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Characteristics of Branching Pattern and Crown Morphology of Casuarina
equisetifolia L. in Different Coastal Distances*
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ANiftwe®  Due to continuous wind stress in coastal areas, Casuarina equisetifolia L., one of the species of coastwise protective
shelterbelt, shows variety in crown architecture during its growth. To determine the adaptive morphological plasticity of crown
architecture to different environmental conditions, we set up three belt transects at 450-500 (transect 1), 750-800 (transect 2) and 1
050-1 100 m (transect 3) from the coastline in C. equisetifolia protection forest in Dahe State-owned Forest Farm, Changle County,
Fujian Province of China. In each belt transect, two 10 m x 50 m samples were used to survey the basic indices such as DBH,
height, under branch height, crown breadth, deviation angle of stem, etc., and fractal dimensions of crown breadth were calculated.
Furthermore, based on Strahler method, 7 trees were selected in each transect to survey the branch length, branch diameter and
branch angle to horizon. The findings were as follows: (1) the bifurcation ratio, branch length and ratio of branch diameter of C.
equisetifolia became greater with the increase of coastal distances except random branch angle to horizon. (2) the branch length,
ratio of branch diameter and bifurcation ratio on the windward in transect 1 were significantly smaller than those on the leeward side.
However, the trend weakened gradually with the increase of coastal distances. (3) With morphological response to wind, the stems of
trees showed the highest deviation angle in transect 1, followed by transect 2 and 3. (4) Having higher capacity to occupy the space,
fractal dimension of crown breath in transect 3 is higher than the others. Our research showed that C. equisetifolia has adaptive
responds to wind stress through crown adjustment, branching length decrease, etc. Fig 3, Tab 4, Ref 38
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Table 1 Characteristics of Casuarina equisetifolia in different
coastal distances

WM R Fi2 B3
Ttem Transect 1 Transect2  Transect 3
(450-500 m) (750-800 m) (1050-1100 m)
SFEJEERS Average age (¢/a) 21 21 21
Fi4H4% Average DBH (D/cm) 20.03 21.14 23.44
PP Average height (7/m) 10.97 13.02 13.59
SRR
Average under branch height (4/m) L2 145 16
ST 28] R T AR
Average layer crown (4/m”) o L2 255
XX # Relative wind speed 4.13 1.85 0.66
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Table 2 Branching characteristics of C. equisetifolia under
different coastal distances

¥ FFL PEA2 FEHT3
Ere Transect 1 ~ Transect2  Transect3
(450-500 m) (750-800 m) (1050-1100 m)
gjﬁz}lﬁ?ﬁrcaﬁon ratio (OBR) 3.20£1.06*  3.34£1.14™  3.56+1.28
S]Ztgpfﬁgﬁfurcation ratio (SBR,.,) 2.96+0.75"  3.21=0.82" 3.41£1.03
%gﬁﬁﬁfumﬁon ratio (SBR,.,) 3.7241.16°  4.38+1.28°  4.92+].54°
Il_ge%gzt;.fjcj;% order branch (/cm) 18.3446.13" 24.52+7.36"  28.71+6.82°
fﬁ*ﬁi‘fj&‘?ﬁd order branch (J/em) 2716+5:46" 36.73£6.25°  44.2847.94°
ige%lzlnlg(}f(gd order branch (/cm) 42.58+8.28" 52.35+8.73" 61.22+10.35°
Rﬁ;li%)l:%zfgbranch diameter (RBD,,) 1.76£0.46"  1.84+0.38"  1.92+0.42"
1@% Eﬁ,ranch diameter (RBD,,) 197£051"  2.050.56'  2.10+0.48"
}f%gﬁjcﬁﬁ angle to horizon (a/°) R(M-524) R(M-2.16) R (M-1.38)
%I%%%r{gffh angle to horizon (a/°) R (M-15.46) R (M-11.65) R (M-12.59)
e R(M5.62) R(M434) R (M6.13)

3rd branch angle to horizon (a/°)

RFAFRER R Z 7R3 (P<0.05) . R: BNl M: ¥4
Data with different letter means significant difference at 5% level. R: random;
M: mean
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Fig. 1 Branching length of C. equisetifolia in different
orientations in different coastal distances
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Fig. 2 Ratios of branch diameter of C. equisetifolia in different
orientations in different coastal distances
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Table 3 Deviation angle of the stem of C. equisetifolia in
different coastal distances

8 FEAfL FEf2 RT3
Coas%gfﬁdfsi;ance Transect |  Transect2  Transect 3
(450-500 m) (750-800 m) (1050-1100 m)
E TS 10.27+2.61°  6.22+1.39"  3.58+1.11°

Deviation angle of stem
NRAFHRRREREZ (P<0.05)

Data with different letter means significant difference at 5% level
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Table 4 Fractal dimensions of C. equisetifolia

Giitatn FRMEAL WETE Pagiiy AHR R %

Statistic variable Coastal distance Regression equation Fractal dimension Related coefficient

T FEH#1 Transect 1 (450-500 m) N=16.5866L"*’ 1.5527 0.965

TENERNE FEH52 Transect 2 (750-800 m) N=8.1068L"'" 1.6103 0.949

Average layer crown "™ T

FE#E3 Transect 3 (1050-1100 m) N=2.3658L 2.4420 0.956

W FEH#1 Transect 1 (450-500 m) N=4.9948L"%" 1.3227 0.964

Cm’\‘fn ar’éa FEH52 Transect 2 (750-800 m) N=1.7778L"*** 1.4665 0.955

FE#53 Transect 3 (1050-1100 m) N=0.9670L>*** 2.0422 0.967

o FEH#1 Transect 1 (450-500 m) N=1.3019L"*" 1.2509 0.974

Crowfvohll\me FEH52 Transect 2 (750-800 m) N=0.3155L"4"% 1.4152 0.951

FEHE3 Transect 3 (1050-1100 m) N=0.0146L>"" 2.1503 0.959

FAL S JZ A5, R SR BT, S IR STIR I BE ).

(1) RBREAEA R FEHEAL , HAMBOR I AR | BAe
FOAF R I TE S m B ML YRR AE. I 2 12 4B, AR B
PRI R E | BRI AR | AR LU ANZ AP AR R
i PN EES G s NS i R s i RS

(2)) DRI AT B 42 52 3 R, 36 A R 2830 XL 55 79
DT A S B 22 S, B LT 2 BRI , 25 S PR AN BT D553
Forp, BEAT 10 KUY 0B B (BB 1%, 25, 3B | Bidse
Ho FBAR L 50« M BCR[ELAG BRI B (OBR) | B4 704
#(SBRyy) . B R (SBR,;) 174 35/ NF 1 K.

(3) FEZ 3 WA R, A8 A B HH o 310 B =00 25
IO 0 G A 5 0T 08 L DR R S P U s ), T D B e 2
WA, i A DO e, U BRAIR, 32T AR AT R

(4) A PR B B985 5 OB, RSt i 20 JE RN, 3
HIHC 2 i) o5 4 BB 0 WA, BE A R B4R, AR I 14 20 T 4 £
MR, o5 36 BE T Bt 38 .

ABIEFEALIRTT T AR B S B R SR IR AL, MR S
XA [R5 75 B BEAIBR B 0 B 2R 5 el 36 IO % S8 ) i 2 o
PRI B8 1 A A JRR B 7 T T DX I A i s A B 28 0 X
R, T HE— 28 TR E L WL AT 5

1 Halle F, Oldeman RAA. Essai sur I’ Architecture etla Dynamiquede
Croissance des Arbres Tropicaux [M]. Parix: Masson, 1970. 178

2 Harper JL. The Conception of Population in Modular Organism [M].
Oxford: Blackwell, 1981. 53-77

3 TR, %, BHE, KB AR R &3R4 S A
BUERAE RS2 M [T]. A A 252441, 2003, 27 (1): 53-58 [Yu YJ, Shi PJ, Lu
CX, Liu JQ. Response of the eco-physiological characteristics of some
plants under blown sand [J]. Chin J Plant Ecol, 2003, 27 (1): 53-58]

4 GHAT/R RE HYS5HE[M]. A5 Jbat Bl b, 1986.
60-64

5 Poulson TL, Platt WJ. Replacement patterns of beech and sugar maple in
Warren Woods, Michigan [J]. Ecology, 1996, 77 (4): 1234-1253

6  Gilmore DW, Seymour RS. Crown architecture of Abies balsamea from
four canopy positions [J]. Tree Physiol, 1997, 17: 71-80

7 RFE, RS, YRR, XIS, AR, EReE, HE. YRR RS

IIRCRE SRR AE BT KT BE T 2047 [0]. A A 252741, 2011, 35 (9):

12

14

15

16

926-936 [Zhang D, Li CR, Xu JW, Liu LC, Zhou Z, Wang XL, Huang C.
Branching pattern characteristics and anti-windbreakage ability of Pinus
thunbergii in sandy coast [J]. Chin J Plant Ecol, 2011, 35 (9): 926-936]

SRINLT, PeRiAn, FHEAE, W AR, B, 3 Wl LR i A A K K
oA ER AR [I]. Aok RF2#, 2002, 38 (2): 27-31 [Zhang CH, Shen
YB, Yin WL, Pan QH, Zhao YG. Effect on salt stress on photosynthesis
and growth of four tree species seedlings [J]. Sci Silv Sin, 2002, 38 (2):

27-31]
o, AR, WU, MR, T, T AR Sh I E X v B i A
S0 A BRER )], AR IREE ], 2009, 18 (3): 1031-1036

[Qin J, Dong WY, He KN, Chen J, Yu Y, Wang ZL. Effects of salt stress
on growth and photosynthetic physiological features of Hippophae
rhamnoides seedlings [J]. Ecol Environ Sci, 2009, 18 (3): 1031-1036]
Steingraeber DA. Phenotypic plasticity of branching pattern in sugar
maple (Acer saccharum) [J]. Am J Bot,1982, 69: 638-640

Kuppers M. Ecological significance of aboveground architectural
patterns in woody plants: a question of cost-benefit relationships [J].
Trends Ecol Evol, 1989, 4 (12): 375-379

Ohsawa N, Nitta I. Patterning of subtropical/warm-temperate evergreen
broad-leaved forest in east Asian mountains with special reference to
shoot phenology [J]. Tropics, 1997, 6 (4): 317-334

N, BRR . AR A Pl R AR A A 2 22 S (0], AR 327 4R,
1999, 19 (3): 359-364 [Sun SC, Chen LZ. The architectural variation of
Quercus liaotungensis in different habitats [J]. Acta Ecol Sin, 1999, 19
(3): 359-364]

AR, M E, HAA L. KT X (Fagus sylvatical L) STH
SR ZREMERFIEI]. AR 2], 2001, 21 (1): 151-155 [Li JQ, Zang
RG, Jiang YX. Review on studies of architecture and morphological
diversity for Fagus sylvatica L. [J]. Acta Ecol Sin, 2001, 21 (1): 151-155]
SRR R, W R, AR UN2E L ) R A A 4 B e (D—3
AN LA SR R B B[], 35 PR AR B A iz, 1995, 11
(1): 6-11 [Zang RG, Dong DF, Li SL. Demography on the modules
of Acanthopanax senticosus populations (I). Demography of the
aboveground modules [J]. J Jilin For Univ, 1995, 11 (1): 6-11]

INTAE, BR A AL RARALE A B 3BT (0] A A 252 4R, 1999,
23 (5): 433-440 [Sun SC, Chen LZ. Architectural analysis of crown
geometry in Quercus liaotungensis [J]. Acta Phytoecol Sin, 1999, 23 (5):
433-440]

R, B, ROCE. WIS RS A S . RO

http://www.cibj.com/ Chin J Appl Environ Biol N 5 EE44)2F4%



AN [ B9 Ak AR B3R SR R A BT S 448

18

19

20

21

22

23

24

25

26

27

ZEHF 5T, 2001, 19 (5): 369-376 [Zhou CJ, Han SJ, Xu WD. Modular
dynamics and structure of Picea mongolica [J). J Wuhan Bot Res, 2001,
19 (5): 369-376]

WA, AEDCIREE T S MR 4 I AE 728 25 A4 0 ] S8 P o 2 (D). 16 A=
2244, 2001, 12 (3): 339-343 [Xu CY. Response of structural plasticity
of Tilia amurennsis sapling crwons to different light conditions [J]. Chin
J Appl Ecol, 2001, 12 (3): 339-343]

ARRE i, 225 RIFELAZ S B S AT SRR RIF 52 (0], DY JLAE Y 2 41k,
2005, 25 (1): 113-117 [Zhao XJ, Wang XA. Study on branching pattern
plasticity of Larix chinensis [J]. Acta Bot Bor-Occid Sin, 2005, 25 (1):
113-117]

STy W = W | P A T - VPN O 7 s & o S e R =R 7R 3
7%, 2006, 26 (4): 490-496 [Xiao R, Li FR, Liu ZG. Branching structure
analysis of Mongolian pine plantation [J]. Bull Bot Res, 2006, 26 (4):
490-496]

XUJENI, &7 4, Z2RH . TR A bR — GRS JE A28 A A R A58 7
BUBFSE[T]. A4 ST, 2008, 28 (2): 235-241 [Liu ZG, Shu Y, Li FR.
Modeling for primary branch length and branch diameter of Mongolian
Scots pine trees [J]. Bull Bot Res, 2008, 28 (2): 235-241]

MRE B, BHE, SR B, BE AR, T, R HE R E
FC R R SpAT []. B B A 24T, 2007, 15 (4): 301-306 [Lin
YM, Hong T, Wu CZ, Hong W, Hu XS, Fan HL, Song P. Architectural
analysis of Osmanthus fragrans crown geometry [J]. J Trop Subtrop
Bot, 2007, 15 (4): 301-306]

B, U, SORBL R, R, BULE, WS EARA T
IR 285 B 568 (4 43 JE R AR [T]. B A S5 3R B8 28 24 ), 2003, 9
(5): 455-459 [Feng L, Hong W, Wu CZ, Wang XG, Cheng Y, Liao CZ,
Fan HL. Fractal features of crown breath of different trees in different
managements of Chines fir plantation [J]. Chin J Appl Environ Biol,
2003, 9 (5): 455-459]

Zeide B, Pfeifer P. A method for estimation of fractal dimension of tree
crowns [J]. For Sci, 1997, 37 (5): 1253-1265

IR, FEO, FPOR. 205 BEE EUF e 5 5 ik (0], B
HEAS2EAR, 1998, 9 (6): 651-657 [Li HB, Wang ZQ, Wang QC. Theory
and methodology of spatial heterogeneity quantification [J]. Chin Appl
Ecol, 1998, 9 (6): 651-657]

AR, BEM, I, AR, VHE R ARRE TR 5 46 8 1
B 47 b A R B (], Bl 9P bR 42, 2001, 3: 34-36

Sellier D, Fourcaud T. Crown structure and wood properties: influence

on tree sway and response to high winds [J]. Am J Bot, 2009, 96: 885-

US4 Chin J Appl Environ Biol

http://www.cibj.com/

28

29

30

32

33

34

35

38

896

Whitney GG. The bifurcation ratio as an indicator of adaptive strategy
in woody plant species [J]. Bull Torrey Bot Club, 1976, 103: 67-72

Halle F, Oldeman RAA, Tomlinson PB. Tropical Trees and Forests, an
Architecture Analysis [M]. Berlin: Springer-Verlag, 1978. 441-445
Maillette L. Structural dynamics of silver birch. I. The fates of buds [J].
J Appl Ecol, 1982, 19: 203-218

TR, LA WA T T 9 22 2 23 A i) Weibul B AL 52 [J]. 44
FEMREBE AR, 1997, 17 (1): 20-24 [Wu CZ, Hong W. Study on Weibull
model for species abundance distribution Tsoongiodendron odorum
forest [J]. J Fujian Coll For, 1997, 17 (1): 20-24]

SORBL, YA 1B H it B A P 1: 40045 Logisticlth 2k AT 52 V1. =4
Bt 24, 1999, 14 (1): 117-121 [Wu CZ, Hong W. A study on optimum
fitting for logistic curve by modified simplex model [J]. Biol Methem,
1999, 14 (1): 117-121]

BRI, 5 RARZ. BRI A K R F B BB R FRIE ST (], BRDU
Pp2#F 5%, 2003, 21 (3): 226-231 [Chen B, Da LJ. Branching patterns of
Castanopsis fargesii as affected by growth and developmental phases [J].
J Wuhan Bot Res, 2003, 21 (3): 226-231]

S, ettt B, TR, BRF5 1, BRI, W ARE. I PE R L S FE R
AR T B e B AR5 R P Z T]. ROl R AR A Az, 2007, 29
(6): 66-71 [He YP, Fei SM, Xu J, Chen XM, Jiang JM, Tu DL. Crown
inclination of Pinus yunnanensis gap border trees and the influencing
factors in the mountain area of southwest of Sichuan, southwestern
China [J]. J Beijing For Univ, 2007, 29 (6): 66-71]

T Bk, 0, skFOL. RENTERAY B R R 3R] 74
JbAE Y24, 2005, 25 (1): 1827-1832 [He MZ, Wang H, Zhang JG.
Classification of the branching architectures of the desert plants in
Minqin County [J]. Acta Bot Bor-Occid Sin, 2005, 25 (1): 1827-1832]
Tarara JM, Ferguson JC, Hoheisel GA, Perez Pena JE. Asymmetrical
canopy architecture due to prevailing wind direction and row orientation
creates an imbalance in irradiance at the fruiting zone of grapevines [J].
Agric For Meteorol, 2005, 135: 144-155

Ishii H, Asano S. The role of crown architecture, leaf phenology and
photosynthetic activity in promoting complementary use of light among
coexisting species in temperate forests [J]. Ecol Res, 2009, 25: 715-722
Nicoll BC, Gardiner BA, Rayner B, Peace AJ. Anchorage of coniferous
trees in relation to species, soil type, and rooting depth [J]. Can J For

Res, 2006, 36: 1871-1883



