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Efficacy of a Soil Disinfection Machine for Fumigants to Clover Cyst
Nematode
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Clover cyst nematode, Heterodera trifolii, is one of the most important plant-parasitic nematode on Kimchi-
cabbage in highland in Korea. Recently, a demand of soil disinfection machine for fumigants is increasing. This
study was conducted to assess the control effects of a newly developed prototype soil disinfection machine
to the cyst nematode. Two fumigants, dimethyl disulfide (DMDS) and metam sodium (MNa), were treated
using the machine in a field, which was infected with the cyst nematode. After 4 weeks, control effects of
fumigants were assessed as eggs hatching rates inside of cysts extracted from the soil, and as a number of fe-
males reproduced in roots of Kimchi-cabbage. DMDS (39 1/10 a) suppressed over 99.0% of the eggs hatching
rate and the number of females reproduced. On the other hand, MNa (29 1/10 a) controlled the egg hatching
rates from minimum 78.3% to maximum 99.4%, and the number of females from 34.7% to 49.3%. The control
effects of two fumigants to clover cyst nematode by treated depth were no significant differences statistically.
These results showed that DMDS treatment using the soil disinfection machine was expected to have the
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tHCho 5, 2000; Kim =, 2013).
Research in Plant Disease ‘]‘]}\E/\']%(Hewmdem spp.) 4, F1], g1, ofAlo}, &
PISSN 1598-2262, elSSN 2233-9191 74_4 nE ‘:H‘ﬂr‘)ﬂ —r—;"Ec?} N{QEF](Subbotln . 2010),
www.online-rpd.org
23.4 200%9] t}okdt A1 58 7|2 3ok (Curto, 2008; Harve-

(©The Korean Society of Plant Pathology
@ This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Research in Plant Disease Vol. 26 No. 2 73

son} Jackson, 2008). TF A 3, AP ol WAsH
AP RER A E XS (Heterodera scachtin) 3t S2HAAEA
(Heterodera trifolii)2 ¥}k ZH&-o] AlZbet =ah=F 7has
2tk (Franklin, 1951). g0l A= AFFROAT A E
o2 Qg Ta7} iz oHR Pejo] o]2E R 2 2
ATHMuller, 1999). 7|2 wjal3tA] Hie = uf-9- wrol Bk 1
FAREEAS & 187 F=o W WA= Fulj5 42
9] 28%7} A EE= Ao 2 H 1 E ¢t Abawi2} Mai, 1980).

S YRS AR FAEo s HEEEF2E A
A= AEERNAELNZT S2HANAEAZ0] 20114, 2017
| Zbz} el A], Aol A A EASEAAL, I wsirt A
A A 5 A2 ALz Al gAbE L ItHKim 5, 2015
Mwamula 5, 2018). 7541, AH2A], B A|ef A 70] =g
v AR E AR 2013 35H 2017 @71A] AFFFER A
EAST SEHANLEAS WA ZAME 38t A3 oF 1336
hao] Ao F FY NAEAF| 4HE A= Yepgt
(Kwon 5, 2018). IL=PAulj 5= LA o] WAEMZF Y Al 25
o] 2 50%71A] gl g2 A ltHLee 5, 2013).

AR e UEtolA NEELAF tis) T5E 54 oF
A= W gAE(metam sodium, MNa) 94, t}Z5l(dazom-
et) YA7} lthHKorea Crop Protection Association, 2019).
Dimethyl disulfide (DMDS)+= A A EAZF FA| 2= ofF] &
SR FATE AAFA = Hol o] & UE methyl bro-
mide 257 AAZ 2] A1 7H5Ao] gt cherst A7t
2311 9JthHAbdalla®} Lear, 1975; Fritsch, 2005; Mao <,
2019). Z|Lof|= AR A EAZ(potato cyst nematode), B
YA 5 ARSI E WA At Sl o= o
A o] & o] &3t AE7|BAT WAl A7 R Yo
(Coosemans, 2005; Curto 5, 2014; Fritsch <, 2014; Gomez-
Tenorio %5, 2015).

A AT A2 EASS ez E54 oFAll gt
A A7 R E ] ghov, Sl £ FAE EY &
o AL FAlol BldS HEsl= 71AIS 7ol the A
£ 3 vt gick whebA, 2 dtolids 54 A Aet
vl )& 2H¢fo] FAlo| 7Hed EY 2=7|E ARk, ol
£ 0|83 £F4 oA 2 (DMDS, MNa)9| SEHAAEMZF
WA &35 ol 312} SHGIT

i

£y
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Fig. 1. Soil disinfection machine used in this study.

Table 1. Specifications of soil disinfection machine used in this
study

Item Specifications
Body LXWxH (mm) 2,500%2,100%1,250
Weight (kg) 612
Pump Type Vane pump
Flow rate (I/min) 2.2

Spraying Type Drip-watering

system Spraying spacing 27-36x30
XRow spacing (cm)
Depth of spraying (cm) 15-30

off =3t 7 Bldu &S FAlo| SRR A& om A Al
¥ Table 13} Zoh A5A A2 A= WL, 458 A
ofgh, ellco|= WH 2 A5Gk HIIH = A 5

, 9787 vtk AT A E BF5H] Slel FEEolA
g 7+zo] =W Aofgtol| A &dio| =W BE sfrste] oF
£ BARlL Pol Rk W0 2 Fig. 29} Zo] AEE S
oA A3 Al 2'S sl ofA| A2 MNagt DMDS
o] g8 4= QIEE 10 ad 30-40 |12 2T 5= Y= A7t

ANSZH MY, 78 U MS 7L AL 9= ZA
T YA GAR o] A7 SRHA LS EMS(H. trifolii) 74
v 5= ZAo A AES TSHATE AIE 24 FHAL of
6,300 M’E ZEHRAEANZ 27| & ZAIUEE XA
913 20199 79 12 AJ ZAFo 2 HE 330 m’PF(100%E) 10
N ARE 7€ 2 EFARE 9F 2,000 cm’E A sHECE A
A3 EFS 2 A2 oh2 Al S A o83t EF 100 cm’
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Fig. 2. Schematic diagram of operation mechanism of soil disinfection machine.

AeF5}9H a1, 20 mesh&} 60 mesh S o]-8351o] ESF Y| A
E(cyst) S Ea)3}%th(Barker 5, 1985). Ao 2l NAE
£ watch glassof] B AA| @ =] (MZ12, Leica, Wetzlar, Ger-
many)< ©|-§3to] AAENE ZEhich Z2hd AAEE He
AAFSE 5 ml tubeo] Y3l microhomogenizers o]-&3sfo] &

HethS TSI 1 miY 33] 2E3t Bt & DEg A

Mo

SEZM U X2l EF £E7]S o]&sto] THA oAl
MNa$} DMDS 2% EQF FHO ZHE 15 cm, 20 cm ZHo|2
0.32 m/sec?] ZYP&T 2 A5ty on, AP Fig. 37+ 2
o] FAIE AIFHA| g2 FAE 5 Xt B 25A4 F
=2l X7 Zlojd 3utE o 2 v X8}t ZF Ayt = EY A
£7)9] 4HEAYE 1.6 mE 20 m 17+ A2stgon 2+ A2
Tofl A oFF-2 Table 29} et oFA| A E] & EF AE7|o|
H2kg )] o] & 1.6 m, F7A 0.02 mme] HEM U=
PE ZFo] oS wheh Ao 2 wEFirh oFAl= 20194 8
913 At on 452 54171 H 949 108 #EH o
g AlAsHT:

Table 2. Amount of fumigation disinfectant treated in each plot

.. Depth of Amount of treated
Fumigation s . s
. . treatment  fumigation disinfectant
disinfectant a
(cm) (I/plot®)
DMDS 15 1.249+0.016
b
(5L, 99.55%) 20 1.262+0.015
MNa 15 0.932+0.008
(SL, 42%) 20 0.939+0.008

DMDS, dimethyl disulfide; SL, soluble concentrate; MNa, metam
sodium.

*Plot area: 32 m” (1.6 mx20 m).

bPercentage of active ingredient.
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3
2
>
__),l_g‘
)
_)|4_4‘
i)
u
N
fu
i)

1.6 m
A

I Treated plot Buffer zone

Fig. 3. Designed plots diagram. Area of one plot, 1.6 mx20 m; @ and @), depth of treatment =15 cm, @=20 cm. P, dimethyl disulfide

(DMDS); M, metam sodium (MNa); C, control; 1-3, replication.
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& watch glassoll 7] BT A AN AMZ12, Leica) & o]
okl AAENE Zehd o3 ZF AP EE 30 A2 KA
EZ 2048 FR9IE ALsGc 7 HAES MY
¥ Baermann Zwj7]o]| &2fFal 1= Ao = 3] F3}5
WABNF 27] 38 SUSHAoH 43) B oA
o 27] 5 AR 207 Hofl 2 AEES BT 35t
o] 5 ml tubeo] Y3 microhomogenizerg o|-gsto] & &
ol g tkE th-S A 0] A (MZ12, Leica) ot A F3}15617)
o}% OE} _q\__g_ }_A}s].oﬂr/]. o} HQEL‘ X-]x]] o} /\ 7]_ H
St WAENF 7] §35et Rakeh) gk o o) gl

o
oF
e 457 Ho NAEAS 27] 15 9 Hle< Atst
o

54 ol X2lT0] U3 ZAE B NAENF O
Whe £54 oS Aol 23] 2 Aol

2 Zgslqt 7r A2 A
Z+7} 500 cmW Z%“*o} FEEL I ES @

A& THE3t) @EA-S 20 mesh @} 60 mesho]| 2| = 7
£ T3 60 mesh A 9]0 'F-2 Z=2 watch glasso]] @12
AAER B (MZ12, Leica) oFefj A HAES Z2HH o 5 ml
tubeo] ¥ 31 microhomogenizerE ¢]-&5}o] & detlS 1t
Solck AABRAeNA & B 1 mio] Solgl NAEA
F ¢ 42 AL hE SEES B! 1 mig & 1,000
7 el “E!Ei =4 a}Oﬂn} H7E =oF 7&3319@@1) 350

Bl 1 mIE %‘350}"“3} “V\E’“z o
L g\ 25°C, AH:H—’;E 40-50%, &
2 0] A EAYAH| Sof] A9 9]
3 5027t Aufatgich

LERE - EOES B %Fﬁ#a ALsp7 91 2=

IN o
)
o\
Sk
fll)i o

do M om
]m

iﬁ‘;ﬂl 3 Ob‘ﬂw “V\E’“ J%\‘% l
A 73] EolR|A] 2 NAEL %%‘%ﬂ%#"ﬁﬂ% é_‘%ﬂfﬂul

o2 st A3 A

S BN, £34 ob S70} ok X2 o] 1ho) Amat
£ Fls] Sla) A HolElis B2 ol g3te] o]y
*Jl".;ré.(tWO-way ANOVA)S S=33}5Itt. o] Hujx] E-4k
EX)E oA F5 & $oha7} A FA4] o
A E37H= R EA 57| X (https://www.r-project.org) S
0]—%—6}04 Tukey’s studentized range (honestly significant differ-

HEA
o

2

ence, HSD) test 45151, o1 Ae) olol w2 obA) 4
AT REA 1A o] §5to] TestS 45tk

2 o

U AH0 ME S EHMAEMS W Saf. AP
AR %EHilﬂlﬁEH% 27 ¢ 7P°ﬂfﬂE§ EOF 100 cm* T 307
M= WA oA AR S sh7]oll 23 YE = AR Alg
2 AYE 3 “3%%1:}- Sl ﬁ‘rg‘)ﬂ w2 A adE £A% 2
= Table 33} ) o HjA] AL A Aut FEHAAEM
% o 3-8 Ue £ 254) R0} obA) Ha) o] 2k 4
SAE-S VU] QQETHdR=2, F=217, P=0.157). £%4 oA
TFol 2 & FIHE2 FAZHCE FYugt AfolE HYle
WHdf=2, F=9.13, P=0.004), Tukey’s HSD test Ax} MNa2} DMDS
7Fe] & B5}1-2(15 cm: 5.6%, 0.0%; 20 cm: 0.4%, 0.0%)- XFol7}
Sl 2o &2 Yepgth B 54| A Zolof e o Bahg
< AL E Fou|gt Aol & Hol= AL 2 YERTK df=1
F=5.07, P=0.044). 12JL} o] 23t Xpol= X2 ko] oF X3
Zfolof| o3t Ao 2 FUZE oF A T ol A Zlolo EP%
oF B3lg o) 2ol gl Ao et BAK 02 fojn]
3} z}o]& Kol akgkoL} HEA|7Heontrol value)= 15 cm Zlo]
2 A& A3 20 cm o] 2 A AFe o 2+
7} 78.3%, 994%2 T =7 Urebygch

2 S4l0 W2 SEHMAEMS WA £01. ¢
A SAgol e SEHALEAS YA 238 243 2
= Table 49} ey, o] fuj 2] ZAHE A Z3to]

Table 3. Haching rate of cyst nematode according to depth of
treatment and type of fumigation disinfectant

Hatching rate (%) Control value® (%)

Treatment .

15cm 20cm 15cm 20cm
Control 25742238 64.2+8.5a° - -
MNa (SL) 56+5.6a 04+04b 783+21.7 99.4+0.6
DMDS (SL) 0.0£0.0a 0.0+0.0b  100+0.0 100+0.0

MNa, metam sodium; SL, soluble concentrate; DMDS, dimethyl
disulfide.

°(1-Hatching rate of treatment plot/Hatching rate of control
plot)x100.

*Treated depth of fumigation disinfectant.

‘Characters values in the labeled with the same letter within
each column are not significantly different based on Tukey’s
honestly significant difference test (P<0.05).
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Table 4. Number of females of cyst nematode according to
depth of treatment and type of fumigation disinfectant

No. of females Control value® (%)

Treatment ,
15cm 20cm 15cm 20cm
Control 7174232a° 250+204a° - -
MNa (SL) 363+305ab 21.3+20.1a 49.3+24.6 34.7+32.7
DMDS (SL) 0.7+1.2b 0.0£0.0a 99.1+£0.9 100.0£0.0

MNa, metam sodium; SL, soluble concentrate; DMDS, dimethyl
disulfide.

*(1-No. of females of treatment plot/No. of females of control
plot)x100.

*Treated depth of fumigation disinfectant.

‘Characters values in the labeled with the same letter within
each column are not significantly different based on Tukey's
honestly significant difference test (P<0.05).

A zlo] 7ho] T AH-g-2 YEtUA| ghgtthdf=2, F=2.85,
P=0.097). £Z4 o}
FATE SAF L2 §ou|g Z}o|(df=2, F=12.61, P=0.001)
£ ®glr}. DMDSE} MNag 15 cm Zo]2 Xaatge o &
(15 cm) tjH] LA ZA1457} 99.1%, 49.3% T4l oL},
Tukey’s HSD test A3} DMDS2} F-42(15 cm) 7Ho|9t S4|
Aoz Fofmgt o7} AUk oA EF(DMDSLF MNa)oj|
€ 43 S TAFLE FYud o= Q= AL
2 Ytk 3HH, 20 cm Zlo] 2 DMDSEF MNaZ #2314l
< o= FA2(20 cm) thB] A FA14=7F ZF2F 100.0%,
34.7% 2R FAA A = Aol AT B
2=7] A Zolo] W2 FEHNAEAZ IR FA 4=
BARCRE {ou|gt 2po]E HolR] Y= Ao R e
(df=1, F=1.86, P=0.198).

=F
=

d

AFFHLEAS S NAE Wi 2A5t: &9 Fob&
ol e 27] §5E Thho 2 ofA WA E9kE Bheh
HhHol o] 8511 Q1o (Kim 5, 2016; Steele, 1978), 22H A
AENFS AR FASE ol5tel oA WA ke Bhet
= 7] § AAHelehs @7 AnkE glcHlee 5, 2018). et
A, AT E SRHNSELS S R HAE R
o] 2883} A B4 4 £ 7K W ol gte] obA
A £3+8 BrbstaAt shich SRHALENFE AEA
AEAFT SATATL 1S 802 FU 7| 2O2 o)
YA 235 Frlel e 7 F7o] AEEAT | SUsHA A8
2 7o 2 goEr

2L DMDS+= AR A EAMZ, FEH A E Al (carrot cyst
nematode), B8] & A== (root-knot nematodes), Bz &l o]
A== (root-lesion nematodes) 2] A= HA] a7} &y
AWA e 43 A7A BA) A7 2AE o) §H 3 Yt
(Coosemans, 2005; Curto <=, 2014; Fritsch =, 2014; Gomez-
Tenorio -5, 2015). ol A = AAAJulR| | A F2 A= 12
U= PEYSATHFE 2= DMDSE| WA 47 3=
v} @t} (Korea Crop Protection Association, 2019). &1}, A
Ao 2 FRMNAEMZH. trifoli) & T2 538 AT
A= I8tk

£ AtollA A2 e B £57]E o834 DMDSE 15
cm, 20 cm A A| SZHAAEAS o Folgof thgh BA|7F
7F99% o Fo &= LpElLt o] A2 WhHo] S=HMAAEAS | o
R ol =31 QFEAQL WA &S HoSgirk(Table 4). wh2hA]
2 Ao AHEE B 257]|E ©]-8-51e] DMDSE 10 a% 40 |
EG Ashd = 7t argR] vl Aol A A=A ]l
= 2EHNLEAZ YAV 7S Ao 2 At

oFA| A Al A4Sl 0.32 m/secE AFHS o83k &
P5ES B3 A}(lee 5, 2020) EF 2579 AYSE
2 0.9 h/10 a2 YRt o]= o A $3Y Dazomet YA E
Hl2AbE |2 Al B u]g T RS 5 2o vle) oF 40%
o] @3 a7t Qlom, oA A gl HduE 2741] A4
= Aol 3T = glo] A7 afo] ¥ Ao = weEh
Mz A2k B 5719 A& wo|7] oA & A
HAUZ it 37 A7 B ad 2o = deEr:

MNa (SL)i= DMDSe]| H|gto] F A FA1 &0l A BA717 3=
AUt ;15 cm, 20 cm AP A] & &2 ZE Holglen
(Table 3), &3 ZA)E0] o} WHA|7}= 49.3%, 34.7%= H| 1L
2 okt Aol 2J5kd MNa (SL) 10 ad 90 | A 2j= HljS=o]]
st NAELASY] Bd U3 SA4E Ay o s oA
3} tH(Korea Crop Protection Association, 2019; Lee 5, 2018).
Alste] oJatH E Aol A HlH k-2 10ad 291251 (32 m?
o] 0.932 | A7) 2 Zz|oFgFo] S7HeH F=3t A a5 7t
A& 20 & Addnh Ygdst=ol A MNa -8 A= 7|7} 7
H v} 910 B Z(Rabasse, 2004), & Ao A A2Het B 2=
719] 10 a AFTEEFS 90 1714] M2t 4 Y2 A WA
E4F PAE 93 MNa G BT E AL§o] 15T A
ofck mtebd, MNasl 28317 913l 22 90 1/10a7H4) 3
ol7] 3t A9 B G5 A=A 2 ¢ 59 74l
ZagZo s Az

T34 A= A Wil wet AHF aaph gkl

itk 783 1D FRE EFA FAY ARTAS BA
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&3 4ol e 921 29 shiolrk: Ou 520099 9
TolA BEL Hd FF F shel EF 28 S (vertually im-
permeable film, VIF)7} polyethylene film (PE)S o &3S o
Hrh MNag 2ed& AL 5H32m, Yan 5(2019)
R4 HES H1 W ALRS ol8ste] FAIE A st
o= B A5l WA a7 okl 2 skeick 7L MNa
£ 1,3-D, chloropicrin®} Z3g}slo] 22|35t ¢ &t 2Rk
BYSAS UA a7t o A Vet sHgltHDesaeger
=.2008). & A1 ot AAE Uu =7 0.02 mme] AR
AUE PEWEO 2 WEI APO R 2T B9} 1A
2 VIFS AHg5hE X3 o e 22 ool NE T3
QWA HIHE AT S YA 27} AR,
o] el 2] 29| Shjel EoF 2.5412] He) 2
ol BEHNAEAS U] Rok2T IR S 450l FAY
©2 ou|at Xjol2 Holx] ot & FFL FA) Wk AL
Z UEhgth o] Aito] me} B 578 o]t S=HA
2EASS WA Alolle BEY 25419 A7 Hol= AES
2115 cmof| A} 20 cm Afo]o]] iiEth_ W Ao = AYzHEr:

o
il

12

SEHALEANSS S =GRl S ARl A 7HE A
=3 Sl AE71ASE T sholth & A= A= e
T34 oA AE719] Ao Al ] Yste] LA =
A SEHNAENZS Ao 2 T2 4 oFA 2 (dimethyl
disulfide [DMDS], metam sodium [MNa])] AH41% AL 4
Fotth 54 oFAS WA A= oFA| A 45 5 A2
H EGO 2 RE NAEE AYsto] SZHNLELAST G 7

g 2T, A el S HH%OH At &

EMAAENS 2 Hﬂglﬂl 4R 54 52 z%zr 09.0% ol
AJABIE 2, MNa (29 1/10 a)= & 535182 78.3-99.4%, &
2 34 Sk 347-493% = AASATE £34 oA 239
2] Zolo] W2 SIEHHLEMS & 23T} PR FAS
L EAH0 2 oul Aol S HolA] gpekek & AelA] 7
W £ 257]2 o §5to] DMDSS Ef Xelstl Sz
WAEAS WA B3 9 A0 2 Held
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