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H Q: HAZFE 9] AAo] plastochron index(Pol] &ls) A=Ay HAE A9 monoterpenes§ 2
3 Ao Plo] W} RALEUTH A Z-S PI 2.07-E monoterpene?] o] A& o2 Zlsge
o, PI 11.890) H 9] 932 U Ao & Vet X ZoH $4 ¥ monoterpene S ¢} 2971 9] 3}31&

AEEA, 2 714l No. 2, octene, a-pinene, f-myrcene, 1,3,6-octatrine, endo-borneol, (—)-bornyl acetate

ZhdEH o2 Yol 342 monoterpeneE-0] Yt}
0. =) &, Monoterpenes, Plastochron index

M E

A Z(Ambrosia artemisiifolia var. elatior)& 30|
B0 & A EREA dA] 2 e da] EXd 5
Aol e o)L 939 HogweeddlA & ojgo
A FEEE dogn, 24ASo| Ay HA e o=
old F5ol 4/ =¢=e] +7] vt Asle] X £¥s
A 8 olfe FALN E 29 484 vlsA od 7|7
o] 1o} g HEEHY] AN & AANE F eV

o] 22 EAld Uit A9 JEAUNY HELe 45
o 24 dAEAS ol&d 33 A g d1E
(Fischer and Quijano 1985, Harborne 1988)2A] 2E¢]
AR A Hg3 BAR FAFoENY /F3 vjg AFF
A7 dFe] gz & A& SAHEFEH allelopathic
BHZ A9 terpenesd] B§ QL E(Baldwin and Colleham
1993, Rice 1984, Thompson 1985, Dey and Harborne
1997)0] 1980t} o] ol olz@ FusiA TS AF
st

53] monoterpenes9} essential oils(Z4)oll A ATLE
o](Charlwood and Charlwood 1991) 7)ZHF¥o}2 e
89 AFEo} ol277A] gsA dFHY g &
HEol ¥ AFEQ A FHo FE TN 4
B el EX9] x}oj(Ateeque and Misra 1994), A2y &
Xo] Holg e 7|2ATEFZAE allelopathic jHE
249 9¥(Chapman and Lynch 1983, Weaver and KI-
arich 1977), 4 & AzA2AMe 9&(Duke and Lydon
1987), &l 2 FEEY 4L Walsle d2A2A
o] 9%, = B 4L Weste opEe] duEA
o] 98 9 ol2e 389 AFEMIA o A7 U
A olFoA KTt

Monoterpenesst 50l 2 &9 433} @olE 7Al
Asgrhe AME 2 ¢4l AMdolth (Fischer and Quij-

ano 1985, Elakovich 1988). Fischer(1986)+ allelopathic
agentsZA] 14719 monoterpenese AA L ed, 2 7He
b ¥4#A RoZE -9 P-pinene, camphene, limonene,
a-phellandrene, pcymene, 1,8-cineole, borneol, pulegone,
camphor Folt}. o|F SYEEL A A &9 Wold
$2 WA} 4B YAECE BAN D, B EFE
9l Actinomycetes®] 737 (Fischer 1991)z AR5 g3}o)
Ade Aoz gEA Ao

o] Y A Fol ¢ Y] HLsA B 71Fo] o)
AEo| Fistl e FEA, E3] terpenedt YHI B
A7 A& Aoz woEnh st HeA, S ter-
penel monoterpened A EAN EEF WAE WA s
g o] A& I¥d WAE 3. mEid g3 T/
monoterpene} 1 FFo] Vg OB AKX B3] F
shat 4 Eo] AYI gle Y f71EF U B 3
A7} 1o (Biochi e al. 1985, Halligan 1975, Brown 1994,
Kim 1996, 1997} 72 % 1991, 1994), Ph¥-E-2] monoterpene
o TR0l f&317] HEoltt. tgo] HAEL g et
Age A FiHo] A o847kt A Qe FA A
< QA HAEIX 9] monoterpene Xzt 1 AFE
54 & 489 AUNE 2T 4 AL Ao AR,

£ 479 232 4 JFo2Rg HA3td F9 S
71ZE A Eo| §43Z U+ monoterpenesd] 243} ¥k
o] AAEA Holg ATFLEA AEAQZEH Wye ¥
3%, 2 3EEFEY AYsE A% 712F ARE AT
el gl

e o gy

#ZE W monoterpenes?] £4

E&e Fhe FIHEY 900 m) NG AAEF Ay
A& A3t} Plastochron ageE A7) 95t six|Fo]
Eohbke 3YEEREY Azt uf 24x7init 289 Y

2 A7E 1997d SEAEAT AN 24276 A9 ge) olRojR L.
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9] 71%2%E 4 W3(counting number)} 19 ZolE
233 ALaA 99 WA 237 THHeg HAEY
ARRE AR, BB APAE 7149 FA pentaned]
%2 A7t Monoterpenened] B4& ohes e whge
2 A8

3g9] A4S pentaned] FEAAT o1 0.1% tetradec-
ane(lml)-g internal standard® AM-3t¥t}. solventd] &
<E AFE U3t HAE 28 oy BdE FHE A
k& AMS-3I%lTt. PentaneF& e sodium sulfate® 7}
AlA ImPt € W7kx) Aaokcz F2A30 & GC-MS
(Hewlett Packard 5890-I)2 BAsgew, GC-MS9 &
A 7L Kim and Langenheim(1994)¢] ubio] wel &
A3

Monoterpenene®] £Ajo] o]lf£8 GC-MS7|E9 GCx
W73 025mm, o} 30me HP-5MS capillary columns}
FID dectectorg AR3IY T, MSE W7 020mm, Zo]
50me] HP-5MS capillary columno] ARSIt} #2459
2= monoterpenene?] retention time#} mass spectrum
o2 FAHAY. RE AR $AAN2E Excel ver. 7.0
program$ ©}-8-3g{c}.

Plastachron index(PI)

HEHU ] monoterpenes] %& AHo) we} Waln 7
& 2} gAFHE Foll wel w=ui(Von Rudloff 1975),
& AR A8 e dEd "eME & A
9 g(Espinosa-Garcia and Langenheim 1991) B.3g u}
itk maky A E9 monoterpenes] A A wols} Yol
¥ o] o€ monoterpenened] ¥-4o] Hulelo} stmz B
dToMe 28 HE o) U 932 433 A Pl
S}#1X monoterpene ¥z AL BAHY.

Erickson®} Michelini(1957) d&48o=z 2¥sie %
MY R Apelg] Az 2+AE plastochronol2t 9|31,
o)A Uehl7l fAsiA PIE ALY Plastochrone
AQZAA, T 2o Qe dudre o7 44 dAd
2, A%3eoz 28 § 99 443 ddd Ap 14
otz ¥ £ Yon(Maksymowych 1973) da] A2
A 43 3859 gt (Lamoreaux et al. 1978, Free-
man and Kliewer 1984, Cordero et al. 1985, 93} %)
1986, 3 1992). Ple &9 7] AAAANA lincar
model& AL Aojng vt 7to] Atgct.

Pl =n+(n Ln — In LR) [(in Ln — /n Lny)

o] 7|4, PI: Plastochron index
o 71R25E A o uz
Lo n¥i5) Q9] Zo)
Loy n+19R 9] Zo)
LR: Reference length

[FYe 513 A) A224 A3%

Zo o 1%

Fig. 1& A7l w2 HAE 99 Zdol& AT Aol
. AP G349 g Hole RoE Y9 %7
de 71343 FFE Boltt dAHC E9dhe logis-
tics e} & B¢t} Plastochron indexe thg Al7kA el 714
oA indexE Adtshedl, SiAE9] AH}s} o]E =3
Aot & O 2@ YAME FA olgty RE,
o]& Reference lengthz} 3) A& 718343t} we}
A ol YRR 1AW JMstdt @ 99 &9 A
AR 5YF 4L et @ 283 28 AL
gY&ic}t. wiebr  Erickson®t Michellini(1957)7F A|¢rst
Plastochron index9] linear model(Maksymowych 1973)¢]
Hgo) 7Fs3at. HAFE QoM 9] reference length=
[ommz AR5}t

Fig. 2 HAZZ5E AME PIY At @AE 2
dFe RogA u¢ & AW QYL . & 23 L
A7k RS JEY JA 99 38 + e Pl
gAY 5 AT ndich 2G4 59 2592 HAE
& PI 6.0%Y o2 AL HolEd, o]AL Refer-
ence lengthith & glo] 6747 2HHALSE gt of
Bxo] Azte] wWE A8 AP Wt AEY 433
E e AFde awd| Aol AR e ER
€ RS Aidge 489 d¥d & AdiF A7
Y& AHgdhs Ao gulEga 2o dqusiE A& ¥
APl 483 g 923, ® A9 g} & +
ded, 2 MY Ay 3L =9, 32
29 4 =8 AL 97 gle dolth

Lamoreaux E(1978)o)l 9lshd, JEAAH] dg 328
o 243} SHEY AAFAY dPe F= o7 PAe
Q9] EAFENAPIE HE4Y 2, dd3] fEsidy B
28t vpA7IA R Isebrands $(1976)2 LPI(leaf pla-
stochron index)& A3t o] DAl F3 ol

Length(mm)
- n

o o
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Fig. 1. Lengths of successive leaves of Ambrosia artemisiifolia
var. elatior plotted logarithmically against time. No. means leaf
sesial number counting from the base.



19994 64

5 Y=0.084X + 0.986, r=0,9932
3 (4
°
£ 4
<
8 et ¢
*
fé,a
*
@ (Y
=
g ? h/
*
14
0
[} [d ™ © -] - ~ - 0 o - o hd
??:::QQQBEB::E
- - - - - - L2l 17 'd
Date

Fig. 2. The relations between plastochron index (PI) and time
for the leaf of Ambrosia artemisiifolia var. elatior. There is a
high correlation between them.

A, Zt AEF] AEEIe] HL3 1 indexE AR
2, Maksymowch$} Erickson(1960, 1977), Kriedemann %
{1970), Parkst Kim(1985), v} 71(1986)2 A3 434
T PIE ARSI T T3 Ple QA dFdxz Lo
g0 gtdl, Silk(1980)% cantaloped] AAL WHF29
YA L 7oA PIE AMs43, Freemandt Kliewer
(1984)2 potassiumBE X Yo AL =34t

Fig. 32 HAE Y|4 monoterpene FIFE A9
ARAGAER & Zoltt. HAE YA 2l monoterpene F
$FL PI 2.09~6.29 7}A9] 2¥dE AT %L Rolg
7} AR ke ke Bgoen, PI 11.8994 HXE
JeRlZ 1 ol¥ 2 oA Ztaske 74%e By o 2
& WP &4 89 AH(Kim 1996, 1997, 7 1998)%}
Umbellularia californica(Goralka et al. 1996)9}= g€d] o]
YA 2 o] AJt ARAE AArle UM B
ol Boldt AAE vepidch a2y oJRE mono-
terpencs H A EELS JFA0 gt FEF] o)z}
A3A vehed 2 oldv 2AAEY g Woyr|Fe
2A, Bt B JEEH FAArFozA HEEL 24 3
BEAY EHE FAste Aoz d2A A (Fischer
1991). WA SAES] A48 AsEd PI 123k olF
2R HAFLS Z7HA7 Yep] AFEOAY, £ 9
7] A=, dEl3oe JIEAY BulE A
22 AFAF7 i) FX F4AE o= fwodd.

A E YA B4 ¥ monoterpenest= & 297) 2 RA}E
A} (Table 1). 2971¢] monoterpenes 7] octene(15.67
%), 1,3,6-octatrine(15.00%), B-myrcene(12.98%), endo-bo-
meol(10.30%)5°] 10% °)4& (A= FL§ monoter-
peneEE YelEow, E3] octenes} 1,3,6-octatrine 3}
4 EAF=(R.F.=100%) EEA2 gEzon, H& 10
% o9 & AXA 4R (—)-bornyl-acetate ¥
Al 100% WNEE Jdehe F23 HeEdqde o £ 3
itk =% 1970¢] monoterpeneE©] F-testing A3} AlAZ
22 §o3 A7t de Aoz JEld.
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Fig. 3. The total amounts of monoterpenoids in the leaf of
Ambrosia artemisiifolia. var. elatior. There is a significant differ-
ence (F=17.502, p<0.00000001).

Table 1. The seasonal variation and frequency of major mono-
terpenes (%) in the leaf of Ambrosia artemisiifolia var. elatior

Amounts R. F. F-

No. Compound R. T. (%) (%) testing
1 4069  5.12  66.67 haad
2 4300 375 9167 -
3 4565 047 3333 -
4 octene 4769 15.67 100.00 o
5 5654 091 16.67 *
6 6.501 1.00  50.00 -
7 7.662 6.99 83.33 haid
8 a-pinene 8.412 321 91.67 haad
9 camphene 8798 140 5833 -

10 9834 234 8333 -
11 B-myrcene 10.541 1298  91.67 *

12 10.706  0.31 833 -
13 , 11354 284  58.33 -
14 dl-limonene 11.615 0.73 33.33 haod
15 1,8-cineole 11912 380 5833 -
16 1,3,6-octatrine 12296 1500 100.00 -
17 12645 013  16.67 -
18 14.190 0.14 8.33 -
19 15081 030 2500 -
20 15679 044 2500 -
21 endo-borneol 15798 10.30 91.67 haed
22 (—)-bornyl-acetate 19421 620 100.00 *

23 21.056 0.17 16.67 hone
24 21412 029 3333 *

25 21.556 063 2500 ==
26 21.715 1.33 66.67 -
27 2044 180 50.00 -
28 22300 118  41.67 hoed
29 22419 0.50 33.33 -

30 tetradecane (standard) 22.536

R.F. : Relative Frequency
R.T. : Retention Time
* 1 p<0.0L, * : p<0.001, ** : p<0.0001
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E3] 7709 23 monoterpene=(91.7%°13¢] RF.&
2= AL BE A7) 5 A9 70%(PT 17.49
gl 7tk &% ¥E AAFL Y&E ¢ F AAH
(Fig. 4. & No. 2, octene, a-pinene, A-myrcene, 1,3,
6-octatrine, endo-borneol, bomnyl-acetateE2A A Z9]
monoterpeneS ¥ 3= compoundEoldty wgh

Fig. 52 Z} monoterpeneS9] Ado] m& A9 Ao
& Yeid Aelth. Zt compoundrth ¢FzHe] WolEo] 3
oy EAAQ AL endo-borneol(No. 21)9] A% A&
o we ALHA F7H8 dhe LR WHzle “1, Table 1
)Mol A9} 7] octene(No. 4, *FA]), No. 7, £
-myrcene(No. 11, % ¥EA}), 282 1,3,6-octatrine(No. 16,
*EA)Sol F2§ monoterpene & T Y = AN
o @8 A7kl Ade] Wk 54 monoterpened] e
vl 012131, A28 9F F59 monoterpencEE T
AsAUee & & . & 4937 7, 899 A9 W€
v 2Ry 4%_14 74 13709 monoterpencEo] H&HIA

3, 2 7K&dl 3709] monoterpeneS(octene, S-myrcene, I,
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Fig. 4. Composition of seven major monoterpnoids in the
leaf of Ambrosia artemisiifolia var. elatior. Seven major mono-
terpenoids are characterized by 91.7% more frequency of sea-
sonal occurance.
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3,6-octatring)o] A9 20%%& AAdh=u) v 7, 8¥9
739-E 19709 compound’t AEHULH, F §FFo] B
de E7s2(Fig. 3) 20%4 =9 ¥lg AAZ= com-
pound= octene ST} o] 7 olf= & AFAIE0]
ofglo A AR o2 rle WAls FUT AHE A
A, HAEY A$ B 84 AT JAE dt 8%
N2 Z4E 2 I Zhdhe gl g bEtd &
de £49 compoundEo] B ¥& AAFLEHA HA
E 579 WAE U, 4372 Z9E 99E com-
poundEE TFAYELEH Ede & FFE Hole Ao
2 AR

YurE 2 2 monoterpened] Th ABA wold Y A
T-(Hall and Langenheim 1986, Langenheim 1994)2%-¥|
retention timeo] A& 3EE, & EA4Fo] AL ATE
AES HAasEy] 47 qied &x9] wsld ¢ ugst
% &F £ 2xoA O% Bo| HEsHrR 7, 849 g
71estolA WS 579 monoterpeneRyt RHo] L&
H]l& A3 monoterpened] UL 7HeAT WiAY &
g Aot ¥ A9 TE AR HAEL &5
9] monoterpeneg {3 Q7] Wi ZAAESEE
TAE HE F e JFo] weHs oz wddg
(Hans-Walter 1997). w2bx Q129 g 2 E3}e] A oA
THE AAY £ de 7137 FRHA we} gAES
2L 48 F AUz, dAFdelE EFam 4A F
€8 £ ANE Aotk =T HAEL P4 octene,
-myrcene, 1,3,6-octatrineS o] {3l Jernz o] 2
EEENY °lF 39EAST #o RASd 18 JFgE
AEE olEdke Fol, olF HH A3A, AzA T W
Al(Pickett 1991)24¢8] & i Q77 F3o Ao
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Variation Monoterpenes during Leaf Development
in Ambrosia artemisiifolia var. elatior

Kim, Jong-Hee and Hae-Su Kim
Division of Life Sciences, KyungNam University, 631-701, Masan, Korea

ABSTRACT: The plastochron index (PI) according to leaf development of Ambrosia arte-
misiifolia var. elatior were estimated. The amount and composition of monoterpenes in the leaves
of A. artemisiifolia var. elatior were determined, and the seasonal monoterpene variations in rep-
resentative of plastochron index were investigated. The total amount of monoterpenes in A.
artemisiifolia var. elatior was increased continuously from PI 2.0, the highest amount was in PI 11.
89. The major monoterpenes in A. artemisiifolia var. elatior consisted of 29 compounds. The leaf
monoterpene fraction of A. artemisiifolia var. elatior were dominated by No. 2, octene, a-pinene, 8
-myrcene, 1,3,6-octatrine, endo-borneol and (—)-bornyl acetate.

Key words: Ambrosia artemisiifolia var. elatior, Monoterpenes, Plastochron index




