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Allelopathic Effect of Aqueous Extract of Ganghwa Mugwort
(Artemisia spp.) Vegetables and HPLC Aanalysis of Allelochemicals

Lee, Joo—Hwa - Byeon, Ji-Hui - Kim, Moung-Su -+ Park, Chun-Geon -
Park, Chung-Berm - Cha, Sun-Woo - Lee, Jeong-Hoon - Cho, Joon-Hyeong

This study was conducted to evaluate the allelopathic effect of agueous extract of
Ganghwa domestic mugwort (Artemisia spp.) on vegetables and its related allelo-
chemicals. When the receptor vegetables, such as Chinese cabbage, lettuce, and red
radish, were treated with agueous extract obtained from Sgabassuk (A. sp*l),
Ssgjuarissuk (A. sp*ll) or Ssagjarissuk (A. sp*lll), their germination rate, leaf
number, plant height, and root length were restricted with increasing concentration
of aqueous extract. Allelopathic effect was the highest in radish, than lettuce and
Chinese cabbage in order. The growth of topplant were more inhibited then root
growth observing in restriction of plant height, root length, and chlorophyll contents.
The plant height, the root length of red radish were 53.3 and 61.2% and their
fresh weights were 19.8 and 26.4% compared to those of controls, respectively. A.
sp*lll showed the highest alelopathic effect among the donor plants. In HPLC
analysis, 7 phenol compounds were identified in A. sp*l and A. sp*ll, and, in A
sp*lll, and hydroxybenzoic acid and phenylacetic acid were further identified as
allelochemicals. It is considered that their plant growths were variously inhibited
by the amounts and types of allelochemicals in agueous extracts. To increase the
productivity of farm land after cultivation of mugwort, these results can be useful
to select the following field crops.
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219 et & (aleoapthy) > 54 2l&o] st HA F vt tiAtEZ o] A3t
HAHoZE TY 374 oA o2 A& wolet ARES AASAY FHA7I& 38H8 4
sAgoR AENA F& T e OE AETHY] A NA UEhE A A
Ay 7 2Fo] th(Fischer et al., 1994; Langenheim, 1994). 2] &312] 7 A (competition)-2 A S-of]
83 SFAAe] AkE A9 tE A= S AASE FHo] AAT, BAES
2735 Z2UE /3 9o gutEel AAF that)

A =0l Aikske geEd e 1Ak 2 23 tAE R Ue e, e §4 4
=5 4, X FE, A4 5 24 B 71ds 58 23 tiAkb=<l dkaoidet phenol S
S OGE seted S Bk, o] F 844 e IEA EdS0] dF A=Y A
At e EAE -8 rHParick, 1971; Reese, 1979). 314 &¢] WEshs BtEd
S A=Y AxEE 2 AR, AEEEEdd o3 AA, v B, FUISR F, 7189
71, B, 5 9 4 Q4L i 4, ad 4, f7Ish 48 Tl A8-sted
thFe e wehs doz Wak ofye, B 840 A4S 3 Ee JATOEH
E} 2] &2 who} A, 2 A8l FFS Fvhu B aE AtHBarkosky and Einhelig, 1993
Muller, 1965).

BE AES AR B4 =AY BENE-S VA, 53] =37 (Aderaceae Bercht.
& J. Presd) &< (Artemisa sp) AE UIFES EFHERE YEAY EE terpenocide}
phenol 33tE 5 EFI=4 FaFo]l & A0 2 BuHQT 1A Z4-¢- A annua,
A. californica, A. tridentata, A. cana, A. nova 2 A tripartita 5 &< 2 ENA FHg 84
2 Y EEE0] 2], A, AdEER 9 niHol T tE A EY Wole Z& AT
o} A3k S-S ATty B3 tH(Duke et al., 1987; Haligan, 1975).

%uMlh oF 39% 9| %<4 2] Eo| A=t (Lee et al., 2010), 33N, AHEE NEE, F

5 kg of%y dukzo] Bl E RS HolH (Kil et al., 1994; Kil, 1999; Kim et al.,

2001; Yun and Kil, 1989), =3+ 7|WAd S 53 & A9 A AFoA Faefs &

o] W, ¢y, It viety, WIEY T oS F8A A= dotet FHRA N o

'37F So] wrE HtHLee et al., 2012). E3] AR 1L L, Saabalssuk, A sp*l)

Aol e] Z(Ssajuarissuk, A sp*ll or A sprll) o2 BElE 7H3lefs e ol °—F”2
A3 LHARE A= Akt duloA] kA o] 8-S HH oz AujE o] gton &

0 r{r



i

etk 484 22E0 4E tED % HPLCA o3 BrEd B4 AT 739

©
§
1o
ek
o

Ao 7= eyt 7ha ke A0 E RuEthLee et al., 2010). < 743k
A R FaTt 5 thakd oF]d o] WA WA AuHAe] A4 &
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15 2 A 7el Sl A ole s EAGON, a2de] 45710
G, AR D AS o), BAFS ST EF, 2 el FEoIA KT 584
HES] A L& AN} RIVAR 018 A5 FE 2A30sciAmon, 1909

oFZ: £ gA FEY 40m S EHZ7)o] ¥l 10m 2] NaCl £3-8948

HCIS o] &3l pH 22 Z4d3&3 o™, 20m 2 ethyl etherS H7lsle] E&8I T Ether3
< # 3l 20ml 9] 5%(v/v) NaHCO; €4S Yol E&3F & NaHCO; %#%% #@6}%2%
A pH 282 243 3 20ml ¢ etherS o] &3] 8619t} Ethers< 2
gtherE AASARLH, d2 FFEL 5ml 2] methanol 2 £33t HPLC £418 A2 A}
{3} HPLC B4S 913 3F EZ 2= benzoic acid, caffeic acid, catechol, t-cinnamic
acid, ferulic acid, gallic acid, m-hydroxybenxoic acid, p-hydroxybenzoic acid, phenylacetic acid,
phloroglucinal, protocatechuic acid, salicylic acid, syringic acid, vanillic acid (Sigma-Aldrich
Chemicd Co.) 13%F& AH83t¥ T HPLC #2412 Waters HPLC system(Waters Co., Milford,
MA, USA)S AM8-3+9°2H, 1 Bondapak C18 radia pak(3.9x300mm) column(Millipore Corp.,
Milford, MA, USA)oll XA 55 20u4 F4sk] ARSI o] 574 S 2= 82% Methanol
3} 16% n-butanol, 2% glacia acetic acidZ 0.018M ammonium acetated]] E%H3F 84S AL
3} tH(Chung and Kim, 2004).

4. % phenolic compound &= &4

% A =3 gE S Folin-Denisy S WY st =43} %{E}(SNaun and Hillis, 1959). z}2+
o] B4lE SAAIE 295 20m 9] 3% FFoll HIEeE ¥ F 25T shaking water batholl A]
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24N 7 Bt APt o, FE8HE o FA(Whatman NO. 1)& o3} st &89 1
mlZ 32 /S 3mS EF3E ¥, Folin & Ciocateau's phenol reagent(Sigma-Aldrich
Chemica Co.) 1ml& 7} Th5 27ColA 583t EF3IR o™, 1nl 2] NaCO; E3}-84-&
H7Vste 2ol A 1AIZE FF WA AT HH-E8 NS £33 =4 (0D=640nm) & ©]-§-3}
THEE Ao, F H=SgE FHL faulic ddE o] 83t IS AFFHE 9

£3te] 3R THChung and Kim, 2004).
5. EAIA ] +

FA ol gl ASFAF A= SPSY(dtatistics package for socid science ver. 20.0)= ©|
£3}o] Ducan®] th57 7 ¥ (Duncan's multiple range test) 2 %1 2] 7+e] 2}o]E v w3} ).

—_
12
A
>
ofo
o
A
e
it
_}&
Rl
N
N
4>
EY
N

n
do,
ofN
_|>i
e

(o]

o
N2
rie
e
ok
oX
=2
=)
ﬁ
rlr
o2
ogL

T, BE FEAYAA FEA 2 Ee Wdolgo] 85% ool oy AsEe] St w
2} dhopgo] Wolx = Aotk F& 84 FE2F 25g- LT FEA YA E 2T o
H] BE F£8A A5 wold 7t BAZ foAS HolA] ¢kgkon] 50g- LTt FEolA
= A Il ABS] AR Hal T A, 75g- LT 204 A sprlIeh A prlll A8 A
Aol A, 18]al 100g-L™* FEolAE A sprll A5 AT A sprlll viF A2 7=

ALt BE FEA 2AEANA iz HE] §o4 e Hoks AT FAFAT
29 285 doME 784 FE2E ALY F27F SUHEFE Y 2o A
A ook FApEotel] A FFS FA EHW 25g9- LT w5 A2 Tl HAL A7
lem o)de] B @57} tixTol s fodoz Fojxon, 50g-L* s5 o4 A
TolHe BE 84 A& FdGS7E AHA AU FAA 2 E7Ee] vlae
A= A XV B G0l i =2 AIAES B 84 A&7 vlae
QoM E FFA o7 thxT thy] 2E 61.6%, HIS 63.8%, A5 74.3%] Y F7} <l
Hol Aol o 3 tigk JAZHEo] P F ASE FRIHATE T A prlll FF
T T=

o AP wFe] BY 2U S Ox2E o fold e daE RYAT A

—

>

1>



742 o7 WA S P MET AN o JE - 27 Y

ol 2 AolE BolA ghgith. ol Yool Aol o gAY FEAC ERZHA-Gol
o) YsAAe) Az DAL £ £% 4B 84 F2E AdFES) T4
2 584 A8 Woleh Yol Padts FFE ol ol HFE F/bd) e

B EA 9] oFo] Z718t7] WjE o' AZATHKIl et al., 1994; Kil, 1999; Kil and Yoo, 1996;
Yun and Kil, 1989).

Table 1. Comparisons of seed germination and leaf number of receptor plants treated with
agueous extract of ganghwa mugwort

Receptor plant Chinese cabbage Lettuce Radish

Treatment (g-L7%) | G.R(%) L.N. G.R(%) L.N. G.R.(%) L.N.
Total Control | 952+36'®| 58+06° | 1000+00° | 7.4+04* | 1000+00° | 7.2+06°
25 | 914+40° | 48+06° | 1000+00* | 7.2+02* | 100.0+0.0° | 58+02°
Al | 0| 94t 23° | 45+02* | 971+23” | 67+05% | 1000+00° | 53+03
- P 75 | 886+47" | 42+01° | 971+40° | 6403 | 1000£00% | 41+0.1°
100 | 857+23 | 37+02° | 943+23 | 55+0.3° 943+00° | 38+03°
25 | 943+40° | 47+04° | 1000+00*° | 7.3+05 | 1000+0.0° | 59+03°
R 50 | 914+23* | 46+01° | 97.1+23 | 62+01° | 1000+00% | 44+0.1°
i 75 | 886+47" | 40+03° | 943+47* | 59+01° 943+00° | 41+02°
100 | 857+00° | 34+ 01° | 943+62° | 55+03° 914+40° | 36+05°
25 | 914+40° | 42+03° | 971+23° | 65+02° | 1000+00° | 4.9+0.2°
A ey | O | 886262 | 40+ 02 | 97.1+23” | 65+01° | 97.1+00" | 47+02°
- P 75 | 886+23% | 39+03° | 971+23° | 58+03° 97.1+00° | 42+02"
100 | 886+47° | 37+02° | 943+23 | 56+02° 914+23 | 3703

A sp*l, A sp*ll, and A. sp*lll were named as Sgjabalssuk, Ssajuarissuk, and Ssajuarissuk, respectively, of

Ganghwa mugwort in Korea

* G.R. is an abbreviation for germination rate. G.R.’s values are percentage.

* L.N. is an abbreviation for leaf number. L.N.s values are real numerical value.

T Values represent the mean + standard variation (SD) of five independent experiments.

$ Each value with star superscripts with the same column in same donor plant are significantly difference
a p<0.05 by Duncan's multiple test.
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FEIF SVESE ASYA a9t 34 UeREth(Fg. 1). 28] 3% 259- LT = AT
BE), Tela 2] 49 50g-Lt 5 ARE oS BHoln raFE It 25g- LY, 50
g-L? 759- L7, 1009- L' % Aol F8A A8 23 Jgaoz zhzt 27.9%, 36.3%,
426% L 46.9% 7+Aadtgon, 24 27t 10.3%, 22.0%, 31.6%, 9 38.2% 7+A3}ho] ;w
o] Ao XléPTOH vl A JAEE Ao® UEsith(Tale 2). oF& FEE°]

A AE AT X E QFANE A AFE Holed, FEE 259- L7 55 1?4%‘—
B 2o F&A AEolA ARt At ATl frolHog 3hAsty] Az,
Al w57t S71l whel ATl daste A Elt(Table 3). 12y w52 A
spxl A7) o] A pX1T A Il HE A AE FE2E w529 S ©E ey A

T 2o oA BEHA St

Table 2. Allelopathic effects of ganghwa mugwort aqueous extract on shoot and root

elongation of receptor plants (unit : mm)
Concentration (g-L™
Rs;:;it:r Donor plants Organ Control P . © )75 10
NLrol
i} Shoot 192.8° 150.1° 132.4° 121.4° 112.1°
A sl Root 114.7° 112.0° 99.5° 91.4™ 86.5°
Chinese - Shoot 192.8° 150.1° 126.4° 1175 107.9°
cabbage - ¥ Root 114.72 111.6° 101.9° 91.4° 81.0°
- Shoot 192.8° 132.3° 124.7 1128 101.8°
- P Root 114.7° 109.9° 92.3° 81.9° 66.9"
- Shoot 155.6° 1125° 102.1° 95.3" 91.6"
- P Root 150.3° 139.2° 118.1° 95.1¢ 94.7°
Shoot 155.6° 109.4° 101.7 78.7° 74.4°
Lettuce A. sp*ll 5 g
Root 150.3° 133.1 113.3° 100.6 82.0°
X Shoot 155.6% 113.9° 94.5° 79.2° 69.2°
A sp*lll - s - - -
Root 150.3 110.6 109.4 97.6 75.4
A | Shoot 194.2° 135.3° 117.3° 111.9° 104.7°
" 33 a b C d d
Root 137.3 1276 108.9 93.6 90.5
radich - Shoot 194.2° 137.3° 118.1° 112.3° 103.3°
| .

* Root 137.3° 17.7° 97.3° 91.2% 87.5°
- Shoot 194.2° 132.9° 119.6° 108.1° 102.5°
- P Root 137.3° 113.7° 94.7° 76.0° 74.2°

A I, A sp*ll, and A. sp*lll were named as Sgjabassuk, Ssgjuarissuk, and Ssagjuarissuk, respectively, of

Ganghwa mugwort in Korean.

* Means within rows followed by same letters are not significantly different a the 5% level by Duncan's
multiple range test.
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Table 3. Allelopathic effects of ganghwa mugwort agueous extract on fresh weight of shoot
and root of receptor plants (unit : g)

Concentration (g- L™
Relceptor Donor plants Organ
plants Control 25 50 75 100
Shoot 6.64° 4.04° 2.94° 2.25° 2.07
A ] b b b
Root 103 0.96% 0.55 0.53 0.51"
Chinese Shoot 6.64° 381° 2.18° 1.76 1.68°
A sl
cabbage Root 103 0.76° 0.53° 0.50° 0.49°
Shoot 6.64° 2.58 2.18° 1.75° 1.61°
A sprlll - -
Root 1.03 0.77 0.56° 0.52° 0.39
Shoot 4717 267° 2.19° 1.64° 1.29°
A sl ab b b
Root 1.97% 1.81° 153 1.22 1.02
Shoot 4.71° 243 1.95™ 1.13° 111°
Lettuce A sp*ll . .
Root 1.97° 173 1.17 1.07 0.87°
Shoot 4713 212 1.88° 141° 1.08°
A sprlll - -
Root 1.97° 1.29 1.16 0.95° 0.86°
Shoot 5.75% 1.94° 1.68° 151° 1.34°
A sp*l - -
Root 153 0.64 0.55 0.44° 0.42°
Shoot 575% 1.84° 152 1.27™ 1.04°
Radish A sp*ll - -
Root 153 0.62 0.49° 0.48° 0.39
Shoot 575 161° 1.45™ 1.24™ 1.04°
A splll - -
Root 153 0.61 0.48° 0.41° 0.31'

A. sp*l, A 3p*ll, and A. sp*1Il were named as Sajabalssuk, Ssgjuarissuk, and Ssgjuarissuk, respectively, of

Ganghwa mugwort in Korean.

* Means within rows followed by same letters are not significantly different a the 5% level by Duncan's
multiple range test.

AEYEE AFE 23 24 S ZarE 2 ZA0E Holy, AAFS H¥-9

A E=9kth 100g- L7 5 Aol A 2343 A4S tiE=T vl 504%

HEF oH, A)GHel A ATl A= 24.6%2 465% TFO| AT

Z7 tiH] 53.3%9} 61.206°] 3L, 1 A F-2 19.8%} 26.4%

oy 2= A ol Aol 7P 2 Al E WIdTi(Table 2, Table 3). ¢k A

2 AAERCE BEle A X7 BE FEA AEolA 243 24, a8a 24
74

AAFOl 718 2 AslE T Aoz FAFHIAT

32
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Fig. 1. Effects of Ganghwa mugwort agueous extract on seedling growth of red radish.

A sp*l, A sprll, and A sp*lll represents Sgjabalssuk, Ssajuarissuk, and Ssajuarissuk, respectively,
of Ganghwa mugwort in Korean

ERftE o] ol HYEHUS A9, FE2HY =, AT ARt wep AEide] o
AR G ozZx 7F 229 A2l w3yt doju=d], coumaric acide} parasorbic
aideE o £922 9 FAHEYE A8 S Welste 2 AR AAIA71H, benzylamine
A FFS Fo Ax, A, AEF A (amyloplast) 5°] S7HE= A=EU A
312 Yozitta & thWeaver and Klarich, 1977). =3+ phenol 3¢HE A8 % Z71=
wholol §-2AI S o] A aH=u|(Williams and Hoagland, 1982) 12| phenol 31352 E3ta}
AU 848 FE2AE A 49 7 FgERY JeAgos bE Ay 4R o
A&#47F Akl st

S

3. % FEEA T AT &4 AE A5L S

of FE=ol APE w84 A= dF54 FF2 UET T A= 454 FFE
o Sgkom, 289 AU S LSS F IS4 FPol gadhe 4Ee nAY
(Table 4). L&k 25~759- L™ F=A 2] HodAE = 7t W 454 F3d49 #
o2 Aol IH W 100g- L A2l s =oAL felHl Aols BT v & A £
ol e 9S54 ash A=A b A7) Fgse & A%4 T wsiel 2L YL
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Table 4. Chlorophyll contents of receptor plants treated with different concentrations of
agueous extract of ganghwa mugwort

Receptor plants Chinese cabbage Lettuce Radish
Chlorophyll Total Total Totd
(Mg- g FW) Chl. A| Ch. B chl. Chl. A | Chl. B chl. Chl. A| Chl. B chl.

Total Control (g- L'l) 343 0.99 4.42 2.74 0.82 3.56 4.60 1.29 5.89
25 2.84 0.75 3.59 2.75 0.79 354 3.94 1.01 4,95
50 251 0.81 3.32 2.21 0.67 2.88 3.64 0.79 443

A sp*l
75 2.27 0.74 3.01 2.06 0.59 2.64 2.82 0.97 3.79
100 1.47 0.43 1.86 1.78 0.56 2.35 2.65 0.82 347
25 2.68 0.77 3.45 2.66 0.73 3.39 3.67 1.20 487
50 2.36 0.74 3.10 2.17 0.62 2.79 348 0.92 4.40

A. 1l
75 1.99 0.66 2.65 1.95 0.60 255 2.85 0.94 3.79
100 141 0.42 1.83 1.46 0.51 197 2.65 0.72 3.37
25 2.59 0.85 3.44 2.48 0.75 3.23 3.63 1.08 471
50 2.34 0.68 3.02 2.06 0.68 2.74 3.28 0.92 4.20

A. sprlll
75 1.83 0.63 2.46 1.94 0.60 2.54 2.79 0.83 3.62
100 131 0.39 171 1.02 0.40 1.42 2.55 0.81 3.36

Chl. A and Chl. B means Chlorophyll A and Chlorophyll B, respectively.
A sp*l, AL p*ll, and A, sp*lll represents Sagjabalssuk, Ssgjuarissuk, and Ssgjuarissuk, respectively, of
Ganghwa mugwort in Korean.
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g+ Kil % Yoo(1996)4 7—149}
A5 5o AR 2 AEHe A5

AEA s Hop 2 282 3 ddo s Ayztdn B A
FgHEdE BFEEZ] 7 A

|
2o AFa S i o7 HE ARAS] EFE Fvhe Al

Ja} ok 3T o2 HE] doj fr%‘é FZ=99 phenol 3=
29} Zom, w3k 7} ofn R F o F phenol = T
C &40l ofaf ez 3 #HH 13%9 #FE4d3 v
EZ5E 9%9 phenol =S FR1SHATH A px17 A
sp.XI1 25| = protocatechuic acidE ¥ 5E3+ 752] phenol 33H&E0] RI=Elom, A, sp.*III
NME &d 2] EA A" AR o9 o) phydroxybenzoic acid$} phenylacetic acid 5
7t2 2F9] Edo] Il F 9% o] FRIHAUTE A p*IF A spFll oA geld 7?«1
phenol 3}3HE Foll= syringic acide] pesk7F, 1813l A spxlll R F = 9% 2] phenol
318 = ferulic acid®] peak’t 7H8 A YEbSTHFg. 2).

m{o
N ox
Mo

o

Table 5. Total phenoic compounds in collected ganghwa mugwort
(unit : mg/g dry weight)

Donor plant Total phenolic compounds (meant S.D.)
A. sp*l 54.62 + 1.54°
A sl 66.43 + 2.03°
A sl 69.44 + 3.31°

A p*l, A sp*ll, and A sp*lll represents Sgjabalssuk, Ssgjuarissuk, and Ssgjuarissuk, respectively, of

Ganghwa mugwort in Korean.

* Values are means + standard deviations. Each value with different superscripts with the same column are
significantly difference at p<0.05 by Duncan’s multiple test.
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Fig. 2.

acid.

A sp*l, A p*ll, and A sp*lll represents Sgjabalssuk, Ssgjuarissuk, and Ssgjuarissuk, respec-
tively, of Ganghwa mugwort in Korean.

A A

phenol 3}3H&E 3

o] ol R 5ol

%2 hydroxybenzoic acid
Ztol = EpfFE e F8

Minutes

HPLC analysis of phenolic compounds in aqueous extract of ganghwa mugwort

A *l, A sprll, and A sp*lll were named as Sgjabalssuk, Ssgjuarissuk, and Ssgjarissuk in
Kanghwa area, Korea. 1. protocatechuic acid, 2. caffeic acid, 3. syringic acid, 4. sdicylic acid,
5. ferulic acid, 6. benzoic acid, 7. t-cinnamic acid, 8. p-hydroxybenzoic acid, 9. phenylacetic
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