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Branch Growth Patterns in Magnolia denudata

Choi, Hyeong Seon

Department of Biological Sciences, Ewha Womans Universitv

ABSTRACT

Branching growth pattern of Magnolia denudata is likely to be originated from two growth
strategies: environment overcoming strategy and life maintenance strategy, which coexist in a
tree,

Growth rate of branches was strongly correlated with relative light intensity (P<0.001) and
physical contact (P<0.01), however there is no significant correlation between growth rate and
direction of branch. When relative light intensity is less than 1%, the growth was restricted by
physical contact with the surrounding branches. In contrast, the growth was rarely restricted by
physical contact when relative light intensitiy was 10% or more. The branching rate was signifi-
cantly affected by the presence or absence of physical contact (P<0.05), but it was not signifi-
cantly affected by relative light intensity nor by the direction of branch.

In the beginning stage of the growth, the ratio of the material allocation from main branch to
subbranch was large and varied with the influence of surrounding environment. These various
growth rates, which implicate a variety of material allocation ratios (0.16~0.98), affect branch
growth pattern through the optimum growth strategies. The growth and arrangement of branches
of Magnolia denudata display the solar collectors to maximize the total amount of energy absorbed
and to overcome the restriction of the environment.
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2 AdsH s 24859 Ao s S8 7 Uden, ¥4 Aole

A 2oz ag 4 Urk(Leopold 1971). -’F%E gt v FY
= Ao Aoz °]—r°1 91 gto] = Al =¥
T dom oy g dolT Alzge 712 A F3 e o 0*39— 2 g8t
(Oohata and Shinozaki 1979).

BEE FE9 71X oA dojuts BA] vixet BA &2 43 AR dofuA et 2
71X 2o Ak £ 2 A dojvts BREE & 5|4 (species specificity) & 7FA|
W olE 7z} Fvivlel 1189 =38 A A W&k (Fisher and Honda 1979a,b, Honda et al.
1981). F N A Fr%E A A7 9 g oAU +RARAM S 742 A4 D 2
& F3 F3& 2HevHE ol3E7) HEHH Zh b Roll Al Ak X0 MR THE W E dot
W= Ao} B astnd(Park and Choi 1984), ¥ A8 WS 71F 28402 AR 7=
weko 2 o] o]zt (Honda and Fisher 1978).

FE AA2 2 o 7pxe] AFgolut Ay BAlES Hul AFAI7IE Ad F A|Tte] EE
ulgl Z71g o] #3t8E cH(Park and Choi 1982). 5718 A E F 7HA o|EX< Aoz 49
g & Juh 1 F shie RS )] dojuE AR 43age ARE dolxe 2Feln
A 2o, ol Aol 7AA HELE A He EYXA Hiv 215 aH#Y 2%
2 Q3 dojve 4o g dyd i shvhe FHAHA WY g1z 5] ohE vUie
Ads] AA e Fo Yelde £ Efe 83 & F 4 vk (Honda ef al. 1981).

S (Toxicodendron diversilobum) e AR N7} A& 2-$ I el & zgbA = A5 2 X}
7h g A9 BE Oz A He AR QY Sx 2to]E BAtH(Gartner 1991). ©]
A Agol g F1HA QAW of e} B F, 554, A&t ald oF B g2 &
7ol Awj=ct 1 0*]’\15 7t B A Fuire] B A FEL TEHoE f1H A
ARl Hejetd 83 ]E}(Halle and Oldeman 1970).

7}2} Al (branch system) & #4138l 492 Horton(1945) 0] 7R8F o] & Strahler (1957)
s FAHAOH, 152 7 7}Z]L—4 S E 7]l g o g B2 8 (branching ratio) E&
B 718 (bifurcating ratio) & Al W, o] AE B A% (degree of branching) 2] L= 4
grt}, o] M 5.2 5 Lo|= &7 (stream system)ol] HE-E Ao}, FHZE A B Fx%
(branch networks)ell A}&5o] ¢ 1 2t (Leopold 1971, Oohata and Shidei 1971, Barker et
al. 1973, McMahon and Kronauer 1976, Whitney 1976, Thornley 1977).

Mol w@Aloll A 2+ BFo] EAYol= B3 2o|rt el Hol 2719 HE2 ¢ X
7b e Fo R o]Fo|x YA F3 *hﬂi*i‘; A4 oA A1, s e BEelA B

7F21 7L A g = 2AE F719 Folit dde] AFNA Aol M A
= & o HEvt gEFo= 5o ‘-27\‘:}51% A&E wolw, g /f e vl § WS BAES

rolA Hrh EXE&S Fritt nfdta 9l dl diside w3 53 A eth(Honda
and Fisher 1978, Whitney 1976).

‘URE ofw Fe Holg 93 3 /Y 71ed 2R dAH A Alx"er HoF
Al (Halle’ et al. 1978), o213 8= ] vprof g2 B4 3t o 2

AoH, HFE T2 WS AHEste] Ao Vi vHgal ¥ 4 2lvh(Ashton 1978, Cohen
1967, Legay 1971, Fisher and Honda 1977, 1979 a,b, Fisher and Hibbs 1982).
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EFAARE £ B2E AFste 715 71 e 158 4 2l (Paltridge 1973), Y
E L3 &8 £ (branching or bxfurcahon) ol ofa wEE Hoz ofFojl Al g
2 3% 4 9lvh(Honda e al. 1981).

 ArdAe gEdo] 2ty B 3 Y BAst7] 98 4 7HA] wieke] Zolo}h A
2%, #7118 §FE 2R 24 e zfolE AER o]el & Zolvt Y £ Aol v A=
dig ATt 7HA A fE S BAskA T Eg ME-be] EAE sixE B A FFo)
uoglol g A 22 ezl #48 G557 A8 oludd A dEE detevtE: A7
3171 flsf, 5o AF vEo] oA A7) 2EAe} 28 A HE o { o wet 7t
ZhA ot QA REHo 2 B2H Bujot A& 2ol zte=rhe ATEdch

B ATE oklol My AgdeM §82 A, 2d /g MEFS ZHS F 5 A
Aol e FelHo N2 + Utk HEF UL 59 278 U9 Fo]X Aj2F 9]
%4 (Oohata and Shinozaki 1979) & tF3te] 2ot 7hx|o] &S B ©@9lof A uE
garsll o gy w3t Jho] R HA S B2 FEI F F5 HA shx 2 A
A gholl FalFE 5 dA JEHE 44 A& e 82 F AE Aol

>

He 3 2y

olgtedu Fuell A AFELIL A= WE U (Magnolia denudata) 7H-3-6
FEI7E ABEA] 42 302F 2] U8 R HES QA S A &
BER A TE F71992~1993d 2] Ao AR EXE & A e

7HA AR S B AT DdYA oz Fol FrkR) 9} Hobx)d i MRS 2A Y
o BEAE ATS 2 A B2 713 e, 7oA R E ARR ALy LEvbaA
Z4 7be s 7FA 7R A9l

MEAHL Bz 348 & AXHEA mother brancholA] daughter branch& AJaks] W=d)
mother branch+ £33, daughter branch® £ o], 7}x7} B35 = EA4£4Q A 7to}
o Z4 s th Terminal branch= A17] M2 71A159F Zolg £A38 1, AE-2 calliperg
ARgEte] AR om, 7kA] Abol 9] Zte = AR V|2 ZA 3
WM E 2xel Zo] AL, 121 Parky} Choi(1984) 2] ol oJ&f %88 ZAsic)
2= 24 7k Al 2ER A e, E S04 2AE A5 d3te 7R 2%
Fsted AR F3hel i 24 shA e duivle] MRS (%) 2 YeEhi BAge] 4
S 23 Us g vkAe &3t AlLbslATh v1x] ke Bl E HEol o3 Y%
otr 7] 9 2ok 7hAl 9] 5em Woll ThE 74Xt HE A9 R e g
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U AFES eyt S
A Bdg Amwi AAS 49 105Ce A B AEAT §
&z BS £71% $4& wwsto) el 700ce] W) 2ol
&gl o8] 7} nxw REEBEDEENE EES

A

4N HEA F A

o



420 Korean J. Ecol. Vol. 16 No. 4

A 3 oF

wl =2 & o] mother branchi= &% #4o) oja) % 71¢] 7}2|(daughter branches) 2 A A+s] W)
A BAGE ARG LA o] FoiX = el ofvlet A7 o] wel 254 2hel7h

tH(Fig. 1a,b). Fig. 1°14 ax ¥& ¥ A&& Bl v, by ¥he BA48E& Relx o, A=
e ol vk Aol dahal ¢ Hel 2712 AEoNA 2 £ e FI o0, ?ZP: o] 7]
o] A EoA &3 B 4 A 7HA BF §3olth(Whitney 1976). Fig. la®] &+ A<
Apa e ER &g LR A Aol AR ThE EAlo] A AUAE BEAZ] ﬁ—r 131, bel 7
& Fuo U witel] A7 Wl Agelu Haj Al FHo| o F v KA AF KIS
el Qe BoFa Ark FEe A R WHeI I A 87 el olsf st
o 3k-g wro} thekst ¥ & & o2 YehtA fri(Borchert and Slade 1981). 47¢e] Wst= 87
24l oMz e &]Efﬂ, s dxHor FE AU 2 uFTS ATt A
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Fig. 1. Two different types of branch patterns showing different branching rates in Magnolia denudata.
(a) shows high branching rates, (b) shows low branching rates.

Fig. 28 2t 5ol o) ol w2 Zo] Aol ate]& B oiF i Qi) 3 3ko) 4
WL o 2ol 213k 7hA] o] )R]0l wheh 2w b xbolE vleh I Ao shx)o] 4%
&2 ol A s] s AH(P<0.001)S 2ol Fa v}, o]l 82 71887 7R A

3 ]

frdo] We xag 93 A3 Aty BEs T 982 A s)Ert(Honda and Fisher
1978). 7Fx1e] o] A F&L W wal §-28 27} glgen ol $29 #3 (Niklas and
O'Rourke 1982) 2.2 &4t 4= v} AhER 1~10%0lM e & % TS Hol3 Ygs

vl olef gt 2xstol M) 7hAl Qe el xel d&el fiek de #(P<0.0)e] ok 4
[e]

W OZE 1% viwe] At B S S 40 4EoR trE 4go] AfEn Uy
10% 2491 FRE G s 43 Aol Aol G574 =i
ARzke] B AR HEe) B¢ YN vlA P Dolhy) S8l JpA Aol @A A
B IS 1~ 10%00 4 Sem WA e A9 Ha A B A9e 29 B A9z o)
ol ZAbgh A k= Fig. 39 2tk Sem wvjel e 7hxst okl W A Sol e thE A
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Fig. 2. Growth of branch length during a discrete  Fig. 3. Effects of light intensity on growth rate

time against different relative light inten- and branching rate. A solid line(absence of
sities, Each vertical thin line represents a physical contact) and a dotted line(pres-
standard deviation, ence of physical contact) represent the
change in growth rates against relative
o] el gleE A fol vlsl ke oska v) light intensities. Closed circles(absence of
A AR Ao w2 "o ge 2ns) physical contact) and open circles(pres-
R ence of physical contact) represent bran-

AT HEe) f3o) utel Lol Aol Fol B

e ching rates against relative light inten-
Holx glef(P<0.01), B8l &l HEe] ofx sities,
= 7HA A dekg A @t 2 S Qo
Fig. 39 #A1€ 2] &-& Park#} Choi(1984) 7} 7}=)7+e] &3 THiH 2 3
Holm, £Ag9] Ag 98] L3 7HAE 48 21 Yt 2 skR)o) el
AR VIFeR AEHAY. EXES 2R 2 9aba(P>0.05) 7}217“’4 =2
132 {12 LHP<0.05) 98 B A gole #o e 27t gk
Fig. 491 2 5= gl nho} go] EX18 719 Wggol 2ol e *J%“ﬂ et 22
Sl 254 D}—Eﬁﬂ e 9ltt av 699 #A4 A 7H(Park and Choi 1984)°] 275
=l F 7hAle] Aol 19.61g0) Bl Hlal, biz ©x) 2 o] B A|ZHEQH 71X 9]
ARl 14.85 gofl o] &t} ak boll Hls) W Hxo] GAQl W B BAES HolT 9T
T allth 50l & hxe) o] Agel] 4 oA YF A7 et
av Ad £27F w2 wloizte] Hoh Aggo] Yo o w Hol 17 m7lo] YB A o3
TR 1992, Weier ot al. 1982) & A& & 4 lo} 228 824 oAUl
Aol Hgdhe #¥L Askn vk ole] Fo] g At Aol shxle] Ao Aol
o

BIE a5 &9 Bl 49y 2

=

Hm

o e BAL G vl

(]

“4—;— "fﬂ”(apxcal dorrunance)ol P elojulx) il UH%EEE fé%‘%‘ 7 U H(Devlin 1975,

Weier ef al. 1982),
Table 12 Fig. 5ol 4 Bei 3 9l 71418 7242} @aja 744 acesl B8 £4517)
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[b]

Fig. 4. Branches with different branching rates. Branch a and c, b and d are the same.

A Azt MEH] EX& B2l thEA EuiE WA Fig. 59 #o] 7kA A% KF ol 2

]2 YehiA BE ¢ 4 ek 2 <) &7 (critical threshold) 744 o] 22 %L ol
W24 BRI 2 o, Park ¥ Choi(1984) 9] m ol 2] ash eo] A9 F7Hxo] iz 225
T o] oF 1/(140.95) 2, BRI E 0.95/(1+0.95) 2 FE Hwjr} o] Rojxithi
& 5 A, cof AL FARAME oF 1/(140.2), 2 FAN M E 0.2/(140.2) 2 FE R 7}
olFol ATk ¥ 4 Ut

AAE 2l A9 7hx A 78 v FES] 8] 7K AR R @A EHE Apol

2 Fujd) e 29l (Fig. 63 7)3} ¥las] 2Y, aex Fig. 63 cE

Y Ach FrhRe gl g Kopx] e} 7o), 15, '%‘XH"/“] vl 7} §Absle AR

sjeio]l AA3LT A& ast e FHAQ BUhR| 2] FEEu) A v]R3MA oy APz
£ 853 AFS Holy Aoz AT f Ak 7hA a9 edld SR H B2 432 @A
ag] A= B AAES Bola 9lo] 9]l 8% AFglol 3] Al U H AFEE L3
3t & 9 2 2ol agl #& HZ Fulg i Ao 2L
EAE 7)ol Bt Al g e v B A s A vl 87

f9¢ 11] oFg- Wk 9] &-& AlAFSth(Borchert and Slade 1981).

TR E SAE 7 A # MUW FEES Za Y 2R AF 54 B E F
FH oz wr=th(Honda ef al, 1981). F818 Zo| g Rolil e F/ALAFE 4 F
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a

Fig. 5. Branch growth patterns of M. denudata with three different branching rates, branch a(=branch
b), branch c(=branch d) and branch e(=branch f) of real trees,

Table 1. Analysis of branch growth ratios represented in Fig. 5a,c,e.

(sub-branch /main branch) (branch a) (branch c) (branch e)
length(cm /cm) 0.95 0.18 0.95
volume (cm3 /cm3) 0.94 0.19 0.94
biomass(g /g) 0.94 0.18 0.95

% organic matter 1 0.99 1

7} 78 AL e g Holiu At
ZA g e Ao A Frhxlo] thE Brixe] B Eujbis Hd 06322 VWD B
& Algtol o A o ™o ZpxUFE Bajul v 2A dEbgeu YR 7E 2leld A #7 9f
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Fig. 6. Diagrams of the branch growth model with allocation ratio F=1 in M. denudata according to
Park and Choi(1984)'s method. During every discrete times, the amount of 1.0 of material
required for branching accumulates at the end point of terminal main branch and subbranch,

respectively, and then bifurcates.
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Fig. 7. Diagrams of the branching growth model with allocation ratio F=1/5 in M. denudata. During
the discrete time N=1, the amount of 1.0 and 1/5 of material required for branching
accumnulates at the end point of terminal main branch and subbranch, respectively.

physical contact (4)

branching rate g] branching rate »
growth rate @ growth rate =

relative light intensity
(low) (high)
branching rale'r branching rate =

growth rate g growth rate w

physical contact (~)

Fig. 8. Branch growth strategies by surrounding environment.
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(genetic growth plan)&
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2 A Aol %%‘%}% 2
7VA] 5 Ao & 7pX =

o) 74 Fo) W} B2

= Park and Choi(1984) ¢ Wl & A1-8-3le] o] ZAJell A &
Ao A o) FolA 1L 9 BF HuinE 23T 4+ Ju go

He A2 5 e Aol Ak
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¥ 2
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R
e
3 G deoln e shit AW X MEoR ARG & e W, oleld depe 8 1%

fe3]

AR
71A)e] AL 2Eo WA BHo] YA (P<0.001) E8H HEY §FAT s
HBHA(P<0.01) 5 o] e vhdo] Wi = Fox17 g1 E} MEH ZE 1% ] H$-= 54
ZHRE T 23 HE 3 &} 3= Mol o)

A7 A gho] Aol Aotz
ARLHP<L0.05), #A& .

B 271 F7HRACA Sz el B Buju| vt 24 vGEbsteu byt At A 8
o] Agg A gl [ﬂra} THH 1~: D}"c} +

.= 16~0.98) & g3} o) Wojx i Aopy Fu
shod w0 oﬂw% HAD mE Ao FRe 9 AAsl WA AaHE, Fold B4
ol WE o] wats AR AR W) Aoz YzE

olg 23
A, o8, 1992 27 +5e] 7] e B Aol th e Fol7)5(1). SODRR S FH o #

=) 8l Qxl 81:164-176.
HEZ 1992, 24 ack o] A A Aol vhsk AL b= el 8H3) %] 15:231-246.
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