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SUMMARY

I. Title of Research

Development of new functional biomaterials using

Chamaecyparis obtusa and Thuja orientalis

II. Results of research

@ Sub-subject: 1

Investigation of growth characteristics for Chamaecyparis obtusa

and Thuja orientalis

1. Investigation of growth characteristics

It showed higher height growth rate of 1.45% till 20 years in Gochang
Chamaecyparis obtusa stand, while there was height growth rate of 2.31%%
till 20 years in Sunchon region. It was, hence, observed that the height
growth rate had continuously increased to about 20 years. In case of
diameter growth, the highest growth rate existed between 10 and 15 years
both Gochang and Sunchon regions. There was fine growth with above 5%
till 20 years, while the best annual growth amount existed between 20 and
25 years, which was 0.0089m' in volume growth of Gochang. It was
appeared good growth rate of volume with above 2% till 30 years in

Sunchon region.
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2. Growth and ground vegetation changes of Chamaecyparis obtusa

stand by thinning intensity

Comparison of volume growth between control site, which is
non-thinned site and each treated site by thinning intensity showed that
the growth ratio of control site was 4.88%, while that of normal and heavy
sites was 6.77 and 7.79%, respectively. Average coverage ratio of ground
vegetation in non-thinned site was quite low as 6.7%, but this ratio had a
tendency to be increased by moving from light to heavy thinning site as
from 45% to 83.3%, respectively. Lindera glauca, L. erythrovarpa,
Ampelopsis heterophylla, and Chamaecyparis obtusa seedling were
dominant species that appeared in every thinned site in common, and
Rubus corchorifolius was found as a dominant species that had the highest
importance value in each thinned site. Normal and heavy thinning,
therefore, were found as the appropriate thinning intensities for induction
soundness ground vegetation and production high-grade wood in early aged

Chamaecyparis obtusa stand.

3. Development of diameter and basal area equations for Thuja

orientalis

Diameter and basal area growth pattern were estimated using non-linear
algebraic difference equation, which requires two-measurement times T
and Ts. In results, of the algebraic difference equations applied, polymorphic
equation showed higher precision of the fitting than anamorphic equation.

And the Schumacher polymorphic equations of
Y, = eap(In(Y,)(T\/Ty)"+ a(1 = (T,/T5)"))showed ~ the  highest
precision of the fitting among them for diameter and basal area growth

patterns. In order to allow more precise estimation of growth than the

basic Schumacher equation, further refinement that combine biological
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realism as input the equation would be necessary. This equation could be
available as basic information for estimation of growth and management of

Thuja orientalis stand.

@ Sub-subject: 2

A. Development of bioacaricidal agents against house dust mite

using Chamaecyparis obtusa and Thuja orientalis

The acaricidal activities of the essential oils obtained from 10
Cupressaceae species against Dermatophagoides. farinae, D. pteronyssinus,
and Tyrophagus. putrescentiae were bioassayed by the direct contact
method, and compared with that of N,N-diethyl-m-toluamide. The
commonly used N,N-diethyl-m-toluamide served as positive control.
Responses varied according to plant species and the specific dust mite.
Titration studies were performed at 80, 60, 40, 30, 20, and 10 pg/cm® In
the study of house dust mites, the plant oil most toxic against D. farinae
adults was Chamaecyparis obtusa (158 pg/cm® followed by Thuja
orientalis (19.4 I-Ig/cmz), Juniperus chinensis var. globosa Horn. (25.3
I-Ig/cmz), Juniperus chinensis var. aureo—variegata Rehder (27.2 I-Ig/cmz),
Chamaecyparis pisifera Endl. (289 pg/cm®), Juniperus virginiana L. (31.9
ng/cm?), Juniperus chinensis L. (33.8 pg/cm?), Chamaecyparis pisifera var.
filifera Beiss et Hort. (41.3 ug/cmz), Juniperus chinensis var. kaizuka Hort.
(62.4 I-Ig/cmz), and Juniperus chienesis var. sargentii Henry (63.2 I-Ig/cmz).
The oils of C obtusa and T. orientalis was about 2.3 and 1.9 times more
toxic than N,N-diethyl-m-toluamide (36.8 pg/cm?®), respectively. The
acaricidal activity of J. chinensis var. globosa Horn., J.chinensis var.
aureo—variegata Rehder, C. pisifera Endl.,, J. virginiana L., J. chinensis L.,
and C pisifera var. filifera Beiss et Hort. was comparable to that of

N,N-diethyl-m-toluamide.
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On the basis of LDsy values against D. pteronyssinus adults, the most
toxicant plant oil was C. obtusa (14.1 I-Ig/CmZ) followed by T. orientalis
(189 pg/cm’), C. pisifera Endl. (26.7 pg/cm®), J. chinensisvar. globosa Horn.
(271 pg/em?®), J. virginiana L. (297 wg/cm®), J. chinensis var.
aureo-variegata Rehder (315 pg/cm®), J. chinensis L. (32.1 pg/cm?), C
pisifera var. filifera Beiss et Hort. (405 I-Ig/CmZ), J. chienesis var. sargentii
Henry (49.8 pg/cm?®), and J. chinensis var. kaizuka Hort. (65.9 pg/cm®). The
ol of C obtusa was about 1.5 times more toxic than
N, N-diethyl-m-toluamide (20.9 I-Ig/cmz). The acaricidal activity of 7.
orientalis, C.pisifera Endl., J. chinensis var. globosa Horn., J. virginiana L.,
J. chinensis var. aureo-variegata Rehder, and J. chinensis L. was
comparable to that of N,N-diethyl-m-toluamide. These results suggest that
D. pteronyssinus may be controlled more effectively by the application of
the oils of C pisifera var. filifera Beiss et Hort., C obtusa S. et Z., C
pisifera Endl., J. chinensis L., J chienesis var. sargentii Henry, J.
virginiana L., and T. orientalis L. than D. farinae. However, D. farinae may
be controlled more effectively by the application of the oils of J. chinensis
var. aureo-variegata Rehder, J. chinensis var. globosa Horn., and J.
chinensis var. kaizuka Hort. than D. pteronyssinus. In comparison with
N,N-diethyl-m-toluamide as synthetic acaricide, acaricidal activities of the
essential oils of C. obtusa S. et Z. and T. orientalis L. were more effective
than that of N,N-diethyl-m-toluamide.

In the study of stored food mite such as 7. putrescentiae, only the oils
of C pisifer var. filifera, J. virginiania L., and T. orientalis L. showed
strong activity. On the basis of LDsy values, the most toxicant plant oil
was T. orientalis L. (22.8 I-Ig/CmZ) followed by C. pisifera var. filifera (25.8
ug/cm?), and J. virginiana L. (389 pg/cm®). The acaricidal activity of C
pisifera var. filifera, J. virginiana L., and T. orientalis L. was comparable
to that of N,N-diethyl-m-toluamide (18.9 pg/cm?).

Because of the high acaricidal activity of the essential oils extracted
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from C obtusa S. et Z. and T. orientalis L., the test was performed
according to plant parts of C obtusa S. et Z., and T. orientalis L. to
investigate which parts have the most strong activity. The LDsy valueof
the essential oils extracted from leaves, fruits, and branches of C obtusa S.
et Z. was 12,9, 42.1, and 20.3 pg/cm® against D. farinae, 13.9, 39.7, and 23.4
|.|g/cm2 against D. pteronyssinus, and 39.7, 19.8, and 0 |.|g/cm2 against T.
putrescentiae, respectively. The LDsy value of the essential oil extracted
from leaves, fruits, and branches of 7. orientalis L. was 19.9, 0, and 29.5
ng/cm’®  against D. farinae, 174, 0, and 269 wpg/cm® against D.
pteronyssinus, and 38.7, 0, and 19.2 |.Ig/cm2 against 7. putrescentiae. In this
study, the acaricidal activity of the leaf oils extracted from C. obtusa S. et
Z. and T. orientalis L. was significantly higher than those of leaf and
branch oils against D. farinaeand D. pteronyssinus. These results suggest
that the leaf oil has more plentiful active components than branch and fruit
oils. However, the results of T. putrescentiae were different from those of
D. farinae and D. pteronyssinus. These results suggest that active
components of C. obtusa S. et Z. and T. orientalis L. oils against D.
farinae and D. pteronyssinus may be different from those of C. obtusa S.
et Z., C pisifera oils against T. putrescentiae.

When the methanolic extract of C. obtusa leaves was bioassayed by the
dry film method, acaricidal activity was observed against D. farinae and D.
pteronyssinus. The dust mite species were equally susceptible, and the
extract of C. obtusa leaves showed a clear dose-response relationship for
both species. Concentrations of 800 mg/m2 or greater caused complete
mortality in both species. The acaricidal activity of the methanolic extract
was compared with those of benzyl benzoate and DEET against D.
farinaeand D. pteronyssinus adults. The commonly wused synthetic
acaricides, benzyl benzoate and DEET, served as positive controls for
acaricidal activity. LCso values of the methanolic extract and hexane

fraction of C. obtusa leaves were 231 and 192 mg/m2 against D. farinae
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adults and 209 and 171 mg/m2 against D. pteronyssinus adults, respectively.
On the basis of LCs values, the hexane fraction derived from the
methanolic extract of C. obtusa leaves was comparable to that of DEET
and was about 0.5 and 0.4 times less toxic than benzyl benzoate against D.
farinae and D. pteronyssinus adults, respectively. There was no mortality
in the untreated controls. This study is the first to report the acaricidal
function of C. obtusa leaf-derived materials against D. farinae and D.
pteronyssinus adults. Very little work has been done with respect to
managing arthropod pests including house dust mite.

The substances identified by GC-MS in the hexane fraction derived
from the C obtusa leaves are presented. Analysis led to identification of 16
volatiles from the hexane fraction of the C. obtusa leaves. The main
constituents were a-thujene (relative percent=1.4%), a-pinene (3.7%),
[i-phelladrene (21.8%), myrcene (9.0%), a-terpinene (4.3%), limonene (4.2%),
y—terpinene (7.9%), 2-carene (4.3%), terpinen-4-ol (17.8%), bornyl acetate
(3.6%), camphene (3.7%), [—-caryophyllene (2.9%), [-thujaplicin (6.7%),
germacrene D (0.9%), elemol (1.4%), and wa-cedrol (2.3%). Together,
fi-phelladrene, myrcene, ¥-terpinene, terpinen—-4-ol, and [—thujaplicin made
up 63.2% of the oil. The native C. obtusa, one of the Cupressaceae, which
has been generally recognized as Kkiso—Hinoki, has been preserved as a
valuable wood for the building materials of such nationally important
buildings as the empire palace and famous shrines and temples and for
general use in hygienic woodenware, such as counter or tabletops in sushi
bars.

Because of the strong activity of the hexane fraction, the isolation of
the biologically active component was pursued. Dry film method-guided
fractionation of C obtusa afforded an active constituent identified by
spectroscopic analyses, including MS and NMR, and by direct comparison
with authentic compound. The biologically active constituent was

characterized as [-thujaplicin. This compound was identified on the basis
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of the following evidence. [f-Thujaplicin (hinokitiol,
2-hydroxy-4-isopropyl-2,4,6—cycloheptatrien-1-one): (C1oH1202, MW= 164.2);
EI-MS (70 eV) m/z (% relative intensity): M' 164 (76), 149 (4), 136 (12),
121 (100), 103 (11), 91 (15), 77 (17), 65 (8), 51 (5) '"H NMR (CD3OD); 7.44
(1H, ¢, J= 21.2 Hz), 7.31 (1H, d, J= 1.7 Hz), 722 (1H, t, J= 10.7 Hz), 7.08
(1H, m, J= 11.7 Hz), 296 (1H, m, J= 41.2 Hz), 1.26 (3H, d, J= 34 Hz),
1.26 (3H, d, J= 34 Hz); "C NMR (CDsOD) 1730, 172.6, 161.8, 1389, 129.1,
125.0, 124.1, 40.0, 23.6, 23.6.

The acaricidal activity of C obtusa leaf-derived compounds against D.
farinae and D. pteronyssinus adults was examined. Responses varied
according to compound and dose. On the basis of LCs values, the
compound most toxic against D. farinae was [-thujaplicin (72.2 mg/mz)
followed by benzyl benzoate (89.9 mg/m?®), a-cedrol (98.8 mg/m”), DEET
(377 mg/m?), and 2-carene (397 mg/m’). Against D. pteronyssinus,
f-thujaplicin (62.1 mg/mz) was more effective than benzyl benzoate (72.4
mg/m?), a-cedrol (859 mg/m?), DEET (193 mg/m?), and 2-carene (375
mg/m%). Additionally, there was no significant difference in toxicity of
[f-thujaplicin between D. farine and D. pteronyssinus. However, no activity
was observed for bornyl acetate, camphene, [—caryophyllene, p—cymene,
limonene, myrcene, a-pinene, d-terpinene, ¥-terpinene, terpinen—4-ol, or
a-thujene at 800 mg/mZ. These results indicate that the acaricidal activity
of the oil of C obtusa leavescan be mostly attributed to [F-thujaplicin.
[f-Thujaplicin was about 1.3 and 1.2 times more toxic than benzyl benzoate
and 5.2 and 3.1 times more toxic than DEET against D. farinae and D.
pteronyssinus, respectively. [B-Thujaplicin merits further study as a

potential dust mite control agents or as lead compounds.

B. Development of larvicidal agents against mosquito species

using Chamaecyparis obtusa and Thuja orientalis
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During the first experiment, we observed that the essential oils
extracted from C obtusa and 7T. orientalis possess mosquito larvicidal
activity against Ae. aegypti and Cx. pipiens pallens, producing 100%
mortality at 500 ppm. Therefore, bioassays were performed on various parts
of C obtusa and 7T. orientalis to determine plant parts having strong
activities. Essential oils extracted from both leaves and stems of C. obtusa
gave 100% mortality against Ae. aegypti and Cx. pipiens pallens at 400
ppm. At 200 ppm C. obtusa leaves and stems, 100 and 68.2% larvicidal
activities were observed against Ae. Aegypti, and 100 and 34.5% against
Cx. pipiens pallens, respectively. In addition, the essential oils extracted
from leaves and fruits of T. orientalis at 400 ppm exhibited 100 and 71.6%
mortalities against Ae. Aegypti, and 100 and 53.196 against Cx. pipiens
pallens. However, the essential oils of T. orientalis stems and seeds
showed no mortality at 400 ppm. The essential oils of T. orientalis leaves
and fruits exhibited 100 and 18.7% mortalities against Ae. Aegypt,i and
92.1 and 18.7% against Cx. pipiens pallens at 200 ppm. Furthermore, the
larvicidal activity of the leaf oils was significantly higher than those of
stem, fruit, and seed oils against Ae. aegypti and Cx. pipiens pallens.
These results suggest that the leaf oils may have higher concentrations of
active components than stem, fruit, and seed oils.

The larvicidal activities of the leaf oils derived from various age classes
(I-1II) of C obtusa and T. orientalis were examined at various
concentrations. In the case of age class I, the leaf oils of C obtusa
exhibited 91.3, 72.8, and 42.2% mortalities against Ae. Aegypti, and 84.2,
596, and 31.2% against Cx. pipiens pallens at 100, 50, and 25 ppm,
respectively. In the age class II, the leaf oils of C. obtusa exhibited 100,
874, and 62.7% mortalities against Ae. Aegypti, and 100, 78.6, and 51.5%
against Cx. pipiens pallens at 100, 50, and 25 ppm, respectively. However,
weak larvicidal activity was observed with the age class III against Ae.

aegypti and Cx. pipiens pallens. Furthermore, the leaf oils of the age class
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I from T. orientalis exhibited 79.6, 48.6, and 22.5% mortalities against Ae.
Aegypti, and 56.5, 31.2, and 0% against Cx. pipiens pallens at 100, 50, and
25 ppm, respectively. In the age class II, the leaf oils of T. orientalis
exhibited 91.5, 745, and 37.8% mortalities against Ae. Aegypti, and 83.9,
579, and 29.6% against Cx. pipiens pallens at 100, 50, and 25 ppm,
respectively. However, weak larvicidal activity was observed with the age
class III against Ae. aegypti and Cx. pipiens pallens. These results suggest
that the age class II of C. obtusa and T. orientalis may control Ae. aegypti
and Cx. pipiens pallens more effectively than the age classes I and IIIL
Furthermore, the active components of the age class II of C obtusa and T.
orientalis might be different from those of age classes I and III. The exact
roles of the essential oils of C. obtusa and T. orientalis or their modes of
action have not yet been clarified. However, our study shows the great
opportunity for the control of Ae. aegypti and Cx. pipiens pallens using the
leaf oils of C. obtusa and T. orientalis.

When fractions obtained from the methanol extract of the C. obtusa
leaves were assayed in the laboratory, significant differences were observed
in the larvicidal activity against Ae. aegypti, Oc. togoi, and Cx. pipiens
pallens larvae. The methanolic extract of C. obtusa leaves caused 43.2, 38.3,
and 50.3% mortality at 50 ppm against Ae. aegypti, Oc. togoi, and Cx.
pipiens pallens larvae, respectively, while 1009 larval mortality was
observed for all 3 species at 100 and 200 ppm. There was no mortality in
the untreated controls. At a dose of 100 ppm, the hexane fraction obtained
with a methanolic extract of C. obtusa leaves showed 1009 mortality
against larvae of Ae. aegypti, Ae. togoi, and Cx. pipiens pallens. However,
no larvicidal activity was observed with the chloroform and water soluble
fractions.

Because of the strong activity of the hexane fraction, purification of the
biologically active constituents from the hexane fraction was achieved with

silica gel column and Prep. HPLC. Bioassay—guided fractionation of the C.
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obtusa extract afforded an active constituent identified by spectroscopic
analysis, inducing MS and NMR, and by direct comparison with authentic
reference compound. The active constituent was characterized as the
[f-thujaplicin. This compound was identified on the basis of the following
evidence. BE-Thujaplicin (2-hydroxy-4-isopropyl-2,4,6—-cycloheptatrien—1-one),
(C1oH1202, MW: 164.2); EI-MS (70 eV) m/z (% relative intensity): M~ 164
(76), 149 (4), 136 (12), 121 (100), 103 (11), 91 (15), 77 (17), 65 (8), 51 (5)
'H-NMR (CD;OD); 7.44 (1H, ¢, J = 21.2 Hz), 7.31 (1H, d, J= 1.7 Hz), 7.22
(1H, ¢, J = 10.7 Hz), 7.08 (1H, m, J = 11.7 Hz), 296 (1H, m, J= 41.2 Hz),
1.26 (3H, d, J= 34 Hz), 1.26 (3H, d, J= 3.4 Hz); "C-NMR (CDs;OD); 173.0,
172.6, 161.8, 1389, 129.1, 125.0, 124.1, 40.0, 23.6, 23.6.

The larvicidal activity of [-thujaplicin against Ae. aegypti, Oc. togoi,
and Cx. pipiens pallens larvae was compared with that of
pirimiphos—-methyl, a commonly used synthetic larvicide. [i—thujaplicin
yvielded LCso values of approximately 291, 2.60, and 1.33 ppm against Ae.
aegypti, Oc. togoi, and Cx. pipiens pallens larvae, respectively. In
comparison with mosquito larvicidal activity of BE-thujaplicin, commercially
available synthetic larvicide, pirimiphos—-methyl, was tested against Ae.
aegypti, Oc. togoi, and Cx. pipiens pallens larvae. Pirimiphos—methyl has
LCsy values of approximately 0.16, 0.22, and 0.14 ppm against Ae. aegypti,
Oc. togoi, and Cx. pipiens pallens larvae, respectively. Mosquito larvicidal
activity of [i—thujaplicin was approximately 18.2, 11.8, and 9.5 times lower
than that of pirimiphos—-methyl against Ae. aegypti, Oc. togoi, and Ckx.
pipiens pallens larvae, respectively. In this regard, [—thujaplicin could be
useful for managing field populations of Cx. pipiens pallens, Ae. aegypti,
and Oc. togoi. Recently, previous reports showed that emodin isolated from
Cassia obtusifolia and Cassia tora extract had strong larvicidal effects
against the larvae of Ae. aegypti, Oc. togoi, and Cx. pipiens pallens. The
LCso value of emodin was 1.4, 1.9, and 2.2 mg/] against Cx. pipiens pallens,

Ae. aegypti, and Oc. togoi. Further studies on the larvicidal mode of action
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of the C obtusa leaf-derived materials, their effects on nontargent
organisms and the environment, and formulations for improvingthe
insecticidal potency and stability are needed for their practical use as a

naturally occurring mosquito larval control agent.
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_11}1
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7t dio YEbd A &(annual ring) & wlH O 9HS AHS =ol7bA

dsked 2ed davean)Zt ol £ & 12904 B wpep 3o
02m ©Ho] AFF7F 280l o] 30%013}‘& 2m A7Fsh=d 30-28=2,
= 2do]l &g Aolrh o9 3ol Al wmgd AFE ZAHT 3?— x5
A& (tree year), y=ol FilE XA graph® =219 1-2) ¥ 54, 10
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O O = 1 s I 1 I O
(mtd | Cet) | Cmf) | Cmt) | Cmt) | (it 'I(Ef‘g (mt)
m!

_—_—

EESY
I

(m) 1 (47|

0.0 | a0 | 0 |0.000860.0037 0.07368 0.02227 0. 02700 0. 03631 003826 000189
0.2 1 28 | 2 |0.000590,003320,01227 0,02023 . (2488 0. 03362 003863 0.01744
21 5 | 000156 0. 00636 0.01150 0. 01561002270 0. 02382 000770
32 1 21 | 0,00027 0 00396 0, 00889 0, 01327 0, 01548 002074 0. 00701
52 1 18 | 000123 0. 00561 000985 0, 01573 001686 0, 00548
T2 15 | 000251 0, 00879 001277 0.01410 000342
92 1 11 | 000040 0, 00385 0. 00374 0, 00968 0, 00204
M2 1 8 | 000123 000528 0, 00584 0, 00088
82 1 5 | 000158 0, 00182 0, 00002
TWEN 0, 00082 0, 00071 0, 00000
% D120 387 720 987 1320 1520 1520 15.00
Huber CETEIETA] (me)|0.00000 0.00156 0,015 0.02361 0. 05061 0.09629 008316 0.02633
&8 ZF70 & (e )|0.00000 0.00311 002309 0.05721 0. 10121 0,17257 0. 18632 0. 05268
ACR[S & 2 (on)|2. 750002, 78125 1,97500 3.53125 1. 97500 2. 80000 3.00000 0. 20000
S]] O © & (0,005 0. 00051 0.00031 0.00088 0. 00031 0. 00062 0.00071 0.00000
Z CF= 0] (m J|1.00000 1.66667 1.00000 168667 100000 100000 100000 0.80000
& CEE 70 & (g )|0.00020 0. 00034 0,00010 0,00054 0, 00010 000021 000024 0.00000
T = 70 & (m)|0.00020 0. 00080 0. 00288 0.00467 0. 00562 0, 00752 000782 0.02227
ZEAH & & A (w)|D.00040 0.00425 0.02607 0.0B242 0. 10693 0. 18030 0. 19448 007483

<30 M (15.2m)>

,43,




=0 =05 ] o= - —_
5lia o % 5 m® =&
B 2= 2 2o 23 =
R e el SIS R s B S A T T T AR o
i i i i i H Eh
i i i i
i i i i
i i i i
i i i i
i i i i
||||||||||| S e SR e g P, oo

1
|
1
JENE S AR R H S F
1
1
1
1
I
1
1
1
4
1
1
1
1
1
1
1
1
1
1
1
1
1
1

=3
"o

HHA (om)

S o -

= = i

FA e o i i i i = i e i

10

,44,



(4) BZF A

2

AHALL F AREE ol g3tel £x, Fu 1l AH S AFFES A
¢}

lo,
on.
o
—_
<
—_
a1
r 9
~
ol
o,
.
Auk
=l
)
7
\)
(9]]
(i
~
ol
o,
=2,
ofy
o
£y
> oX,
o

2 207 A= 1.45% o] 4]
S Bon 20 olFEE 145% u|wke] e AAES e tHE

ot
o
o
o
\]
5

o
fr
N
N
o
K
rlo
oX,
o
o
T
32
=
o
)
i

dB0d) Y AL F | FHTATF | HFEO%)
1.20 0.240
5
0533 21.05
3.87 0.387
10
0.667 06.02
7.20 0.480
15
0.553 02.08
9.87 0.493
20
0.667 01.45
13.20 0.528
25
0.400 00.56
15.20 0.507
30
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@ 2718 nadod 104 ol 677%v el A4ES UERIAT(E 15
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d=50d) FAEE dENRF | FHIAAFF | HFE®%)

5 1.20 0.240

0.533 21.05
10 4.45 0.445

0.910 06.77
15 9.00 0.600

0.620 01.96
20 12.10 0.605

0.400 00.76
25 14.10 0.564

0.580 00.75
30 17.00 0.567
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ARG A% 15~2007A = 5%el el FEF 4GS B on, 20~

25 Afole] A AEko]l 0.0089m' OS2 53 Aoz YERTl w3 A A A
FEL 097HA 2%0l MY AAES HYTH(E 1-6, 28 1-8~ 1-9)

R0 | FAFF | QAR F (THAAAZF| ABED) | F1LIET

5 0.0004 0.00008
0.0008 33.12

10 0.0042 0.00042 0.707
0.0044 14.39

15 0.0261 0.00174 0.569
0.0073 05.48

20 0.0624 0.00312 0.550
0.0089 02.63

25 0.1069 0.00428 0.519
0.0147 02.04

30 0.1803 0.00601 0.523
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2-3. A%
G WS4 EE ] 6 [ (A | A ] W | o9 | 29 | 25 | (4
| | 9= (o) | Oty | ) | Cmf) | Cofd | Cmt) [CEEFTD| (md)
() 1(H) 1 (H) ()
0.0 1 28 | 0 |0,00053 0,00250 0,00477 0,00938 0,019 0,02567 002788000147
0.2 | % | 2 |0.000270.00173 0.00336 0.00849 0,01539 0. 02351 0,0254 0.0127]
12118 110 0. 00105 0,00247 00074 0.014100, 01561 0,00528
32 1 14 1 14 0, 00005 000156 0.00396 0.01021 0,01163 0,00312
521 7 1 2 0. 00034 0.00460 0, 00528 0.00099
21 651 25 000043 0.00129 0, 00152 0. 00064
821 2 | % 0,00027 0,00033 0.00002
E Tmfose 1.0 349 4981 797 0.3 940 8.9
Huber CRSTETERA] (0. 00000 0,00000 000105 000443 0, 01358 0,03019 0,031 0.01003
& A 7F 70 & (0. 00000 0.00000 0,00209 0.00886 0.02716 0,06039 006421 0,020
FCO|S A (on )1, 55000 4,70000 2,05312 1,85417 2,037 185000 205000 0, 45000
S(E) OO & (k0. 00027 0.00173 0,00033 000027 0. 00034 000027 000033 0.00002
ZCEE 0] (p J0.37500 1.00000 1,28571 071429 166667 1. 19075 1,20000 0, 18750
S 70 & (0,000 0,00058 0,00014 000008 0.0001 0,00011 0,00013 0,00000
= = J0 & (m)|0.00017 0.00059 0,00104 000215 0. 00355 0.00536 0.00581 0.01358
TE & & A (0. 00020 0.001170,00327 001107 0. 03080 0, 08546 007415 0,03363
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U7 (cm)
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(4) BZF A

a5 (d) FAZF AR F | FHTAHRF | HABE%)
0.58 0.115
5
0.125 14.08
1.20 0.120
10
0.457 09.76
3.49 0.232
15
0.286 02.27
491 0.246
20
0.590 02.31
7.87 0.315
25
0.508 00.71
28 9.39 0.335

,56,



10.00

5.00

6.00

4.00

2.00

30

20

10

/

=

0.5

0.0

045

0.30

0.15

30

20

10

,57,



e Ay ddA g ES 25~28d Atolel 0.95cmé]

_"

73

7

1

2

20.00%©] /& ¢}

o AFES 1597 =

]

el

20.00% ]

R
i

HAor 15d o|F =

7=

2-5, ¢ 2-5~2-6).

s
s
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fofo

23]

& E(%)
14.08
20.00
03.30
02.71
00.95

0.115
0.243
0.302
0.422
0.479

THAARF

0.000

0.125
0.730
0.480
0.900
0.950
_ 58 -

dENFF

0.58
3.65
6.05
10.55
13.40

FAEF

0.00
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20
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AR GFE] F S 20~259 Abelel A gl 0.0040m o= ek,

T QAP EES 28374 3%0l 7 AFES BATGE 2-6, 19 2-T~

R0 | FAFF | AR | FHIARF | BFE) | F1IET
0.0002 0.00004
5
0.0002 28.32
0.0012 0.00012 0.000
10
0.0004 09.46
0.0033 0.00022 0.897
15
0.0016 07.25
0.0111 0.00055 0.784
20
0.0040 04.72
0.0309 0.00124 0.449
25
0.0117 02.89
28 0.0659 0.00235 0.497
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Remaining Stem/ha

Thinning Intensity

3,200

Control (Non-thinning)

2,100

Light thinning.

1,700

Normal thinning.

1,500

Heavy thinning.

1,150

Super Heavy thinning.
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shE A Hulg o FHA(HET) B PEAUNL)E YR 7 A
Aol 4mxAm(16m’) 7]9] FAF(Quadrat) 3708, & 15712 AR to] FA
o Ed3ste 32 As AT A AR OZ = A IEE
Z A 2 2 Braun-Blanquet(1964)2] A Aol A EF o] &

AW (. 1%, 2%, 5%, 10%, ——- L 90%, 95%, 1009%)% AEakgen
(Dierschke, 1994; Pfadenhauer, 1993), At--% X (I.V.: Importance Value)
Mol HEE&S 7[Fo 2 2E3Y 2™ (Curtis & Mclntosh, 1951), Z1o w&
&g A 3P & A5 J5E/MET AA HEF I5& &

A)=100(%) & AH&3kA T

o
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@) RgE A TE ALY 2 344
b d=T
QEEFTL 3200had) BUARe] AGAFEE E 330 o8] g gL
Ans e
P=—12 <100 = 4.89(%)
283 ha & AFF 2 AL 77 137m’v} 280.37m e 2 VhER T
3 3-3. Pressler?] ol 9gt tjzx=+9 44E 4
Tree _V—» Growth Growth
DBH HT volume V-v Vv 1, 9o VEV rate Stem Volume amount/
(m) (m) (m) V+V o on <2 ) No. () yr
(m')
10 13 0.052
1213 0.072 0020 0124 0158 271 427 4.8 16 1152  0.055
14 13 0.094 0022 0166 0131 324 424 44 34 318 0141
16 13 0120 0.027 0214 0.124 387 481 4.8 33 3970  0.190
18 13 0150 0.030 0270 0.110 486 534 54 13 1.950  0.105
20 13 0184 0.034 0334 0.103 59.0 6.05 5.8 4 0.737  0.042
22 13 0220 0.036 0404 0.088 66.7 5389 5.7 1 0.220  0.013
Total 101 11215 0548
Ay FAA(NET) SFEAA FEYEEE 67%2A WY 4F 5
ol osto] AetA dFHa don, A A A HETS B
T 18FF(taxa)7t =&SAA FEAHoRE 1057 E3stet. olF 4%
DA 7 19%9) AUSAAZA A Ee 9L S gdew, 1 dge
2 geuR, wl, 2EAbRC 27 11%2A A8 §A85 AT
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(W) o= 7ha
QEESF7E 2100/hadl AR e AHAFES E 340 oJse] P =
(0.325/5.027) X 100 &A1 647% ©lil ha & AZZEF 2 AHe Zz
813m°¥ 12568m’e. 2 uEbgth oFeibd aEA Qe WEF I EE LS 450%%
A TP A (6.7%)°l v wlg- = A UER e

e )
gaht gl dugon BRee & 4 Atk 2ATY SFFAAe P A

g AgEo]l 12%9] AU HAZA E=A Ve g
ZME(Oplismenus undulatifolius)©] 13%9] A h-$-4 =]

(9%)9F L5 AFR(8%) %= 7 Attt

t
N
ol
s
20
o
g T
R
>
L)
S

# 3-4. Pressler#] ol og ofrzbid+o] AdsE 4

T G h Growth
ree V1 oW
DBH HT volume Vv Vev V=2 200 VIV Lo Stem Volume amount/
(em) (m) V+V n 200 No. (m') vr
(m') n (%) .
(m')
8 12 0.032

10 12 0049 0.016 0.081 0.201 276 556 6.5 7 0.340  0.022

12 13 0072 0.023 0.121 0.194 327 6.34 6.1 27 1944 0119

14 14 0100 0.028 0.172 0163 39.7 648 6.2 21 2102 0.130

18 14 0129 0.028 0.229 0.124 456 567 6.5 10 1285  0.083

18 15 0170 0.042 0.299 0.140 519 728 6.9 7 1193 0.082

20 16 0224 0053 0394 0135 571 771 6.3 2 0.447  0.030

Total 74 5.027 0325
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(ch =g i

YELFIL 1700hadl BHARS] AGYFEES E 350 oske] P -

(0.412/6.089) X 100 o241 6.77% ©°|li ha & AEF 9 A 44
103m’°# 152.22m"S wch st el FHv B> 683%=EA FLid
(45099 Wla) tha A dEhdon, A T QolME 3IFFE BFF
b Ede fmrEd A v A4S JEhlt 8 $H AEFoRE
St W AR Fejgy|el | X FEo] 7H7h 26%, 15%9] A $-H
A2 = dEbgem, o9 Abgy] e F Bl EUR 25, ARy
sol A FdaAtt 2EAERE A (Carex humilis)o] 13%9] 7 dl-¢
AN 7 SAsgen, 1 v a5A R, FEXRANE, A5G 5ol T2
Zdstan

¥ 3-5. Pressler?]ol] 93t A4 7bH o] A} =4
Growth
DBH HT Tree _V—» Growth Stem Vol row .
volume V-v Viy V=2 200 V+V rate em Volume amoun
(cm) (m) . V+V =n 200 No. (m") /yr
(m) (%) 3
(m*)
10 12 0.049

1212 0067 0018 0116 0158 370 586 6.9 18 1204  0.083

14 13 0094 0027 0161 0.167 440 734 6.5 22 2061 0134

16 13 0120 0027 0214 0124 501 6.23 6.6 11 1323  0.088

18 13 0150 0.030 0270 0110 572 6.29 7.0 7 1050 0.074

20 14 0197 0.047 0347 0136 6277 855 7.7 1 0197 0015

22 15 0253 0.055 0450 0.122 66,7 817 7.6 1 0253 0.019

Total 60 6.089 0412
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C R

YEEF7E 1500/hasl AT o] AHAFES F 3-6°1 °sted 7.79% o
AT ha T AEF 2 AHS 247 112m°% 1437m° o2 Uehyth Zeihd
Ao I EEe T1.7%=A AAHIHEAN683%)2 2te]7F A e
H, FAF] YL JIFFEA FE(28FF) L HAAEGCIEF) I v =3
Aot ey B HAA A= Y] RATFEN 2] BEA AR
FElwy], BEUE AEY] o] £3 Im o)AS fAE #EAPow 2
T A%E Ugdt 8 Fd FFoRT FEgvvb 26%, WY X5
12%9 Ad$dA2 4& st dem, 2 yro atdr] Sy, A
L, B SV AR A AbZ bR A U 5] gk E S0
A st 2RAEEE AL, AR, FAE, FERAME 254
% Fol % vERGI vt

¥ 3-6. Pressler?]ol] 93t = 7HH o] AATF =4

Growth
DBH HT Tree Y=y Growth Stem Volume amount
volume V-v V+y Y=z 200 ViV a4
(em) (m) V+V n 20 No. (m) /yr
(m’) n (%) )
(m")
10 12 0.049

1212 0067 0018 0116 0158 319 505 7.0 16 1.070  0.075

14 13 0094 0027 0161 0.167 419 6.88 6.6 20 1874 0123

16 14 0129 0035 0222 0157 498 7.80 79 16 2056  0.163

18 15 0170 0.042 0299 0.140 649 9.10 116 3 0511  0.060

20 17 0237 0.066 0407 0162 111.0 18.03 115 1 0237 0027

Total 56 5748  0.448

,68,



3-7°l 3kl 6.89% ©I

-
R

PEE57F 1150/hag!

3)

P8 %] (45.0771.7%) 9] v

ul 2]
-1 A

b

7

< 833%EA ThE

o2 e

Aol & 3MEFEA

<ol

Z

sow, A dA =4

A

KN
T

M

o
—_—

B

]

ol

o ol 7}

A Eo] 12%2] AUs-HAX=Z 7 $-

Fhem, 1 9fel 1A

5|

N

%

=
1o

o

—
1o

=
T,

B
file)
B
A

N

0
Plo

3-7. Pressler? ol ¢

-
3t

Growth

Stem Volume amount
(m')

Tree

y—p» Growth

V=v 200 Vv+V
V+V

/yr
(m")

No.

rate
(%)

200
n

X

n

(m*)

volume V-v V+v

(ecm) (m)

DBH HT

12 0.067

12

7.29 74 11 1031 0076

43.7

13 0.094 0.027 0161 0.167

14

10 1.203  0.085

7.0

6.05

13 0120 0.027 0214 0.124 487

16

774 6.7 7 1121 0.075

54.4

0.142

14 0160 0.040 0.281

18

6.6 8 1579  0.104

14 0197 0.037 0358 0.104 630 6.30

20

4934  0.340

36

Total
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7]1%ko]

e}
&=

R

ske] 3ol k=

S

- 7b

SEERE

=

53
ol

3} 2.

[e)

=

o}

R
.

ol A% vehton 1 Az

2 A7 18cm-20cm

fofo

S

O— Light
A Normal
X— Heavy
—0— Super Heavy

—a— Control

9.0

Growth 8.0

10.0
rate(%) 7.0

11.0

o] BFEol 7 =A vEstH (™ 3-D).
12.0

6.0
5.0
4.0
3.0

14 16 18 20 22
DBH (cm)
,70,
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=4, iz 2 3 A= Ay had AAS v By e
o] ha®¥ A& 280.37m'el H|&] FErH A= ha' A A o] 125.68m, =%
2 A e 12336m o2 & AEHA vkt wbde] =7 e o] ha

N4 9o A TR B 14370me R 2AAEAL, A 8 A
M E 152.22m o2 /b4 Be had AHS BITh(1y 3-2).

300
250
200
Volume
/ha 150

(m')
100

50

Control Light Normal Heavy Super
Heavy

Thinning Intensity

a8 3-2. 744 A5 had AlA vw
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A, dzTek 7F b A JdR AFAYGES vusEy gzt
AA AFE 483%°l v& FEbH A= AFE] 644%0|A 3, FHE
AT 6.89%% HlwA =A yebwth wbde] AR Aol A
AAYGES 6.77%=2 Hud =& FAE HYow, F=IbE Aol
7.79%9 AQATES BATHTY 3-3).

8
7
6
5
Volume
Growth 4
Rate (%)
3
2
1
0 -
Control Light Normal Heavy Super
Heavy
Thinning Intensity

% 3-3. 3 AR A AEE v
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B % AP RAAA(RET) R EA FEAAR) HF 44
W S

o Wzt ¢S F 3-8 uEkd uiek ok AWEAA 352 A low
vegetation)®] W3} $AS ¥ E S (coverage ratio)oll YA FIHEH A A=
3 3] 5§ (average coverage ratio)®] 6.7%=A] wj§- kR wk kw71 of A
FREDER ZFE 450%0 4 833%7HA AL SUete AEFE YE
. 24 A EF(plant species)= FAF(Quadrat) WA o2& FIHHZ 9
SAEPEA A A2 18F (taxa) ¢t 34F (taxa) = W2 2ol & YEFUA
W B Ao R FEANA 108 F(taxa) 2 7HE A2 Wb P A oA =
=

16~19% 7 (taxa) =4 71¢] Zpo]& HolA] gkt

AP =L d2W(low dominant vegetation)o & FTE 33 F2
(tree species) 2.2+ ZHElY(Lindera glauca), ¥ =Y (L. erythrovarpa), 7N
W E(Ampelopsis  heterophylla) 2 B (Chamaecyparis obtusa) A4
(seedling) SolH, Z¥2E(herbaceous plants)EE  IEAFZR(Carex
lanceolata), 552N Z(Oplismenus undulatifolius), TAF2] 5 (ferns spp.) 5 ©|
Sk |, HulY ZFPEX A 27| (Rubus corchorifolius)e o7 A
(importance value)7} 18~26%7}A EE ZAFFH(Quadrat)oll A 714 =2 v &

(ratio) 24 £33 $HZ(dominant species)ollew, 1 o Ar=7](Rubus

crataegifolius), A+ 9] A (Clematis apiifolia), 7} X 4= 4 (Lysimachia
barystachys), AW Z(Viola mandshurica) 5% Z3%d W XZ(frequency)’} &<

2 B2 (plant species) .2 A% AT},

B AT 2AAE dEe] W2 fFEdEess AR AT o=
AFTREY Hag e S wola gl o]’ A= fFE A HA
He AR AAAES Fee i 3 gaket Fd9 dow
ER T 9o Aol & 5 She] @Ale Al Ao dd e AAdd
steAAe T ot $F WAAR 719E ¢ e A EE R
Aol FaET Ao® yewth dey o ito]l Asdtdl wet S d
=g E=Eds we AdEibEe AFELS U Jtedel dEe=
Aol AlFshs PR EE ol S AtgoR o] Fojxof & Aotk
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E 3-8 ANFY H344 F
Control Light Normal Heavy Super heavy
Taxa (non-thinning) thinning thinning thinning thinning

ratio®) V- Tatio(%e) IV ratio(®e) LV- Tatio(®s) LV- vatio(®e) LV
Zanthoxylum schinifolium * 7 0.01 15 0.02 25 0.03
Cryptomeria japonica * 2 0.02 5 0.01 1 0.001
Lindera obtusiloba * 5 0.01
Smilax nipponica 4 0.04 2 0.01
Potentilla freyniana 5 0.01 10 0.02
Rubus corchorifolius * 80 0.21 160 0.26 180  0.26 145 0.18
Rumex acetosa 5 0.01
Calamagrostis arundinacea 5 0.01
Lespedeza bicolor * 5 0.01 10 0.01
Potentilla \Zgggqré%cries 25 0.04 10 0.01
Cirsium Japonicum 20003 4 001 2 0002
Akebia quinata * 0.01
Youngia denticulata 1 0.01 0.01 1 0.002 7 0.01
Phytolacca americana 5 0.01 10 0.01
Callicarpa japonica * 2 0.01 25 0.04 15 0.02
Dennstaedtia hirsuta 5 0.01 5 0.01 5 0.01 2 0.002
Vaccinium oldhami * 5 0.05
Viola mandshurica 2 0.01 2 0.003 5 0.01 1 0.001
Lespedeza maximowiczii * 10 0.02
Oplismenus undulatifolius 3 0.03 50 0.13 25 0.04 30 0.04 25 0.03
RhOdOd%lggroor;ula[um * 5 0.05 2 0.003
Smilax sieboldii * 2 0.02 12 0.03 7 0.01
Smalix china * 7 0.07 7 0.01 2 0.002
Pueraria thunbergiana * 2 0.02
Chamaecyparis obtusa * 6 0.06 45 0.12 95 0.15 85 0.12 G 0.09

0.00
Hydrocotyle ramiflora 10 0.02 2 25 0.03
3
Meliosma oldhamii * 2 0.003 2 0.002
Total apperence species 18 28 31 31 34
(average) (10) (16) (18) (19) (19)
Average coverage ratio 6.7% 45.0% 68.3% 71.7% 83.3%

* woody plants
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gH
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™
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TollA FEA ol &¥ = A

"4 2] (algebraic difference equation) 22X (Clutter et al., 1983; Borders et

A

= A% =¥ (growth model)<
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=
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4 @3 2

B

[S]

7] &

al., 1984; Lee, 2000, 2001) o
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YQ = f( Yl,} T17 TQ; 07 MR) (2)

A7IM, Yo= F71 F4 T, Aol o4& £ d2] HsF 4,

To= 27 24 A49 9% Ex Q¥ A3,
Ty= %7 %4 A49 9% mE i 43,

e 2 @2)elA =71 FABA7] Tow S4¥ 55 (dependent variable) Y,
= 7] A% V4 SAHAAE "o A5 T, 1,9 d-AA= xddy. |
+ Y, Yo F17 7 (diameters of brest height: DBH), 4=iL(height), &
™

A (basal area) Z18]3 ha@d A& 24 (stem per hectare) 5 oW g J# o

WaeE ALg 7Hs st

A& A FJelE AGstA FAHS7] 98] Schumacher(Schumacher,
1939; Woollons, 1988; Clutter and Jones, 1980), Hossfeld(Woollons et al.,
1990), Chapman-Richards(Pienaar and Turnbull, 1973; Goulding, 1979) L]
i Gompertz(Whyte and Woollons, 1990) %9 %3 (anamorphic)¥} t©d
(polymorphic)¢] ©tFgh SAE ekt WAAS o] &ste] AERFS N

SFATHE 4-1, 4-2).

,76,



¥ 4-1. A FAH AEE e 99l 58 UAHAE
Equation name Equation Forms*
Schumacher Y, = Yiexp(-B(1/T5"-1/T\"))

Hossfeld 1/((1/Y)-B(1/T"-1/T1")

5
1l

Chapman-Richards Y = Yi((I1-exp(-fT1))/(1-exp(-FT2)))"

Gompertz Y, = Yiexp(-flexp(¥T2)-exp(¥T1)))

* Y, = diameter, basal area and height of trees at age Tj,
Y. = diameter, basal area and height of trees at age Ty,
exp = exponential function,

In = natural logarithm, and

o, [, ¥ are coefficients to be estimated.

FE4-2. BT FA AMEEE dRbAQl vy wAAE
Equation name Equation forms”
Schumacher Ys = exp(In(Y)(Ty/T2) +a(1-(T1/T2)")
Hossfeld Yo = 1/((1/YD)(T/T2) " +(1/a)(1-(T/T2)"))

. Yo = ( .)[1/(14-)](17(17( /)Y (1,|,)))
Chapman-Richards ~° %Z*Tl)[’m’")])“/(;"{g !
Y = exp(In(Yy)exp(-E(To-T1)+¥(To*~T1%))

Gompertz +a(l-exp(-B(To-T)+¥(T>T1H))))

* Y] = diameter, basal area and height of trees at age Tj,

Yo

diameter, basal area and height of trees at age Tb,
exp = exponential function,
In = natural logarithm, and

a, i, v are coefficients to be estimated.
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i

44 mge 239 99 £
9 £7 $9e PROC NLIN ZeAAolA vdy Hxas 57

WAFA g AT

EA Tzl SAS 612 H A Age
g

(non-linear least squares regression)Z ©]83}%t}.
28S =387 $13% 9 B4 WUHES 2y FA A (estimation bias of
oz|

model), A = (precision), AZ&X]o] 3 F

bl o,

e
ol

=z

be

,78,



(1) #3227 non- overlappmg datag ©] &3k "3 sl

¥ 4-3. non-overlapping &1 7 dolHd T3 WAAS Hgd Azt

Zkak EA
Mean of
Equation name MSE ) Skewness Kurtosis

residuals
Schumacher 0.076 0.031 0.269 0.692
Chapman-Richards 0.078 0.033 0.316 0.783
Hossfeld 0.186 0.219 -0.346 1.769
Gompertz 0.086 0.045 0.312 0.956

teog ugy WAAS dolge Agsk A3 Chapman-Richard B4 2] -&
T dlo]Hll A EA (fitting) S HolX| skt 23y U R WA Ao A=
A =3k 5

of W3 FAJ/ES IA GEHZF olEAHEe] (e wdI BEx
(homogeneous distribution)& WEeU o] A3HAdo] ¢-+34S & F AT F
T3 ARASE Bl Vo R 2ol

Schumacher(0.334) > Gompertz(0.389) > Hossfeld(0.396) al

< Fs Btk webAd IAEE FE e MSEE Hlus & WH Schumacher
o A 3] vE od wAAERY Aol I AowE UE
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Yy = exp(In(Y))(Ty/T5)"+ (1= (T,/T5)"))

o

4 @)l g ks g o 1=
el AT 4-1).

selaj 2 A

23

A

3)

H

=
=

SCHUMACHER POLY2(DIAMETER)

BEEDN

-
A

=

19 4-1. non-overlapping ¥ 3227 Schumacher -5

= EIEEE
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PROC NLIN Z2AAE o gate] vlolEje] Age zzke] tha A4 el
FAE A4 MSEE X 4-49F 2o, PROC UNIVARIATEE o] &3 A4t
AR AIAY 42 AFSERTACGEAT AAGEEEA(] 77}

=
=
a4 e AFEEES G

D

¥ 4-4. non-overlapping ¥3227 HolHE td WA H&d Azl

st A<

Equation Coefficient

MSE
name
a B ¥

Schumacher 4.3387 0.4004 - 0.068
Hossfeld 16.0839 - 1.639 0.075
Gompertz 3.0444 0.0499 0.0004 0.083
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B.85+

B.15+
I
I
|
I
I

Normal Probability Plot

*

¥ +++

¥+ttt

*¥kx++

+¥kxx

EEEXXE

EXEX

336k %*

+¥kx*

HEXXE K

EXEXXXX

*¥Ek+++

+¥¥%+

- .Gh+% %+

H i1
2t

a4

. non-overlapping &1 %7 Schumacher T3
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(2) #1247 overlapping dataZ ©] &3 BAE

T4 7|2 delgE By 4 588 Fol7] st EE e A%
=A717vS %3%8F= dolEl (overlapping data)E o] &3] A TS F
Attt 53 WAAES dolHel Age 23 dAHoR AdHE 3 WA
A5 oty oFH FAFE dig JIAEE dHS 35 s |
(bias)E H At A3d 53 WA S5 Schumacher W2 o] T A4 =
Bop 48 Zaped gis FA9 A FEHE BT 28y 8 HAHNES
AA Aoz mygo] FIAd S HolA o} A4 A oFo FAIg A=

¥ 4-5. overlapping &322 7 HolEHE w3 WAoo AHgs Axpel

A
Mean of
Equation name MSE ) Skewness Kurtosis

residuals
Schumacher 0.499 0.110 0.650 2.407
Chapman-Richards 0.503 0.106 0.680 2.466
Hossfeld 2.254 0.898 0.736 1.168
Gompertz 2.195 0.718 -0.098 0.895

g HAAS golg o] Astst A3 Chapman-Richard #4242 Folzl
olBlol M= A A (fitting)& WolA &ttt eivh Al A Aol A= 4
gholl digk FAZES WA FEUE olEAHEel  flv ddd #
(homogeneous distribution)E& WEelH o] HEAdo] 48S &

T3 ARASE Bl Vo R 2ol
Schumacher(0.334) > Gompertz(0.389) > Hossfeld(0.396) al

S S B wEkd JZAEE ol MSES Hlud] = WH Schumacher
o A 4ol vE od wAAERY Aol e AowE UER

.

@
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Yy = eap (In(Y1)(Ty/Ty)" + a (1 — (T /Ty)")) (4)

4 (@el o) A ofaAo] e 2AZE SRR A AR RES
YERNATH L™ 4-3)
REEDN
: +
+
L ' - T -
£ +
$ +++ + 1.' )
i g Fog T .3 A . t , i
4 + %
U - T TR A 3 + &
+ * + o, Rt vy % e T .
¢yt % . TR :.1 e '4-19". L3 % 4
4%, ||;"-‘;+_|hl ¢ st AL + 4 L
. i t': L W - i*1l-|++_q.1.:{.=;_ — +
+ Il & + & T
e '::'}ﬂ ‘i_",: hALh A trr
} +++1--|-1-.|,1_,__+_ LY - 4+
+ 1, Tt 1-“ t I_‘l-f - _“ + i i
: A "
- . &
R
* -
+
+ ) |
- I 4
-z-IIIII-I'IIIII--IIIII'I'III'I--IIIII'I'IIIII-IIIII-'I'IIIII-IIIII-"IIIII'-IIIII-I'III'I
L L 2 1 A 5 ] 1 (]

(

1% 4-3. overlapping Schumacher &1127 tfd WA Ao ojgt Axle}l 4
I

|

PROC NLIN Z=2AAE o]&ste] HolEol A§d zzte v W
F489 Al MSE+ % 4-63 291, PROC UNIVARIATEE o|&3% 4
A A4 A" 4-4) BrAGEEADI AAAG)e] ATt 24 G A
A=)

EES YeEhdth

o
>
Lo
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¥ 4-6. overlapping &34 7 dlo|ElE o}y WA Ao H3kst Aato] uighk A
Coefficient
Equation name MSE
a B ¥
Schumacher 3.8535 0.4495 - 0.334
Hossfeld 12.318 - 1.7133 0.396
Gompertz 3.1812 0.0457 0.0004 0.389

Hormal Probability Plot

1.9+ *
| x¥
| *EX +
| XXX+ T
| ®¥¥++
| Ex =23
| EHHHE
| +HHER
| R EHR
| HIEHE R
| XXX
| XXX
| EXREHE
| EHEHEF
| XX+
| X
| 4%
|+ *¥
|**

-1.0+=
-t ———————————f————f————————————}————}————}
-2 -1 8 +1 +2

¥ 4-4. overlapping &127 Schumacher ©& WAoo tha A

o
X 9
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(1) 31 %A% non-overlapping dataZs o] &3 4=
¥ @A non-overlapping datag &% (anamorphic)¥} 3] (polymorphic)
WAl At 9 WAAES dolHd A3 A3 Schumacher,

Chapman-Richard W42 R4 FHXA9 95% A F7H95% Confidence

Interval)oll Al ‘0'& 233t glo] RPFAH FAFsE Aoz Vel wkd
o], Gompertz WA2o] th& WAXEHT v MSEZL(0.0000000258)3 Zth
Ao gk Jatd ok FAS AE FEHE Hola oy AAHoR
g wRNEe mge AL molX go} A 4G dZo] AR Ao
2 BHAh olF $9 WA ¥ A% BAE E 519 2}
¥ 5-1. non-overlapping §219H4 dolgd TF WAAES A3 Azt
bz EA
Mean of
Equation name MSE ] Skewness  Kurtosis
residuals
Schumacher 0.0000000239 0.000019 0.034 1.940
Chapman-Richards 0.0000000240 0.000020 0.020 1.933
Hossfeld 0.0000000832 0.000210 -0.825 5.876
Gompertz 0.0000000258 0.000026 -0.037 1.832

tgseoeg ud WAANES deolgd AHestgt. 1 A3 Schumacher,
Gompertz, Hossfeld W42 B4 FAX 9 95% A ZFIHA BF 0 X
2 7

gl Qlo] FAH Ao B 1o 2 el tl. =3 Chapman-Richard W

o

T wa YW
AL Fo dolHole AdAAE RolA &Urh wEA Fu @
non-overlapping data®} T8 WAAS ol&st F31 WAy FHEFH s

e BHAY AoR ey
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I} Schumacher}
= A4 (fitting)& HolA skt ¥

Chapman-Richard WA 4 2 FA X9 95% A7k A ‘08 £33}
ol AGFAgel FAST Ao vetuth. 24 Gompertz W78 A ko] &
FAA ] 95% AlF el A 05 EFFSHA] &FSka Fojzl dHolHdxE A
Atk 2y A A2 el fste] dEH FAGEA e IAEE
Ao (bias)E BGt. Wt Gompertz 3 A& 23

ol Fu wWA AY Aol RAFH Ao wyw

o
)
Z
o
ol
o
ol
2
N &
offl
ot
ol
ol
1>
o
=
o
o
=2
2
i)
2
iy,

H oMK

« n:?ﬁ
o
flo
o
o
oL
oft
ol
o
1r

1o
o3
foy
2
tlo
e
O
~ f

£
52

o,
u:
Zi
>

rlo

oy wAgaS dgolge AE3s A3 Chapman-Richar

=z
— o = T
ol M= TS Holx &ttt 1¥lal Gompertz WAL B FAHF
_]

o] 95% AlF G- A ‘0 XAl o] AFFAH FAH3S Ao E
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FAE Algek MSEx i 5-2¢ o1, PROC UNIVARIATEE ©]-§3 A4t

a4 e AFEEE e

3 5-2. overlapping &1 T@HA dlo|HE thd] WA 2o] A5tk Ao digk A

Coefficient
Equation name MSE
a B ¥
Schumacher 11.3793 0.1235 - 0.000000135
Hossfeld 0.0377 - 2.3526 0.000000140
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1. AHANEY] 2

B A

[e]
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H I

AbH

Fkil

]_

L A ]

rﬁ

U Ak WS FEE AME

w

+

Mortality (mean SE, %)%

MZHH AR = 7]
(Dermatophagoides
pteronyssinus)

S mA 2 =]

Sample (Dermatophagoides farinae)

2 mg/cnf 1 mg/cnf 2 mg/cnf 1 mg/cnf

100 100 100 100

69.5 £ 1.8 223 £ 32 723 £ 2.2 30.7 £ 24

732 + 34 402 + 1.0 709 + 9.2 475 + 34

0 0 0 0

100 3777 £ 3.2 100 426 £ 19

543 £ 138 138 + 2.4 62.3 £ 2.2 229 £ 18

185 + 34 0 231 £ 92 0

[e]
AN

_|_4

0 0 0 0

"Means within a column followed by the same letter are not significantly

differet (P = 0.05, Scheffe’s test) (20 adults per replicate; 3 replicates per

treatment: n 60.) Mortalities were transformed to arcsine square-root

before ANOVA. Means (£ SE) of untransformed data are reported.
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SEBYARE A4E @Y 2L ZuUURe 9 gFEE, [ FF0-10
il

F=(11-20), M F=(21-30d)°] T 5
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i
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QL
3R
=

Mortality (mean = SE, %)*

B R ER=) A ZFHHA R =7

Sample (Dermatophagoides farinae) (D;gnrgzr,‘loypslécizfuogles
2 mg/crf 1 mg/cn 2 mg/cr 1 mg/cn
I 9+ 100 89.1 £ 48 100 843 £ 19
7
gy o 9% 100 100 100 100
-
m 9+ 100 8.2 + 3.2 100 795 + 6.3
I 95 398 + 32 0 285 £ 25 0
=ul
gy o 9% 100 30.7 + 3.2 100 386 £ 19
-3

+

M 9= 743 24 252 £ 10 61.3 £ 1.3 215 £ 32

“Means within a column followed by the same letter are not significantly
differet (P = 0.05, Scheffe’s test) (20 adults per replicate; 3 replicates per
treatment: n = 60.) Mortalities were transformed to arcsine square-root

before ANOVA. Means (= SE) of untransformed data are reported.
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ARAAEA S 7 S48 SuBAS Ued ANgRe] T 99 9 F
=52 29 - 54387 98, WES FFE2 hexane, chloroform ¥ && &
A% w24 qre ARPAL PAAY (29 1),

Methanol extract (20 g)
Partition with water (800 ml) and
n-hexane (800 ml x 2)
Water

<— CHCI, (800 mlx2)

Hexane fr. Chloroform fr. Water fr.
4.6 2 219 (13.2 g)

7y o] A=A A3 37HA &E F hexane gie] 7} ¢ E4&
B (& 3)
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39U I 9 4 FE3E & nE 4244

Mortality (mean + SE, %)

B,
Fraction
mg/cif . )
D. farinae D. pteronyssinus
Hexane 1 100a 100a
Chloroform 1 5% 12b 3£ 22b
Water 1 Ob Ob

“Means within a column followed by the same letter are not significantly
differet (P = 0.05, Scheffe’s test) (20 adults per replicate; 3 replicates per
treatment: n=60.). Mortalities were transformed to arcsine square-root

before ANOVA.

o] hexane &S 2W 9 silicagel columns 33t +=dl, WA hexane:ethyl
acetates 513 100%9] MIRES How o W s T A=HAS
Sl b Hold AHEAds UEd Hy &S dojWloen, oE uA
hexane:ethyl acetateE 5:1, 3:1, 2:1, 1009 ethyl acetate, 1009 methanol

Aoz QoA we 4o FRow Lol We AL ARAAS B 7}

lle}
A
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Hexane fraction (10 g)

-« Si0, column chromatography
(H:E, 5:1)

H H, H,

Si0, column chromatography
€+ (HE, 5:1,3:1, 2:1, 100:0, 0:100)

prep HPLC. A=240 nm
(normal phase, H:E. 80:20)
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E 4 HUUF I 95 9 FEEY AZvEaYoA 4 5459 A=
A4
e Mortality (mean + SE, %)
Fraction
mg/cnf D. farinae D. pteronyssinus
H1 1 0+0.0 0+00
H2 1 100a 100a
H3 1 22+ 1.0 73 + 0.8
H21 1 0«00 0+00
H22 1 100a 100a
H23 1 211 £ 1.1 253 £ 3.2
H24 1 0 %00 0+00
H221 1 0+0.0 0=+00
H222 1 100a 100a
H223 1 0+0.0 0+00

"Means within a column followed by the same letter are not significantly
differet (P = 0.05, Scheffe’s test) (20 adults per replicate; 3 replicates per
treatment: n=60.) Mortalities were transformed to arcsine square-root

before ANOVA. Means (= SE) of untransformed data are reported.

Bald HypES UV, Mass spectrum, 'H-NMR spectrum, “C-NMR
spectrum 2 'H-'H COSY spectrum 5& o]g3}o] Anjax BHo 1x=
54, hinokitiol (CyoH1202, M.W. 164.20, f-thujaplicin)& &3t tH(1d 3,

¥ 4, 29 5 19 6).
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Abundence
|

Eufllil'l

t a7
1F+HT
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I | | h
L] I,L' 1l L MLUUAT

Tire-> 500 1000 1500 7000 2500 3000 3500 4300 &500 %000 4500
a3 7. HNUYE I 459 E7|AA FE3 AFAAES] GC-Mass &4

XS5 ANYT I 93 719 ARl ts GC-Mass spectrometry

peak ] retention relative
compound mass spectral data®
number time(min) (%)
1 sabinene 53, 65, 77, 93, 121, 136 9.18 9.1
2  myrcene 53, 69, 81, 93, 107, 136 10.78 59
3 limonene 68, 80, 93, 107, 136 13.98 4.6
4 w-terpinene 43, 65, 77, 93, 105, 121, 136 1751 49
5  3-cyclohexen-1-ol 28, 43, 55, 71, 93, 111, 136 28.55 8.0
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6  (-)-bornyl acetate 55, 67, 80, 95, 108, 121, 136 37.02 8.1

7 camphene 41, 67, 79, 93, 107, 121, 136 41.65 13.3

8  (-)-thujopsene 41, 69, 93, 105, 119, 133, 204 46.27 3.3

9  f-cadinene 41, 91, 105, 119, 134, 161, 204  52.32 1.2

10 elemol 59, 79, 93, 107, 161, 189 53.85 5.3

*Major fragmentation ions, base peak (listed first) and other ions in

decreasing order of relative abundance.

AU I 95 Erdld #2523 AFAHES GC-MassE Sdto] £4]

A FRAE O E sabinene (7.2%), f-myrcene (6.6%), (+)-2-carene (3.8%),

ot

limonene (6.4%), ¥-terpinene (9.7%), a-terpinolene (6.0%), terpinen-4-ol
(30.1%), (=)-bornyl acetate (4.5%), 16,17-secodammara (3.4%), dihydrazide
(59%) Tl EAHJ e, 19 8o AWMU I d5 dvjollA F=3 A
Q¥ GC-Mass 423 9 # 69 2 F2ARYE9 retention time

mass spectral datas e TH
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Alundances

1200500

T0GE00

H00C00

BO0000

4O0COD

| |
|
200300 l) . 1 |
Time--> 500 1000 1500 2000 2300 3000 3400 4000 4500

oy 8 HMYUF I Jgo dudAa] FE3 AFAHEe] GC-Mass &4

X6 HAYYF IO 95 dvle] A/l ts GC-Mass spectrometry

retention

peak relative

compound mass spectral data® time

number (%)
(min)

1 sabinene 53, 65, 77, 93, 121, 136 9.12 7.2

2  [F-myrcene 41, 53, 69, 81, 93, 136 10.72 6.6

3 (+)-2-carene 41, 79, 93, 105, 121, 136 12.69 3.8

4 limonene 39, 53, 68, 80, 93, 107, 136 13.94 6.4

5  w¥-terpinene 51, 65, 77, 93, 105, 121, 136 17.46 9.7
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6  a-terpinolene 27, 41, 53, 79, 93, 121, 136 20.47 6.0

7 terpinen—4-ol 55, 71, 93, 111, 136, 154 28.44 30.1

8  (=)-bornyl acetate 55, 67, 80, 95, 108, 121, 136 36.96 45

9  16,17-secodammara 81, 93, 107, 121, 136, 163, 189 46.23 3.4

10 dihydrazide 18, 31, 44, 63, 79, 96, 116 98.69 5.9

“Major fragmentation ions, base peak (listed first) and other ions in

decreasing order of relative abundance.

A1
ax

o

2

A

WUR I 9F ddA] FE53F AFAHES GC-MassE F3514

=)

I, FQoA4ESF sabinene (2.5%), myrcene (2.1%), limonene (3.8%), ¥
~terpinene  (3.9%), terpinen-4-ol (5.2%), (-)-bornyl acetate (11.2%),
246-octatriene  (17.9%), [-caryophyllene (11.7%), hinokitiol (1.8%), [
~himachalene (2.5%), (-)-isoledene (5.8%), fi-cadinene (2.8%) &°] 4%
ow, 2% 9o HMUF I Fu SdolA F53 A+ A9 GC-Mass 4
A3 2 F 79 FLAEEY retention time % mass spectral dataE e

o,
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1
Jafl 100

Timeg=> 500 1000 1500 2000 P00 X000 4300  S000 GRG0 &OOD
a9 9 HJMuE T due] deld FE3 ArdEe GC-Mass 4

E 7 H9UFE O 97 49 AFAAEA 3k GC-Mass spectrometry

peak retention relative
compound mass spectral data®

number time(min) (%)
1 sabinene 53, 65, 77, 93, 121, 136 9.11 2.5
2 myrcene 53, 69, 81, 93, 107, 136 10.71 2.1
3 limonene 39, 53, 68, 93, 107, 121, 136 13.93 3.8
4  y-terpinene 65, 77, 93, 105, 121, 136 17.45 3.9
5  terpinen-4-ol 43, 95, 71, 93, 111, 136, 154 28.49 5.2
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(=)-bornyl

6 55, 95, 108, 121, 136 37.04 11.2
acetate

7 246-octatriene 27, 41, 79, 93, 121, 136 41.68 179

8  [—caryophyllene  204. 176, 148, 133, 107 46.32 11.7

9  hinokitiol 65, 77, 91, 103, 121, 136, 164 4747 1.8

10 fi-himachalene 41, 93, 105, 119, 134, 204 50.59 2.5

11 (-)-isoledene 41, 91, 105, 119, 133, 161, 204  50.85 5.8

12 fi-cadinene 119, 134, 161, 204 52.33 2.8

Major fragmentation ions, base peak (listed first) and other ions in

decreasing order of relative abundance.
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=7], €] GC-MassE
2 AdE AR B2 Aolrt ke As o ¢ AT AMyS I 99 =
7] AHA o= camphene 13.3%, sabinene 9.1%, (-)-bornyl acetate 8.1%,
3-cyclohexen-1-0l 80% +o & AH9o FQ FAAPES o|Fa A|vk Huw
Ui I 93 g9 A RN E terpinen-4-ol 30.1%, v—terpinene 9.79%,
sabinene 7.2%, B—myrcene 6.6%, limonene 64% %% FQ TAAAES o]
Fa QoA 27bA] Hulgg RAMEES] AR el T AR B A
o7t Udus & F ook Eg HuMiuR IO w4 ARAECdAE

2,4.6-octatriene 17.9%, [i—caryophyllene 11.7%, (-)-bornyl acetate 11.2%9%,
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. . LD50
sample Mite species ug/crt
A28 (o)) D. farinae 900
D. pteronyssinus 900
. . D. farinae 7.3
hinokitiol
D. pteronyssinus 6.2
D. farinae 25.9
myrcene
D. pteronyssinus 284
D. farinae 36.2
limonene
D. pteronyssinus 30.5
. D. farinae NT
¥—terpinene
D. pteronyssinus NT
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terpinen—4-ol D. farinae NT

D. pteronyssinus NT

D. farinae NT
[i-caryophyllene

D. pteronyssinus NT

D. farinae 38.4
(-)-isoledene

D. pteronyssinus 33.7
“Exposed for 24 h. "NT: Not tested.
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2) Bo-Kyung Sung, Moo-Key Kim, Sang-Hyun Lee, Jae-Gwon Son, and
Hoi-Seon Lee. 2004. Acaricidal Activity of Essential Oils Derived from
10 Cupressaceae Species against Stored Food and House Dust Mites.
Food Science and Technology. 13(3): 376-380
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1) Chi-Hoon Lee, and Hoi-Seon Lee. 2004. Antimite Effect of Active
Constituent Isolated from Chamaecyparis obtusa Leaves against
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2) Bo-Kyung Sung, and Hoi-Seon Lee. 2004. Mite-Control Activities of
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3) Bo-Kyung Sung, Hoi-Seon Lee. 2004. Mite-Control Activity of
Essential OQils of Various Plant Species. 3t=+213% 333 71x sh<tf 3],
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4) Bo-Kyung Sung, Hoi-Seon Lee. 2005. Mite-control of Active
Constituent Isolated in Chamaecyparis obtusa against Dermatophagoides
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400 ppm
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+
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A3 A EIFFTA AR FrAIR A8 R I

FFIAANER AR w9 SahgRo] oS gFgdz [ 9ddF (0-10
W), I 9+ (11-209), I 9+ (21-301)¢] #u 2l Zwivjie] ooy HF

sto] FRsGT. dFH AP FF7FEFFEHES o] 839 Essential
oil& FE3t4 6719 Al5E 4|38}

ppm, 25 ppm?] FE=Z A AT

ofy

B2

=

¥2. A g ZSuwhgER olol 9 Hd Essential ol FEEQ BRI 5 4584
A7
Mortality (mean + SE, %)?
NHELE R B 7]
Sample” ) o
(Aedes aegypti) (Culex pipiens pallens)

100 ppm 50 ppm 25 ppm 100 ppm 50 ppm 25 ppm

[ 957 91.3+3.2 72.842.8 42.2+2.6 84.2+3.2 59.6+2.8 31.2+4.1
T om BH 100 87.4+3.3 62.7+£3.8 100 78.6+2.7 51.5%£3.3

M 9+ 685+25 43.1+1.9 18.7+3.1 54.7+4.3 33.6%3.1 0

I 95 79.6+3.4 48.6+2.7 22.5+3.7 56.5+2.7 31.2+2.9 0

N
=

0 9+ 91.5+29 74.5+4.1 37.843.7 83.9+1.8 57.9+1.9 29.6+4.5

)
-

M 95 34.1+4.2 0 0 20.5£2.5 0 0

(P = 0.05, Scheffe’s test[SAS Institute])
*Values are percentages (mean + SE). bEXposed for 24h. “Age class I:

0-10 years, Age class II: 11-20 years, Age class III: 21-30 years.

- 156 -



0

w
Ao

<

o)
Ko
oF

o

o
alil
i
-

il
o

:mvﬂo

o)

oA
il

=

N
K

=
B

T
22

of
oF

A
K
=
B

o]

100 ppme] F=ollA, o

=

Ak
=

0 9FolA 22 91.5%, 83.9%9<]

ol

alil
_ZTc
N

oH

o
o)
i

Bo

s

&
T

72.8% <}

719

o]

i
i

oH
als

i
B’

F

43.1%,

12 7)o 57.9%9]

A

Hl
=

NFHELR7| 745%,

o
ﬁo
o)
i

;muno

o]

N
N

oH

&=l

s&4& deEhldT B3 25 ppm2

1

oH

R R 7]

3
=

42.2% 9 18.7%,

719

A~
e

|

of

’

o
5

o 4
3120 I 45e AFaasl A8l e gooh

—_L
H

e

m

=t

3

I

i
i

oH

Sy

G2t

3

<
2
s

=
3

7]l 37.8%, MIFHE7] ] 29.6%°] 4

o]
my

3

A

==
3
9]

A}
=

75
24 A

—_L
H

etk 50 ppme F=o B3] 25 ppme] % Eol A

KX
=

]

=
= A

=]
RN

[
il

1Tdas oAR Ay =49

= a
A

jariy
o

0
X

x
el
A
-

o

b
,mvo

A

=
B

o]
"
o
Ny

™

§
o

o)
il

- 157 -



A4 d ARGRAA 13 dEo] APPY F A

1
452449 2o - 4A 2 57

%A B Fe) A% 2 ARAFS Bl 2FYL 2E $5@ A

P oo Afs 4534 2o ¥ 44 2 GC-MassE 9]
ste] AL EISITh WUUE QoA FEF 4% AHE Bgee] AAA 2

)

v - A AT em 24

=
Qor, BYEAY Fx-FHe !

O:

ol e HALFTE=HAS 2o - AAs

)

(600 MHz) 9 C (150 MHz) NMR (JNM-LA 400F7), UV (Jasco V-550,
solvent;MeOH), EI-MS (JEOL GSX 400)%5¢ 7]7]2A1¥H & E&| hinokitiol
(C1oH1202, MLW. 164.20. [-thujaplicin)®} limonene (CioHys, M.W. 136.23.

(R)-4-Isopropenyl-1-methyl-1-cyclohexene)S &3ttt (181, 1¥2)
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n-terpinolene (6.0%), terpinen—4-ol

y—terpinene (9.7%),
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(30.1%), (-)-bornyl acetate (4.5%), 16,17-secodammara (3.4%), dihydrazide
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Al anca
1200000
1000000

BI000e
EO000

400004

I t...-u...l-' L.J......-JL-...... o YV SR S ST T

E
Tirmg—-> 1I:IEI:] 1500 2000 2500 JD..I:I A5.00 4000 4500

a9 3 AR T gwe] Erfeld F=E3 1442 GC-Mass w4

X3 HNYUT O 95 €l AfdEo digk GC-Mass spectrometry

[o

peak retention relative
compound mass spectral data®
number time(min) (%)
1 sabinene 53, 65, 77, 93, 121, 136 9.12 7.2
2 [f-myrcene 41, 53, 69, 81, 93, 136 10.72 6.6
3 (+)-2-carene 41, 79, 93, 105, 121, 136 12.69 3.8
4 limonene 39, 53, 68, 80, 93, 107, 136 13.94 6.4
5  ¥-terpinene 51, 65, 77, 93, 105, 121, 136 17.46 9.7
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6  a-terpinolene 27, 41, 53, 79, 93, 121, 136 20.47 6.0

7 terpinen—4-ol 55, 71, 93, 111, 136, 144 28.44 30.1

8  (=)-bornyl acetate 55, 67, 80, 95, 108, 121, 136 36.96 45

16,17-secodammar

9 81, 93, 107, 121, 136, 163, 189  46.23 3.4
a

10 dihydrazide 18, 31, 44, 63, 79, 96, 116 98.69 59

11  (-)-isoledene 41, 91, 105, 119, 133, 161, 204  50.85 5.8

12 ifi-cadinene 119, 134, 161, 204 52.33 2.8

"Major fragmentation ions, base peak (listed first) and other ions in

decreasing order of relative abundance.

A1
ax

5
o

2

A

Wb I Fw Yol F53 A/rdiEs GC-MassE &3¢
I, FQAESFE sabinene (2.5%), myrcene (2.1%), limonene (3.8%), ¥
—terpinene  (3.9%), terpinen-4-ol (5.2%), (-)-bornyl acetate (11.2%),
2,4.6-octatriene (17.9%), BE-caryophyllene (11.7%), B-thujaplicin (1.8%), [
~himachalene (2.5%), (-)-isoledene (5.8%), fi-cadinene (2.8%) &°] &%

on, g 10o] AWMU T 5 dolA F23 4 429 GC-Mass &4

i

¢

Ayt @ FE 4o FLAREY retention time ¥ mass spectral datas YEFW

o,
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a9 4 Ay T g5 el 28 AF4d29 GC-Mass w4
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4, HURE O 95 4o HAFAAEY e GC-Mass spectrometry

peak retention relative
compound mass spectral data®
number time(min) (%)
1 sabinene 53, 65, 77, 93, 121, 136 9.11 25
2 myrcene 53, 69, 81, 93, 107, 136 10.71 2.1
3 limonene 39, 53, 68, 93, 107, 121, 136 13.93 3.8
4 %-terpinene 65, 77, 93, 105, 121, 136 17.45 39

5 terpinen—4-ol 43, 55, 71, 93, 111, 136, 154 28.49 5.2
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6  (-)-bornyl acetate 55, 95, 108, 121, 136 37.04 11.2

7 2/46-octatriene 27, 41, 79, 93, 121, 136 41.68 179
8  [-caryophyllene  204. 176, 148, 133, 107 46.32 11.7
9  [p-thujaplicin 65, 77, 91, 103, 121, 136, 164 4747 1.8
10 f~himachalene 41, 93, 105, 119, 134, 204 50.59 2.5
11 (-)-isoledene 41, 91, 105, 119, 133, 161, 204  50.85 5.8
12 fi—cadinene 119, 134, 161, 204 52.33 2.8

"Major fragmentation ions, base peak (listed first) and other ions in

decreasing order of relative abundance.

ole gk WA ol AAF AXME HHMUE O du 4,

/= camphene 13.3%, sabinene 9.1%, (-)-bornyl acetate 8.1%,
3-cyclohexen-1-ol 8.0% TOo2 AGY F8& FAAHYES o|Fu YAq AW
UE O o945 99 AFAHAENAE terpinen-4-ol 30.1%, %-terpinene 9.7%,
sabinene 7.2%, [-myrcene 6.6%, limonene 64% <22 FQ TAAES o
T dolA 27k A BAbEE9 AR (tol Fa AR #e A
ol7b ALES ¢ F AT T HuuF O du o BRAAEddA=

2,4,6-octatriene 17.9%, [F-caryophyllene 11.7%, (-)-bornyl acetate 11.294,
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LC50,
ppm

Slope (+ SE)

Mosguito
species

Compound®

sabinene

2042 2.29-2.37

177

myrcene

1.11-1.40

1.94  0.19

9.03 +

215 27|

limonene

y-terpinene

1.47-2.45

146 43.18

1118 +

terpinen—4-ol

2.01-2.23

0.46 5.69

8.15 +

2R 27|

(-)-bornyl acetate

2.4 6-octatriene
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[i-caryophyllene wrbE Ry 1367 £ 191 3346 1.43-245

[f-thujaplicin WZHE D27 9.20 + 1.94 0.14 1.18-1.50
[f-himachalene - 7E 7] - - -
(-)-isoledene w7 57 1646 + 1.27 5047 2.45-3.12
fi-cadinene w7 R ) - - -

5o E o EA4S Bl AUy I 99 99 AfrAdEe] wiy
E71e] g A=ddS et ArdEsolA 7 =2 Liofts B
AL f-thujaplicin® 0.14 ppm<S Y22 limonene®] 0.19 ppm, (-)-bornyl
acetate®] 5.69 ppm, myrcene®] 20.42 ppm, [-caryophyllene©] 33.46 ppm,
terpinene—4-ol°] 43.18 ppm, (-)-isoledene°] 5047 ppm <O & UEWoH

sabinene, ¥-terpinene, 2,4,6-octatriene, f-himachalene, fi-cadinene< 3 4k

STEAS UEhA St B 29SS S8 #3uus O 9w o FEEAAE
] - SAHJAT, dollA FEF AFe GC-Mass 4o & TEH T2

2 937 f-thujaplicin® F7F4 22 limonene ¥ (-)-bornyl acetate®] 2%
gdo] o AR TAEAEE FToAAE WHHEI dE "E FEAE8ERY
- E=ve A 4 5 AT wEkA o] AZEA AdREol dAMuT 1T A

= ¢ 5 vk wEbd #ANyYT I 95 4o F
AR S ASARA A FAIR] pirimiphos-methyl2} H] w3}o] o

HJEgR7|or MRy 9 SoadS5E/iR7]dd i 434S FPsAnh
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o,

£ 6. =W 2=FA)< pirimiphos—methyl®} $-<=3F AWUT 0T 945 A A+
o B7]f5ol e dEdd va A3
Compound? Mosquito species Slope (£ SE) %pc)rdr(i 95% cl”
N EZE 860 + 1.80 291 2.60-3.26
fi-thujaplicin B 27 920 £ 1.94 1.33 1.13-1.50
T EINEY] 878 £ 1.77 3.15 2.11-2.45
NHEERY 9.33 = 1.23 3.19 1.19-2.31
limonene w7 57 8.15 + 0.98 2.08 1.45-1.68
TTdEYNEY] 866 £ 1.33 3.48 1.62-1.79
NHEER7 9.16 £ 0.16 6.42 2.21-2.45
(-)-bornyl acetate 7FFE7| 815 * 0.46 5.69 2.01-2.23
THAEENET] 834 + 119 816  1.08-1.33
AHEERY] 1.75 + 0.21 0.16 0.12-0.19
Pirimiphos—methyl #2732 7] 1.29 + 0.56 0.14 0.11-0.18
FToIdEINEY] 143 + 151 0.19 0.19-0.25
dexposed for 24 h. Pcl denotes confidence limit.
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A 6 A £ - AA T hinokitiold F A A 2
R ERES

ool 7HA By ZE 7I7IEAd os 4% B-thujaplicin 2

limonenes A A, B7|F3 AEA 2 20|+ pirimiphos—methyl®} WX 2

& &} 9)th. Hinokitiol & limoneneS ol JE %R 7] 5o sl LCs #tol z+zt

291 ppm, 3.19 ppmo|AoH, IR 7]

=

Cso #2 22t 1.33 ppm, 2.08
ppmelleH FxAdEIG/NEV| HalAe= 4 3.15 ppm, 348 ppm= UE
Wl FAAF A2 pirimiphos—methyl®] LCs #2 AFJEEE7| 9} W=
7] @ FZAdEIE7 & 22z 0.16 ppm, 0.14 ppm, 0.19 ppmo =
Aol A el - BAG EHol FTARART o3t @AS yEHAINE
pirimiphos—methyl#} 22 3}st2 WAlAl= &34 ol7l shA W IF54d 2 <l
ol H4s yebdth E=g A E7]3ke] ol A5 Ags] FHob g 3
EAE NSt Bekete] Q5o AEAdola g st AlE JhEet=
ol HAWMUFe dogHE #E - AT [i-thujaplicin 2 limonene?] 4
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A 7TAH S4BT}

Aste A SAETMAIAE AGEe] fFE A dol &l s

Eo 3t 7| & ez &R HF$d+= Journal of America

p

Mosquito Control Association, Journal of Agricultural and Food Chemistry,
American Chemical Society 8<% X4} US Environmental Protection Agency
(EPA-"] =3t ) U. S. Food and Drug Administration (FDA) % National
Toxicology Program (NTP)] SAARE 435t AdstE s A 7=
de Bskdd (2 7)

E 7. B7frEel AFadE Ad sgEe] S4"HME 913 LDyl vl
LDso
shetE
rat mouse rabbit
myrcene 5,000 mg/kg - 5,000 mg/kg
limonene 4,400 mg/kg - -
¥—terpinene 3,650 mg/kg - -
[i-thujaplicin - 85 mg/kg -
camphene 5,000 mg/kg - 2,500 mg/kg
terpinen-4-ol 1,300 mg/kg 1,016 mg/kg >2,500 mg/kg
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LD50& myrcene® 7% rat® rabbite] thale] 22z 5000 mg/kg, 5,000
mg/kg ©]™, limonene< ratol 4,400 mg/kg, ¥-terpinene= ratel] 3.650
mg/kg, B-thujaplicin mouse®] 85 mg/kg ©]t}. camphenes rat¥} rabbitoll
Z+7F 5000 mg/kg, 2,500 mg/kge]™, terpinene-4-ol2 rat, mouse 1@ 1L
rabbitel]l thsf Z+Z 1,300 mg/kg, 1,016 mg/kg, >2,500 mg/kg <] t}.

- 171 -



A8 A AdstE AR ALAT

dEEAY 7P A% AYstE Hetal, AA o HEAS T 2] FF
AEARA B 5T dAdELolg e APt ofgAY AF A Tl
HAE = del o8] 2 FEATESY AAA AFAE o€ A dvd dd
& ool &Ao oA F ol FUS|A "t e 1 EFolv dAEe F
g Al A Fsto] Aot Fstd A&l FAES ZHA H7] wiel &4
Ede EAo FEAd AFESL AFaHe AHHS FAAZE F deE A
Gohg F7o7] fekel mP VoI AL AFE ol ST F A T
g A g AIAS FAsEAT (F 8)
® 8 I dFEadE Ad sEES vk SviH g A3 vl
&l
A - .
(e}
mae due S L oge e
myrcene O @) O O O X
limonene O O O X O X
terpinen—-4-ol O O X O O X
2,4,6-octatriene O O O X O X
[i-caryophyllene X X O X O X
[i-thujaplicin @) @) @) O @) X

- 172 -



H

M 4

WAE £7 % AERE

A &

o ed

1.

, T

A (EPA)

EER%

P AR =

3|
il

Aol et vk

=
S

Ab
=

o =
T o

I

7HAE (PCTL), "l=r&54d (USDA), ¢

N
m
B!

e

o

=)
o

1o}
;Oﬁl
No
M

!

’

—_—

1o}
;Oﬁl
_&.O
M

olo

o

’

)
;O_v
o
Ho

!

’

=}
Tor
ey

—

0

o

’

o
Tor

0

X

=], J. Entomology, J. Agricultural and Food Chemistry %I

3

™
_ZT.C
_ZT

B
o
N
N

o
)

0

oF
fruze]

X

A

—

<

it
A
K-

No

Njo
A

el
i

=

B
1o

3

=0

)
oF

O

X

o A% R Y AA

o =
T

2. 27|

—_—
o

T

a2 ALS

o
=

ol A A H wild type

Eal

Foll Al 27 £ 3C 2 80 + 10% RHY =

S

Z}oll 16:8 h linght:dark cycle

jant

Nr
=K
=
Bl
o)
K

Nr

el

o

W

o)
o
o

g

W

- 173 -



KN
=

Triton X-100 €9 (10 mg/L)

F o,

AFS

A 2l skar 2443t

[e]
=

ol
oH

Ethanol®} Triton X-100 &

CESTES

%._
B
o
N
ol

oR

p—

= 2719

o} 7] 3]
(Culex pipiens pallens) fZ°l o

=
=

A

ki3

N

M
iy

-
ol
=
Nr
=K
&

B

o

B

oj

el
o
)
or

)

umO
e
o
i
-
o
o)

A
i

N

]
B2

el
]

!

N

aL, Aol

i

oA

oH

=
N

op

|

oo

X
o

T
Ao

oo

o
!
jze)

T
gl

W de T 9H (0-10d), I 9w (11-200), M = (21-30

]!
=1

N

oH

i

o

7A

ol
!
or

m

tel T F=2l Al

S

of o

=
TS

o

27

o

N
™

o
‘m.o

o)

o
o
=
_5 r
ﬂ
B
el
)A

el

ol

el

7A
el

i
=

o

- 174 -



A

GC-Mass® ¢

K

il

)
K

el

J)mo
B
ol
of-
o
io
of
a

Nr

B2

3

=2 G A

=
=

oj o, o

alil
N

=
Bl

il

"H-'"H COSY

jai
=

BC-NMR spectrum

jai
=

UV, Mass spectrum, "H-

o

)

7
T

o

Ho
]

)

=N
[SR=1

spectrum

KN
.

&2 o] hinokitiol ©] %)

o

)

—_
o

E&R719 LCs gkl 291 ppmel

A

|

1.33 ppm%.

of

’

23}

ol
o

&

ol
o

ok

Al FAAR de] AREE AL

kel
T

2719 LCso #

ey

Ko
=

0.16, 0.14 ppm

7}

Al pirimiphos-methyl®] LCs #kol 7}

=
3

Ak
=

e

s

4. YHEHEZLY AAAH A

of

Journal

America Mosquito Control Association, Journal of Agricultural and

- 175 -



Food Chemistry, American Chemical Society <&Ax4 US
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1) Ju-Hyun Jeon, Sang-Hyun Lee, Moo-Key Kim, and Hoi-Seon Lee. 2005.
Larvicidal Activity of Chamaecyparis obtusa and Thuja orientalis Leaf
Oils against Two Mosquito Species. Agric. Chem. Biotechnol. 48(1):
26-28

2) Young-Su Jang, Ju-Hyun Jeon, and Hoi-Seon Lee. Mosquito Larvicidal
Activity of Active Constituent Derived from Chamaecyparis obtusa

Leaves against Three Mosquito Species. 2005. In press

U, ¥2H 9%

1) Chi-Hoon Lee, Ju-Hyun Jeon, and Hoi-Seon Lee. 2005. Larvicidal
Agent Derived from Chamaecyparis obtusa Leaves against Three
Mosquito Larvaes. ¢+= A& ¥ 33|, pp 454, P814

2) Chi-Hoon Lee, Hoi-Seon Lee. 2005. Potential Mosquito Larval Control

Agents against Aedes aegypti, Aedes togoi, and Culex pipiens pallens.
st g8 AW et 3] FA8t= 3], pp 175 NF-34
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