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Spread of Cyst Nematodes in Highland Chinese Cabbage Field in Gangwon-do
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ABSTRACT: The sugar beet cyst nematode (SBCN), Heterodera schachtii first detected in Taebaek, Gangwon-do in 2011, is one of the
major plant parasitic nematodes that cause economic damage to the Chinese cabbage in highland regions. In addition, the distribution
of clover cyst nematode (CCN), H. trifolii was confirmed in the highland Chinese cabbage cultivated regions in 2017. In order to
investigate the spread of cyst nematodes, this study has been conducted since 2013 in the highland Chinese cabbage cultivation area. In
addition, in 2017, the Real-Time PCR technique with the species-specific primer was used to investigate those two cyst nematodes and
the soybean cyst nematode (SCN), H. glycines which is known for its distribution in Korea, focusing on the main production regions of
highland Chinese cabbage cultivation. The number of infected fields in the Chinese cabbage plantation in highland increased every year
to confirm distribution in Taebaek, Samcheok, Jeongseon and Gangneung in 2017, and the cumulative number of infection fields
reached 245 by 2017. Of the 41 possible cyst nematode samples for PCR analysis, 61% were CCN, only 9.8% of the SBCN and 29.3%
of the SCN were identified. Therefore, some of the previously known SBCN or CCN discoveries are likely to have been infected with
SCN. It is believed that the CCN needs to be controlled in the future as CCN have been found to be dominant species in the highland
Chinese cabbage plantation regions.
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2009) 735 e 4] o] 2= 2] ulj 5= AfuA]of| A e EfE-o
2 A= AFEER A E X Z(Heterodera schachtii) ol 23t I
712011 2|22 FQ1%| 0 o w(Park et al., 2011) AF& A12k
gAe] AR YA A A] o A wlFoll= BEE Lo
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ol ‘g2t F 542 " asdo] Al7] EUrHKo et al., 2017).
ol o5 YA WjFA A | A= o] F KLEAF o]
ofol| e SRHANLELN(H. trifoli)) = SASH WAYSH= 2
o 2 49] %] 9l thOkki et al., 2018).

AR EEASS AR (Beta bulgaris) A Ao A 4=
FEAS Fote 8 Ao ' Holra, AAtsh, nirE
¥, 5 233954 200 oFY] AES 715= shetll A
MAZ OS2 617]=to] H3EGHTHSteele, 1965; Subbotin et al.,
2010). S-2lugtol| A = 172276 F5-2] Al 2o tigh A4
2EASY] A H8S Bl A 10635, S443 40
Z25 93] vl QJtiKim et al., 2016).

SEHALEATE 1, ofZe)7L ofH| 27t 5 AlA A
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B3}, 0} E3} 5 1105 olo] ZY2 7|FH S 74A 1
QJCHEvans et al., 1998; Subbotin et al., 2010).
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T 9JtKCui et al., 2017).
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ME MAEZEH total DNATE
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Extraction Kit (Bioneer Corporation) &

F22 AccuPrep® Genomic DNA
olgiolet. 2t =
FolA et dro] 2 = AR 2 K AE 37H4S 1.5 ml
ujo| 32 H o go} 2 ula3}ar, 200 ul 2] Tissue lysis buffer,
20 pl proteinase KE 715} 60°C ol A 34|17t Fot &3f9k-2-
S XFitk o]o A 200 pl€] Binding bufferS 3 715}0] 745}
kSIS ek o] HES-oHoj 100 pl2) Isopropanol-S 715}, 1)
g o 127 535k 2HS Binding column tubeo]] o]
8,000 rpm, 123+ AH22]E 23] Bt DNAS
B AAA T 0]o]A] Ethanol& 715500 pl 2] Washing buffer
sto] A&kt o]ojA columns Af
1.5 ml opo]a 22 H o] £7]37, 200 pl 2] Elution bufferE 37}
do] Aol A 18271 H1-g- A171 &, 8,000 rpmolA] 1:7F 4]
He)slo] K52 JA DNAE 35319tk DNAE=4TC E=
713t o] gl = -20 C of] Hast gk
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2 columnS Y4E

Real-time PCR2 0|28} Heterodera £(genus) M=2|
Z(species) &AM

WAEAZE £ B2 Species Specific Real-Time PCR
Nematode diagnostic kits (ClearDetections. The Netherlands)
A 3% A Z2HHAEAS = RT-N-D-1202, AFF=R A
EX%=RT-N-D-1205, A AEAIZ=RT-N-D-1204) Act7|
E7} o] §H it} 2A4e] o] 8% PCR Ze}o|H = Heterodera
Z(genus) 0.7 HFRE= Al SZHAAEA
%F 0 FALENF] thsto] 3 o] 7H5HES T4l B
= Eo] Zalo|w(species specific primers)©]t}. Real-time PCR
7]7)= Exicycler™ 96 Real-Time Quantitative Thermal Block
(Bioneer Corporation)2 ARE-5}31 2™, RT-PCR 42 ]t
k8- E0] 248 SYBR Green ClearDetections PCR Mixture
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= Clear DetectionsAol|A] Al &= 3% AFR3}QItE NAC
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P
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2292 2017'd ZARNA 139] Al 24 324o] 3}
THTable 1). AAEAIZ0] FE H v E4 H A
3F+=1] 2013 9)l+=39.6 ha7} 7} T %121, 20179 =
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2017 ZFY= 57 Al 1167])14 112 A] o] Sufj3= Afjuj 3=
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A} NAE A Zo] dAgE T 2= A7 9] 36.2%2] 4274

Table 1. Number and amount of cyst nematode detected field in highland vegetable cultivation area in Gangwon-do

- Number of detected field Amount of detected field (m?)

Taebaek Samcheok  Jeongseon  Gangneung Taebaek Samcheok  Jeongseon  Gangneung
2013 40 37 162 - 81,764 192,743 121,588 -
2014 50 5 38 0 113,945 8,904 52,820 -
2015 6 23 23 0 24,000 76,828 97,118 -
2016 24 14 17 0 100,000 74,000 74,000 -
2017* 7 16 5 1 79,077 152,818 80,951 5,000

*Only the number of Heterodera schachtii and H. trifolii detected field.
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Table 2. Number and amount of field for survey of cyst nematode and number of cyst and egg in Chinese cabbage field in highland area

of Gangwon-do, 2017

Number of field (detection rate,%)

Amount of area (m?)

Mean number £+ SD

Locality
Sampling With cyst Sampling With cyst Cyst Egg

Gangneung 10 1 (10) 103,000 5,000 29 1450
Jeongseon 30 5(16.7) 259,909 77,353 94.6 +74.8 3405.4 +3149.3
Samcheok 35 23 (65.7) 370,010 251,744 217.3+228.1 15006.9 + 15594.4

Taebaek 31 8 (25.8) 358,227 85,892 374 +46.5 2956.9 +4426.1
Yeongwol 10 5(50.0) 37,590 19,110 39.8+£59.7 2684.7 £3704.3

Total 116 42 (36.2) 1,128,736 439,099 - -

Table 3. Number of cyst nematode positive sampling field in Chinese cabbage field in highland area of Gangwon-do, 2017

Number of positive sampling field (total no. of sampling field)

Species Gangneung (10)  Jeongseon (30)  Samcheok (35) Taebaek (31) Yeongwol (10) Total (116)
H. glycines 0 1 3 3 5 12
H. schachtii 0 3 1 0 0 4
H. trifolii 1 2 15 7 0 25
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Fig. 1. Cyst nematode detection site in highland Chinese cabbage cultivation area, Gangwon-do from 2015 to 2017. (A) Gangneung, (B)
Jeongsun, (C) Samcheok, (D) Taebaek. T, Heterodera trifolii detection site; S, Heterodera schachtii detection site; G, Heterodera glycines
detection site.

342 Korean J. Appl. Entomol. 57(4): 339~345 (2018)



;‘q.o]_e_ qu ALz ;(]o:lo] 65.7%2 7}%]— Qral, IR 9L 10%
O] AZ8-2 Bt Table 2). £9F 300 cc A AEQ}L o =
ZAEE WAL GG O Ao Bt 4 AL
A% FA0] vlgo] 714 5 9ka AR x| oA 71 ek,

H&80] 71 Yokel 1= x| o] 714 2 QJtK Table 2)

|m
20
of
O,

I

Real-time PCRS
=i 2

0|25t Heterodera 2 MZE0| ZH

Table 204 A} A AEAS HAYEAF 423 Fo| A A5
9] DNA7} &2 = 387]) A|&0] tho}o] Real-time PCR-E o]-&
Slol HAEAFO] 58 U 4 Aotk AFEAAENS
S 4, SRWNAENFL 2574, i%]*EH = 1271
3E 001]/\_1 el Eglom 2719) S FAFF + E2HH L
i 3+ FRUHAEAE] S i
ZF 17} 4} 2742 ZAFE|QITH Table 3, Fig. 1).
}El—_?_/u]/\ EAl 14 WA SEAEO. A A x] [e:] /\1] 3t J_]. Az x] o]

[e]
B Lo 2 NAEMZ 7143419 3.4%S) O H(Table 3, Fig. 1)

lm 1~>F

oN
ﬁ 20
O{N'

Z_1

HPH A2 0.76 hao|Qith o] & 32742] E9F 300 cctd A AE

U= 2A 337056 23140071 wgg HRAEE M 2Rk

oA L] WAET} EASIG 00, o] 2] vl 2
=

rlo
oZ\i

Aol w]sto] ¢ 91583 AT 5 ulHE S| 4
A 3ZALC] 40~50% 2 ZAFE] Yt Observation data).
SEHNALEASS LA G2 A {47 Al 257 227
of| 4] BHolx]o] AA| RAFEAFS] 21.6%S X}A|5ko] 11egA] )
wj 2]l A BHel ¥l MEE 2 Yl 7} 71 =9kt Table 3).
HPAYH A 2.42 haollom o5 A 2740 B 300 e
WAE 9% 607) o|Ate] AL | 7]1_/.\_(‘1'”(@;‘?57\P 72%) 2 ©]
8 E YL TR LY S U
;‘é g=rofl vlsto] ul-9- Y=L A4HET 5 vl dEEo] AA
2] 30~40% E](Observatlon data).
FARENFE FEAAE AT A7) A1, 127) 2o
A AZE o] Ax| AR 10.3%2 15T Table 3).
SR 212 0.92 hao|$loH, o] & Y sEAFo] E9F 300 ccd
AE W 307) o 0] AL 67 (LA 50%) & o] 5
SOl Al B 27040 2L FRHANAEASY

=x

Kl

S A1 A (Fig. 1). THAEAITRE e 7] o
Z2X19.0 u|7FZo) AR 2Jo] 2 Ho]R| &F3FtHObservation
data).

1#

L-Eygto]| EAES|= Heteroderasy NAEAFF= 7591
H|(Lee et al., 2018) 0|5 % AA| 2] 9|al7} A5+ AZo FH A
EASIANE ZZHAAE A 0|t (Mass and
Heijbroek, 1982; Miiller, 1999; Wrather et al., 2001). £3] $-
2lpiol A Bl el o2 AYElo] g Al
I SRHALELNSS St A AulA] oA =2 A
M| 32 e ok ook 2 Alxjakat 2] A8 ATt
@} ksl AR A5 SBITHKo et al., 2017; Lee et
al., 2018). whebA] SR A] v 5= Auj 2| o A o] 5

of HPA e Sl W AR A5H50. Q18] AR Aol
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