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Effects of forest structure on natural regeneration of Pinus thunbergii coastal

shelter forest in Yantai region
ZHANG Zhidong ™ , MAO Peili, LIU Yuhong, LI Qiuyan, LIU Sujing, XUE Qinzhao

Yantai Institute of Coastal Zone Research for Sustainable Development, Chinese Academy of Sciences, Yantai 264003, China

Abstract: In order to understand the natural regeneration mechanism of the P. thunbergii coastal shelter forest, we
established 60 plots (10 m x 10 m) on six transects distributed throughout two stands in Yantai region of Shandong
province, China. Using fitting model and multiple techniues, the effects of forest vertical structural indicators ( crown
index, proportion of small and large trees) and density indicators ( basal area, canopy coverage and shrub coverage) on
natural regeneration of P. thunbergii coastal shelter forest were studied. The results indicated that a parabolic model could
delineate the relationship between crown index and number of juveniles well. The highest number of juveniles occurred
when crown index ( CI) ranged from 5 to 6. The positive correlation between the number of juveniles and the proportion of
large trees was strong, while that between the number of juveniles and the proportion of small trees was not significant. As
long as the density indicators, the number of juveniles was positively related to canopy coverage, but negatively to shrub
coverage and not apparently to basal area. Regression analysis indicated that the variation of juvenile density was determined
by the combined effects of vertical structural indicator (e. g. CI) and density indicators ( canopy coverage, shrub
coverage). A full understanding of those regeneration rules is a prerequisite for sustainable management of P. thunbergii

coastal shelter forest.
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WK ASLZEAAEENE X o B o T U155 bk 2 b T ¥ b A0 5 7F P 9% BR 0 1o 9 0l , A 259 B
Wass, \E 3hE FEKEFERREME LS, BLHWERFMURSEEEMBSE RS, EE W T 6
FEBFPARAE R FIRARTEHT o AT 4ERR1E AR B4 38 88 I T R 2k, © B B AT R B PR BE B —1
A

JBHA (Pinus thunbergii ) 3& N TR , PUHEIR, Tt v , 76 PRSI ERD I 8 B0 2 Y BE RAF A K, Wi
Bk EEEMAM A~ HRTE R B R AR E B T AR ALY R
A PG S  HEEER K BR IR SR | SrHhT B AB B R E A RE  A R I B (n A 4R ) X
BRI 05 T, B R bk 30 B4 4 A B TR 2 0T SRR 52 5 1P bk R SR R ) B R AR /DA 2 3k
FIBE5e o

Mot R E R AR E I — AN BEEZNE R, [N ER TR AES KRGS (WRAER) T
WRAIEF BB o BRI — 52 B 4l i BB AR A& B It RV il o ANTE & A B0 Ry KA
ECA, [R]E Y A 2 P 2 A S 4 W R A L BRAR ™ 5 /N B 2 B R b 0 1 O R R SR AR 5 e Ah R
H A SRR RIS (IR EAR) TR AT B L S AEMEAR MRS (B2 AK) EA R TR E RS . BT HRE
LERAS BRI, 4T R RN TR A2 K - G AR B N B R I 20 . WP R BB T FRR AR A A1 T4
B RIAEIE A A R TAR P BE AR TE 0. 5—0. 6 BIbk M A FI F i G s LAt BB REA 3 B Fke
Hi R RN, SRR T T MR 45 BB, PR S5 M ST R AR B AR FE 5 — 8 TR B S, (L i
TR R/ LA B AE PR T AR 2 PR ) A2 A b 2 R ST S0 g X SR 32 B P AR R 4R
SEHT AR IRAL R R iR R AT A R R

A% SCHEXT LLIZR A 6 b DX RBAN A 2 B 3P AR S AR A b R 25 () R b, BRI AR A0 2 L5 R0 5 B R R X RAR TR
B . FELERERE b X 3 MBI TR . H: 7R E SRS, SR B B A5 R A
IR L A5 iy S i T334 0 , T 52/ EG B R R /) s H2 < FE R BE AR B vy, IR AEL IR B BB AI ) B8 B R 25
PR TN T T, T PR T AR PR B I T84 0 5 13« S A AR 503 A B T 2 54 0 8 B IR R A [RIVE R s
me] , T PR SE T B — G54 B BE AHE o
1 HAREREARARFE
1.1 BFRXA

MREATILAREEE T REFX, BRIEFERNEX, WEoH, AERE, WERN,. FFYRE
11.5 C, 45 PE K & 680—930 mm, TLFFHAF-120 180 d, -4 X 1R R 71% , 5-F 1 H IR 0k
2400—2500 h, H FRAH 60% . WHFHREBE 1—2 m, M H-F30 BB <5°, RENIRIGRD b 138, B R LA e
NE,BIREESERK, SELBIIHST . KB ET 20 tHha 50 4%, AF g e i 8, K
F 5 i L5 PR (Amorpha fruticosa ) (B E 3| ( Vitex trifolia var. simplicifolia) i F ( Lespedeza bicolor) %77k
(Rosa multiflora) R P40 5 ; A )Z B B 28 F B ( Carex rigescens) 3T H 5Z ( Corispermum puberulum ) ||
3% (Salsola ruthenica lljin var. ruthenica) |3 (Imperata cylindrica var. major) \Ey 57 ( Portulaca oleracea ) %
R TEATHBSA MRS b, 8 T8 ILdEk (T 54¢h) Fiz & (11 -S4Eh ) B> BLRIAE 3b,, o 3t 1) B4 0
WE1,
1.2 #AEHE

fEREE THRL DT AR RS A B By P AR T R, R BB T 8. 15 F 11 S o5 i 8 3
FRAELR FELRIB)BE 200 m, 7EAFE LR E DL SO m g [EBESRCERETT , FE 0T R/ 10 m x 10 m, T-SHEMIAG SRAEL R
B4, T SHEMBAMLRE 6 MEL . HLiEE 60 NMET . TR, AT AW & E R
(DBH) SEig A& 1554805, B BEART 150 em M4 H (AIRHE R HE B AR AE I B A B0k
e AR . [FECRERMESE,
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x1 HEERREBEHPREEEREHE
Table 1 The plot characteristics of the P. thunbergii coastal shelter forest in Yantai region

FEH P38 2 E SAPANHETE Sy Vitality of P. thunbergii/% REFTBK
Plot Longitude Latitude i Strong 1 Moderate 55 Weak No. of stands
1 121°41'52"E 37°26'55"N 35.3 31.8 32.9 42
I 121°47'19"E 37°26'59"N 74.8 14.4 10.8 18

1.3 ZESHTE

AR S, 5E B SR B AL : W8 (crown index, CI) , /MR ELBIFIAM LB, CT A&
AR B A RHE A — 64, R T EM A R ESHW P LA T AR EE M BEEZE TR RELS . K5E
Veblen 251 933675 ¥, A SO AE HU R4 SE A BIW TR AL B 430 3 )2 : F5@)Z (main canopy, MC; > 12
cm DBH) , F7d)Z (below main canopy, BMC; 5—12 cm DBH) Fi#fJE)Z (overtopped, OT; <5 cm DBH) , 4%
JZ B3 2 T FRR & AE 7 BT AL 2 9 SEAR B RS Sl T AR AN SR A o B ARS T8 T AR AR08 S T Py 4 ot A 9l 5
ZHEEWEMER, MR ERAXITEFE . X6, B E58 )2 R 515 A4 5 5T )z s
R, FARAIR AR 58 CI{E. CT BARMHHE AR €T = (MC/MC + MC/BMC + MC/0T) /3 , CI =
1 RUIE R AREA R MR Z BB 50 ; CT > 1 R UIbR W 5 18 7R 32l KRBT B ; CF < 1 KRB/ NMRAE
W T ARG D A L R, CT 2 B[R] M2 248 2 [8) d e T AR 78 A X 2 8 19 38 H e b 5 AR 90 R 2 B
B , ABF50K DBH KT 10 em WSLASE AR, ¥ DBH /NT 5 em (5 BER T 150 em BSLARE LR/
W o KRS HAGIF/NR EG B 23550 P 28 AR BR LA SRR BOR 15
1.4 HELR

AP, 5% BRI R BAHE - FE AR ARPA BE R R 25 B o TR T ARV S5 iy (A 2K A ()
73, A AMREERA RIS AR AN (100 m®) BT A IR RS
1.5 FdEatr

LSRN ABAAIRE I (100 m® ) AMABIR TR o SR A RS B 256 LA RIS AT T S ik > 1A g S
e B G507 B (CT /MR HL BRI Ho ] ) Fns B 2 B (R AR VAR BE AR 2 188 ) Z I AR LR R o B4
A MREER IR FIPE REL(R® ) KRB ; O T BiiE H3 275 B8 , R FI B 4 2 B4 [ V3 40 AT 4 151 BT 18 2 4% 3
AN H A5 AR BEAR R B X RARER AN, T i R IESHEE R, £ Z 5, il 48
BT T BRI, 4 Inx, loglOx 251, 28 Kolmogorov Smirnov Ky, iiF B T 54#u)5 MM A5 BAF & IEA 4
i o FEZITEAEE T, R FbR L [ H R E0(B) Al P ER T % B 2 B R E B IE LR . Fra it
KA SPSS16. 0 A1 JMP7. 0 4347 6
2 R
2.1 HEHBAFE

B A BAAFIRE G5 22 R B AR AFIE TS (3R 2) o SRAA AT 270 FRt S 46 45 ( CT) ZE PN
22 TN 5 /MR L (PST) ZEAE S T Hh 0 (43.9 £22.2) , T AERE 3 1T AP B4R (23. 1 £14. 3) 5 KA o il
(PLT) W5 PST A8, ZEAEHE 1T Hra8c 5 (35.3 £19.8) , MZEREHE T H3AIR(27.5 £16.5)

x2 PEHMERMBRE(DBH >15 cm) (H) WIEIEH(CI) JNFELGI(PST) F1K B EL B (PLT)
Table 2 Height at >15 cm DBH (H), crown index ( CI), proportion of small trees ( PST) and proportion of large trees ( PLT) of the P.
thunbergii population in each stand

FEh Plot H/m CI PST/% PLT/%
I 7.0+1.2 3.4£2.0 43.9£22.2 27.5£16.5
I 7.9£1.2 4.1+£1.9 23.1+14.3 35.3+19.8
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IR 3 F] A1, 558 BEAH SRR I AR ( BA ) RVAR A BETE PR 3t 22 S 500, TR AR i B2 U R B o 74 3
WG, TZEAED I PR (3R 3) o

x3 AEHGELAMBEERRBAENMERSE
Table 3 Basal area and canopy cover of the P. thunbergii population, and shrub coverage in each stand

HEi FETE TR HRpH BE AR

Plot Basal area/(m?+hm~?) Canopy coverage/ (m? -hm ~2) Shrub coverage/ (m?+hm ~2)
I 16.0 £4.8 11349.0 +1814.8 1935.3 +2582.7
I 17.4 £4.2 11272.9 +2256.4 1031.9 +£2365.1

YIS HAR B B R 1 P, P38 MRE R 50. 0 £43. 70, teBEdh [ SEX AR ZH 9 N (£ 4) ;
SRR, =AM I PR R TR 1 EAZEA K F R e R A 22 8/

R4 PEFHRLHFHRERSE B2 FRNGE

Table 4 Juvenile height, diameter at base, age, and number per 100 m? are presented for each stand

FEHb Plot & Height/cm #£42 Diameter base/cm AEHY Age ¥/ (No. 100m ~2)
1 0.33+0.19 0.72 £0.52 5.0x2.16 41.0 £50.28
I 0.48 +£0.25 0.93 +0.58 4.0+2.10 50.0 £43.70

2.2 FEELNEFTRIR N (HL)

PR (CI) BEA LB B(R® =0.12) ,BEE CIERIBE I, Ah AR BOR W4, 24 CI A
BE| 5—6 Z RN, iR M BOA BB, BE/E A T T R, 2B BRI A R R (B La) ; SRR 5L
SV HL IS R AL (P =0.45) (& 1b) 5K LLHIRIL BEFHERMERR (R =0. 14)  BEEREH K
W LLBI I BE N , gl AR A BB B i (18 1e) o
2.3 WERRMEFRI# N (H2)

W S AR B I0, SRR B R B £, (ER M A I AR B A BT 22. 5 m® B, B 7 IR S B AR bR
MEPEEAAK(R® =0.05) (P 2a) ; 5HIFF HAR B, AR A BE N4 AR AR BRI BE I EA R KR (R =
0.09) o {HHEUR BRI H , i ML EAR MU A ERR A B2 D o S8 BORE D7 A (18] 2b) 5 B 8 K =6 B2 AR 0
T, S AR A BCR B TR (R =0.12) ([ 2¢) 6
2.4 FEEEFE RN R I FEX R R0 (H3)

20 TR [m 5 43 2 Bl 248 72 o 0 2 R A R ) 4 R A B 4 B AL BR AN BGHEAT T B I BLE (R =
0.67, P=0.005) (3£ 5) o {HRZMMBIRIE, G572 BH , KM LRI/ Lo 991~ 28 B 80F AT, i CI
ST ERAEAR BRI T B B E RN (8 =0.249; P <0.05) ;3 AR B P, AR E 54 AR T E0R
B T HAAERKR (P <0.001) , THR P BE -5 4h e AR N BOU 2 BLIEARSE (P = 0. 046) , ZE [ AU 5 8 B ) ¢
55, R R BRI (K S) o

x5 PEHRRMBESRERNSBSERIFER
Table 5 Multiple regression models for the number of juveniles in stands sampled

B B t P
SRR In(no. juveniles) : R? =0.67 P =0.005
HHOT Constant -13.265 -1.578 0.120
logl0SC -0.953 -0.320 -2.078 0.000
InCI 0.769 0.249 1.547 0.021
InCC 0.328 0.187 1.258 0.046

SC HEARZERE ; CI W% CC ARHABE
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Fig.1 Relationships of vertical structural variables with numbers
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Bl RAERMEEESATESHRERIEXR

of juveniles in stands sampled

it

ARSI AT S SR AT, FRAS S ARAR AR R LB SR AR BR e 3t TR = TR [ (R 4) . X— B
5 WIS 3 2 1 RAL I SS M T BE AR B BR R 1 o ZEAE 3 1 Hp BAS 80 A K E 49 L %
MR R (R2) TR [ A BA R RSP BEAEAR TR BE (R 3) o BLAME IT A PR AR A A2
ENERBA TR L (R1) . XERAME R ZRRE T PIE7E R O 5OR A 1 BFE RE ) AR BT
SRALA BRI B R ], T30 P B2 i AU R st 7E ST BRI A FORBLAFAE 2 SRR ™ R
BE A AR A D 3R R R M A AEAE , RES MRS BT B IS RIAEE o iR 4 FTE Y FER AR IR, 40 i
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EHSWEMBERNSS FEREERENAC" . TR REE S ZE R IR RNRE
SBC, RARA ) A KRG ST R R . — BRI, WA 2 B 3t g J2 , 47 70 38 O R IR Dk ¥ B 328
BB AR L. SR TIPSR A A U2 B S S [F) 2 402 2 T B L 81 9 2B Ab T ke 2™ o AR 3
TATHMEIE R CD) A o B AL T [F) 2 B A B a2 T AR 20 T 175 00 , DA 6 JHR 70 o SR T 3 4l e BT
TR . BFSER WIS G B 35 AR A AR AN B (R = 0. 12) BB CT {ELA3 AN , 27k B Mk A~ IR Bt
e SR CIEIRE] 5—6 Z AN, iR M EOA BN, BEE A T T (& 1a) o X —45R, 5 HI Bl
TBOIFATEEME . XARATREE B CTENE N, — R BE L FUR B Mo 3 5202 B8 i, Wi A 1) K BH O
FBPTIZ, WGHERRIE & . 2 CEIAB] 5—6 IR, 3 B 4540 0 1 038 B 40 T R &%
kBt RMBEE CHERZE—B3 N, b2 A 6] = B e e T A 0, 26 1 58 B B P A
FEDLERIER, TRBRKAR, EERSET TEMRZ BG4S HIE], JUH R R AR 4Rk 2
6], PEMTR NG T A TE ™ o HE s HeiR, 5 HI B AR BB — B0, BNSR A AR A0S /MR EL IO R
F(P=0.45) ([ 1b) HGRA LLFIRI S BEMELRMERR (R =0. 14) , FEE b AR L] #9380, 4
AR BB BTN (P8 1c) o Clark 22 )04 M4 FERR IR T MR BE M s, R & 70 M Fh IR
WRMRG A R EEREZ — KW LLBIRsE I, 76— EFRBE B3N T S5 AR RO KR, DR T O 40 B 1Y
FESL IR T TE R IR R I

PR B AL R M S SR EER R Z — PR B RS R AR A A] R A= K BT IR
A58 ] 2> EE I = AR AR o AR SO 3 AN (35 1 BR Rh R 4 B AE A 32 BE ) IR 5 1 48 J3E Al 49 2880 0 % A A
PRRIRBE BT IR o SRR AR RS SR B R S Y IEAR R (P <0.05) , FEE S i AR B3 An , &)
BRARAR BN I (P 2a) o 3X—%525R 5 Donoso I Nyland ! 7578 | SAR R 15X — B 5 S8 37 o 26 E 19
KA PRI G REN— B XART RER PR W B AR 3 I, 76— E AR BE B3 hn T S A R B0 M 20 4
AR MR B SR P BE R I B E M IEAHR G R (R =0.09) , T SR SR EE (R® =0. 12) MR I B3 1 fuAl
KB 2b, B 2¢) o X—ER5 H2 FMEA KRR FURIER Ay iXAR AT BERAR I B ANHE A 32 B A B AR
IS I B IREAR I S M S s FE K 3 BEFIRR AT B 2 B A 72K B3 B SRR (r = - 0.405, P <0.05) ,iX
R Z B AEAEMHIZL . Oliver 1 Larson ™ YW MTEMREE , BUE ML , R 44 35 S PG R VR A S0 MR
Ko BEEARPHBERSE AN, I T REAR RS AN FE— R B T AR S A e B SR E T
T B e 4, AT IR e Rt T SBAA IR PO KR BE o 53 — O T , PR et s 2 + SRR B 4R 1) A
ARG XU R D s > o0 Ay 4l i S P K SRS B A BRI o SR TITAIR A FEE ot BEL 7 O BT A PO R
FEYERT I o LB MTHE TR, FEARTE AR B Rl e K TE , TR P BE TR AR B S WA AR, HEAR X Sl i E
P AR A PR B 3 I D B2 0 BB K R AR A P (11 2b, [ 2) o X 28 R 3% B AH T T AT RE RGO 1 I PAY BE X 4l
B AFE AR M AAER . WRTEAE L AP RS BR AT FOTE AR B 5 — B FE R (0 S YA 3, AR PA) B
XA LA BRI, AT RE TR SASUHIF ISSIE . SR MBI TE UG RIBF ST HP B dE— SIS

25 B B JE 0 AT 3R DA SR 5 PR AS i B8 RV P BE R i AR P RE R R BE BT I E A T (R 5) o X—55R
SRBe H3 (Zh Ak B0 (L B T 2 B 454 A0 2 B2 DR K L [R] AE P B R i, T R PR T 8 — S5 A B
i) FIAT o ZEXS FRANIG 2 Bl P AR 2 B A B v, BSR4 4 BE AR A W 07 T A2 ), 55 Dl EAR AR KK
PRI FIE M B Z AL GG , B S AN SRR, (R (R B — % A RR AT BE , O 4l v s sz A0 A R 4R B BRI B AR
Bio MR, TEANTARHERRTHT M AR, BENGE T B {E A S 4, 9o/ 0N 25532 W) DR 38 B3 A o, e T B
SRR UL, JEFFOE IR BAE 5—6 /KF LA T REHA, i R R EH IR . RAENMESRERN BIR
FHRER SR TR B RO , 4 REORIE AR 2 Bl P AR A A0 B FRZEFr o
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