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ABSTRACT : Chrysanthemum boreale M. is an important medicinal plant that has been historically used in
herbal medicine and in the health food throughout East Asia. This study was conducted to investigate the
influence of abscisic acid (ABA) and salicylic acid (SA) on plant growth, mineral content and effective
components, such as essential oil, amino acid and cumambrin A, by means in order to increase the
productivity and the quality of flowerheads in the plant. Yields of flowerheads were increased by 12.7%,
21.7% and 15.5% by ABA, SA and both treatments, respectively, as compared with the control. Inorganic
nutrient content was changed by PGRs; SA treatment was increased by nitrogen, phosphorus and magnesium
content but decreased by potassium of C. boreale M, flowerheads. Total content of amino acid was increased
by SA but decreased by ABA treatment, Essential oil content and yields were increased to 9.7% and 33.8%
by SA treatment. Moreover, the content of terpene, monoterpenoids and sesquiterpenoids, were improved by
ABA treatment, especially, germacrene-D content was increased by 39.1%, as compared to control. In
addition, yields of cumambrin A, sesquiterpene compound exhibiting blood—pressure activity, increased in all
PGRs treatments, but its concentration in the C, boreale M. flowerheads only increased by ABA and both
treatment. The experiment suggests that PGRs using ABA and SA could increase the yields and quality of
C. boreale M. flowerheads.
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Al mevalonate A2 & A3t #4 F farnesyl
pyrophosphate (FPP)E AA] A== o2 delA
21th (Chappell, 1995). Abscisic acid (ABA)E 2l&3%
ZE 024 mevalonate A2 E wA YA EXE
terpeneZ 33-E0| 1 carotenoidF & 2 E3 = EQ
gibberellin (GA)°] W&ol == A& 2ol (Chappell,
1995), salicylic acid (SA)+ phenylproponoid B Z%
Z2HA ATAEE phenold AERAZEHA G
(Durner et al,, 1997). o] AEAZZHAEL M2 O}
AP AZE 7HA I QloJA o] &9 A7t b= £ &
AEE F terpened [ ES| AYS F 20T wod
t}. Oh & Chae (1993) = 24 A EAL 2 A E°] basil
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off A-gsto] Aot 4 QA shed 728 4TS st
(Pruvot et al., 1996; Taylor et al, 1990; Raschke,
1975). SAE €@l AEAY A (Leslie & Romani,
1986), /M3 5% (Cleland & Ben—Tal, 1982), &7t
42249 3eEiA A= (Raskin, 1992), K™ &9 9
Al (Glass & Dunlop, 1974), AA3-99 #&43} (Jain &
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B Ao AR A= (Chrysanthemum boreale M.)
2 A Q7Y AR BE ol 2001
59 30Ul wdst BE BAaksto] A% 18 ke T H
Wagner pot (1/2000a) o Ajufstich. Al Ab=e]
27 7HES 2 AEHAE UA] GEE TRYY B
HFERS 40X40%X50 en 2718 FYOlE A vi¢T-E
e XEE WjXEglen, 2dntt E& Fo] nlEA
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712 ¥ REY20 0/Xl= ABAZL SAC| &1}

2 27%9en, pHE 5.6, 7152 6.1 g ke!, 259
A5 o]l 22 4.4 cnol” kg2 A AAEYSS EXF
7FA 2 ek AE 98 718 AHZE N-P.0s—K:0
= 150-80-80 kg ha'® AF 7|82, 24, £4U8] R
A slza) 2 AFR-E9Th Abscisic acid (ABA) 9 salicylic
acid (SA) 9 Al 8¥ 14, 94 29, 104 19 324
50 uME Aol EF-3to] A2sinh.

AT NE G anBos AT £Ee 4
o] wet7] AAQ 102 219 AAER e, A
FHFAE FANBATZAIE (RDA, 1995) 0

Aol ko] 9, 7], £ EEstn A LA 10
Azt SAF T Bastel BA4 AgE AT 47

A ZF 2919 AATHE Kjeldahl §o2 BA 8130,

Vanadate § 2.2, 22, vt 2 59 dol&
Eo JAE-FEAH (Atomic absorption spectrophotometer,
Shimazu 660) 2.2 F435ith B 547144

U |

T2 EoFaleE Ay (RDA, 1988) ol &3t AAIaHith

OHdlcA 2

o}m) 1Ak B2 Sakano (1981)9) WL st A
%9 05 g9 A8S 6 N-HCIZ 713k} 100ToA 244
B RN F AAEEE L, o] ¥E5AG
sodium citrate buffer (pH 2.2) ol =53 ofv] At 257
7] (LKB-Biochrom 20, Pharmacia) & o]-&38}o] £4
stelt}, olu columne Bio 20 PEEK sodium feedstuff
2 A}23819 3, buffers sodium citrate (pH 3.2-6.5) &
AHE3Fgl o, flow rates ninhydrin 25 m¢ hr'2 %73
3k3iTh.

R 2A

A=t 29 ARFFE A sl £o] wiEl
AR fFHsk] 70T B#A3t] AR AF8
Z223}7] 93] Schultz (1977) ¢} Likens & Nikerson
(1964) ) 94F¥ Likens—Nickerson &# (J & W
Scientific, USA) & ©]8-3}0] 100TA 2A13H5<t 7
3k, diethylether® ol &3t ¥t £3€ A+
&o] £ES A YA FAGEES 78t A7
3l diethyletherE A7) $18lo] 4ToAA N: gas@
o] g3to] AABIAULE FH FFL2 AAA B FAY
Z7] F5) g&) 4ol Z+ FA e HEE=E &
Kxsea=y
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gas chromatography (Jeol IMS—700
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spectrometer) £ gas chromatography/mass spectrometer
(GC/MS, HP6890, Hewlett Packard Co.) & AH&-3t3ith.
Column DB-5, 60 mx0.32 mn ID& A}839
carrier gas® N»& oven? 5% 50Cof|A 583 ]
A7l o 2C min' 230C7HA &9 & 3087 541315
t}. Injecter$} detector?] =%+ 220T 9 230C=E 34
o, FID detector® ©]&aF3tk. GC/MS9} column
HP-5MS 30 mX 0.25 mX 0.25 um, interface
temperatures= 2507, injection temperatures 280T,
electron energy+= 70 eV, carrier gast He& ©] &35
¥ 1.0m min'2 327 st BAEAY B4 v A
Willey libraries (USA) ¢ retention time¥} B w3}e] 7
fr 3E& FRlsta gt

Cumambrin A 24

Cumambrin A+ Kimata et al. (1979) & W& #3 s}
o] Al 1 g& CHCLol 48A12F A A1 7] thg o33
(Watman No. 2) 2 o333 o] -8 40T oA 753}
o] HPLC (Waters 201, Waters, USA) & A #E4& 519
o B ZA 0 2 E column¥ detectors Adsorbosphere
silica 5%} Lamda—max& A3t} Columne] 259}

N FYFE 47 25T 5wl min 0191, Al ZEH
22 254 nn, 18] 7 o} F/2 dichloromethane (49) :

H:le

[ I |

isopropanol(1) Egrawjg B34 98 BHxHC
# cumambrin A2 retention time (min)<> 6.59¢1 7 ©
2 ZAE S

al =}

oty o

= = =

A B Az A ABASH SAY AHel7) Ab=re] A8
AEGF vR= GES Atk AR, 52 Aol
=2 ek9k ot (Table 1), 483 F&O2 F72 ARG
v £9 ﬁ%#%*—fj— ABA, SAZ &89+
(ABA+SA) Bxgrag 22 12,7, 21.7, 15.5%7F
FHUT AEZTZEQ ABAX T H U= SAH T

7} 2o AEgao] Woted ol SAE AAS w A

3 R 5E 2433 (Raskin, 1992) o]l we} 29 4%
£ Z7A7 e 2 fdt) Hampton & Oosterhuis
(1990)2 =3l g7 SAX s nFe 47 57t
st ﬂmﬂ EZ}Z”}E] (Cleland & Ajami, 1974) ]
XNE 29 AEZESHFE mung bean (Kling & Meyer,
1983) A= nEelgo} EFFE TS B
7} 9ok, ®3 Khan et al. (2003)2 Y514 SAX |7}
FEY e T/ AGT S8t olgs ARE T
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Table1. Yield and growth characteristics treated with ABA and SA in C. boreale M

Dry weight (g plant™)

Growth characteristics at harvesting

Treatments ;
Total Leaf Stem Flower P'a”}c:?ght (gteg:l) B{ggﬁth?)s
Control 103.5 16.2 66.1 212 104 115 350
ABA 113.5 185 711 239 101 1.21 b7
A 115.3 187 70.8 258 116 119 373
ABA+SA 113.5 18.1 709 245 112 1.18 36.3
LD 70 11 47 16 72 020 ns
T\ heke] WEl= Table 20 BQlubs}l ek A A Table 2. Mineral composition of flowerheads of C
o] sheFe Fxjwof nlete] SAR gl vk Zotskel o boreale M. at harvest.

U SA+ABAZZH 2o = SATERT} Yol 4

R
hoy

Vo8
ATh SAXEFA A9 depo] Frlehe AL
Yol 443} (Jain & Stivastra, 1981) ¢} LA 3H
A7 Qe AR wadth T8 Ao Ro] Ao A
S Fgel & JFE T, AEAY ] Ax dEpo] F

Va5E R A ST 11 (Lee & Yang,
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Treatment's i « @ M
———————— gkg " (dry weight) --------

Control 13.2 21 207 51 26

ABA 13.7 20 21.8 5.1 27

SA 144 22 18.8 58 31

ABA+SA 141 20 19.8 5.1 29

LD = 14 03 26 05 04
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T3 SAHYAA Stk ¢S Bt 28 SAH
oA ZE2 e dA49 des uigE gasts
Aas YERI =1, Glass & Dunlop (1974) 4
g Rk

29 ofujipabd kS 2AFS A= Table 3914 291
vkel AT ZoA 713 o] H2 1ol ofu Al
prolinec] ¥ o, SAX 2] 7-9} &34 Tl A= proline

o
=g

FEHEO0 Olxl= ABARH SAS| &1}

Sero] Exjel T 247 17.2%9 24.7%, A ofw] Ak
o % 9.5%% 19.1%7 ZF7}stdth. leucine,
methionine, valineg A<]etiEs thrE2] ofujAlo] SA
Aol S7tetietl, SAA e oF Argge] S}
olg st A= op7| 3t 2 o7 At ®3l Bjdrkman et
al. (1991 A49) Anjgko] S7FEFE o] Algeo]
S et B}l 22 Al A0 R AFRH

Table 3. Amino acid contents of flowerheads of C. boreale M.

Treatments Control ABA _ | SA ABA+SA i LSD
gkg™ (dry weight) :
Alanine 21 23 29 26 ! 0.21
Arginine 23 28 27 35 i 0.15
Aspatic acid 41 48 53 57 i 042
Oystine 16 13 17 21 | 0.16
Glutamic acid 54 52 59 63 0.51
Glycine o7 21 27 30 | 0.11
Histidine 13 14 15 15 ! 0.10
Isoleucine 21 19 24 27 i 017
Leucine 35 31 28 31 : 029
Lysine 34 30 35 36 E 0.16
Methionine 08 08 03 11 o
Phenylalanine 25 29 26 28 ! 024
Proline 93 84 10.9 11.6 i 178
Serine 26 23 28 23 E 012
Threonine 24 22 26 28 i 0.1
Tyrosine 14 11 14 19 ! 004
Valne 26 24 29 202
Total 501 . 8 M3 5838 : 234
ABAX T e EAE FuT) Foju] el Feo] o 8 04
& 52 APe 19101 o= proline®] ¥Fo] A7) aome ~
M 7198 Zo 2 BaEth Rt ABAS A8 T 2 2
7} proline ] &S HAAZH o™ (Kim et al, 1993), B ~§~; 2 E
2o WA g e ZaARGI (Foroutan— g 2 £E
Pour, 1994) 31t} z E g
29| A 4o Feto) M Fig 1o walng 2 3 " I =
#9] ¥ ABA, SAS ERHY TN FAFRT} L b
77t 2.4, 9.7, 6.9%7 SRR, FARA A Contrdl  ABA  SA  ADAWSA
T 15.9, 33.8, 23.8%7} Z4H T A& ARz Treatment
e A HSE e (W, P H, FUE: 55 45 A

B2 ARAT aQB)el Jai AE RS

A 5= Qs B S (Nykaenen, 1989; Haelvae,
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Fg. 1. Effect of ABA and SA on essential oil contents
and yields of flowerheads of C. boreale M
Error bars represent £ SE(n=4),
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1987; Kothari et al.,, 1987; Tuomi et al., 1984; Rao et
al, 1983)< v o]d A EZAAzAA ] )]s} wakA
B JHAES WA 7= AL G328 2= 9l
22 AH9E-S GCE B4 % A3 £ 2 A FS camphor
(16—19%) 9] 3ol 7H worow, 11 o2& g-
caryophyllene, cis—chrysanthenol, caryophyllene

r|:1|A-I
[ |

epoxide, germacrene D 9t} (Table 4). =3}3} 4& 9
AHAAE-E JEE terpene] SFEEE €A A=l
(Dan & Andrew, 1986), ¥ <7414 & monoterpenocid

A FAYTFEG ABAAE A 6.8%7F S7HsHS
oy SAXE T EFA T FAME FFHsst vy
Ead=8

Table 4. Change of major terpene component(%) in essential oil of C. boreale M. flowerheads.

Compounds Control ABA A ABA+SA
Mean D! Mean D Mean D Mean D
Camphene 326 0117 347 0146 338 0.098 3.06 0.107
B—pinene 268 0114 274 0.097 2.9 0.108 294 0103
1,8—cineol 1.28 0155 157 0171 1.66 0162 149 0.161
Camphor 16.41 0.889 16.92 0.690 16.06 0748 16.43 0771
_ds—chrysanthenol . 4650160 5% 018 48 067 507 0192
Total monoterpenoids 2828 3022 28562 2898
B —elemene 1.68 0.080 175 0.089 147 0.081 142 0.086
B —caryophyllene 522 0.200 6.01 0.228 586 0.219 583 0.215
epi—sesquiphellandrene 1.38 0.061 1.89 0079 1.32 0042 2.06 0.067
Germacrene D 325 0.168 452 0183 3.61 0.118 429 0171
_Caryophyleneoxide 3% 0196 404 0168 407 0178 4% 0182
Total sesquiterpenoids 15,52 18.21 16.33 17.81
' 8D: standard deviation.
* sesquiterpenoidd &&= AL, FXIA TR} of| 4 SA9] x2]7} phenolAdl 3}&=<! anthocyanin &
ABAXN T X 17.3%F HA Z7V810E) o)= ABAY & F7MAF ol RaEo] gtk (Shin et al, 1995).

Z]2]7} monoterpenoidE.th= o] 8] MIA A7 7} 7+L
sesquiterpennoid®] sesquiterpene cyclase?} A st
st AFe] &S v wolFs Aow dddn,
sesquiterpenoid FolA i germacrene D, cis—
chrysanthenol, g—caryophyllene’} diZ2+31d 34 &
7yske] 22k 39.1, 18.7, 15.1%9) Z71EE Bt o2
}\1 };}U/\g%l—_%x%;q]/] ;qa7} E4 HLE]:A—] g].al- 9] zﬂ-a’c
—%Oii @Ezﬂzﬂ-/\ 0)].o 740ij.d—QME}

A Zo g #5590 9= cumambrin A2 ke
Fig. 2o ®.¢l u}e} o] ABARM?Q} =gA 2 ollA
27 14.1%% 5.0% 571899t Cumambrin AE
terpenel 2 A 41 ABAY} 29| mevalonate pathway 2]
e AN A== ED2AH ABAAHE7} Absre
sesquiterpene cyclase®] % %2 T cumambrin A9
TS TN AR By, 18y SAA YT}
cumambrin A9 HS thh ZHAA 7o ZA ABASE
g g2 425 70 AdA 02 phenold SEES
o] F7ke} o] gl AR ARHY 1 o7 TE
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Cumambrin A2] @ AYAL =58 R ABAXZ T+
FA g8} 28.5%, SAS) g@ﬂ\ﬂ:ﬁE 2}z 19.2%<}
21.3%7} S50t SAX 2= cumambrin A2l &
S 23]y HAAF oY AT £ FHEHSIIE Aty

=

& Content (mg/plant)

7 Yield
7 Yield (gkg) T

60 |

Cumambrin A yield
-1
(gkeg ,dw)

Cumambrin A content

ABA

SA

Control ABA+SA

Treatment
Fg.2. Effect of ABA and SA on cumambrin A contents

and yields of flowerheads of C. boreale M
Error bars represent + SE(n=4).
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