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Suppressive Effect of Repellent Plant Cultivation against Striped

Flea Beetle of Chinese Cabbage
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We evaluated two herbal plants, basil (Ocimum basilicum) and lemon balm
(Melissa officinalis), for their potential as repellent plants in the management of
striped flea beetle (Phyllotreta striolata), in organic production of chinese cabbage.
It was confirmed that striped flea beetle avoided these two herbal plants in
olfactometer experiment. We conducted field experiment in which the suppressive
effect of the two selected herbal plants and cruciferous crops preferred by striped
flea beetle were evaluated through cultivating as inter crops and border crops,
respectively. In inter-cropping experiment, unlike in vitro test, the density of
striped flea beetle was low in basil- or mustard-intercropping cultivation plot, but
high in lemon balm-intercropping cultivation plot. In border cropping experiment,
the density of striped flea beetle on chinese cabbage in lemon balm or basil
cultivation plot were approximately zero. As a result of this study, we think that
border cropping of lemon balm or basil can be used to reduce preventively striped

flea beetle of chinese cabbage under organic farming system.

. basil, border-cropping, chinese cabbage, lemon barm, striped flea
beetle
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AAZH R F4E2] QAT ARE F A8 A0 W3l X&7153 5Y
o oA SVIE #UledY Favt AT 543 S71skaL UATKHFIBL & IFOAM, 2014).
FU M E A 1037 §71%5d AAEZ L 19,312 ha7bA] 718k 20100 AA &
7kl Wit fr1A e E e vlEo] 0.9%7+A %ﬂs}%lt}(mm et al., 2012).

ole W} F7IEAHES HHH o2 Aitetr] Q% A F2E AuriEe] 877
7Vt Atk AAl AEFEE, dFHYA AL, AA, SIFRAER 59 o] #
F3] o] FAA I k. 53| 14, AT, ATEUF 5o AEFEES i
2009), Y-F(Kim et al., 2009; Whang et al., 2009), 7}F°]&F & =
Ae AR RuHy I F AR wo] FE= a1 Jrh. E=3F 28
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2 533 d3a7) JldE o] (Park et al., 2008) W Ad)E Ao H&H
T8y §715 9 Aol = (Luttikholt, 2007)o A4 7152 Aol %0}9& A el
ANl 3 7HEo 2 dof 3t e AE &8sty Ao delE mwsta, AH

o
T AEF Eebof vpa Axskal ok SHAINE oo A3k ey s
5

FHEAES & S S HAES Azt FAE, A, BFA
o2 g3ty Jom AF JES FEI} F5E 8L 53] 5BAEY AfFE B
719} 22 A S Wyl ol FHsFe] VHA e ASARA Y] ATV WY E I
UTH(Nerio et al., 2010). o] H B2 3|52 A2 W l/\l*%ﬂ% =3k 2o
A &S dojule AR Zgete] w42 W2 & 3]

>
o] Ao g2 &g Jhsstt) sHA T o] 2|3k s B Eof thih
oF 2 S FolA A7t o] Fo] Fow, AFE E&F A7t EH °]U}(Nerio et
al., 2010).

B S QA & (Phyllotreta striolata)y= QB I &3 SHHEHZA Hi S, F 5 wlF3 &
=2 JIeskE €44 dlE©lth(Lamb, 1984; Hicks & Tahavanainen, 1974). W= gof 2]
b Ao sl ofdA 7]l AlskH, AEe Asxr] HEA™- A o8] A AHES &

o] At AX FaE Foh Al wiF AR oA WS- o] A7t Am o] &9
A FES FIGAE 7o E2 vjF AFE7]de 10579 2.17He, AF571dd= 10
g 96rte]E AAHO] ATk(Lee et al, 2014). ¥SFAEH o] FF5 ey Fe FE
@S st FEgk {52 B E vlelste] s d3ith
HE bl gk a3l WAlZle A7 FAet Asti-ot ARTE 27t A F

sl 71 WA 7kl A HEAdFE el o 87t Frbetal Qlo] BES
ey WA7s A7 Algstth
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B ATdMe /71E wlF ARl F2 sl MEARAS Alstr] A A
A JErleS MEsr] st dujolA upda gl tig wEddg o] 79gd S
Brreta el A aF LA aRE Fristath

TR
1. A

W =2l & (striped flea beetle, Phyllotreta striollata)?} S B2 &S 7|93l PEreS =
A7) flske] Aol A AldstAt g2 EQ] #ll &% (Lemon balm, Melissa officinalis)™;
WA (Basil, Ocimum basilicum)2 XS 10 cm 3ol A2H 3FE-S & BEA 5 7HE] BoAl
oAl FhstAoH, 715 H-2A(25+3C)ellA Auist™ 7ol 10 em FH LS = AHE-
sttt 72 HEAEH Y] 75 viFEFEH 47, JAE )7 AHEEN e,

2% Eet2g E#olo] 3F £ AE 10 cm 20| o]Aste] 244 240l 10 em?l
AEE AT FAIFS HES ‘aaﬂ—t— FTE 24 A wFETtA A8
HesdHgd frlsd2doA WFE 7152 AAgstaA A4S FPsATh
HEQE e o] T2t o 7|5 AE AHd TS A7) A5t Y-tubeFE ©] &% &
ZAE Zg3ste] Frratgdor 8 A2 5000 mL chamberoll ZF x8] 2] &8 wj X3t

charcoal ﬁlter9]- moisture filterE 3l 7R3N Z 3715 A 2]4=o] vjx]E chamberel 53
AlZl & 30 ml min'e £E2 YA FHO ZE Bojdo] v} YA FERE #8 AE=E
A W7ol 2.6 ecm, 713 13 cm, A 13 ecm®] FEHE 7HA AL AJT E7) e HEA
Hey 435S & vhg] A gAbeta 7 Ja}"ﬂ 1\:’4 AES FHsHEA Ao WA ELS
stA H F71E Eoldo] o, o|& QIgt £2F Al wE nEIHE Y daddE
A

A G 7rkele] E5E Ao, 3Rt St A
60+10%= FrAHASH x4 HM20 W, 60 Hz) 55 ZHL

2. TRAY

AU A B3 vlF F83Fe] VYA ER Add i gl fRlER o
A AR (Brassica juncea (L.)) ¥%F2 AAA(Juggyeja, 5FF3s), S22 Dolsan, &-$-1F
o] Q)& HiF Al Al IHAO 2 AujstA S W S WEAARE Hlustr] A5t 7]

& ol AAT =HEdASY s APFEAAA FHEAG AP FATE



o saHgon MF FFoE % (Chungwang, A7HEFTEloh S AL§IAT W)
2: 1F Edold 3% s}oq Fo asigon, 719482 A0E wha g Re
3 1A 57 HE RO Aol A TSkl Zulstginh AAR, SALE 12F Edole] BE

A

st RE-& FHEa, 2013 49 120 AT WS 2F Ausid e 7F X e
2lEo] A A9 o]FH vjFolg-s WEE x|t WED D o YL SoE A}
H3lom, viF GAHEE FAYUR Fo] Hlwstth HEAFH Y FIHEE B4 S 9
stod A A @zl thste] FAd3 Ao m FAE AR A HEAHE o vt A}
F Ao, ZALE Ho]E & Spatial Analysis by Dispersal Indices (SADIE; Perry et al., 1999)
£ o] 83t FEEE EASIFN ST Surfer 11 o] &3t Tz E A3

HESEY ] 72 EE At vupd g g2 HEYEY ] fRIAER gzl Az
F A& AHAA(Juggyeoja), 71 AHCheonggyeoja), &7 ZH(Eolcheong)e] HWlF F9 2o
A E3E AFsr] st A7Is el AT sHMET ADEAZANA Aol &
FEHAT A2 7HESA7E o2 FPHJ oM, i3 FFo2Es FE& ARSIt
Hj = 723 Efolo] uFdte] BEFE FHlstd o, 7|92 EE Ade vhd i gk
S| B skl A Fdste] ERlskdnh AAR, HAAL, dAHZS 728 Ef ol uEsth

2EFS ERlETh
FRlE A& 20131 9 2ol AT vl F o7 B 259} 7AYo Fell A
e B wlEF Ay A A Akl Aujsilon Ag g 3R o R FPHT
LA el A WiF A 149 FHEH dF A0z 53] AT HENE
g el EAshs A5e A e Bk 20572 HiFolA dEE ARSI O

3. BAEA

719 2 #dAE Aol ofF wEdEy e dx Aol= SAS SAFH 1A S PROC
GLM< ©o]-&3to] A4 A8t o™ A28t vl E 913t Turkey’s multiple range
testE AAISFAT

M

M. Zz o D&

K

B AT AE WA dEel el MEEae] J1NYELS Y-ube FAAE T3
of ZABIQTE 71924 Bl AR, kD /)28 WFF oFRARE HeSA Fe B
Ao} vwatar. 1 A3k e TS Mastge o o) FuA felss 2o

2 Uehsdth @9 7)) 89 whAs) dEe 247 FAesh Mm-S Wl 63%S} 70%
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o WEWesL FAEE Hestel o]F 4FL /s o deEthFe 1).

HE Flant treatment

[—= Blank
Chinese cabbage -
Basil -
Lemon balm -
100 50 0 50 100

Attracted flea beetles (%)

Fig. 1. Evaluation of repellent effect of two herbal plants and chinese cabbage striped flea
beetle using Y-tube olfactometer compared with blank treatment.

HEGHY = 7|55 Y 24e $40E Aste] fUEE o] BaEolgk
AlA A== 22 hARFEQ] glucosinolate w3 =& 2l B E
f ivnick et al. (1992)°] XHa1gh v} Qo HjS=of tig WS P &
ZtE B3 71FAE P EHALS B AT AANAE o]E ATe AR S Bath
HhE & ’—‘VHEE AHEE Bk olyet O AHe FRE AMREO gt 53] viEe A
fre 2, Al & FalivlAE] diste] B 3+ E4E 7D e AR o
4 U TH(Suppakul et al., 2003). =3+ v} ] HH= 7] F(Erler et al., 2006; Prajapati et
al., 2005)2} HIth(Del Fabbro & Nazzi, 2008) 5 14350l st 7S 7HA &
), SXRFu}7u)(Pascual & Ballesta, 2003)¢] thetdE 7|98 5L Beltky B ud ub 9l
o} ol vl =8 AFE LA AFE< eugenol} methyl eugenol©] 3l 5-2] 713 A E-©
Z g3ty B E SO M(Neoh et al.,, 1998; Obeng-Ofori & Reichmuth, 1997) ©]# g A
ol ofaf HEAEH I} vpd S 7193 Ao Addnt s o] & 4o tid v
Hy 7|04 Jriot FrE o g FaEojof 3 Zolt) 3H Momen et al.(2014)S #&
o] Afre Aol gl & At Z19Azen, Agkr]a] 4% =4 YElgtial Bast
Aok =3 0.5 pl/Le HET BRHE ESOoEITES 100% AHSAZIT AL BarEo] g
7198 ol ST 2 HAoE AdHA AthDigilio et al., 2008).
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mmm Herbal plant+Chinese cabbage
[ Chinese cabbage only

Chinese cabbage -

Basil -

Lemon balm -

100 50 0 50 100
Attracted flea beetles (%)

Fig. 2. Evaluation of repellent effect of assemblage (combined treatment) of each two
herbal plants and chinese cabbage against striped flea beetle using Y-tube
olfactometer compared with chinese cabbage alone.

g gEge] {5 53 AFEC] o] AE FEE] 5 A E AFAZA
o] 7FedE& Bo] AT, £ AFdA s AE AAY 24 E8UMs8S SHS A
& 4 Aok
g 3 glEdo] wiFet A AE A9 $2bol o viEEE e J|FAY d5s =
AFeE7] fl8ted, 2719 @&ell AE2EH WjFE A wiXetr UH A e wjFE
502 AEste] wEIHY Y WS B4 A vy gEgs aj ok g4 wiA
Ao wF TE XY E o AdEste dee EATHFig 2). o8 A 7154
3o A EAH vhd e g3l g Edo] EFE JoE HESE
ted QU4 Y-S BHAAFH, viF A vl e dZdte] A A2
o= 7|92 E2A &8E F 91%:% HojEh
W3 A& FAAT ﬁx} uqeomgal«l 2152 4 JTHKim et al., 2015).
=9 7 7192 EZ 9ezl vbd, g Enks
FAER] v 3=} 114} z%ﬂlﬂ ﬁﬂr Ak A XL7l<>ﬂ A Aezre] frolg ztolE B
ThFig. 3). AW A= 24 g&5 ATl HEdy e U=t 7P =%
o w5 @EAg, v, 42 ol 53] #lEd 1Hz Aol 3 16mHE <]
WS H 7 2AE O] v ®2 IE FUTh
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Fig. 3. Field evaluation of inter-cropping effect of two repellent plants and two attractant
plants against striped flea beetle in 2013.
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Fig. 4. Distribution analysis of striped flea beetle on experimental field in which four
selective plant resources were inter-cropped in 2013 (a and b was observed in
May 11 and June 11, respectively; ¢ : plot design, " B: basil; C: Chinese cabbage;
D: dolsan; J: juggyeoja; L: lemon balm).
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Fig. 5. Field evaluation of inter-cropping effect of two repellent plants and three attrac-
tant plants against striped flea beetle in 2013.

R Eo] TS E8ot] AFWACd BEFT ST AHZE RaEe] low
Push-Pull strategy2til & A ATHCook et al., 2007). ©] 3l A A African stemborer
E BAE] fiste o] diFo] ARMISAS HolAT #FF HolE AFsHA A
Napier grassE <12 =2 A35l3(Khan et al., 2007), S5 74 A Tl A 25t 3l
Z719 ¢} A /-2 E3E 712 Desmodiume H2FO. 2 Aufjste] WA BAE 712 AL
7} S tH(Khan et al., 2010). =552 Push-pull strategy 2] 73-¢- t/d 3|52 African stemborer
o] 2= Thell @AIR] Y EEE AFY AR I dEe 7P 2 Oé‘%k% 7] o=

5 &<l Napier grassE 747 TRl A2Fo2A fFHal&
A 7 AT AT B AT tiFo R g EYEY e A 2 JdE F=
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AETAR] Fo] o]FAS 7HAI Y3 FAEA FHAA FYUHER 72 E9] F9
A7t MELHY deoAe] dFS & A= AAHT)

FAA WA A& F0UA 7t sl #Elel mAle 9% 1 7 Fel e B
& A7} AthAndow, 1991; Russell, 1989; Landis et al., 2000). 77157 X oA 5L
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719 A=) v 2 FAAME T 771 wiS AR oM WHEdRH Y] B
A = de Aow ATHA

[Submitted, November. 02, 2015; Revised, November. 27, 2015; Accepted, December. 12, 2015]

References

1. Andow, D. A. 1991. Vegetational diversity and arthropod population response. Ann. Rev.
Entomol. 36: 561-586.



920

10.

11.

12.

13.

14.

15.

. Cook, S. M., Z. R. Khan, and J. A. Pickett. 2006. The use of push-pull strategies in inte-

grated pest management. Ann. Rev. Entomol. 52: 375-400.

. Del Fabbre. S. and F. Nazzi. Repellent effect of sweet basil compounds on Isodes ricinus

ticks. Exp. Appl. Acrol. 45: 219-228.

. Digilio, M. C., E. Mancini, E. Voto, and V. De Feo, 2008. Insecticide activity of Mediter-

ranean essential oils. J. Plant. Interact. 3: 17-23.

. Erler, F., I. Ulugm, and B. Yalcinkaya. 2006. Repellent activity of five essential oils against

Culex pipiens. Fitoterapia. 77: 491-494.

. FiBL and IFOAM 2014. The world of organic agriculture: statistics and emerging trends. pp.

34-59.

. Hicks, K. L. and J. O. Tahvanainen. 1974. Niche differentiation by crucifer-feeding flea

beetles (Coleoptera: Chrysomelidac). Am. Midl. Nat. 91: 406-423.

. Khan, Z. R., C. A. Midega, L. J. Wadhams, J. A. Pickett, and A. Mumuni. 2007. Evaluation

of Napier grass (Pennisetum purpureum) varieties for use as trap plants for the management
of African stemborer (Busseola fusca) in push-pull strategy. Entomol. Exp. App. 124: 201-
211.

. Khan, Z. R, C. A. Midega, T. J. Bruce, A. M. Hooper, and J. A. Pickett. 2010. Exploiting

phytochemicals for developing a ‘push-pull’ crop protection strategy for cereal farmers in
Africa. J. Exp. Bot. 61: 4185-4196.

Kim, M. J., C. K. Shim, Y. K. Kim, H. J. Jee, J. C. Yoon, J. H. Park, E. J. Han, and S.
J. Hong. 2013. Effect of inter- and mixed cropping with attractant and repellent plants on
occurrence of major insect pests in organic cultivation of chinese cabbage. Korean J.
Organic. Agri. 21:685-699.

Kim, S. K., J. H. Jin, C. K. Lim, J. H. Hur, and S. Cho. 2009. Evaluation of insecticidal
efficacy of plant extracts against major insect pests. Korean J. Pestic. Sci. 13: 165-170.
Kim, C. G., H. K. Jeong, and D. H. Moon, 2012. Production and consumption status and
market prospects for Environment-friendly agri-foods. KREI report.

Lamb, R. J. 1984. Effects of flea beetles, Phyllotreta spp. (Chrysomelidae: Coleoptera), on
the survival, growth, seed yield and quality of canola, rape and yellow mustard. Can.
Entomol. 116: 269-280.

Landis, D. A., S. D. Wratten, and G. M. Gurr. 2000. Habitat management to conserve
natural enemies of arthropod pests in agriculture. Ann. Rev. Entomol. 45: 175-201.

Lee, Y. S., J. Y. Kim, S. S. Hong, and H. H. Park. 2014. Economic injury level of the
striped cabbage flea beetle, Phyllotreta striolata (Coleoptera: Chrysomelida), on chinese



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

SRkt T Mol o @ Wi M B oA w3} 921

cabbage. Korean J. Appl. Entomol. 53:93-96.

Luttikholt, L. W. M. 2007. Principles of organic agriculture as formulated by international
federation of organic agriculture movements. J. Life Sci. 54: 374-360.

Momen, F., H. Abdel Rahman, E. Samour, S. Aly, and S. Fahim. 2014. Acaricidal activity
of Melissa officinalis oil and its formulation on Tetranychus urticae and the predatory mite
Neoseiulus californicus (Acari: Tetranychidae and Phytoseiidae). Acta Phytopathol. Hun. 49:
95-115.

Nerio, L. S., J. Olivero-Verbel, and E. Stashenko. 2010. Repellent activity of essential oils:
a review. Bioresource Technol. 101: 372-378.

Ngoh, S. P, L. E. Choo, R. Y. Pang, Y. Huang, M. R. Kini, and S. H. Ho. 1998. Insec-
ticidal and repellent properties of nine volatile constituents of essential oils against the
American cockroach, Periplaneta americana (L.). Pestic. Sci. 54: 261-268.

Obeng-Ofori, D. and C. H. Reichmuth. 1997. Bioactivity of eugenole, a major component of
essential oil of Ocimum suave (Wild.) against four species of stored-product Coleoptera. Int.
Pest Manage. 43: 89-94.

Park, J. H., K. Y. Ryu, B. M. Lee, and H. J. Jee. 2008. Effect of COY (cooking oil and
yolk mixture) on control of Tetranychus urticae. Korean J. Appl. Entomol. 47: 249-254.
Pascual-Villalobos, M. J. and M. C. Ballesta-Acosta. 2003. Chemical variation in an Ocimum
basilicum germplasm collection and activity of the essential oils on Callosobruchus maculatus.
Biochem. Syst. Ecol. 31: 673-679.

Perry, J. N., L. Winder, J. M. Holland, and R. D. Alston. 1999. Red-blue plots for detecting
clusters in count data. Ecol. Lett. 2: 106-113.

Pivnick, K. A., R. J. Lamb, and D. Reed. 1992. Response of flea beetles, Phyllotreta spp.,
to mustard oils and nitriles in field trapping experiments. J. Chem. Ecol. 18: 863-873.
Prajapati, V., A. K. Rtipathi, K. K. Aggarwal, and S. P. S. Khanuja. 2005. Insecticidal,
repellent and oviposition-deterrent activity of selected essential oils against Anopheles
stephensi, Aedes aegypti and Culex quinquefasciatus. Bioresource Technol. 96: 1749-1757.
Russell, E. P. 1989. Enemies hypothesis: a review of the effect of vegetational diversity on
predatory insects and parasitoids. Environ. Entomol. 18: 590-599.

Suppakul, P., J. Miltz, K. Sonneveld, and S. W. Bigger. 2003. Antimicrobial properties of
basil and its possible application in food packaging. J. Agric. Food Chem. 51: 3197-3207.
Whang, 1. C., J. Kim, H. M. Kim, D. I. Kim, S. G. Kim, S. S. Kim, and C. Jang. 2009.
Evaluation of toxicity of plant extract made by neem and matrine against main pests and

natural enemies. Korean J. Appl. Entomol. 48: 87-94.





