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Control Efficacy of Eclipta prostrata Extract against Cyst Nematode,
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Abstract The sugar beet cyst nematode (Heterodera schachtii) and clover cyst nematode (H. trifolii) are
the cyst nematodes which are problematic in the highland Chinese cabbage cultivation area of Korea. This
study was carried out to investigate the possibility of controlling the cyst nematodes using Eclipta prostrata
extracts. The methanol extracts obtained from leaf and stem of E. prostrata was fractionated using hexane,
chloroform, ethyl acetate, butanol and water which were determine the inhibition of egg hatching and
nematicidal activity against the clover cyst nematode. Hatch inhibition was highest in the butanol and hexane
fractions and nematicidal activity against 2'nd instar was highest in the chloroform and hexane fractions. The
control efficacy was higher in simultaneous treatment with transplanting then 40 days after transplanting in
potted Chinese cabbage. In the field experiment, the efficacy was the highest in 4 times treatment at intervals
of 10 days from transplanting in Chinese cabbage field. If additional studies that can increase the efficacy of
the E. prostrata are supplemented, it is thought that the E. prostrata can be used practically as a nematode

controlling agent.
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AEEASFE AE7IASHE T 2A4=E 2 13|
= 7}e-H 3}Z(Evans and Rowe,

1998) S-2|Uztol| M= Heterodera®:ol &3l 752 A2E

%ol BarEo] ATth(Lee et al., 2018).
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(Bridge and Starr, 2010). AXEXAS2 B
slol& A717F AEo] 7hsdt] AEe F57
BT 22 7 2o w} Zpolrt 7= AT X
ZEXNZ(H. glycine)®) 735 12°C A%3 B 271004 6
W o] A& H(Slack et al., 1972).

SEluptell M= Zejol] AFTFREEAS(H. schachtii)?}
SRHASENST(H. rifoli)e] LA wiFAu) =] o] A
ato] wid glefd o] FrkE, FeiAo e SAkE Y Qe
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H(Kweon et al., 2018; Mwamula et al., 2018), 2017:d 7
A& A wjFAERR] o] N AEMS HE WA 439 ha
RNIL, o5 A ol|X SEHHEEDNFT] HAEH S-S 61%, A
A 2EAZ0] Z1EH] 8- 9.8%3 THKweon et al., 2018).

APRFAZEAF oY SEHREELNZTS HeFF F
=] AFAI 2ol HQJate] MlEH o] ofslE = AthrheAx
£ FAH HaL, o] FolA FEES gFsh Agst=r
ol2 <lal| ¥Ewgo] AL, 7y o= The FE
o} gito] AFEOZN NER T, ASTH T 7
&7} WAEA =) (Weischer and Brown, 2000), %21}
2} 7] w3 49 o]F AFol T HH Aol v
ate] AFE AL, A77E BF AE HE0] 30-40%E A
slo] pif S Wk ofue} AAEA AR ZAIAR] Fs
£ F3 AtHKweon et al., 2018).

vt 2BA SRR A T A EELT] gt
a7t F71k wet ol AFe WAl e e =st
=28 fFA=H|RES] slo| EWXEL=(Sinapis alba)-t S
AN <] (Raphamus sativus spp. oleiferusys 1531 # 2
EAFY 735 A & A A dE S7HE o
AAFN AL, F73old B7|1F 2 A 58 F8 AEEA
=9 9=7F AAA Fa §-8rF olstd A% wiE Ay
= ATHHemayati et al, 2017; Lee and Ko,
2017). B3k AEEXNZ FE55H e AAFA7E glof
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T2 AASAE ol &7 AT WA F71lM &8
at7] &olgk Woli, 840l w71e s, 7184
Z
E

= g 22 AEjAle] A= F
AR Rt opu e} oFAlel] gk A3y o= <lst
o N2 HAFAE Agelof b Fgo] dQsirt.
g ofuet s ANFA 0] ARG WE R A
£ FH&3) sl b S AitetE e mEdl #ilo
=012 3L 3Ith(Ha et al., 2010; Lee et al., 2017). ©]& <15}
of AZ9 I WAl ek A7t el ol F
AR AL =l Kletolut At} 2 nES] o]gst= W
W (Lee et al, 2017)3 thFst A=A FHELES o83t
= WHE°] dth(Prakash and Rao, 1997).

A S Yelle e AEE0] 2EA e
(Prakash and Rao, 1997) 3% (Eclipta prostratays A}
Y7PEE] X% (Meloidogyne javanica)?] F-8HiA] &AM
% @40] e AeE dEA o daAtela A
A% (Bursaphelenchus xylophilus)2t AVHF-H2=EXZ9]
ARE g3 3ol ® vk JtKKim et al., 2016; Shin et
al,, 2016). mepr] 2 Afoas A A9 & A=
A Sz FE2E 2YE AT S AR Al ok
N AZELAF that Als S-S AR st

L
>

Faict.

AEMZO| BE|9 MAEMS o 3 RE&R
B 7= Kim et al. (2017)8] 9 53
SIRE ATE A5 o AEENFY & 8= Kim et
al. (2016) ®WHOE TR A5l A9
AXT YAEN 37°26°23.207, E128°51°23.80”)} EfiA
25N 37°25°58.267, E128°98°30.967)8] AAEAZE 7
A wlFEAA )T BEYE AFHS FH EGIA A2
EE #gste] ol&sidled Ad o]Fel F Ao A%
ol 3t A} AR AL FERRREANFOT 53
3, B9 e ANREHZENST SEHNZELNS
EA 5Tt Mwamula et al., 2018). NEEAZE F3&
o] o] K3} F31e 3l wiFe] AEEel A
AANA F5S F3AA AHE-(Kabir et al., 2015)
ol 73} 2417 o]l 9] FFETF o] 83te] Ao ©]
ok vl Be) A=ele Kim et al. (2016)2] WHEO
Alste] AMgatleH Helek A A g wjS-e] Be
Eoll Aol &S AA & o, = 1L 20 2£71¢]
W 7F A7A 2407 B B E S e JES
St FETe FREelY AAES AA] flst
A (ADVANTEC #2)5 7t Zwj 712 A8 i & J3
HASHA Ao ALE-3H
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Aol A8 ® X (Eclipta prostrate) FZ5-2 Shin
et al. (2016)°] AUFAIA o st &4 AR-S 28l
Y WHoRE FESIEd AN Axd &
AZE 793t 100 g& F3s £ 500 mle] we-e-S
o] 80°CollA 4r1ZHA 33] RhEste] FEalom, 35
o3}4](Sanyo No.2, Japan)oll #& ¥ 344 7Ms
(N-11, Japan)g A3t 40°ColA EFA1Z tha 7]
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Song et al. (2015)0] AltAF &
of ARgs W} FUS o E dAHeR
=o] 7FAA vl 283819 =1 n-butanol(n-BuOH),
ZRZYEE(CHCL), dgolMH o] E(EtOAc), n-hexane, ™|
£(McOH), 2522 3180z Baset). 1 A &
ZEZZXE(CHCLy) oAl2oHEI©] E(EtOAC), At v
HIEY 55 BYES AU, WEES o83ty
10,000 ppmOz HEAZ] T ZFHFS ARt 1,000,
100, 10, 1 ppm FEZ S|AA1A ARSI
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SCE 4ME 20 4%

SHHx £58 REEY,
AN AIHARL Kim et al. (2016)2] A3} A

=

3l 12 well multi-well plate (SPL, Korea)g ©]-8-3}o] 7t
7o) wellell s=ER 3A3 X FEE 0.5 miE A
slal, AE a3 ARAME RNEEAF 75 sorkEE
0.5ml ¥ o2 YolFglon 7al AA& AA M= &
SOE 0.5 ml oAt ¢ wellS ¢ ¥HE0.2 Sef 45t
5 Aesiiet ek sl s A s
THTHE AP & FAEFE FAY JE Tl 247
platee &FrH53Y (Lotte Alminum Co., Korea)Z 744
o] Eoj7A] ¢A &) F2, 25°C L27](HB 303 DH-0,
HanBack, Korea)l H#alich. AXE a3 A4S HE
12A17F3} 24717 & ZA5] AAtd RS 873 H|7 (Nikon
SM1000, JapanyS ARE-3le] ZAMEIEd doz FAE
=8 FA9o] e A g F2 Zo= Wt

HF 2 AR M= SHRTE AREEIAL, F3HA
w3 Be] s ARgsiith 73t ¢
AR AT 53 AR sYs WEo R 747t
S Z-45 12 well multi-well plate (SPL, Korea)oll
797 Wi AFe wF RsrE aREns
(Nikon SM1000, Japan) ARE-sled ZARSIATE 3 wellS
Sk HHE 0 2 4uke X233t

A

)

Griffin (1981)°] A|A| g A2 )a)5]&
G AEEMT & vl BxR 7 XE F

o HEsht.
ez 23

HEREE 253 % FEE 100,000 ppm= ol g0l
A me] ZFRGFE 083819 1,000 ppmOZ F45le] A

o AMg3IIth Sz FEE A2)= Table 1914 7o) 3
212 340), B2 1025(10), 208520), 304F(30)= &
stod Azlsilet] A FE 43)(0, 10, 20, 30), 33](10,
20, 30), 28](10, 302 5} 10, 20¢ F) A= Lol A
22 SIATH(Table 1).

ek AT iz A8 SRTE A FA

£ F, 3l pots & wHEOZ Slod 10 HHFo R
Agslant. FEE FEEL 2Lm? FO 2 A et
Ao AR HIE pot= XE©] 14 em™ A potd 30.8 ml
A ATt HE 3 potes AT 25+2°Col|A A&
Aol 28 21EAmE JFHEZ(FL 40PG EAGLITE,
NAMYUNG, Korea) 3tollA] AHSAIZT 4045 7H4= pot
9 30 mk #AEEa, o] $HE] A M7= 60 miY
T silon, o] 3 ALE ol 3 F B 5 %
sl FAT

2 2R A 409 Fol| stsl=t] pot EGT v S
29| A HZEQZ 7o A2E F 8 & $5 AL
oh AEENSE A2ENTS £ 2 NZE Alore}
e o R A AMEsl EElek & sjRdnT
(Nikon SM1000, Japan) 97 A EEMZ 79} A2E $5
B So=

AEE Yo F ZAE 15ml ZUZRE
(conical tube, SPL, Korea)ll A2~EE Y37, Homogenizer
(PT 1300 D, Kinematica, USA)E ©]-&-3}] 8000 rpm &
327 NZEZRAS 7 o #llF8W]7% (Nikon SM1000,
Japan) tellA & ZAFSFIT

ol
=

ol o}
AT =

Of2| Al &8
FHZ FE2E ol PAL AHRAE EY U A2E
AAAEE 1 T gl 445N 37°25°58.267, E128°

98°30.96”)0l14 S8l =d & HE+E 10m® 27|12 3
G=d £ 50cm x 2°] 20 me] FEL UET S HEAA]

TE=
AR 20UR WFEHE 30om P02 At I

Z FE2E potdgellr AMEE FYe dEx FEES
1,000 ppm©. 2 3]45to] A5 et =t], 2 Lm'E A

Table 1. Treatment schedule of Eclipta prostrata extract in pot experiment

Number of application Day of treatment Date of treatment
4 0/10/20/30 5.31/6.10/6.20/6.30
3 10/20/30 6.10/6.20/6.30
2 10/30 6.10/6.30
2 10/20 6.10/6.20
1 0 8.31
1 10 9.10
1 20 9.20

90: application on the day of transplanting; 10: 10 days after transplanting; 20:

20 days after transplanting; 30: 30 day after transplanting
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sto] Zt wjE SomiE Agsiith. AeAle FY 2 Tests ol-&ate] 2] "7k 2pol& EAEY sidled ¢
ﬂ Zlek A4 40 - A= Rt ﬂ‘ﬂo}"iﬂr E“} A2 TE log Hgksto] £ASFATHSAS 9.3 user’s guide, 2011).
FATE FUL, AT o= wjAEl o A & AR A log WAL HoR Hlsion B

ﬂ%”% HjE 1022715 §F W02 3fo] 39HE ARSI E ABE B + F2UAE ¥/)89h
R2AEXZE ZAR= A4 A B U] RAE 491 AAE
W 2 AR, 34 00 T Bt waee]  H )

A A RNAEMZE 491 NAE 4 2 & 52 77} 24}

—_—

SIATH AR Z47}e] Aol wijF 1027]15 ZAKIIE X FZ2E B2 53 23 Mg 4MS
o Zb SR NEES A2E Y & 75 AL, E g3 AU AN
G W AEELS AR ZF WhE YollA] w3 Be] i3] Al FaoAl& AR AT TE=0 vt YT F8keo]
TR 2o W FES EF Fo} AF 412 F 300 ccE S7hhRe A4S HYlon FIEEEE Ik FekeS
Fotod AZENF 79 H2E 7 3 & 55 ARSI A& 10 ppm %—577}%1 FAACE fofgt e Halgs |
AL, MEREZ20] 7% 1000 ppm FEAM T EAH R &
SH X2 oJ gk ztol & E"i‘i}(df—7 16, F=47.6, P=0.0001) (Table 2).
Z} A2l AFEL Tukey’s Studentized Range (HSD) AN g3 AARNME SEEEE HE 9 4o] 124]

Table 2. Effects of concentration and fractions of Eclipta prostrata extract on the hatching rate of Heterodera trifolii

. Hatching rate (%)

Fraction
1000 ppm 100 ppm 10 ppm 1 ppm

H,0 19.3 +2.3bc? 39.3+9.9ab 41.3£8.3ab 48.0 £6.9a
BuOH 10.7 £ 3.0cd 14.0 £ 3.5¢ 153+4.2¢ 413 +3.1ab
CHCl, 253+1.2b 44.0 £ 6.0a 46.0+13.9a 413+ 1.2ab
EtOAc 30.0 £4.0b 31.3 +3.1abc 46.0 +0.0a 40.0 £ 2.0ab
Hexane 4.7+1.2d 17.3£3.0c 22.0 £5.3bc 38.0 + 10.6ab
MeOH 8.7£3.0cd 23.3+3.0bc 34.0 £ 3.5abc 32.0+3.5b
Methanol control 44.0 £6.0a 473+ 12.1a 38.0 £ 3.5ab 44.0 £ 3.5ab
Untreated control 493 +£7.6a 49.3+7.6a 493 +7.6a 493 £ 7.6a

H. trifolii egg was exposed to different concentration of aquatic suspension in multi-well plate for 7days.
“Means followed by same letters within the column are not significantly different (Tukey's Studentized Range Test, P<0.05).

Table 3. Effects of concentration and fractions of Eclipta prostrata extract on the survival rate of Heterodera trifolii

Survival rate (%)

Fraction After 12 h After 24 h

1000 ppm 100 ppm 10 ppm 1 ppm 1000 ppm 100 ppm 10 ppm 1 ppm
H,0 85.0+14.7ab” 75.5+£20.0bed 99.0+2.0a 99.5+1.0a 755+6.6a 700+173 850+64 85.0+11.8
BuOH 745+ 142ab 74.0+13.6bcd 94.0+7.1a 98.0x2.8a 66.5+10.6a 69.5+232 785+18.1 82.0+16.1
CHCJ, 13.0+£6.2¢c 56.0+2.8d 945+50a 955+9.0a 265+77b 675+34 85.0+10.1 85.0=%113

EtOAc 720+ 114b  79.0+2.6abc 94.0x7.1a 98.0x28a 780x9.la 73.0+9.6 785+18.1 82.0+16.1
Hexane 91.0+84ab  94.0+5.2ab 955+53a 99.0+20a 17.0+58b 705+9.0 850+80 850+94
MeOH 76.0+10.1ab  92.0 +5.2ab 97.5+50a 87.0+16.5ab 77.0+11.9a 85.0£5.0 850+11.0 71.0£15.5

gﬁiﬁ?m 75.5+17.3ab  62.0 +8.6cd 69.5+134b 73.5+44b 79.5+112a 645+£10.1 655+195 77.5+£123
ch()lilttrf;ted 100.0 £ 0.0ab  100.0 +0.0a 100.0+0.0a 100.0+0.0a 85.0+5.8a 85.0+5.78 85.0+5.78 85.0£5.78

H. trifolii was exposed to different concentration of aquatic suspension in multi-well plate for 12 and 24 h.
“Means followed by same letters within the column are not significantly different (Tukey's Studentized Range Test, P<0.05).
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Table 4. Efficacy of Eclipta prostrata extract against cyst nematode depending on number of treatment in potted Chinese cabbage

Time of Number
Treat- Concen-
ment treatmear; " tration Cysts Females Total Eggsincyst?  Eggs in female® Total eggs®
(days) y population &8 y g8 &8
0/10/20/30 04+0.7a” 144+ 14.1a 148+ 14.6a 7.2+22.8b 11969 £ 1182.6a 1204.1 +1189.1a
Eclipta 10/20/30 1000 3.1+52a 284+353a 31.5+40.0a 414.2+793.7ab 2291.4 +3513.8a 2705.6 +4281a
m
prostrate  10/30 PP 27+56a 162+289a 189+34.1a 2683 +462.7ab 988.0+1762.4a 12563 +2157.2a
10/20 1.9+28a 43.0+489a 449+51.2a 189.2+210.9ab 3968.6 +5410.2a 4157.8 £5570.0a
Ethanol

control 0/10/20/30 1000 ppm 5.4 £ 11.0a 23.2+37.0a 28.6+47.5a 957.7+2234.4a 1800.5+3390.0a 27582 £5590.1a

Control - - 6.0x6.5a 234+31.7a 294+38.1a 817.5+£1016.0a 2028.6£2531.2a 2846.1 £3526.7a

Surveys were made on day 40 after treatment.

With reference to Table 1.

»Means followed by same letters within the column are not significantly different (Tukey's Studentized Range Test, P<0.05).
“Means (log10) value was used.

Table 5. Efficacy of Eclipta prostrata extract against cyst nematode depending on treatment time in Chinese cabbage field

Number
Treatment treatll;igli ?(fays) Concentration tr]:;tfgfsjlt 50 days after transplanting
Cysts Cysts Females Total cysts Total eggs”
Eclipta 0 1000 ppm  56.5 +16.0a” 0.2+0.1b 0.0+0.0a 0.2+£0.1b 122+21.1a
prostrate 40 1000 ppm  59.3+10.1a 16.0 £3.3a 0.4 £0.4a 164 +3.5a 131.7+75.9a
Control - - 65.0+12.4a 11.8+7.0a 1.1+12a 129+82ab 194.5+241.1a

Surveys were made on 70 days after transplanting.
“Means followed by same letters within the column are not significantly different (Tukey's Studentized Range Test, P<0.05).
»Means (log10) value was used.

7F 2477 B 100 ppm 57 B AEES BAET Aol tigk 7ido] f7lE At ohujel ARk A A
(127N17F %2 df=17, 24, F=20.83, P=0.0001, 24A]7} 3 A E 718 Jideg FREa A, ol#st FH
df=1, 24, F=34.53, P=0.0001) 25 23 E-2 24A7F e Wells #ele] Fagk A FHoE AEH WAEo

941

A2 Al 1000 ppm FEAA 17.0%2] W AFES B T WAL SIth(Dang et al.,, 2012; Lee et al., 2017). 53]
TH(Table 3). 284 2 SHEAES 71E9 $seEE S vsly
Aotk kol =3, Abgtell gk EAjo] AdriE e

P

stz &S0 H2A70 0E WM S pot AH 2 gon B¢ EAER A0 Y SEER 14
Sz FE=9 A7l wE BAET 1478 potel Hof e dwra 38t whAlAlo] vlsle] A& FHEo] A
A e A NAE F(df=4, 45, F=0.72, P=0.6122) 5= Y FHL 7KL glo] tiAl WA ZA Thest
U & SF(df=4, 45, F=2.24, P=0.064) 25 43] 2270 A-Eo] FHEL JAL, AESHE ] ARSE AL YThDang
A 7P A YeRg o SAE Q] 2ol §ltHTable 4). et al, 2012). B3+ 350 AE/PPHNZEL B o
A2e] o] B W FYske AASAES U2 EY
ofe| AIE A Egel FAARl dEe v 9o s BEG A
oke] WAl a T AlE A} H2 AS A Al A AEE BlAl §A SHANE AEA FHELS 22 UiA AF
T Sz FEE A A g eH(df=2, 6, F= WA ol s, Sy E A AFEo] FYPE &
829, P=0.0187) AA & = A} vuPyS w 74 3L Jth(Yang et al., 1996; Kim et al., 1998; Dang et al.,
SIATHd =2, 6, F=5.68, P =0.0413)(Table 5). 2012, Shin et al., 2016).

SHA %9} 7= X (Eclipta albays SR|H 2=
U3t ZHE e AHER 7HEo] s, 7HEE, aE, 7}
o, I FASt 59 8-S sk AR 4HA U=t

(Khare, 2007) P8 E EA ol Al E5AS 7149 (Rahman
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and Rashid, 2008) #9835 a3= 4HA AthJo et al,
2010). FHH 2= o} e, & FEEO] A% D40
9= A= °‘E%X% %13 (Prakash and Rao, 1997), ¥2]<
PADS 3 ¥ v} 3lth(Begum et
FEES o3t 2y
TZH NE ] Eﬂﬁi /‘a”}_% 23 27 Al LCy Bl 154ppm
2 9 = 84S BT (Shin et al, 2016), AFRHEH 2
ENF 2330 talAE 397.5 ppme] LCy g B om
73} JA g% JAATHKim et al., 2016). o} Kim et
al. (1998) AJAAAIo| A Be| S AAE X
A A B ZOE WS 2o] I ER] o) A= ZEIELAI
£ AogM9] rFeAS BasE stk £ AT
S D0 gt AYATFE TN St FE=
o ¥ AMF Y —'?'—5}‘”?(1] /38 Hlwakar, 243} of

S TAReIlET wetelAl &

>8,

fr 4

i%il a3 3 Hbﬁ}ﬂ Flst] /‘1%‘% #f% el

FAET a37F A ©
?%‘ F 2] Egel mek A
ol F3pt Al zhE o] el % Eo}ﬂl Sz o] SANA
FatfA aaet w3} © S0l AN s Uehfol
Wa) Z o) ;‘do)o] AEoe = z47-]] o|FHEL Aoz It
Fn A 404 T Agle] AL AE 14-]01] 9 & Eo
oln] Tﬂo}oq w3 ez 27 9 ¥ A W) &
0% #UZ 2329 A%s} 9% —%H T2 ehlA
23k Ao Aetdh. oflAlge] A% 34 FFre 102
7o 45 AR ATTE ALHTE ALE F1} 2

r

ol 2 Aol E UEA skt $280 $EE oo}
& Ao AZSAT A4H SR E F0F 29 4
28 Ggasle] $RAR 979 A7t 2ag Ao 47
A}, 99 oplNEe] A9 BAA feliel Wt S
povlse 2% 2018 o) Pelk 22EE Homig 0

2 ATE 2T AFAK 1THst o
BA wiF AFRFALEA S S| 7)s /A
PJ010774)¢] Aol oJ3] Fh= AU

Fi }°*' H

Aol =e&

Faisal Md. Kabir, Mwamula Abraham Okki, A9F, B&
7], A, AE=, kA, yglulel] At}
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