandshurica 0.27 1.29 8 0.85 0.0122
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Notes: A. stands for Quercus mongolica, B. stands for Pinus koraiensis., C. stands for Acer pictum, D. stands for Tilia mandshurica, E. stands for Betula
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TR, T,

platyphylla., F. stands for Populus ussuriensis, G stands for Fraxinus mandshurica, H. stands for Larix olgensis, 1. stands for Betula dahurica, The same below.
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Fig. 1

The total (a) and average (b) competition index of the main species based on the different

number of competing neighbors



5513 AT, A SETBRIAEMMRA TS X R I E )7 i 1z 5
%
12 000 [ (a) T 1210
10000 mmm Hegyi gl ® Hegyi m
2 == Hegyi_intra *g O Hegyi_intra_m
= mmm Hegyi inter g B Hegyi_inter m
£ 8000 |- —o— HAU/number s 8r
g %
g 6000 s 6
s 5}
= <
ﬁ 4000 = 4
& I x
@ 2000 & 2+
iR
I By
0 = 5 0
A B C D E F H G I B D B E A H F I

FFp Tree species
B2 TEMFHEZREL () MEHZHEL )
Fig.2 Total(a) and average(b) competition index of main tree species
(K 2b) o FHNTEG R TR ZE P M Fp . 52
wBR L e KT, A S A O T Rl N S A AY

e LIRS EORB. BEM . K. AR
M, FEHL N RPN 3E 4 (30132) WA T Fie] o 4+
(31937) (Kl2a) .
34 MO ARTHENIARIEE @177 K B0
341 ARREMREFZFRENTRIET AKX X6
B RMEPRARIBE (TUFRO) BIARMERI A ARZER,
M I A B (2013 41 2018 4F ) 43 5% 4%
MIRIZW) Hegyi F1 Hegyi m HAT4511 (£3) &
2013 4F 45 K2 B Hegyi HE P R ARZ >TF b
ZE> FARJZ, 2018 4F TO, T2 Fl T3 &K )2 By 35 5
TG 2013 L, HA TR ESromE R
R MZE> EMRZESTRZ . 2013 4EF1 2018 47 1Y
Hegyi m ¥ 28N T MRIZ>HFIZES FZE . Hegyi
AT : TO FARZREK 53%, i, EARZES
FIHER 12% £ 14%, T1 FAHIZRIEEAL (86% )
Brp EARZETIE, T2, T3 EARESHI T 19%
138%, FHMZLERICEE, TWZEEH it
o Wk Hegyi m WZEfLR UL, TO NARZFN LAKZ
SR RET 9% M 8%, HMZSER 14%, T1 Mk
FERMBRZER I BT, EARZEAE K. T2 f
T3 FARZFLEMZ TR, FHIZ LT
3.42 RABHRFSE ST RERTF B KT X6 rm e
2018 AR AP A A SE i 2013 4R A T B AR L
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FEIRBERCR, T1 XS BRI SE 2N
3.4.3 FrAFESEEATREIEE AR X 4 Fp
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=3 AEEBFEKAXTEZWEN Hegyi 1 Hegyi m
Table 3 Hegyi and Hegyi m of different forest story in
different treatment

Skt W Hegyi Hegyi m
Treatment Forest story 2013 P~ 013 .
TO D s 417594 195786  8.94 8.16
ownstory
)
Middle story 5 10643 572961 511 5.85
ULW% 121192 138412 233 2.15
p story
T1 DF%E 418123 595.78 8.67 10.45
ownstory
HHZ
Middle story 5 61226 7866.84 542 6.24
UL%E 201344 220351 294 2.62
p story
T2 DFW% 428551 276544 823 10.72
ownstory
HHE
Middle story S 441:90 9218.68  6.32 6.03
S 1801.41 145373  2.58 2.13
Up story
T3 DFW’? 6181.70 3299.76  7.85 8.50
ownstory
)
Middle story 097419 848558 582 5.48
S 175421 109048 248 1.95
Up story

J73F Hegyi_intra m #J2 FE#EE (K 3) , 4
BT 18%, 21%, 13% F1 15%, Hegyi inter m
BAR FIHES (K 3) , B EFHREERN, Hrp
T1 BTHRWIE (8%) .

HI1E 4 A1, Sl BRAG I E] S8 4 b 2 241
AT AE. To 7R, M (2013, 2018) Sy
L2 TR S ol e S0 & £ 5 e o N N
T1 T, S5l BRSE PR R K481k, ok
HELIARIE A e T, ok A FHERIH 1058 4
AR, HAs R en e, T2 70 , kA
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Table 4 Changes of Hegyi and Hegeyi m under different
tending and thinning measures

s W Fh Hegyi Hegyi m
Treatment  Species 2013 2018 2013 2018
S
e e 399.04  295.54 3.47 2.90
\
TO . gﬂ&\ . 1843.18 2160.02 6.85 7.25
Pinus koraiensis
=3
X pith . 1799.72 1310.16 3.27 2.74
Quercus mongolica
S
Bl s 341.03 213.97 3.67 2.82
\
T1 . é’_[ifz. . 207483 1928.72 5.84 5.76
Pinus koraiensis
b==3
K pith . 2648.66 2239.84 3.55 322
Quercus mongolica
Spi
Bl 1273.16  783.27 4.22 3.29
\
T2 . gjﬁ\. . 253581 2759.87 6.25 6.20
Pinus koraiensis
=23
Kpith . 2506.09 1952.00 3.97 3.48
Quercus mongolica
S
Bt e 1330.06  693.11 4.35 3.19
\
T3 . 211‘2\‘ . 369393 3111.12 6.36 6.25
Pinus koraiensis
peasd
Kpith 3574.54 2608.78 4.02 3.34

Quercus mongolica

CIANRRRB e B 5, ok [ A RERNI K i i e 4
A%, T3 70N, kA AMERSEgk >, ik A
AR NS S 7T =

LIAS TR E R AR SRR, TO LI Y5
G FIREEHE AR AR K, {ER [ 95 R FK D
ISR EEIE R, Sk AS R . MR E R
GO A BT TR, T1 5w b 1 B HE P &

mHegyi_intra_m r Hegyi_inter m

2.42

2018 | 2013

2018
T2

2013 2018
T3

2013 2018 | 2013

TO T1

135 8 %L Average competition index

B 3 Hegyi intra_m %0 Hegyi inter m 33 A [EL B 8%
0] )ivd
Fig. 3 Response of Hegyi intra_m and Hegyi_inter_m to
different thinning treatment
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T3 BT B Y Hegyi m Fl Hegyi intra_ m W'F
FEIERE (14.0%, 15.3%) BEET TO M T1 (4.4%,

FEEEFEIE (R 5) o HIRW K Hegyi ZEALEaH S5
Hegyi_m “EAV ST —3L,

7.8% ) , 4F T BRI Hegyi inter m T [
#5 AREEEMKFAXT BirkFndE B FZERIEH
Table 5 Average competition index of crop trees and other trees to different thinning treatment
hbE WA 2013 2018
UG Type Hegyi m  Hegyi intra_m Hegyi_inter_m Hegyi m  Hegyi intra_m Hegyi_inter _m
3t B ###non crop trees 5.75 2.89 2.86 5.32 2.38 2.94
To H ¥x#fcrop trees 1.81 0.85 0.95 1.73 0.80 0.93
4E H #5Hfnon crop trees 5.81 321 2.60 5.37 2.53 2.84
o H br i crop trees 2.19 1.05 1.14 2.02 0.96 1.06
3k HA##non crop trees 5.94 2.68 3.26 5.71 2.35 3.36
2 H #r#fcrop trees 221 1.12 1.09 1.90 0.83 1.07
3E H ###¥non crop trees 5.87 2.69 3.19 5.53 232 3.21
o H #x#fcrop trees 2.36 1.38 0.98 2.00 1.07 0.93

HARW Y Hegyim P18 8 /NFAE HARM, T2
1 T3 77 20F BRI Hegyi m T B BE 53931 hy
14% F1 15%, AR B HAREAR T 3.8% Fl 5.8%.
TO A1 T1 HrEE H AR R P 5 T R R B 22 0 g K
T HARR AR N S8 T R B, i T2 A T3 28
WA AR, HARRAIE B AR A Fp a5 425 1k
AK(£S) .
4 b

5% AR A bR A A 10 5 4 5 HE e B o
RECREIE Z AR R R . BSE SR A o
S FERCR AR 1) 55 4 HE P AN Bl 5 S AR P 1
LIRS 4 5k B A /N A ol ) e A b
K, X5 EFHFHREERRMUY, FhERRe
PR AR 1 T P 5 i 32 S /N ] 5 s i
X5 2R RS2 R —B, XA RE S S ARIK
AR R A 2 8] A A A SR FNR SRR A KR
MR A BERT S 0.602 3, FIART AN 3
G AR AR FP A RE R, P ) SE rom EEROR,
s Gl T i A o

FEYIYI R 2 8] B 5 S RE T U T A A= 75
W B AN AE S I A A S RGP, A
Foft 22 1) g A AT EIT , AT [ SR W U ) 4 2t
WAL, SEBEIE A, AT LR Y s e
FEEERTA LR, AN, AN . e . 20
ZIE M RN, SR AL B B A, A

BCAERSR () e Fr A S ReAE 7, HEnIRE A W
FRAEAL TR TR IR T, MiSe S5/ N Ff
ZIEENRIFN, ightE . SENTERRITE AL, ik S
B e DG RRBR ALK, RS A 7S Tl kA
K, HILZEISESEN

XF SRR A MR FIM)Z 1 5e 5 th 5152
R0 SR SR R E
IR EMORE/N, AR E R, £
RGIEE R T FHZ R E5E 5, ik
T HWREENIE BRARE S T EARZER R
FRPFR TS, X SRR ET A6, Banik
BRMIE RS A, RE W, FICRIEXSR 22
WhAE . FMZRIMOR, T BB NI E
[0 B 2 HARB RS (8], AR 22 sy
IPEAA, AbF EARZ.

T N S X P R () AR i 7 22 B S vy e ] 5
G, EEXT EARAEFNIE B AR e A5, 22 s
e, X R BT R AR S 8 A & [ —
PR LR, MAEARBUL MG E LT,
Foft P 56 A XK B A= R B, 32 AR R
RIFEA R AESTR, IR MATESRIZIN,

HFRB 0 F- 258 4 B B /NFIE BARR, X2k
T HWZRIEHA, IMREZ T EWZE, W
IEAZ B Se AR /N, T2 F T3 X HAR 52 4
WA T WA T To F0 T1, {H TO A1 T1 %FEH
Frdtf Y58 4 FRARAE 2258 T T2 1 T3, X ERUE T



8 Mok B

R

i34 4

A B BE, BRSNS BARRE, XAk rhHA
NI FARR AR R RO AMECE 1. B A ik
BRI 2, SRRSO SR, BEZ N R
REGEGAEAL, (EABTEH T2, T3 Pk H AR ik
PRI N TR R R B B 225, HIET
ANI5) H AR R0 P8 X AR A 5 4 5 AR I R M
B

5 i

AWFFEAH 12 B 1 hm? 52 4 AR UK AR AR U
BB T T MROR 5 4 56 B XA R Tl A7 =X
(fegad (T1) . HisW&EHE 1 (T2) fH
PR s %R 2 (T3) M IEIRE: (T0) ) AYm Ry
KRN ZE AR MEE - S R Ry . Sy
BR. ZIRARIEAME, FEMFSERHDT R SR>
LIRS ARG IS T A >V A >IK >
e ST BRI 28 I T 22 i _LARJZ DA
K E T s R, AT4EREse BRRIZI A
FEMRG AR O SR T R IR A M A A
B, ARITEF RSEFRITG AT, fEdEAY
E [

Sk

(1] SREE, FBUERE. B4R kiR R SRR Py A ] 52 4+ (1 Bl
WFFE 0], Molk Bl 2001, 37(Spl) : 185-188.

(2] Gifa . B ME T M. Jbat: Bleg R, 2013,

[3] David T. Plant strategies and the dynamics and structure of plant
communities. [J]. Bulletin of Mathematical Biology, 1989, 4(1): 28-
29.

(4] i, BRI, s 2, 45, 3T Voronoi &l 1 HE % I 3544 Fh
PS4 [J]. A58, 2007, 27(11) = 4707-4716.

(5] BN, XVTH8, GRERTR, 5. = p A RARBRIY Al oA A i) 5 4 1]
Rl FEDESE, 2016,29(2) : 209-215.

[ 6] Filipescu C N, Comeau P G. Competitive interactions between aspen
and white spruce vary with stand age in boreal mixedwoods[J].
Forest Ecology & Management, 2007, 247(1-3): 175-184.

(7] Z=akut, S, 2= 46, 5. BARIL SR M- ARG IR AR AP A i E]
SeR M 0], APl R R 2244, 2013, 33(8) : 91-5.

[ 8] XZshn, # @, RGN, 55 ANIR] ) AR HE X AR b & AR A TARSE
PRAMFI ], FRAS AR, 2019,39(2): 153-158.

(9] ®Rife, PNAUE, PREEDS, 55, A N TARIE A ARl et XA 1
SRS MR SRR (], AR 25224, 2013, 33(19): 6154-
6162.

[10] EFERF, k2, BioCE, 55, TR X I A A AR Bhsi A
KBIBR0N; 1], Aol B2z, 2014, 50(10): 67-73.

(1] BRRHIZ, sk, AR, 45, ST BRI 48 MR R =842
Bt I TR 58 bR s [ 25 4 1 5 i CT0. MOlk B 22 BF 5T, 2017, 30(5)
718-726.

(12] #ASEIL, Sk4efl, JHRR L, 55 ARIRPEE O 200 58 b ik A s
[IGEFA R EENE (1] ALl R 22441, 2019, 41(5) : 137-147.

(131 SRme2r, Tk oM. S8t ARak A bR BL25 R R XS B A 2278 1 i
B[], Aol R4, 2019, 41(5) : 56-65.

[14] Ohsawa M. Differentiation of vegetation zones and species strategies
in the subalpine region of Mt. Fuji[J]. Vegetatio, 1984, 57(1): 15-52.

[15] HegyiF. A simulation model for managing jack-pine standssimula-
tion[J]. Royal Coll For, Res Notes, 1974, 30: 74-90.

[16] AUk LLeSEASRA . /TR X A A T AR AR T2 G AR5 (D).
AEHC ALl R, 2012,

(17] EERIZL, S, B e, 55 ST RS MR SE 3 8 0] Aol Bt
%,2013,49(6): 68-73.

[18] Staupendahl K, Zucchini W. Estimating the spatial distribution in
forest stands by counting small angles between nearest
neighbours[J]. Allgemeine Forst und Jagdzeitung, 2006, 177(8):
160-168.

[19] Assuncao R. Testing spatial randomness by means of angles[J]. Bio-
metrics, 1994, 50(2): 531-537.

[20] Davies O, Pommerening A. The contribution of structural indices to
the modelling of Sitka spruce (Picea sitchensis) and birch (Betula
spp.) crowns [J]. Forest Ecology and Management, 2008, 256(1-2):
68-77.

[21] Clark P J, Evans F C. Distance to nearest neighbor as a measure of
spatial relationships in populations[J]. Ecology, 1954, 35(4): 445-
453.

[22] JESFIE. Zoegeit ik IMD. Juat: ARl T R, 1986.

(23] JESEPE, WM, Tk, 55 M2 05T sk (] i SOl BFSY,
2014,27(6): 34-40.

(241 NI DU AEHRETE bl oy SRR IR SE 4 A 9 (D).
HIBESE, 1997,17(1): 110-118.

[25] “FHEE, T8 R. 35 LW R SSRGS T 52 4 o o 1.
WITTARRK 222440, 2011, 28(4) : 601-606.

[26] LB . KA LSRR TES (1], B A
4%, 2016,27(10): 3089-3097.

(27] HERIZL, WD, IR SSHob bz 80 g AR e 1 77 sKAOBIF S (0] Ak
W BHEBFSE, 2001, 14(1) : 23-27.

(28] BS3C, 2 B ANE, % SRR ICIRG RN . FETE4OC R
W LI]. ARl RIS, 2003, 16(4) @ 418-422.

(291 Ehakilk, TS, ES4ER, 5. BET 402 10 AL AT R R bk
MATES R RBIFI]. Ml RREBIR, 2018, 31(2) ¢ 1-10.

[30] BBHiz, skt BHIAR, 5. 2R bkl B4 MR- BT 0]
MRPRFEBESE, 2017, 30(3) : 450-459.


http://dx.doi.org/10.3321/j.issn:1000-0933.2007.11.039
http://dx.doi.org/10.3969/j.issn.1001-1498.2016.02.009
http://dx.doi.org/10.1007/BF00031929
http://dx.doi.org/10.11707/j.1001-7488.20130610
http://dx.doi.org/10.11707/j.1001-7488.20130610
http://dx.doi.org/10.2307/2533397
http://dx.doi.org/10.2307/2533397
http://dx.doi.org/10.1016/j.foreco.2008.03.052
http://dx.doi.org/10.2307/1931034
http://dx.doi.org/10.3969/j.issn.2095-0756.2011.04.013
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.004
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.004
http://dx.doi.org/10.3321/j.issn:1001-1498.2003.04.007
http://dx.doi.org/10.3321/j.issn:1000-0933.2007.11.039
http://dx.doi.org/10.3969/j.issn.1001-1498.2016.02.009
http://dx.doi.org/10.1007/BF00031929
http://dx.doi.org/10.11707/j.1001-7488.20130610
http://dx.doi.org/10.11707/j.1001-7488.20130610
http://dx.doi.org/10.2307/2533397
http://dx.doi.org/10.2307/2533397
http://dx.doi.org/10.1016/j.foreco.2008.03.052
http://dx.doi.org/10.2307/1931034
http://dx.doi.org/10.3969/j.issn.2095-0756.2011.04.013
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.004
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.004
http://dx.doi.org/10.3321/j.issn:1001-1498.2003.04.007
http://dx.doi.org/10.3321/j.issn:1000-0933.2007.11.039
http://dx.doi.org/10.3969/j.issn.1001-1498.2016.02.009
http://dx.doi.org/10.3321/j.issn:1000-0933.2007.11.039
http://dx.doi.org/10.3969/j.issn.1001-1498.2016.02.009
http://dx.doi.org/10.1007/BF00031929
http://dx.doi.org/10.11707/j.1001-7488.20130610
http://dx.doi.org/10.11707/j.1001-7488.20130610
http://dx.doi.org/10.2307/2533397
http://dx.doi.org/10.2307/2533397
http://dx.doi.org/10.1016/j.foreco.2008.03.052
http://dx.doi.org/10.2307/1931034
http://dx.doi.org/10.3969/j.issn.2095-0756.2011.04.013
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.004
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.004
http://dx.doi.org/10.3321/j.issn:1001-1498.2003.04.007
http://dx.doi.org/10.1007/BF00031929
http://dx.doi.org/10.11707/j.1001-7488.20130610
http://dx.doi.org/10.11707/j.1001-7488.20130610
http://dx.doi.org/10.2307/2533397
http://dx.doi.org/10.2307/2533397
http://dx.doi.org/10.1016/j.foreco.2008.03.052
http://dx.doi.org/10.2307/1931034
http://dx.doi.org/10.3969/j.issn.2095-0756.2011.04.013
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.004
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.004
http://dx.doi.org/10.3321/j.issn:1001-1498.2003.04.007

5513 T, 45 SRR ST AN R 7 i) 7 XAk w1z 9

Response of Tree Competition in Natural Secondary Quercus
mongolica Forest to Thinning Treatment

HU Xue-fan'?, DUAN Guang-shuang’, ZHANG Hui-ru'**, LU Jun'?, ZHANG Xiao-hong'?

(1. Research Institute of Forest Resources Information Techniques, Chinese Academy of Forestry; Beijing 100091, China; 2. Key
Laboratory of Forest Management and Growth Modeling, National Forestry and Grassland Administration, Beijing 100091, China;
3. School of Mathematics and Statistics, Xinyang Normal University, Xinyang 464000, Henan, China; 4. National Engineering
Research Center for the Forest Management, National Forestry and Grassland Administration, Beijing 100091, China)

Abstract: [Objective] The effects of thinning treatment on tree competition of Quercus mongolica secondary forest
(oak forest) were evaluated, so as to provide references for further understanding the ecological adaptation mechan-
ism of this kind of community and making reasonable management decisions. [Method] 12 permanent plots were es-
tablished in the oak forest in Wangqing of Jilin Province in 2013. 4 management treatments were carried out, namely
traditional management treatment (T1), crop tree management with density of 70 crop trees per hectare (T2), crop tree
management with density of 100 crop trees per hectare (T3) and the control plot(T0). The plots were re-measured in
2018. The number of competitive trees used in Hegyi index was determined by the method of ordered sample cluster-
ing. The tree competition of oak forest and the response of competition to thinning treatment among the forest layers,
dominant species and crop trees were analyzed. [Result] (1) The dominant species of the oak forest were Q. mongol-
ica Fisch. ex Ledeb, Pinus koraiensis Sieb. et Zucc. and Betula platyphylla Suk. (2) The rank of main tree species
competition in the sample plot was Q. mongolica > Pinus koraiensis > Acer pictum > Tilia mandshurica > B. platy-
phylla > Populus ussuriensis > Larix olgensis > Fraxinus mandshurica > B. dahurica. The average interspecies com-
petition of the main tree species was slightly stronger than the average intra-specific competition. (3) The competi-
tion of upper forest layer decreased significantly under T2 and T3. The competition intensity of B. platyphylla and Q.
mongolica decreased in every treatment, especially under T3 (by 48 percent and 27 percent, respectively); the com-
petition intensity of Pinus koraiensis increased in TO only. The interspecific competition intensity of dominant tree
species from 7. mandshurica and A. pictum in T2 and T3 increased, while that of Populus ussuriensis decreased. The
reduction of crop trees competition under T2 and T3 was significantly higher than TO, and T1. [Conclusion] By ana-
lyzing the competition among the tree species of the oak forest, it is concluded that the thinning based on the crop tree
management can effectively reduce the competition of the upper layer and the dominant species in the natural second-
ary Q. mongolica forest. It is beneficial to cultivate the crop species and guide the positive succession of the forest.
The results of this study proves the feasibility and rationality of the crop tree management.

Keywords: crop tree management; natural secondary Quercus mongolica forest; thinning; ordered sample

clustering; competition
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