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Control efficacy of two nematicides against southern root-knot
nematode in a cucumber greenhouse during the fallow period

in winter
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- This research can contribute to preventing crop damage from root-knot nematode by providing control technologies
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Abstract: Southern root-knot nematode (SRKN, Meloidogyne incognita) is known to
be responsible for annual economic losses of 38.2 million USD in cucumber cultivation
in Korea. Nematicides are frequently used to manage SRKN in plastic greenhouses.
A field experiment was conducted to assess the effect of a soil fumigant (dimethyl
disulfide, DMDS) and a non-fumigant (fluopyram, FL) against SRKN during the winter
fallow season in a greenhouse from October to December. Nematicidal efficacy was
assessed at 43 days after treatment, and the root gall index was measured 4 months
after transplanting cucumber seedlings. DMDS effectively reduced second-stage SRKN
juvenile density with 91% control efficacy, while FL showed no control efficacy against
SRKN. Root gall index values were significantly different (p=0.020) in DMDS treatment
and controls at 1.0£0.00 and 4.3+0.58, respectively. This study showed that DMDS
could be considered an effective nematicide for controlling SRKN in the fallow period in
winter.

Keywords: control efficacy, cucumber, dimethyl-disulfide, fluopyram, southern root-
knot nematode
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ol T /AN, W=, Al AAA A B Sk
s Aol AEiEE Aoz dA SITHRDA 2018).
AAAE] Qol= oA 4] WXt AAfsto] Slvbe
(powdery mildew), =8 (downy mildew), &2
(thrips), 7}©] (whitefly), 2] 2415 (root-knot nema-
tode) 5 TFRt HallEoll 2t msiE Tl ATt (Park et
al. 1996; Park et al. 1998; Kim et al. 2006; Jeong et al.
2018). 53] 2| ZAF2 2o]9] #ajo] 7|YsHHA 7

= = %
QAIES THE0] R SEG Sl B Ask, 5o

&
(Greco and di Vito 2009).

Lolo W g F= BYSAFOoEE IR Y S
A% (Meloidogyne incognita), ZFHHH 7R 2 20 F: (Mel-
oidogyne javanica), ©¥] Q072|255 (7H, Meloido-
gyne ethiopica), AE| 22 B2 Z4Z (714, Meloidogyne
enterolobii) 5°] ¥## St} (Dickerson et al. 2000;
Kiewnick et al. 2008; Kim and Lee 2008; Wu et al. 2011;
Aydinli et al. 2013). =1 ©.0] AdA YR || A= T2 I
e s o] HollE 4071 2™ (Ko et al. 2017),
TofAE E= EYF 100 cm®d 4~13712] o)/ o= EQF
of WaftAUE o] Mg o] QloH g2}, 4
ASA A9 & &3 WA ZAE ook wollE £d
SItH(Dickerson et al. 2000). = 2.0 Zjufz] o) A= B
S50l osl A%t 5009 A o4Fe] HAA msirt HAY
St Aoz Uehd msf HAskE 915 Al 3ol
I 95}H(Kim and Lee 2008).

BYEASE dutH o g el A4 22 (chemical
nematicides), HI7|F2 2 A FFS o183 =+
(crop rotation), &A1 &7 Q1= =HZE A8l (nema-
ticidal cover crop), Y& EFA5 (sun-heat soil ster-
ilization)Z ©]-8-5HH HE EY 4= TH(Nyczepir and
Thomas 2009). =HeAE Qo] Aulz] B2l ZAS A
£ 9ol EPNE, A A, g, A4 T4, o
T, ASHAGAR, ZID2S 0S5 ol 8Rt theF
St A 7]eo] A5 o] Yot (Park ef al. 1995; Kim et al.
2010; Ha ef al. 2014; Kim ef al. 2014, 2015a). 9}&4 (6~8
d)ofl Fdsh= AT AQAEIRA M= g, HYE B
G, =H2HE A, AASA A9 5 o U 7]
&g o83 & Slth(Kim 2001). BHH, AS&H (11~49) &
7sote AAAH 2ol B9 7871t et Ao w B
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o Helsh=tl, 34 oAl Al 2~35 ode] Alzto]
Fastal g5 TH Al7|eE Hisl] A9 A7]1E 2o
olel FAIZF ek A2 A7 & 2% AAZA 9
A% HA &3tel] JFE & 4 At (Han et al. 2018). Tt
A, 2 Al A AHl gAsE o] AlA Aol
A 58 F=5 2§ T35/ (dimethyl disulfide), H&34
(fluopyram) AASAIE AJste] g5 FH]7] o]Hef 1
TR e A50] B 7hE o K5 gelstarat sheict

2. Mz 3 LY

g
Qo] AVAAuA] o)A FAIHAL = FEEAFO] oFA B
Al &= B7Fsh] flsl AR S S (Meloidogyne
incognita)°] A AE et 24 Qo] A|Hskes
(432 m’) 25= AlHEF R Astalt 20229 109 17
g #2o] 21.6 m*Y AT 97HE TSI, S
Z 271 59 7] YU (initial population, Pi)E X
AtsE7] f1s A 570 Aol M B AlmE AFst
ATh(Barker 1985). AHt EGS 215 A1 AH
o3t 100 mL F1] 2] B A= et ths, 4L
TEEo]l Eole 5L F o EotAE B 1 E
F AgHS ZAISHI . EF FEH-S 20 mesh A2} 400
mesh Ao 2|2 AZ11 400 mesh A ¢ F2 &2
S Baermann’s funnel F%]o] 2o EQF Y AF-S 2
SHATE. 48AIZF B3t 5 2] shtef] 29l =< 15mL ¢
Ae] JHof| "ot 246k, AAIAR7E (MZ5; Leica,
Wetzlar, Germany)= ©]-8-5t0] 27] 55 A&l +E A5t
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Southern root-knot nematode management in cucumber

Month Nov. | Dec. ‘ Jan. ‘ Feb. | Mar. | Apr. ‘ May | Jun. | Jul. I Aug. ‘ Sep. ‘ Oct.

Schedule Non-cultivation (winter season)

Preparation

Transplanting and cultivation of cucumber

Fluopyramtreatment,
soil incorporation &
irrigation

Soil sampling &
nematode investigation
(initial & final population)

Plastic-film mulching and

Investigation of gall
index in cucumber
roots

DMDS injection

Fig. 1. A schematic diagram of a nematicide experiment for controlling the southern root-knot nematode, Meloidogyne incognita, in cu-
cumber fields. Root gall index values were assessed using Barker's evaluation manual (Barker et al. 1978).

(Dimethyl-disulfide EC, DMDS; Gyeongnong, Daegu,
Korea) ¥} H|ZZ5/d °FA| 1E (Fluopyram GR, FL; Bayer
Crop Science, Leverkusen, Germany)< ©]-8-6F3t}. 2023
d 10 27Y, Bl A= 27]D1E ZA} A3E &6}
374 2] (oFA 2, A=), A2 3HR o= 5 971o] A2
T(21.6 m*/7H)E TSkt %—H oFA|?l DMDS A 2]
= AR bdAde esto] HEskeL 145 Ao
A P A ol-8sto] ARt v Xiﬂl:r“fﬁi 15
AEE F7IskoAet. oAl A2l flsl Bheol 24
£ AAsta FYH s o &St A2 E oA 17‘”\1
o] YAI*H DMDS A ] 7]5(1,000 m*3 °Fg 40 L, AEF
10,000 L) Farste] Al 24 5 (432 m?) ]l Sidshe=
oFF 17.3LE HA8 EF (2 ton)oll B2 T HEF 4,320
LE A2stelet. ofA] A2 F 3090] a3t 20229 114
264 HFE O] ERRIE & A At v dshes 242 Y
Sto] 7EAE AlASEIH HIES4 Al FLE 4% Hl&
A7) (Hand spreader; Gardena, Ulm, Germany)E ©|-&
sto] A2stoitt. =R 22 Aol HAIE FL A2 7|%
(1,000 m* 10 kg)°ll =t A 2]+ H4 (21.6 m*) el a5}
+ 216 g& A SIStk A2 & AV} Zof B £o=
Z AME 4 QT E HEE Yo =845 100 LA ZF

= v o T =
7y st F4 2] (control) 8] HHE Al o= &
84100 LA 22t Pt
ey A 27U 7t Aolste] A=A A e
of w2 M| MZ WA gytE WS HF SRS
(reproduction factor, RF, Pf/Pi)E &85t B7lstqict

(Seinhorst 1966). A&7 B2 Z4AF FAA¢E o}

7] $1o oFAl A2 4390] At 2022 129 94 7+ A
2R EoF Y 45 27] 59 S UL (final
population, Pf)E XA EUE ZALE 9t EY
A AQFH D AF Fele A7) 7leE 27) AdEE 2AF

W} SLeH o= Saskql) A el Rele Al
A5 EYE AAZA 2] 9F8 (control efficacy) &

th&9] Bq 12 0§ 3te] B7hakcs.
OFfL(%) = (FAEIT FAX5- 4T Z4A%5),

FA =T S22 =% 100 (Eq. 1)

AAFA Ao o a1 g A A avt 2
A g oo] 2ZHEA| 9] mo] Jr B4 l8f Qo] He]d
FH B S 24 (gall index) S H7FotAt Al Ao

Q0]=20234 59 59U GHE AASI T, M EA] F
7he 2o1E ARt A 47l do] Z et 2023 9E 82
Y513}, BaE] 8 x| 4~= Barker et al. (1978)2] 7155 ©]
B5to] & A Ao whet 1~6 Ato] o] 2|5 Fofsto]
F715h F71e] @o] 5wzl 2@ R i27]o] B
215 oA = Kokl DMDS A 8] et FA] o] Qo]
37| AR EE Afiio] BE &S BRI 7t
B EAS UAIE % oAl A9 717 52t 7122 &
LA (HoBo MX-1101-01; Onset Computer Corporation,
Bourne, MA, USA)E o|-&5}o =435ttt

2.3, A&
AAFA Ao w2 Qo] A ulz] Ha] S AE vt

A B G7HE 9l5) R 21 (https://www.r-project.
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Table 1. Efficacy of two nematicides against southern root-knot nematode 43 days after treatment

Nematode density

Reproduction factor Control
Treatment (Pf/Pi) efficacy (%)
Initial population (Pi) Final population (Pf)* yiv
Control 488.3+205.02" 76.7+55.75 0.15+0.050 a’ -
Dimethy! disulfide (EC) 125.0£0.00 1.7+£2.89 0.01£0.023 b 91
Fluopyram (GR) 310.0+£50.74 56.7 £22.55 0.19+0.079 a 0

"The results are shown as the mean and standard deviation.
*The final population was investigated 43 days after treatment.

‘R program was used for statistical analysis, and one-way ANOVA was performed at p< 0.05. Different letters indicate statistical differences at the 0.05 signifi-

cance level by Duncan’s test.

org)< °l-§5te] A= 271 752 RF gtoll theh LHl
A AR

2] AR (one-way ANOVA)= S335HATh AR HA 2
A7 o5 A% (Duncan’s multiple range test)= 5-335F3L
tf. DMDS®} -4 2] 7ho] Fe| & 2] o)A A2 t-test

2 salelgon], Hole B BEEAE e,

3.2 o

3.1, MNSRH 58
uhe| 3

AR A oA A H AL =

W DR0ME|ZME 27| 95

Q0] Bl S R
o AE flsl HAFA A 40 AT F 27] 75
o] A% R}+= Table 17+ 2T} AIE 717t Bt B
2 7.5°C, F117]-2 22.6°C, A 7] -5.4°CE UE}
ot 2719 (initial population, Pi)et 2|E T & (final
population, Pf)E ©]-&sto] 7t A 2|d e HF F4
2|4 (reproduction factor, Pf/Pi)E AAFeH A3}, T4 2
+ 0.15£0.050, DMDS ##]+ 0.01+0.023, FL Ag]+=
0.19+0.0792 UElSTh SA12]4= B7} 7|50l W= pf/
Pi7} 1 oJakl el e Bert A4ash 2oz Prt
SH=d| (Seinhorst 1966), & A2 o] A5 U7}t 7F4sh
Ao 2 ettt whaba] Fx2]e} Bl wstelS off 7 A
o] AF UL tA J=g HA5192 0, DMDS A& Ao
£ FA o] AF U5t 919 o Bol #Asidon 5
AMCr: Fou|gt 2fo]E H AT (p=0.020). ¥F'H FL
A2l Aol FA et A Zo] H|gt 702 UrE}Ur
FL Ao mg Be|ZAF 27] 75 2=d4a
AL FAACZ L FoJu|gt 2folE Ho|z] oF

o Lo O{N'
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Table 2. Comparison of root gall index values in cucumbers in
dimethyl disulfide and control groups.

Gall index on cucumber roots

Treatment
Mean = Stdev
Dimethyl disulfide (EC) 1.0+0.00
Control 4.3+£0.58*

*The t-test showed a statistically significant difference between the two
groups (p=0.020).

3.2, B2 x| ot Aat

AAFA Aol wE Qo]o] HalZa|4

L0]& AR 2] 471E et 2023'H 94 8< DMDS A
2] et TR g o] Bels Ty JE—?% 5T (Table
2, Fig. 1). A2+ S22 H7t A3} 3.3+0.582
el on Bajo] 311 22 So] wol Ad=o] I3l
Y, DMDS A 2]72] He]oflx= Zo] TAE]R] Igte
o B3 2|4 1.040.000 8 JER 2A 27} vl
Al BAA S &2 Foqu|gk 2ol & H At (p=0.020). 2=
A4 7} Avte] el DMDS A 2] o] Ha] A8 T4
ZH o 2 A0 & UET

H7kE Sfol

AASAE o83t BT UA a7t E
of EAsh= 271 759 4 A5 (Pf/Pi), 2= Bl &
“JH & A% (gall index) Fi= 'H'd - (egg mass) 5= &
off Bt &= Utk (Barker et al. 1978; Taylor and Sasser

1978). APA1ZAo] oJgt Mal B A HA BT A
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Southern root-knot nematode management in cucumber

Fig. 2. Nematicidal effect of dimethy! disulfide (DMDS) on southern root-knot nematode in cucumber roots. A: Control, B: DMDS treatment.

Al A8 F 179 2 8EHS o]8ote] Brtelr |k §HA]
9H(Kim ef al. 2002; Shin et al. 2021), 24ZA] o] 25t A
9] A7 AQ AAF Bl HAYASE (corrected %
mortality) 2F ZFEA|0 4 9] §ES}1 Bejex]4 B e
4 5 270 W7t A nE BIH o R HAste] ofkgE Bt
5171 = 3t (Gomez-Tenorio et al. 2018; Jang et al. 2015;
Kim et al. 2015b; Oh et al. 2016). & A = A%
Al 2 (DMDS, FL)9| A7rRa] S50 igh WA &
J«Lﬂﬂ 7VE 27] 552 SRS (Pf/pi) et 20]9] Ba] e x]
TE ol-goto] AAFA Y] AE Friekqit 1L Ax, of
1E Aol 7|5A1E0] gl AHE 4398 ATt o
oFgE B7hote7] wizel FAE T BE A
%14 DR A 27] 55 BT AS e R i
ST oFATE DMDS A 2|o] WA Z2 BAje,
FL Ae|7Eot o 2 210 & Uelth DMDS #2412 2
7] 129 SA Aol tiet A Bk £ 2] thH] 91%
2 Ueson, Qo] HA] 47y Sof & Balof Zof
7] kgt o]2gt ¥t DMDSE A2 off 1}
2 E4Z0] 100% BAIE A= AR Seto= #e
s olelE AR o7t ArujPs Ao s w

Job 2
J

=
=

DMDSt HjFTo]] &5h= AlEo] ok WA &4
2 4, A% 5 Holls Aol A o 85 = &5
o}s} oA 2 & A A Ut (Gilardi et al. 2017; Dewitte et
al. 2019). Gomez-Tenorio et al. (2018) 2] ¥1-of| A Bials,
Ao 1FAH 240 DMDSE had 600 L A2|stal PE

D

r

)
<=

(polyethylene) E+= VIF (virtually impermeable film) H]
g2 BAsHS o 2545 271 fF5ol 100% BA=
= 102 vepieh ofgrelol g ApAlolA] T

2% HAE ¢ DMDS T, Oxamyl® v|48= A
2 Bgto g AEgt ZAAF oA DMDSE £4
H] 98.6% 2] =2 WA &3S HATH(Curto et al. 2014).
W0 B2y AUFAL A ATE EY 2w}
W) Belo] Qo o} R 4 B LE

~27°CO| A4 2L &2 FA|Eofof oFA7t 7]|3tE] o] A

of A S veRd 4 SIth(Nagamine 2010). 9]
A8Y Aol M= A A2 Al717F E =7} 8°C ©]
02 A== A FHol2HA 100%, 98.6%2] == WA
= gepd Aoz Bl B d7oA= DMDS A
AIZ17F 1192 DB+t 7]20] 7.5°CE Joko, W 7]
S 10°C oo 2 §A% 2T DMDS °FAl A2 717t

142 4A AAste] a4 npe| 243 27 /5 U
E—*;f 90% o’ HAAZ = S Ao wHr)
H, FL2 2o]9] a5 PAEoR S5 A=
ZFERSAZ A= 2 4] ol AHE 7= A
&o] QUTH(KCPA 2023) FL2 A&7144%9] 27] 7%
7)ol kA1) gkt
=2 ket

EbOIIoZ:-{rIO{NI_\,L_IEmQEQéE
o

mlo r\o

il

o] lstE]|o] HAF = dojZ= AL

(Schleker et al. 2022). A F7471E &8 1ympEy
S5 AP Bejofli= DMDS 5 54 A7 kA Y
ZAog mar|ng ALH g 7ITHE FA 45 A7
+ DMDSE A5t A4 A3ol= FL& A2stH 5 &
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29 B Z AT WAL 7Hs S Ao = A

‘go] sl BESF Holl s Be A
=l iz IF= nE & AL 7Ho] 7] i,
TR S A BAIE 916 mid A 2shs A2 oY
710 2 Y7L ETh (Castellano-Hinojosa et al. 2022). 2%
AASA Y] AR A2 #7185 AAs] s A §7471
Zt A 2|3t DMDS O] {A| &3t A& et 4 A7k
Q% 7oz weEnh T3t DMDS 2foll= thEul, o
¥ o B¢ 54 A A F47IE ke
O YAE 7FstA 7 A 2 o s o
.

St
o=

to K

o,

3
Hga
54
ol

N 9

DA E A (Meloidogyne incognita)< =] 2.0]
Azl A FAE I = AE78AFTeR A7 5009
o] ZAAA mofE dor]n Sk FUlellA = Al
2] A aAupERe S Fo] BAE fl6] ek AdE
Ag F=2 o]gsta k. 2 A= ALE §47] s
ARAFAE ol-gsto] Qo] AR uR]of A=A 3l
VRSSO AP BA] BakE g1k flof
otk 2022 10€95H 129, A5 At MHH
A @o] vigsteAoA £548 AAFAY Hud o] A}
©]= (dimethyl disulfide, DMDS)$} 1 &5 AHEAIQ1
EF Q1% (fluopyram, FL)= #2|sto] 1mpe]sd
< A &E Aokt AASA ] HA 8= oA
2] 43 A7 & Fristglon, oo el A]e= A
Al 4789 F Hrlskgih. 11 23 DMDSE AR e
Aol tiet 91%°] WA B35 B o, EFeud
WA a7 Jdek BelEAes F42] (4.3£0.58)
H] DMDS A 2]7-(1.0 +0.00) 4] T3] H¥okon A4
o7 [ou|gt AolE H Itk (p=0.020). A7 Aol o
2t DMDS= A=d F785h= 2ol AdA] 2Fg 2] 1+
a5 A5 A o] GtAQl A FA = ek

1
g
A
T
o
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