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Abstract: To reveal the interaction of Loropetalum chinense communities in karst hills of Guilin between different
recovery stages of change, the typical sample plots were selected by the concept of space instead of time. Analysis about
the inter-specific associations of main species at different restoration stages of the L. chinense communities in karst hills of

Guilin was carried out by means of the significance test of the overall association among multi-species, the measurement
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of X*statistics and the Spearman rank correlation test. The results were as follows; (1) At the shrub stage, the overall

inter-species relationship was no significant negative correlation. From shrub to tree stage, the overall inter-species

relationship in the shrub layer was no significant positive correlation while that in the tree layer was no significant

negative correlation. While at the small tree stage, the overall inter-species relationships in the shrub layer and tree layer

were no significant positive correlation equally. In the process of natural restoration of L. chinense communities, the

proportions of positive associative species in the tree layer and shrub layer showed an upward trend equally but was

processed at a slow pace. (2) The results of the X* statistics and the Spearman rank correlation test showed that most

species pairs in the tree layer and shrub layer were not significantly correlated. The inter-species association was

relatively loose and each species was comparatively independent. The above results indicate that three stages in the

L. chinense communities are still in a relatively low stage of community development.

Key words: inter-species association, Loropetalum chinense communities, karst hills of Guilin, restoration stage, tree

layer, shrub layer
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Table 1  Basic conditions of sampling sites of Loropetalum chinense communities
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E—;il?;t‘i%n stage Slo jfifsl ect Slo et&%diem Slo, iﬁ{(%silion Altitude Rock bare rate  Community height
g p p pe g pe p (m) (%) (m)

AR B E 15°~20° T 150~200 30~40 1.16+0.12
Shrub stage Down slope

TrHERY Bt E 20° ~25° gk 200~ 250 30~35 3.92+0.44
Shrub to tree stage Middle slope
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Small tree stage

Up slope
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Table 2 Names and abbreviations of main species in Loropetalum chinense communities

K] RS F4

Abbreviation Species name Scientific name

Efi) RS e

Abbreviation ~ Species name Scientific name

Le AR Loropetalum chinense
Be T e Bauhinia championit
Se BRI 4k 4 Spiraea cantoniensis

At £ LU RRFT Alchornea trewioides

Pl RAbE Platycarya longipes

De gwmA Decaspermum. esquirolli
Pf P Pyracantha fortuneana
Pc WA Pistacia chinensis

Ss (SR Serissa serissoides

Gb /AL i FHAT Grewia biloba

Za A Zanthoxylum armatum
Vn B Vitex negundo

Pp Jid VAl Pittosporum planilobum
Fs — 3K Flueggea suffruticosa
Hm 422k Hypericum monogynum
Mr FE Mallotus repandus

Cm BRI Clematis meyeniana

Ap pigzipia Adina pilulifera
RIS e L2 Rhamnus leptophylla

Sr A A Sageretia rugosa
Cb kS Cinnamomum burmanni
Mec K T Millettia cinerea
Ct JNEE Croton tiglium
ReT IINRG R Rosa cymosa
Sa ENUSTE Smilax arisanensis
Ib W4 llex aquicolium
Rl Bk B Rhamnus lamprophylla
Re FAN N Rhus chinensis
Mp Iy =1~ Millettia pulchra
SsH PR EN=Y A Salacia sessiliflora
Ma TR Melia azedarach
Lf WA Liquidambar formosana
Up TR 6y Ulmus parvifolia
Xe A I FEA Xylosma controversum
Ak AR Albizia kalkora
Cs 1% Cmnamomum saxitilis
CiR JUAFI B Cephalanthus tetrandrus
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Table 3  Significance test of the multi-species’ overall association at different restoration stages
WS B TR Ti 2 A oL X2 i "
E"( Etlg”fl . Layers of Variance ratio it w X? threshold *ﬂéﬁ éﬁfﬁ
estoration stage community (VR) Test statistics W (X2 o5 s Xoos) esu
A B HEAJZ 0.62 9.92 (7.96, 26.3) ENTESiEQN
Shrub stage Shrub layer No significant negative correlation
FritE B Bt TR 0.82 13.12 (7.96, 26.3) ENTE PSS
Shrub to tree stage Tree layer No significant negative correlation
AR 1.34 21.44 (7.96, 26.3) ENTEFE IS
Shrub layer No significant positive correlation
/NTE AR B AR 1.56 24.96 (7.96, 26.3) ENTE PSS
Small tree stage Tree layer No significant positive correlation
HEA 1.05 16.80 (7.96, 26.3) ENTEAP QIS
Shrub layer No significant positive correlation
K AETRREDT BE , e AR R EZ YRR ) ¢ R 224
- TR N NN e RIS
i DUNIOG , A )2 2 Wbl ) ¢ 2R S At 35 1E
FHIE TR/ TR B, BEARZ FITR AR )Z F2 284 Fh b Al T
)56 2R 2 5 TS 2 B AT 9 1 2 T |
WA, Fv AR JZ 32 B R IE £1 0C I L 52 5 i # T~ 1al.
. S N N f
(0.82—1.56) , A 2 1E B SCHK He A4 522 14 i 3
(0.62—1.34—1.05) , X R UHARE R A AKE T Al A | A AL
IR Z AR Z YRR R B TRE, Al al ol o &4 | Ma
2 X gitE
32 x ElTEﬁ}*ﬁ B . Al Al AT AT AT AT e
3.2.1 AREAMBX it Eob HARREETIA
JERBEX GEit i BT S SRR, TR BN TR Sl Ml Ml Il M Ml Ml
ARBI BT A JZ il x ] 2 o 26 310 2 5 AH G (1 1, Alalalalalalalal]ess

2) . FRHENT B, USSP o LR T IEEKSS s /N
MREB, IEBREE T o5 LR T ks X — 45 R 5
SRR PER I 25 R — 2, BEVEAE H SRR & o 2
v IEBEZE BIF o U DA 33.33% (I E By B ) 4 i
F 47.44% (/NFEARBTEC) |, D6 R 7 AR 2 E IR 45 XS
Fr 5 Ee 2B A (R 4)

322 BAEMBX it oM MABIEHEAR
ERVEEX it im Mgl SRR, 3 K 2 B BE
A2 5 B I 25 B ZE AT R FR T 7 % B0 L ]
S 11.26% 8.18% F1 0% ( 3¢ 5) , 15 BH 251k 2 B
BEVEAJZ2 08 FCHS 43 X (1] ) % 36 1) b 25 40 ¢ (&
3, 4 K 5)  IEERGE I & L Y KT kA B
TEAE FSRIK S i R v, R 2 TE R 485 i o L 9] DA
58.44% (HEAR W BL) A8 3 57.31% (TR #ERT B )
F/NTEARE B, BN E] 61.67% (% 5) , L HHEAR)Z
TEBRES 6T B o F A T B B RS A R [ (H
M BRI Rk E R E T, SRR

* . R EIERRS; €. BEIEIKAS; A R B E EBRE,
oo MR RIS O BB AIKE; AL A B KA
x. BBEE, T,

. Distinctly significant positive association; 4. Significant
positive association; A. No significant positive association;
Y. Distinctly significant negative association; <. Significant
negative association; A. No significant negative association;

X. No association. The same below.

B TR BOTT AR FIREX? GEit i 2 R ]
Fig. 1 Semi-matrix of interspecific correction X* statistics
of main population in tree layer in shrub to tree stage
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Table 4 Results of X* statistics in tree layer species at different restoration stages

IEHRSS UilisA PR
Positive association Negative association No association
R B B o .
Restoration stage M g ok o J— o4 ¥ n g
Distinctly - ﬂkﬁ L'Z& Distinctly - mﬁ_ \_,;AZ ‘Uﬁz
e Significant Sum L Significant Sum Sum
significant significant
TrHERY Bt 0 0 12 0 0 24 0
Shrub to tree stage (0%) (0%) (33.33%) (0%) (0%) (66.67%) (0%)
/NFE AR B B 0 0 37 0 0 36 5
Small tree stage (0%) (0%) (47.44%) (0%) (0%) (46.15%) (6.41%)

%5 TRREMBERREMEL G BINER

Table 5 Results of X statistics in shrub layer species at different restoration stages

MRS i3 ToHR S,
Positive association Negative association No association
RS W B
Restoration stage {ﬁ fk' B e B +&f‘k% e T B
Distinetly . Distinctly o <
S Significant Sum L Significant Sum Sum

significant significant
AR B Bt 3 10 135 4 9 88 8
Shrub stage (1.30%) (4.33%) (58.44%) (1.73%) (3.90%) (38.10%) (3.46%)
Tr e Be 4 5 98 2 3 73 0
Shrub to tree stage (2.34%) (2.92%) (57.31%) (1.17%) (1.75%) (42.69%) (0% )
/NFE AR B 0 0 74 0 0 42 4
Small tree stage (0%) (0%) (61.67%) (0%) (0%) (35%) (3.33%)
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Fig. 3 Semi-matrix of interspecific correction X* statistics

of main population in shrub layer in shrub stage
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Table 6 Results of the Spearman rank correlation test in shrub layer species at different restoration stages
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Table 7 Results of the Spearman rank correlation test in tree layer species at different restoration stages
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Fig. 9 Semi-matrix of the Spearman rank correlation test

of main population in shrub layer in shrub stage

O 2R B R 4]
Fig. 10 Semi-matrix of the Spearman rank correlation test

of main population in shrub layer in small tree stage

Wi, RN AN E IEBRES /NI R B B, fiE v
T RR 2 1 T ELA5 M, I AR = FE AR 2 Fof [ B
LR LERE A B BERN T 9 By B 2 AT 0 0 5l (ELAT) R
BB KO B R B AN B IR RS, MR
Vi HEAR B B B /INTr bR B B, VR e BE S o, A
BRER AN, A DAY BE 3 5t , Ol HEB 2 0 o AR BT
KM 58 TS 4 4 7 2 A S TR R R AR R

L°Ct BETESS M T 155 3 ARG SE | FIF) 56 20 T IE 2%
EW R 2 W R 207 R R (K R B 46 ,2015)
R— —— 35 7 T 5 (2010) 6T TR 2 AR 5 1ok R P R

-1 -08 -06 -04 -02 0 02 04 06 08 1

TR AR Fh o (] I0E 25 10 A2 Ak e FAH — 2,
X* Giit oA il Spearman A 5¢ 2 Kok 56 i7F

of main population in shrub layer in shrub to tree stage — LU TR R 2 R AR J2 R 3R 25 ROt T o L 51



5 ) HER RBP4 162 B LG4 5¢ 755

AT Y AN BT R 2 3 52 BTHfa # IE R 45 1L
IR IS X 51 5 55 (2014) X R 8
A AT B SR R N R AR 2 AR B B A o () 1 &
PERIFFE 25 SR AL, {H 3 Tl 1E B 45 5C 3 & JR AR X
SHLIXCR JRENE | IX 5178 £ 5% (2010) X1 T HF
FRMRIR I 3ok A% v T A B (]I 45 1 F 98— B, A AF
TP ARV 3 B BT AR JE FIHE R Z R AR 43 )
o et X [] 41 Ak 3] 4. 3 A G, i [ BB 445 65 S P
PRk SRR, X 5 TR BEE AF (2019b) FX
T 2155 (2020 ) X 08 S Re A7 L 4l X 75 XV 119 7 R
JEFIHEA 2 Fh (8] SCHR A9 LA K 75 K 55 (2010) X
WS ST AR AR PRI S sk R v T A T) B 435 1) A 90 485 2R
— 0, g 30T DX e ] B 45 P 34 Y I ARG T R At o
A ERTARIE Y . 3X AT RE A HY T 0T R R R Y
A 1 AR B S O S e R TR R 4 (R R AR A
2011) o Wl 1 B A Ak ™ i R B o R
AR = /D 7K S R Y A= BERRAE , AR ) 6T T IS 1Y
A BE SR R R S T R A IR IR S e
H AR R RS AR B A, SR R E A O
AL, BRI, AN T R 4 st o 4 K 2800, 7
7% v Z2 800 X 18] 35 45 PR AN 5, B AR A AR B 5
SEEEI SEY /N O B VA G DO R L B R AR
23 [ S ARG RN, MR T V& DAEE R B B 21 /N7
PRI B R Vi 235 1 S H R 26 40 mi e ) B A e 3
SAIE A TR TR i AN AR B B
4.2 MMRI T EELER

X* Gtk o BT R T YRR S AR T TR AR AR
150, 1 ZoeBdmFEAE N b, B 1A X 28
SEEHE L AR T 2 A5 A TE QIR TG V0 0
S Bl Fl [5] 5G 22 22 S5V, Spearman Bk AH ¢ 28 0K 56 5k
THEEEAE A —FPAE S B0, XHRPR]DC R RE 68 &
T, X GEiT TR Spearman B 56 R AR 55
SR BA B, Y R B B A 35 Ok (H
WHE—EER, Spearman R AH e R ERORG g o R A,
X5 ZRCAFE AR (R AERAE,2001)
4.3 EEY TR B BX LT

55X Gt 5 KK A Spearman Bk A 5¢ 5 4L
Krge 26 K, BEAR B BORE AR 2 B R AL 5w R
AR | R AR I 0 Rk A R X
SEFh 2 )R B s 4 22 Bk 5 1 S B S
22 WA Y 5 3 Y SRS, R W A 2 8] AR L AE
T, TEVE A B BT B¢ 5 R A 45 75 oK 7 THI A7 76 5

Mg, FEMBEAZAOSES5HE A&
P HEE X S W IR B Y, R e AT TR By
BORh B A BAK A AH B E A KBRS R (Jiang
et al.,2015) ; R A S ASH PMEETHAFEY
5 IRES R YR Z BA B R R TR ERY
BOWBE IR AP R R 7 AR TE R IR I 38 4 o AT
FlHEs A 5 K 22 B0 Pl B 45 1k S5 (M K 55 28 0k
ARAETVE By BORU/INTE AR B B 34 22 W 35 IR R 485 3
WA A 5 58 w2 AR B RS, A AR AR TR AE
HH S 1% Bsf (8] P ) & Jee (o 0 % 1) B fin AR e 1
] 2 % o A 2SS RN ol ) 056 45 34 B s e ) 22 1] 1
KF, Fa]IE RS b, A A0 S R B, A
] B & o, AR A 7 B Bl (R RS,
2001) ,3X —45 1 76 M AR B 7% 19 O 5% e 75 31 IE
52, Spearman ﬁ*ﬁf%ﬁ*ﬁ%?ﬁ%%%,ﬁﬁ%
A AR A TR/ T G ) B 45 DA Sk 8 97 BEK 45 31 OA Wl
UL | I A A /)N B 5 it 25 3 R A R A, A BB
SEPEIRSS . ThEHASE (2012) X HEAREVE 14 A 2540
WF 5% 23 A A RIS B 3G 04 A 25 07 T & B 3 T8 B 1)
PEAT B KA #4 (0.669 2—0.821 7) , HE A F
ANEL G R PR A AR Y, Bl A O B AT, A OC R
B 1) U [R) e 0 5 ) 2 A TR TR AR Y K Y B
(i) P S A R 1R AR T I, E IR AT 0 DA e ] B 5
P AR BE PRI AT I B 2 1 SRR 52 T & A= i) Al ]
KRG A M BT A — 8 (S
LW 2012) ,

S

BAI HH, 2018. Multi-dimension nutrition ecological niche and
interspecific association characteristics research of dominant
wood plants of Pinus taiwanensis communities [ D ]. Beijng:
Chinese Academy of Forestry. [ FAXRRK, 2018. B IIAAHEVE
FEARAAE Y E TR A SRR RS RAAEATSE [D]. b
AU R EMOLRERFERE. ]

BENARD RB, TOFT CA, 2008.

heterogeneity and seed size determine early seedling survival

Fine-scale  spatial

in a desert perennial shrub ( Ericameria nauseosa:
Asteraceae) [J]. Plant Ecol, 194(2) . 195-205.

CHEN X, YUAN ZX, JIN XM, et al.,, 2018. Spatial
distribution pattern and interspecific association of dominant
tree species in a broad-leaved mixed forest on Zijin Mountain
[J]. J Nanjing For Univ (Nat Sci Ed), 42(6) : 88-94. [ Bk
&, wIEM, &5, 5, 2018, B4 LT TR 2
R Fh s (6] 3 A A% JRy B AR R SCHRYE [1]. i RtMROll Koo



756 OO0 M W

41 %

W HARRIERR) , 42(6) : 88-94.]

GU L, GONG ZW, LI WZ, 2017. Niches and interspecific
associations of dominant populations in three changed stages
of natural secondary forests on Loess Plateau, P.R. China
[J]. Scientific Reports, 7(1) : 6604.

GUIZHOU AGRICULTURAL COLLEGE, 1980. Biological
statistics attached experimental design [ M]. 2nd ed. Beijng:
China Agriculture Press; 115-118. [ﬁd”?&%@f, 1980. 4=
YgeithAs et [M]. 2 . bt E R
115-118.]

JIANG GS, LIU J, XU L, et al., 2015. Intra and interspecific
interactions and environmental factors determine spatial
temporal species assemblages of rodents in arid grasslands
[J]. Landscape Ecol, 30 (9): 1643-1655.

JING JY, BEZEMER TM, VAN DER PUTTEN WH, 2015.
Interspecific competition of early successional plant species
in ex-arable fields as influenced by plant-soil feedback
[J]. Basic Appl Ecol, 16(2) . 112-119.

LI SF, LIU WD, SU JR, et al., 2011. Niches and interspecific
associations of dominant tree populations at different
restoration stages of monsoonal broad-leaved evergreen forest
[J]. Chin J Ecol, 30(3) : 508-515. [ =0, X7, g
7, 45, 2011, RV SR RE A FIWRE B BT e AR Rl
AESATFIRREIERS, [J]. AAs2gek, 30(3) : 508-515.]

LI XK, HE CX, TANG JS, et al., 2008. Evolution and
ecological processes of karst ecosystem of Guangxi [ J].
Guangxi Sci, 15(1); 80-86. [ ZE5CHE, fal i, R,
&5, 2008. TG AU b A S R SR AE S R SR
[J]. )Rk, 15(1) - 80-86. ]

LIANG YM, LI Q, PAN FJ, et al., 2017. Ecological
stoichiometric chinense

characteristics of  Loropetalum

rhizosphere soilsat different vegetation restoration stage in
karst region [ J]. Bull Soil Water Conserv, 37(5): 123-
127. [REA B, 255k, WA, 47, 2017, A XARIKE
Wy BeHEAHR PR 3 A 384k 2= T H R AR (0], K AR 4F
Wik, 37(5): 123-127.]

LIU RH, CHEN L, TU HR, et al.,2020. Niche and interspecific
association of main species in shrub layer of Cyclobalanopsis
glauca community in karst hills of Guilin, southwest China
[J]. Acta Ecol Sin, 40(6) : 2057-2071. [ XWELT, R4k, i4sidt
1,55 ,2020. FeAAE 255 245 A IR, BEACHI, A AR I AR MRS
VA Ll 7 XURE I8 I R 2 S B 2R S A 5 R ) R 45
[J]. 425274 ,40(6) :2057-2071.]

LIU RH, JIANG Y, CHANG B, et al., 2018. Interspecific
associations and correlations among the main woody plants in
a Pterocarya stenoptera community in a riparian zone of
Lijiang River, Guilin, Southwest China [ J]. Acta Ecol Sin,
38(19) : 6881-6893. [ XIIHLL, 25, #ik, 55, 2018.
LR PR A A 6 2 R AR W) ol [ 1K 45 55 A0 5C 23 B
[J]. A2, 38(19) : 6881-6893. ]

LIU YS, DENG XS, HU YC, 2006. Rocky land degradation

and poverty alleviation strategy in Guangxi karst mountainous

area [ J]. Mt Res, 24(4) ; 228-233. [ Xk, XBJuF, #
LR, 2006. ) PERE TR L X b3 AL SR EF LRI
[J]. 1o, 24(4) : 228-233. ]

MA JM, WU M, ZHAN TT, et al., 2013. Changes of species
composition and diversity among restoration stages of
Loropetalum chinense communities in karst area of Lijiang
River valley [ J]. Ecol Environ Sci, 22(1): 66—71. [ 1%
B, SR5%, il S5 2013 VT A I X A RS
ANEWRE BB LS S Z e AR e [U]. AR SR
e, 22(1): 66-71.]

MA JM, ZHAN TT, MO ZY, et al., 2012. Changes of niche
among restoration stages of Loropetalum chinense communities
in karst area of Lijiang River valley [ J]. Acta Bot Boreal-
Occident Sin, 32(12) : 2530-2536. [ 20, Higs 24
MBE, S, 2012, JETLREUA T XA A R [ B
FRAUAM A SR [T]. Y A, 32(12) .
2530-2536. ]

MO YH, MA JM, SU J, et al., 2019. Leaf traits in old-growth
forest plants of Loropetalum chinense community in karst hills
of Guilin, China [J]. Guihaia, 39(8): 1059-1068. [ B
16, W IR, S, 2019, FEMCATE A LA E
WA R [T, ) PEAES, 39(8) : 1059-1068. ]

PENG SL, YAN XT, QI G, et al., 2018. Interspecific association
dynamic changes among the dominant species of Quercus
variabilis community in Funiushan National Nature Reserve
[J].J For Environ, 38(3): 326-333. [ ¥%k#%, IEV/NE, 5F
oG, A5, 2018, AR L B BRREE DLFAFRER ] SCHR B2
B [J]. BRAR S IR, 38(3) : 326-333.]

QIN YH, MA JM, MEI JL, et al., 2017. The initial dynamic of
litter decomposition of Loropetalum chinense communities
among different recovery stages in karst area of Lijiang River
watershed [ J]. Acta Ecol Sin, 37(20) : 6792-6799. [ 5%
%, R, MR, %, 2017, VLRSI XA
AR S [ Be il v ) e i 1 sh 45 (0], AR oA,
37(20) : 6792-6799. ]

SCHLUTER D, 1984. A variance test for detecting species
association, with some example applications [ J]. Ecology,
65(3) : 998-1005.

SHI ZM, LIU SR, CHENG RM, et al., 2001. Interspecific
association of plant populations in deciduous broad-leaved
forest in Baotianman [ J]. Sci Silv Sin, 37(2): 29-35. [ %2
VERY, XUHZE, BHi, 45, 2001. 5K 2 % i iE bl
BIRESPERETE [J]. Mk, 37(2) : 29-35. ]

SU J, MA JM, QIN YH, et al., 2019. Effects of litter layer
enzyme on litter decomposition of Loropetalum chinense
communities at different restoration stages in karst hills of
Guilin [J]. Guihaia, 39(2): 170-177. [ 75#f, D38,
Bz, A, 2019, FEMCA I A1 LM AR VR AS [R5 B
B sz w0 94 95 W o i RS2 R (D] )T PR AR,
39(2); 170-177.]

TU HR, LI JF, LIU RH, et al., 2019a. Spatial distribution

patterns and association of Loropetalum chinense population in



5 301 T RIS 7 LA T 7 S 7 G 2 9 BB B 5 B 5 757

karst hills of Guilin, Southwest China [J]. Chin J Appl
Ecol, 30(8) : 2621-2630. [ WL, 2= X, XELT, 45,
2019a. FEMK F I A1 1L HE A b ORE 23 1) 4 SRy B H: SCIR E
[J]. REFAEZSSAAR, 30(8) : 2621-2630. ]

TU HR, LI JF, YANG LT, et al., 2019b. Interspecific
associations of the main tree populations of the
Cyclobalanopsis glauca community in karst hills of Guilin,
Southwest China [ J]. Chin J Appl Ecol, 30 (1): 67—
76. [TRUGE, 2GR, IR, F, 2019b. FEMCETE AL
T IRES FEZIRAMRI A E] IR [J]. RO ARSIk,
30(1): 67-76.]

WANG BS, LI MG, PENG SL, 1995. Acta populations
[ M]. Guangzhou: Sun Yat-Sen University Press: 198 —
209. [ EAAZR, ZEM8 5%, /08, 1995. HH 4 Fl B 24
(M7 Al it 198-209. ]

WANG BS, PENG SL, 1985. Studies on the measuring
techniques of interspecific association of the lower subtropical
evergreen-broadleaved forest. The exploration and the
revision on the measuring formulas of interspecific association
[J]. Acta Phytoecol Geobot, 9(4): 274-285. [ TAHZ, &
/I, 1985, T SV FAH o ] bR A T 2B 45 0 2 52 A
F——L AKX TT SBIE [1]. A%
WU AT], 9(4) ; 274-285.]

WANG WJ, ZHANG M, LIU FD, et al., 2007. Species

association in tropical montane rain forest at two successional

stages in Diaoluo Mountain of Hainan Island [ J]. Biol Divers
Sci, 15(3);: 257-263. [ F3cik, skBH, X 4w 18, 45,
2007. TR 5 (7 2 LA 113 AR A T8 [ Be i) i ]
HRESTE [J]. A2 etk 15(3) : 257-263.]

XU MH, LIU M, ZHAI DT, et al., 2016. A review of contents
and methods used to analyze various aspects of plant
interspecific associations [J]. Acta Ecol Sin, 36(24) . 8224-
8233. [ filJE, XU, I, 45, 2016. HIMFHEIHREEHT
FENBEEITEATR [1]. 4755440, 36(24) : 8224-8233. ]

YANG CY, LIU SF, YU LF, 2010. Interspecific associations of
dominant tree species with restoration of a karst forest [ J]. J
Zhejiang For Coll, 27(1) : 44-50. [#&F L, X4 &,
K, 2010. MEIPRE RIS S R PRI AR A ] 1R 2
PRSI [J]. WIS B4k, 27(1) « 44-50.]

YANG Q, ZHOU J, TAO C, et al., 2014. Hainan Island
Tongguling tropical evergreen monsoon elfin  forest 2
successional stages of the interspecific association of the
comparative study [J]. Chin Agric Sci Bull, 30(22): 8-
15. [#Ey, AL, W%E, 5, 2014. WoRG S HTEI4 $GHE F 4%
ZRFTREAR 2 AR BRSSP XT LB g ()], i
R, 30(22) : 8-15.]

ZENG ZX, LIU XL, WANG KL, et al., 2011. Litter standing
biomass and water-holding characteristics in typical primary
and secondary forests in karst region of Northwest Guangxi
[J]. Chin J Ecol, 30(7) : 1429-1434. [ BT, XZH], ¥
SOk, G, 2011, AEPYALRE TR XA AR S A AR v ik
KRR [T]. AEAE, 30(7) « 1429-1434.]

ZHANG GG, WANG DX, ZHANG MX, et al., 2015.
Interspecific association and correlation of main species in
the succession process of pine oak forest community on the
South-facing slopes in Qinling Mountain [ J]. Acta Bot
Boreal-Occident Sin, 35(8): 1657-1668. [ ikixixd, F15%
FE, R, AE, 2015, ZRUEEIBOABRAREE P i R v
FlIRJREEVE FA SRR ST [T]. PHALAE A4, 35(8) .
1657-1668. ]

ZHANG JT, 2018. Quantitative ecology [ M]. 3rd ed. Beijng:
Science Press: 151-154. [ ok 4> i, 2018. b e
[M]. 3 h. dbat: BReeibi i 151-154.]

ZHANG YF, XIE WD, DENG RY, et al., 2019. Community
diversity and interspecific association of coastal natural forest
in Guangxi [ J]. Guangxi For Sci, 48(1) : 39-45. [ 3K A,
MRS, XPoRHa, %, 2019. PRI R KRR TE 2 0E
PRI PE [J]. )7 PUARL R, 48(1) : 39-45.]

ZHANG YJ, MA JM, SU J, et al., 2019. Model construction
and its above-ground biomass allocation across successional
stages of Loropetalum chinense communities in karst hills of
Guilin [J]. Guihaia, 39(2): 161-169. [ 5KHEFE , h32H,
SR, 55, 2019, FEMCEIR AT IIHEATEE A RS B B
AR RO R Ky AR R (D). TTPEAEY, 39(2)
161-169. ]

ZHANG ZH, HU G, 2011. Interspecific relationships of dominant
species in Cyclobalanopsis glauca community in karst mountain
area [J]. Ecol Environ Sci, 20(8-9): 1209-1213. [ 7k E1E,
AR, 2011, WS LT XU AR Vi DI040 f) ol 1] 56 28 2
Mr [1]. AEASIEE2EAR, 20(8-9) ¢ 1209-1213.]

ZHANG ZH, LIANG SC, HU G, 2007. Interspecific relationships
among main species of Cinnamomum burmannii community on
karst hills of Guilin [J]. Mt Res, 25(4) : 475-482. [ 3k,
G, WINI, 2007 HAREIRS A7 LA 32 2R
PG [J]. IhHb2Adf, 25(4) ; 475-482.]

ZHAO Y, JIN H, HANG L, et al., 2018. Spatial distribution
pattern and interspecific association analysis of Thuja
koraiensis population [ C]. //E3S Web of Conferences. EDP
Sciences, 53. 03054.

(REHE ki)



