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Abstract: The aim of this study was to investigate the damage characteristics induced by winter freezing of
evergreen broad-leaved trees distributed in urban area of warm temperate forest zone, which are gaining
increased interest recently as climate change. The results of the study indicated that, as for ‘stem injury’,
Camellia japonica Linné (59.6%) had the weakest damage, while Ternstroemia gymnanthera Sprague (83.3%)
had the most severe damage. By the visual evaluation of freezing injury according to the characteristics of
plantations environment, the observations of single planting (p<0.01) in planting method had weaker damage
than those of group planting, the observations of under tree (p<0.001), plain (p<0.001), and organic matter
plenty (p<0.05) in plantations characteristics had significant differences with relatively weaker damage than the
observations of open space, slop, and scarcity, respectively. Tree height (-0.432) and crown width (-0.470)
among growth factors were negatively correlated with the severity of damage, respectively. Therefore, the
selection of tree species is vital for the successful creation of these urban forested area by making considerations
of planting environment, and further research on evergreen broad-leaved trees is needed in this aspect.
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Table 1. The descriptions of meteorological data in each study site.
2010 2011
Climate factors Region
Now. Dec. Jan. Feb.
i 6.7 1.7 3.1 2.6
fu ) 2.0) (0.1) @.1)
Meant e (o Sach 9.2 3.8 15 42
ean temperature (‘C) acheon (10.0) 43) (1.8) (.7)
T 10.1 46 0.7 5.0
ongyoung (112) (5.5) G.1) (4.9)
N 0.6 45 -10.0 4.1
u (1.6) (-4.0) (-5.8) (:3.9)
. 3.6 -1.0 62 0.7
M 1 ture (°C
inimum temperature (°C) Sacheon 54) -0.3) (2.4) (-1.0)
T 52 02 49 1.0
ongyoung (7.0) (1.3) (-0.8) 0.7)
i 45 2.8 0.0 87.6
f (45.0) (19.2) (32.9) 43.0)
Precipitation () Sach 8.9 35.9 0.0 115.5
P acheon (54.1) (23.4) (32.9) (60.8)
T 05 312 0.0 87.3
ongyoung (39.8) @1.1) (29.8) (40.8)

*30yr average value in 1980~2010yr
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Table 2. The site characteristics of sampling plots for evergreens in urban area.
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Species Resion Site Plantation Planting Local Content of
p & area method of trees  topography organic matter
.. Ecological park Open space .
) ) Jinju Hiking road Under tree Single Slope Plenty
C. japonica Sacheon Street Forecourt Open space Single Flatness Scarcity
Tongyoung Street Forecourt Open space Single Group Flatness Scarcity
.. Ecological park Open space . Scarcity
o Jinju Hiking road Under tree Single Flatness Plenty
V. odoratissimum Sacheon Forecourt Open space Single Flatness Scarcity
Tongyoung Forecourt Open space Group Flatness Scarcity
) Jinju Ecological park Open space Single Flatness Scarcity
Q. glauca Tongyoung Ecological park Open space Single Flatness Scarcity
.. Ecological park . .
Jinju Hiking road Open space Single Flatness Scarcity
P glabra Sacheon Street Open space Group Flatness Scarcity
Tongyoung Ecological park Open space Group Flatness Scarcity
.. Ecological park . .
Jinju e Open space Single Flatness Scarci
M. thunbergii . Hiking road pen sp g ty
Tongyoung Street Open space Single Flatness Scarcity
.. Ecological park Open space . Slope Scarcity
T. gymnanthera Jinju Street Under tree Single Flatness Plenty
Tongyoung Street Open space Single Flatness Scarcity
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Figure 1. Trees damage was measured by visual evaluation of freezing injury about leaf and stem part.
A: Discolored leaf and withered branch (Top), B: Discolored stem (Middle), C: Not discolored stem. (Bottom).

0%, 10% "2 13, 10~50% 27, 50~90% 3%, 90~100%
4743 3 P IAL 518 283 th(Walker et al., 2008).
T3 FodE HAHEE dolrr] 3] AR
(Shigometer: OZ-93, OSMOSE, USA)E ©]-&-3}o] =58
g8 ST 4T AR E Adshe FAE
A &W&«l %FOH w}ﬂ} X*%S’J 5ol geiA= ¥

39 e az}ﬂzﬂh,ﬁ%iq Al Aolrt 3
A% FAH Fol7k e 5 97 o) £58
9274 ¥ FA5S U 298 B3PS0 B,

A AR ARE o]&-38te] 2AL

AR e 2

F83lTh. o5 B3l 7 #E2h AR S A& Ao
T

SOEEVERIERE R
&S BAFT A Es 2, Ao AR

of & T3] AEe] xto]E ANOVAEA(Analysis of
variance, ANOVA)S.Z 13130, x| & u}Z 3
=2 Jole SHEE T 7374 (Independent t-test)i-2] S
&3l HlaLakdnt. gk At E o slei =] AAE dot
R7] 913l Pearson?] “d33HA| 4] (Pearson’s correlation
analysis)E AR FHAAEN LS 2YA, L, F
HEo] SR o A7 sl e SAANEE B85t
A ettt

i -

Znp gl &
1. Sl &g ¥ m&l 7

Table 3¢ WFERT ZAL tdA] W A5 5 S8
= 297 16204 cm, 3L 0.7-4.5 m, THE 0.5~3.8
me| F7|E FE o, ol 297 43~229
cm, £ 2.0~3.2 m, FHE 0.6~3.3 m, T/ U 29
7 74~11.0 cm, 3L 3.7~5.0 m, FHZ 1.1~32 m2 1}
ERg T S U] A 297 2.8~18.1 em, F°AL
1.1~50 m, F&#Z 0525 mo|H, Fu R ZA7

I

1.8~17.5 cm, 3L 1.2~40 m, &= 03~2.8 m, 93
UE 297 24~190 cm, 3 1.0~49 m, #4
0.5~4.2 m= YERY theFsh A7]9] Eo] 2R Eof 9}
Z1o 2 VHERHT

T8 dEEEHTETY 7, A9, AR
w2 T3] A & 2 T3 E&-2 Table 49 e
Th AR A o2 AR 9 o] T ol AA|E Fulvr
= Jal7t 48 filon, FF9 T T2 ae o
55.6%%r] HaE PUAT, o5 F AG S A2 g -
o] ZARA| A FE3 Aol AAIRle] 100%°] 717k
&l &o] UeRtAL /Uth. o] gt A2 d AEEAT
o] #x7F HgHY 720 dEFS W=t s, 3
A 7129 MYE V2R A2 APYSES
2531 Qlth(Woodward, 1987). 2]t ALH Ax7}
A& E= 7k Ak gA WHolstR 27} a1kt
™ 237} o= AL 71218 & uj(Sakai, 1980), 11Y
~29 Ato] Zhpifo] W HTE Ao 53] 1Y Aol
3 e AR 7HEAL 7]20] F s3] g
FF&o] AAHOZ =ol A AOoF A}g_gq—

F8 Tl FEe o FYolA thrE 80% o) T3
=57, 2 o}t %@*01 o=
H To= LPE}”EP 71&

rlr _lhtl

%

A<l *7}461101] of&l] A= AL ‘?—20111— =
St E A7k AspE Qo) Zhid o] Al & Q)
tH(Rosen et al., 1985). 0}1]” A TaR| oA & A
o] 7% AFA] T 33.3%, FHLHE 2.8% ©]
Qo= #E=E R ol Fal el o IAREE WA
ERtom, o] = Bl o] Faf iAol A& O R AR
o ShA AFS A tha Adolgh 2o = HRth

FEEE QA AT F Yo] AWE 245 e

9 sl &= HAAHoZ Z Ao7t e, 713730
9] 73 Tl Fja&o] 59.6%= 7P Ul YElG S
], F7IAIU 67.9%, TR 71.4%, S7HAVURE 75.8%,
oFe LT 77.8%, T3 TN 83.3% O = LFETE

fr

[



532 EEBIEEEE A103d0 A43 (2014)

Table 3. The growth characteristics of evergreen broad-leaved trees distributed in urban area.

Root-collar . Crown
diameter(cm) Height(m) width(m)
Species Region Site
_M_e_;?ﬂf_s_-_]?;ﬁ Mean*S.D. Mean+S.D.
Min. ~Max. Min.~Max. Min.~Max.
Jiniu Ecological park 10.0£2.3 3.0+£04 1.6£0.1
J Hiking road 1.6~20.4 0.7~3.0 05~25
C iavonica Sacheon Street 10.1£7.5 2.5+1.5 1.7£1.6
Jp Forecourt 4.6~20.1 1.5~45 0.7~3.8
Tonevoun Street 10.0£2.3 3.0+0.4 1.6£0.1
gyoung Forecourt 30~125 25<35 15~138
Tiniu Ecological park 55+1.2 2.8+04 24£0.5
J Hiking road 43-6.7 22~32 1.9~2.9
V. odoratissimum Sacheon Forecourt _1-28045*%% g 2i g; ;i ig §
Tongyoung Forecourt 6.6+0.1 3.5+1.1 0.9+0.8
6.5~6.7 2.0~4.0 0.6~2.0
. . 10.9+0.4 4.0+04 3.0+0.2
Jinju Ecological park T05-110 3743 5935
Q. glauca
Tongyoung Ecological park 7.7£0.2 45+04 1.4+0.2
7.4~79 4.0~5.0 1.1~1.6
Tiniu Ecological park 8.2+5.2 2.6+1.0 2.5=%1.1
J Hiking road 2.5~18.1 1.4~42 12~4.0
+ + +
P, glabra Sacheon Street Zg_gé f g_(z)(z) (1) g_(l) ;
. 9.5+6.0 3.1£2.1 1.5+1.1
Tongyoung Ecological park 10-149 T1-50 0523
Tini Ecological park 5.7+2.3 2.7+0.8 1.5£0.7
v Hiking road 1.8~10.6 12~338 03~28
M. thunbergii
Toneyoun Street 12.2+7.6 3.4£0.5 23404
gyoung 20~175 3.0~40 19~28
Tiniu Ecological park 7.2+3.0 1.84£0.6 23£0.3
/ Street 24~133 1.0~4.9 05~42
T. gymnanthera
Toneyoun Street 15.5+4.1 1.240.3 2.7£0.1
gyoung 1.5~19.0 39~45 76~28

Note) S.D. : Standard deviation, Min."Minimum, Max.""Maximum
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Table 4. The freezing injury rate according to each species and region.

Freezing injury rate(%)

Species Region Site Number of trees
Leaf Stem Death
Jing Ecological park 12 100.0 25.0 0.0
iy Hiking road 107 972 61.7 2.8
Sach Street 6 100.0 100.0 0.0
C.japonica acheon Forecourt 3 0.0 0.0 0.0
Street 9 100.0 66.7 0.0
Tongyoung Forecourt 9 1000 66.7 0.0
Sub mean 146 95.9 59.6 2.1
Tini Ecological park 9 100.0 100.0 0.0
fyu Hiking road 3 100.0 100.0 0.0
V. odoratissimum Sacheon Forecourt 6 100.0 100.0 0.0
Tongyoung Forecourt 9 100.0 333 0.0
Sub mean 27 100.0 77.8 0.0
Jinju Ecological park 16 81.3 62.5 0.0
0. glauca Tongyoung Ecological park 12 100.0 75.0 0.0
Sub mean 28 89.3 67.9 0.0
Jiniu Ecological park 6 100.0 100.0 0.0
! Hiking road 12 100.0 100.0 0.0
P, glabra Sacheon Street 9 100.0 11.1 0.0
Tongyoung Ecological park 6 100.0 100.0 0.0
Sub mean 33 100.0 75.8 0.0
Tini Ecological park 9 100.0 66.7 0.0
o Hiking road 24 100.0 100.0 0.0
M. thunbergii Tongyoung Street 9 55.6 0.0 0.0
Sub mean 42 90.5 71.4 0.0
Ecological park 9 100.0 100.0 333
Jinju Ecological park 15 100.0 100.0 0.0
T. gymnanthera Street 6 100.0 100.0 0.0
Tongyoung Street 6 100.0 0.0 0.0
Sub mean 36 100.0 83.3 83

Note) Freezing injury rate within each plot = (Number of trees with the damage value of higher than one point, allocated to the surveyed
trees with the least of freeze injury, in the visual evaluation scale / Total Number of trees) x 100

Table 5. The visual evaluation of freezing injury according to region, site, and species.

Factors Number of trees Mean S.D. F-value
Jinju 228 1.83° 0.66
Region Sacheon 24 1.67% 0.77 7.73"
Tongyoung 48 1.44° 0.49
Street 45 1.59% 0.78
Forecourt 27 1.30°¢ 0.25 .
Site Ecologic park 94 1.82° 0.58 9.08
Hiking road 146 1.50°¢ 0.70
C. japonica 146 1.92* 0.69
V. odoratissimum 27 1.44% 0.31
. 0. glauca 28 1.75% 0.45 ”
Species P, glabra 33 1.25¢ 0.61 8.34
M. thunbergii 42 1.73% 0.45
1. gymnanthera 36 1.58% 0.62

Note) Damage rate by visual evaluation scale: 0 = no damage, 1 = <10%, 2 = 10~50%, 3 = 50~90%, 4 = >90%, and 5=all dead. ™ : p<0.01
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Figure 2. The comparison of electric resistance according to stem part and species. Vertical bars show standard errors of the

mean.

o9 2011d A A 722 199 257} -10.0°C, AF
-6.2°C, 5% -4.9°CE #ZHJTH(Table 1). A AT
Hle} 7ho] Wgo)sle] Lxd =EEH AL 4§ A
o] 544 HA 7o) Halxe] AGE Ao| & EL
W oohekst Al 5 v Blo s wekE

212 A 2ol AEFdoA 1.828 02 7P 2
2 =7t Yepe A4S Bom, 725 2 1,593,
Sa2 1504, FEAY 1308 07 79 7+ o3
o|7} A= AL E YEFTHp<0.01). BEjF-He
Agulge] xEH B2 X oA B Ax)7k
ek 2 A o] YAY, T BEHS §
2 2 A% 2R YRS et 22 9
2 e Gl oa) nvig =Fo] A2
745 D=7t @A YERs Zo] o] & SRSk St

T ztole ZTHAIUTE] FE st 7 Al Y
om, F2 HEOZ AAHE FHUF] Fs|=rt 7t
(e}

roroh

E

M

=9 Rl
e, W o il oX -
L Jo [0 ff ox 2k ER

Sl
i
o

% 3T

f e 0= etk SR 4 2750550
188 B ol M]3 e Wl e, T 4
Holvk #rk e Wpgel 240z Holzl 497} §

T o

7F veRd 2o welth webA 5 S s
SHgRTH AR Ee] 27y 7o) ol Tl A 2
dhs 2o AlgE,

&9 Figure 19] Ul T3] 89] Z7] =olo wpE &
zge 249 558 P v Ao np=w Fu}
F(41.7 kQ)2] A7|AGA7L 7MY w2 Aoz YEge

=]

S w7} B et )% B ke Aol @ A%
-
pzs

o, obb-(25.5 kQ) F7AIVHR(22.7 kQ), ST
(285 k)2 &go] v J5e Aoz Yl
(p<0.05). o= TLT 5 oYX Tk 2 7|7l 3~5
Lol ZAHE AZE-e} 23] A7IA A= 15~28
kQQl A& 7Ieksl & wj(Chae et al., 2012), Tt
Zgdne Azlos e Aoz eyt B

r

4 o

e wye
oft
:?L_l,
=
%
il
iR
[o
)
4
2
2
[o

o ¥

o i
0%
a0y
4z
o,
(4
N
A
il f
)
o
12
o
o

i l'm
=)
i o
fins
rr

ool ot & om W fU oMy E 1o

gol WAL, I ¥ g g 79 4
715919 e, artdde] wo = dssde] bt
£ o= ghdd,

2270 whE 98 = A 7= Table 601 HeRtSITh
Tt A A el 141750l vlal] =24 A A A 1.827]
o2 w7 yehsten], AAe AR 1667
3 2 FAA 189802 o)Al Aol 7} 1A H Tt ©]
= S Ae] A9 Al vlsl whell o] 4
T UAE, A Ee o] 2719 2ol S Ajte] & o,
A AA O] 22 RSl A2t 1A UEhd Al
2 Ak 2R adel e AEe2 #2300
50% 2pFgE710] A7 FEsivke & A9k fFAL
3 AFrF ByE v em(Kim, 2010), o] xF3A

7t FREAE Folw AFRIFS HBAA B



Ao EAA ) G R Y S Flle) 54 535

Table 6. The visual evaluation of freezing injury according to plantations characteristics.

Factors N Mean S.D. t p
Planting method Planting method of tr Single 182 166 0.8 295 0.004
anting metho anting method of trees Group 130 1.89 074 2. .
Plantati Open space 264 1.82 0.68 571 0.001
antation area Under tree 48 1.41 0.41 ’ ’
Plantations environment Local t h Plain 171 161 0.58 4.48 0.001
ocal fopography Slope 141 1.94 0.70 - '
Content of . " Scarcity 72 1.62 0.60 1.97 0.048
ontent of organic matter Plenty 240 1.48 0.66 . .

Table 7. Growth factors correlation with a visual evaluation of freezing injury.

. Root-collar Height Crown width Estimates obtained by

Variable . . .
diameter(cm) (m) (m) visual evaluation

Root-collar diameter(cm) 1.000
Height 0.396" 1.000
Crown width 0.465™ 0.720™ 1.000
Estimates obtained by visual evaluation -0.243™ -0.432° -0.470™ 1.000
Note) »<0.01, “p<0.001

7153t JslE = 4 AT Sul and Bang(2002)9] 1
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