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Abstract: Clover cyst nematode (Heterodera trifolii, CCN) is one of the important plant-
parasitic nematodes in the Republic of Korea, causing serious damage to Kimchi-cabbage
in Gangwon province since 2017 Soil fumigants are the preferred choice for managing
CCN. However, cabbage fields in Gangwon province have a slope, making it challenging
to apply soil fumigants and use plastic mulch. Consequently, alternative materials should
be developed for managing CCN. Nematicidal cover crops and resistant cultivars are
among the alternatives. We conducted resistance screening of 82 white mustard (Sinapis
alba) resources from a genebank at RDA against CCN for use as nematicidal cover crops
or breeding materials. In the first assay (1st, 2nd, and 3rd pot experiments), 15 white
mustard resources were selected, while others were susceptible to CCN. To confirm the
reproducibility of resistance to CCN for 13 selected resources, the second assay was
performed. As a result, five white mustard resource (IT297309, 17297312, 1T302951,
IT302953, 1T302954) demonstrated resistance to CCN. These findings indicate the
potential use of these five white mustard resources as nematicidal cover crops or for
breeding cultivars of Kimchi-cabbage in Republic of Korea.
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A N2EAZF 2%t B Wokte™ (Ko et al. 2017;
AQPA 2023), 2ol SRHHALEATO] 45t 1
Y] e o] TS FaL UcH(Kwon et al. 2018). EZ2H A
2 EZA% (clover cyst nematode, Heterodera trifolii, CCN)
2 AAEC & ooliE F= 78 AE78AAS F ohd
2 (Subbotin et al. 2010), Y285 Al F7F= CCNell
Ot fei AR Qe A7t 2589 ¢ ode] HoiE W
ATHNAS 2021). CCNell @ E8 HiF= 27]9= =0l
=G0 78R Yol Rt AL o] A
= Hol1l, A5 7)ol = uiF7t A7 EA] ¢ T
< Btk (Mwamula et al. 2018).

CCN-2 A AE (cyst) 2=
@/dste] AEol 27t 9
7] wiZof] E¢Fel gF ¥ A =H
(Subbotin et al. 2010). Y¥FH o2 NAEHZE
b4 AAFZAE A2stAU (Lee et al. 2018), H
2 0]83F 22 (Kim et al. 2016a), A5 A
vl (Watson ef al. 1996), = &5 8117
S o] 835 TH(Ko et al. 2020). &5
Skl BlES HESHH NAEASS 7t
AT 5 O (Lee et al. 2018), FAE
A1 a-gAL, Avla]E, e 7] 52 o
A A2 & H]d 1]&o] o]#¥t}(Lee and Heo 2018). ™zt
A, 871522 A, eSS a7 Qe SR A9
9] B st AAEASS Bestal JlHh(Kim
et al. 2016a; RDA 2023). ©] FollA iFTtol| &ol= 715
T (oil radish), B8 A} (white mustard) 5 SHZE22 A
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E (glucosinolate)E &-f-5t1L 31 9™ (Kim et al. 2016b),
BAA AN e o = 3ol 9l CCN Ao
de] o] 8511 It (Ko et al. 2020). 124, CCN A
Ol §E Qli= viF =H|ZES] Sfje] Y YEL =
of SH2] FEe A= =l A4to] 7He g =H A=
O] 7o) Hasirt. olof] AR, &2t 5 AU A vl
Fz0] mu|ER 9] E-go] ALEIl vt (Kim and Ko
2024). E3h AP vlFEE= o185 CON& 71
A AL 4= o, =dlol= oF2 ceNell Ag
HjEEFEo] gich 2 A= CCN Ao &8 & 3L
=HIZME At A FE 558 A AT flol =
W #9823 (https://genebank.rda.go.kr) o A H--0F2L 9L
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7+ Al ARl of] A5kl Al A
EAZ(CCN)ell e A3 HA8-E 9o = sdet
HollA FAISHL Qli= CON9] &2 RdHol CCN & &
Efol-o ZH|5FAtH(Kwon et al. 2018). CCNo] HAEH E
& 300 cm*E 5L Fulo] EetAE EFo) i oF 419
TEES Fol EY IS St E A" 20
mesh (850 um)2} 60 mesh (250 pm) Aol =2} o= 7
211, 60 mesh A flol F2 42 A2} Q= AH A
EYUHRE A4 St (Barker et al. 1985). AA| A0
(MZ12; Leica, Wetzlar, Germany)< ©]-8-5}¢] CCN<| 2
A R AE (cyst) T 173 H (micro-container, A5 2 cm)©]|
A B AAES I mL +5&°] 519+ 5mL tube
of %A ©al #47](HG-15A; Daihan scientific, Wonju,
Korea) & °|-&dto] AAE AAS HEg] o S X
A5t CCN €5 S5 &EsH7] 915l 5 mL tubeE
60 mesh (250 um)<} 500 mesh (25 um) Ao =AFAH o2
AZ11 60 mesh f1oll B2 #7715 5mL tubedll HHA] &
A ot #8712 NAES HA] §F | ZobSlH 500
mesh A $1of H-2 &2 250 mL HIA A E2 5=
2 FIk5te] ROl 100 mLE 2A5IH Y, AAdn|ES
ol-g5to] 1mL% CCN & 4+& S5ttt
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Table 1. Plant resources for this study from the genebank at Rural Development Administration, Korea

No. [T number Scientific name Common name Origin

1 [T 216701 Sinapis alba white mustard Netherlands
2 IT 297291 Sinapis alba white mustard Myanmar
3 IT 297304 Sinapis alba white mustard United Kingdom
4 IT 297305 Sinapis alba white mustard Sweden
5 IT 297306 Sinapis alba white mustard Germany
6 IT 297307 Sinapis alba white mustard Israel

7 [T 297308 Sinapis alba white mustard Israel

8 IT 297309 Sinapis alba white mustard Israel

9 IT 297310 Sinapis alba white mustard Israel
10 IT 297311 Sinapis alba white mustard Israel
I IT 297312 Sinapis alba white mustard Israel
12 IT 297313 Sinapis alba white mustard Germany
13 IT 297314 Sinapis alba white mustard Unknown
14 [T 297315 Sinapis alba white mustard Unknown
15 IT 297316 Sinapis alba white mustard Germany
16 IT 302928 Sinapis alba white mustard Turkey
17 IT 302929 Sinapis alba white mustard Sweden
18 IT 302930 Sinapis alba white mustard Puerto Rico
19 IT 302931 Sinapis alba white mustard Serbia
20 IT 302932 Sinapis alba white mustard Poland
21 IT 302933 Sinapis alba white mustard Israel
22 IT 302934 Sinapis alba white mustard Sweden
23 IT 302935 Sinapis alba white mustard Sweden
24 IT 302936 Sinapis alba white mustard Poland
25 IT 302937 Sinapis alba white mustard Poland
26 IT 302938 Sinapis alba white mustard Sweden
27 IT 302939 Sinapis alba white mustard Sweden
28 IT 302940 Sinapis alba white mustard Canada
29 IT 302941 Sinapis alba white mustard Sweden
30 IT 302942 Sinapis alba white mustard Germany
31 IT 302943 Sinapis alba white mustard Germany
32 IT 302944 Sinapis alba white mustard Germany
33 IT 302945 Sinapis alba white mustard Germany
34 IT 302946 Sinapis alba white mustard Nepal
35 IT 302947 Sinapis alba white mustard Germany
36 IT 302948 Sinapis alba white mustard Israel
37 IT 302949 Sinapis alba white mustard Israel
38 [T 302950 Sinapis alba white mustard Israel
39 IT 302951 Sinapis alba white mustard Israel
40 IT 302953 Sinapis alba white mustard Israel
41 IT 302954 Sinapis alba white mustard Israel
42 IT 302955 Sinapis alba white mustard Israel
43 IT 302956 Sinapis alba white mustard Israel
44 [T 302957 Sinapis alba white mustard Israel
45 IT 302958 Sinapis alba white mustard Israel
46 IT 302963 Sinapis alba white mustard Israel
47 IT 302964 Sinapis alba white mustard Israel
48 IT 302965 Sinapis alba white mustard Israel
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Table 1. Continued

No. [T number Scientific name Common name Origin
49 IT 302966 Sinapis alba white mustard Israel
50 IT 302967 Sinapis alba white mustard Israel
51 IT 302968 Sinapis alba white mustard Israel
52 IT 302969 Sinapis alba white mustard Israel
53 IT 302970 Sinapis alba white mustard Israel
54 IT 302972 Sinapis alba white mustard Israel
55 IT 302973 Sinapis alba white mustard Israel
56 IT 302974 Sinapis alba white mustard Israel
57 IT 302975 Sinapis alba white mustard Israel
58 IT 302976 Sinapis alba white mustard Israel
59 IT 302977 Sinapis alba white mustard Israel
60 IT 302978 Sinapis alba white mustard Israel
61 IT 302979 Sinapis alba white mustard Israel
62 IT 302980 Sinapis alba white mustard Israel
63 IT 302981 Sinapis alba white mustard Israel
64 IT 302982 Sinapis alba white mustard Israel
65 IT 302983 Sinapis alba white mustard Israel
66 IT 302984 Sinapis alba white mustard Israel
67 IT 302986 Sinapis alba white mustard Israel
68 IT 302987 Sinapis alba white mustard Israel
69 IT 302988 Sinapis alba white mustard Israel
70 IT 302989 Sinapis alba white mustard Israel
71 IT 302990 Sinapis alba white mustard Israel
72 IT 302991 Sinapis alba white mustard Israel
73 IT 302992 Sinapis alba white mustard Germany
74 IT 302993 Sinapis alba white mustard France
75 IT 302994 Sinapis alba white mustard France
76 IT 302995 Sinapis alba white mustard Slovakia
77 IT 302996 Sinapis alba white mustard France
78 IT 302997 Sinapis alba white mustard Poland
79 IT 302998 Sinapis alba white mustard Poland
80 IT 302999 Sinapis alba white mustard Poland
81 [T 303000 Sinapis alba white mustard Poland
82 [T 303001 Sinapis alba white mustard United States

23. MY’d 4%

A2} 822 ol gt CCN A AA Alg2
A2 131 (307H), 23] (2470), 33 (287H) tHrol 4
om Ao yepd MAZ} 2HYS o= 2
3 AR ANEE Flsto] A AP oAFE st
o WAz} Hi S (2 BF) FHE AT AE8 EQ
300cm’ (2 8:FE 2 EHE)7F 01U 7R 5cm,
M2 5cm, =°] 15cm 27]9] E2tAE ZEO| &A 481
th(n=3). Al@ ZE°] CCN &= ZEY 1,000719] E&
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2 HE5H, F2F(25°C, LED 13 14D : 10N)°]IA
CON @70] @42 ui2] 2023t Aefslolct.

2.4, MY’d 87t

A ZFe] CCNofl tiet 2@/ Taylor and Sasser
(1978)°] WS FFarsto] Hejo] % dHo 74
£ o]-&sto] Frlsiaitt. 4AH 9 =27t 07l S AT
(highly resistance, HR), 1~107i= #3}d (Resistance, R),
107 Z3= 7H4 (Sensitivity, $) 2.2 Tt ct, A



H AHle] CON AFA @A o155 Brsh] St 27+
NBANE 5UE 71E 02 APA o585 Bystart
CCN A I 24 98] A3 A4 AP =gt A8

7k S XES BAR 5L 0] ZekaE BE

o 9419 B Yol B PR WU E
& AEN-S 20 mesh (850 um) 2} 60 mesh (250 pum) A ]|

O|-‘.l>,

A o2 AZ27 60 mesh Al Yol 2 EZL A=}t
= At HIERT 42 &4 Flth AAAR]

AHZE HEg T 4of g71 E“EHV‘V\E A% AA
k.

2

25. AN

Loy |

WAz g2kl gk CCN9 A3 H8 E ot
£ ¢Iol R Z= 19 (https://www.r-project.org) < ©]-&
sto] A2E oA dicof gt deufz] 4R (one-
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way ANOVA)= 35kt AR g4 © o84
(Duncan’s multiple range test)= 85t 0™, HE To]
B= Huy #EH2tE e

3. 2 Y 2%

CCNell thet WA} 252k o] A HA 12 A8
7534.& Table ZQ' ZEH:} X—]E]—k] A ;G 73)4. CCN 01-74 o] 10
= zﬁ} A BAHLLE Table 213 Al Al<IskATh 12} 4]
42 8270 AHY-E 13, 28], 33 2 o] A5t
1912 & 30711 9] MAR; AlEApo] digh A4
Pt om 271 AL (17297309, 1T297312) 2]
CCN &7o] 107 mete g2 bt coNell A4 (R)©]
ot BAA Fo g2 §loith T 12 A o2
gl

3 (T EF) AR SEUNAENF FFl0] F

Table 2. Response of 15 white mustard genetic resources against clover cyst nematode, Heterodera trifolii

Trial Plant resource IT number No. of females/pot® Resistance rating®
White mustard [T297309 3+4.6 NS R
(Sinapis alba) IT297312 1+0.0NS R
1st
Kimehi-cabbage Control 54+61.7 NS -
(cv. Chunkwang)
17302943 3+3.1b R
[T302951 1+£10b R
Whi [T302953 5+3.8b R
hite mustard T302954 14£12b R
(Sinapis alba)
2nd [T302963 1£23b R
IT302964 1£17b R
IT302972 3+38Db R
Kimchi-cabbage
+
(cv. Chunkwang) Control 42+185a
[T302977 1+£10b R
[T302984 0+0.6b HR
White mustard IT302986 6+12b R
(Sinapis alba) [T302988 4+47b R
3rd 7302991 2+12b R
IT302994 2+15b R
Kimchi-cabbage Control 41+72a -

(cv. Chunkwang)

20ne-way analysis of variance, Duncan’s multiple range test at p< 0.05 (NS indicates no significance).
PResistance rating based on the number of females was as follows: n=0, HR (Highly resistance); n=1-10, R (Resistance); n> 10, S (Susceptibility) (Taylor and

Sasser 1978).
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Table 3.Resistance re-evaluation of 13 white mustard (Sinapis alba) genetic resources to clover cyst nematode, Heterodera trifolii

Plant resource IT number No. of females/pot® Resistance rating®
White mustard T297309 746.1 R
(Sinapis alba)

i 1% selected 1297312 749 R
IT302943 271246 S
[T302951 6+15 R
White mustard IT302953 7+82 R
(Sinapis alba) IT302954 5+6.9 R
in 2" selected R
[T302964 15+£14.1 S
[T302972 29+76 S
[T302984 241231 S
[T302986 23+12.4 S
White mustard
(Sinapis alba) 1302988 354384 S
in 39 selected IT302991 17+16.0 S
[T302994 20+15.3 S
Kimchi-cabbage Control 24+9.6 -

(cv. Chunkwang)

?One-way analysis of variance, no significance (df=13, p=0.4).

®Resistance rating based on the number of females was as follows: n=0, HR (Highly resistance); n=1-10, R (Resistance); n>>10, S (Susceptibility) (Taylor and

Sasser 1978).

A= ] grob EEHAT A YEhg e ¢ A
g9 7o wotEc) 23] AdofAe F 2471
o WAz} AlZ2kdof et AHd A& 4285kl o]
oA BAZE 770 A (17302943, 1T302951, 1T302953,
1T302954, 1T302963, IT302964, 1T302972)2] CCN &
Z Bt Ye7t 1~5702 A (R L& e o™ A
Ao g FoJmlgt zpol7t Sliet. 38] Al = F 2870
AR LS o2 AP AGE FHoHA L 670 A
A (17302977, 1T302984, IT302986, 1302988, IT302991,
1T302994)°] CCNoll A/ d o= Uebdth CCN A3Hd
A7 1~32F Aol At WAz} 137] AlE2kds o
Aoz A A S fet 22 Alde 35kl
T}(Table 3). Taylor and Sasser (1978)2] 7]=f| w2} CCN
HZ0] Wt D=7t 107 mIvke 2 veRd 570 AR (17297
309, 1T297312, IT302951, IT302953, IT302954)2 A4
o2 WAstct 870 A (17302943, 1T302964, IT302
972, 17302984, IT302986, 1T302988, IT302991, IT302994)
2 Bt AA 7107 oo m et Ao
Aokqit. 2o ZF A = A U E wEeklE ™
471 ZFA (1T302964, 1T302984, IT302991, IT302994)-2 &
7o) 0~27 SAH FHAIEC] FRI= . = H 5 detd
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TP E A2 (https://genebank.rda.go.kr)
o] 2+ 712K w2H A7) 478 AL (17302964,
17302984, IT302991, IT302994)-> <A 7] E opY
Tor AF AP B @ do] XA ¢hobA 12t
74 Aot Aol AvE YEhile Ao s T

B} 5=} (Brassicaceae) A& 2FIAE0| E (gluco-
sinolate, GLS) 2= 24 thAM =S ABAJ o=t (Kim et al.
2016b), GLS= A=7184%9] Al ook =4
2 2 A Qth(Potter et al. 1998, 2000). |5 A4tH
WA} 57] 2 (17297309, 1T297312, 1T302951, 1T302
953, 1T302954) ¥} 2021 CCNoll A@AQ! w53} A&
2 Z ShQ1 African mustard (Brassica tournefortii)=
THE WAz} 2pof] vlsh 4] GLS golut £ 2H-87]
(functional group)E 7H+= GLS9] 9Fgo] &okA CCN
off A Ao & TehETh(Ko et al. 2021). T T
B4 At A2 g B850 28 o5t Ao
& FZ5M, GLS o]2ol o8] 7HA] 9] A28d=H (bio-
active compounds) <Al tigt H1EL o]Fo]x gt
(Torrijos et al. 2023). 3N LEAFO] rhgl, rhga®t 20|
CCONofl AR FHAE H{8tA Y (Lian et al. 2023),
T [Fzpe] o] dut wiAR} SR T B ot


https://genebank.rda.go.kr

Al CCNOJl A7 e &2 Uehts 7Fs/d % It (Zhang et
al. 2017). Wb AR} 17302954 AL 2] LC-MS/MSE
0]83t GLS &5 £4, GWAS (genome wide association
studies) B4 5= 53l CCN A& A Zfof Hist =
7h iAol "ast Aoz motert e 7 A+ At
of| mhat WAz} 57) ZH (17297309, 1T297312, IT302951,
17302953, 1T302954)7} A3 A-tollA CCNoll #3H/g<l
Ao 7 YEPY African mustard 17] A& A WA &
SHIZFE oL CON A Bl &5 S48 At S5
2 28T 5 S A o= mer)

B>

N 9

S2HA|LEASF (Heterodera trifolii, CCN)-= =]l
A S8 AT F o}Uri 201795 E e 11
B2 S Azt njsiE a1 vt =54 A=
CCN Hejof] 2 A U OlZl“P 73 a2l Ay
Hi 2= AR 7F got vd njio] ofF7] e £54
AAZA A7t o, o]23t o] 2 CCN T E 9
gk oA *XH«] o] H et Ao, A4S mEAE
T A FFol tiet F shuolth webA, 2= A%
LA =H 2= T A BilF 55 S92 % $F
A= Z-g5t7] Slol K23 o] WAL (Sinapis alba) 82
N 2HdE tiF o= ceNell tigh 233 A& 485t
Atk 12F Aol A= 15709] AR} 2Fdo] CCNefl 213
49 Aoz SIEglom 2] 22 CCNoll A4
o|oitt. A 1570 A F 137] Y-S S E CON
gl Aad ARS ol 22 AR =Fstct. 1
A}, AR 57] 2L (1T297309, 1T297312, 1T302951,
17302953, IT302954)°] CCNoll A2 Lrepydtt,
%_ /l—]HPQ Hﬂﬂx} 57H ;{]—.9_]3 }ﬂi lﬂ(}-x—]]_g_ l-—_lj]xl-‘ji
BotALE CONell 3l 1A S £5 S5 IR
et fAxtY e & wohe
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