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To survey the incidence of plant-parasitic nematode in strawberry nursery, 117 soil samples were
collected from main producing area of strawberry nursery plants in 2016. The incidences of two major
problematic nematodes such as root-lesion nematodes (Pratylenchus spp.) and root-knot nematodes
(Meloidogyne spp.) were 11% and 3%, respectively. Strawberry nurseries using upland soil either in
fields or in plastic-houses showed were higher infection rates of Pratylenchus spp. or Meloidogyne
spp. than others. On the other hand, a strawberry nursery using pots filled with bed soil in plastic-
house was the lowest infection rate with 0%. Phylogenetic relationships and distance analysis were
performed for identification of Pratylenchus spp. and Meloidogyne spp. detected from strawberry
nurseries. As the results, they were identified as Pratylenchus penetrans, Pratylenchus vulnus and
Meloidogyne hapla. Meanwhile, when nursery plants of strawberry infested with P. vulnus transplanted
to pots filled with sterilized soil, P. vulnus was detected from soil in pots as 33% frequency. Thus, P.
vulnus can be spread through nursery plants of strawberry infested with that. These studies suggested
that Pratylenchus spp. and Meloidogyne spp. were ploblematic nematodes in major areas of strawberry
nursery plants and P. vulnus could be spread through nursery plants of strawberry.
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2 4o B U HEVNAS FHETS 2AT 2 Mz L ah
B Mz eSS B ol dFo] £ A AFL
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Table 1. The origin of nematodes used in phylogenetic analysis

o3/ A (FY F8, )T By 270 A9, d
P FT7NAGY B7] SEFCERE 11779 ESA =
E AF A EFANEE SEAY A Y, SHEH R &
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Z 70 A 48X 7 53T vl 3} % chBarker &, 1985; Kim
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Collection date

Genus Sample GPS coordinates Accession no.
(day/mo/yr)

Pratylenchus BY06 4/8/2016 36.2393290, KY752520
126.8331930

DY20 17/8/2016 35.2855620, KY752521
126.9270960

SCNO1 20/7/2016 34.9111580, KY752522
127.2749330

SCNO5 20/7/2016 34.9061680, KY752523
127.2861530

SCNO7 20/7/2016 34.9082950, KY752524
127.2873990

Meloidogyne SCNO7 20/7/2016 34.9082950, KY853755
127.2873990

DY14 17/8/2016 35.2671380, KY853756
126.9194010

GPS, Global Positioning System.
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o=l o B E T S o=l e
A Ee RYSASS AA 92 o=, A A& 2H
oj¥ 2702 A& A=t oluf, A o] utaf = H A
Ue=AZdEE de o] o 8 15 ul<] Proteinase K
solution (2 M KCl,, 10 mM Tris-HCl, 1 M MgCl,, 10% [w/v] Triton-
X 100, 20.6 mg/ml Proteinase K)©] S ©] ¢l PCR tubeo]] 2 17
60°Ce]| A1 304, 94°Col| A 1027t v F A A DNAS &34
ct.

W g o] A 5 2] PCR 285 rRNA D2-D3 expansion seg-
ments 5-9] Az}l 3t universal primer¢l #D2A (for-
ward primer, 5-~ACAAGTACCGTGAGGGAAAGTTG-3')2} #D3B
(reverse primer, 5-TCGGAAGGAACCAGCTACTA-3')E ©]-&3}
o] =33 F th(Nunn, 1992). #2541 5 9] PCR2 COIl
9] 8- A =}ol] T3t universal primer$] #C2F3 (forward primer,
5-GGTCAATGTTCAGAAATTTGTGG-3)2} #1108 (reverse prim-
er, 5-TACCTTTGACCAATCACGCT-3) 2 o] &3}o] 283} %t}
(Powers®} Harris, 1993). PCRS ¢ 3l template DNA 4 pl, PCR
premix (HelixAmp™ Ready-2X-Go Series; Nanohelix, Daejeon,
Korea) 15 l, forward2} reverse primer Z+2 0.5 pl <} triple dis-
tilled water 30 pl - 0.2 ml centrifuge - E2.0f Y11 S35} T}
S3H30.2 mle] 5 E E PCR cycler (PTC-200; MJ Research, Al-
ameda, CA, USA)E ©| -850 L] & o] 4 F-2 94°Col| A 1+
7} denaturation, 55°Col| ] 40% 7t annealing, 72°Co)| A 1&-7¢
extension T4 353] W55} on, ] Z A F2 94°C
ol Al 157} denaturation, 48°Col| A 187} annealing, 68°C9]|
A 387t extension I+ 2 353] RIH&ESH4 T PCR 23t = A
7] % 54+ X] (Mupid eXu; ADVANCE, Tokyo, Japan)S ©] &3}
1% o}7F2 2 A7, 1x TAE buffer (0.04 M Tris-acetate, 0.001 M

EDTA)Oll A 100V, 25 mAR 2587F A 7] g 58 o2, UV A
(UVCI-1100; Major Science, New Taipei City, Taiwan)of| A &<l
sttt

BEXHMESHY AEs U S - 7 Ho|g M, #
g o] A F 3} 2| T 59 PCR FFAHE-S PCR Purifica-

i m{u

tion Kit (Macherey-Nagel, Diren, Germany)E ©|-83}o] A A
2™, DNA E7]1 A E-2 (F)A = F-H A 24 Al E o
A] Sanger dideoxy sequencing 7]\t %8| (ABI PRISM 3730xI
DNA sequencer; Applied Biosystems, Foster City, CA, USA)&
o]-§3st EA4 st At &4 2= F ¥ Chromas Lite 2.0,
EditSeq 5.05%} SeqMan 5.05 2 132 0| 8-3}o] DNA &
71 Ee 2AstA e, nl== YAy =4 HAlE(National
Center for Biotechnology Information, NCBI) ]| 7] 5% ©] 9]
E| S 37 Clustal X 1.839] 7|23t o= FEsH ok &4
A E38HA AlF4 = Mrbayes 3.2.62] General Time Reversible
substitution model (GTR+G)= ©]-&3}o] 24 31 % 2L (Vovlas
%, 2015), Dendroscope 3.5.7% ©]-&-3}o] HZ 5} o} ]
o] A F o] L] TE F(outgroup) Palomares-Rius 5
(2010)¢] F-A3E Fastod, R FTHF A

55112 Humphreys-Pereira 5-(2014) 2] d+Z2 3+-& st
Aok FU - F7F Hol& E4 o= MEGA 6.062] distance &

4 =78 ol gakeltt.

@y KRS E8 Wao|MEe| ZH 7 B of
20164 8% 99, 223 o] ApzHa] & o] A1
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Table 2. The incidence of plant-parasitic nematodes in strawberry nursery

% of nematode infestation (hematode density*)

Location No. of soil samples

Meloidogyne Pratylenchus Tylenchidae
Nonsan 25 0 20 (8.4+7.44) 36 (6.5+£5.94)
Buyeo 12 0 86" 8(77)
Damyang 21 10 (7.5£7.78) 10 (24.5+26.16) 5(4)
Gokseong 12 0 0 17 (4+2.83)
Suncheon 15 13 (4.5+£3.54) 33(63.2+89.15) 20(15%£23.39)
Jinju 22 0 0 0
Miryang 10 0 0 20 (23.5+16.26)
Total 117 3(6.0+5.23) 11(31.8+58.55) 15 (14.4£19.33)

*Nematode density=meanzstandard deviation of nematodes numbers in 100 cm’ soil.

"Detected from a single nursery.
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E2 7]Zo] A& th2 1,000 cm’e] HHEYS0] &
EE(R 7 13cm)el 2016\ 8 119 F A ekt 2 4
T EG Y e yol S D& F2I5H7] 93l 20 mesh<}
400 mesh A& ©]-&3t A ¥ 1} Baermann Zj 7| H o 2 A

ru° rlr

< BT AAEr B MZ12)E o]-&-38ho] 22 A
T AR A BB ol dF o EA o Fet DEE st
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Zo Y o
=7 SR AEI|WMS HEFE. 2016d6dF

B o97tA 2 B7) S8 1177) T EFA R 4
2% AT S 2AR A, B] SR o
o A= B 2] 3 X F(Meloidogyne spp.), B 2] 4 o] A Z=(Prat-
ylenchus spp )2} 24 S (Tylenchidae)©| A2 5 1 th(Table 2).

T8 HE AT 7Y FAS2 27 s 427 A
A= AFoz dHA A7 &l (Choi, 1977) B7] wrﬂﬂ

oA 7H EA T AL BelHo 15T wel F 4%
2 7T ol 2ok ATHE A A FAFGH) A0 4
Be)Wo| M} el FHFo] F0 BA HF O e

A7 Aol U A5 tHKo 5, 2016). B2 W o] 2 9] 2]

A7) Wjzol AEEHA G= A= Az
@] SRYE EYERE AMSI|MUF
FU B KRG EFS PYOR F 3
Eore] H5W B AR WARTE 2AR AT
Table 32} Zrt}. = A (field) T+ H]d 3} (plastic house) ]|
A T & (upland soil) S o] &35t EFSHE JS o, &
719 F2 7| AS o2 S R ol e A
Z(Ko 5, 2016)9 AW == Ao A 17%2} 2%, H| D 3t
220 A 21%2F 13% 2 thE S HEEH o B8 A o2
= YErstth v ‘éfﬂ—"r’“’ﬂ 4] 817 E(granite soil) & ©]-&
Sl ZESHE e o] A F50] 5% @2 ¥l
=2 A=A o9t "e’fﬂl, LA oA P EES o]-&3517
U H d 520 A A E (bed soil) & ©] &3] ZESRE
e o Yol dF RYSHF 5 ouT A=74
A= ASHA ek sHA T kx| 9 v d 5929 2

ESHO O] EH =G EE TUIEE JHEE o] &
A ZESHAAAE AEZ7|AF AEE o+ e 7t
TS WA 4 ok 2, Sl A = BT S Hof 9l
AAZFo gl E AHstr] s 23 FAA AASA A
172 & 3 FA Ao gt A o] o= EFA )

r_>:
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ol ON

Ruigy; s}
r oo o

>
=
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p

N

B SN EE ATl 330621 20%2 71 Bk w], A9 A% Telere] gt A7k FFEA ektrHKim
B ZASS FET =HolA 10%2F 13%2] vl F] E& F,2008). o] of whe}, B DSt 2o A FEE o] &5t X
d=2 ABYY T4 W1 24100301 4RE  SSRE AU QUTS AL RS HARE a7
Tl E2xFor gitd 4 les LSS W, 2 WA dde Ao A 5 e JEF AL AF
AFeHEER *E”QE} o, 2719 ZA 'ﬂ ez Y
2 A 9= A3 (Aphelenchoides spp.) 2] EAY }_/\}—g .,_]
3 1177 24 7h2dl Yol 71 A = = 297 7o A AR 27| KR =M 889 & . ¥ SRR E
E A6 S HE AFRE AR U AE2HA A AFeE yEd REHoldFH R SAHAFY TS
% th(data not shown). o] = A Fo]l AHEHA 42224 &st7] Al HFAA A4S A THFig. ). FAAH &
iG] Bgolu vaf o4 T Al w7kl 271 A A 8 e o] A S-S 285 rRNA -4t 7-9] nhA &,
Table 3. The incidence of plant-parasitic nematodes in strawberry nurseries with different nursery and soil types
% of nematode infestation (nematode density*)
Nursery type Soil type No. of samples
Meloidogyne Pratylenchus Aphelenchoides Tylenchidae
Field Upland soil 41 2(7.3+5.51) 17 (33.9+£60.62) 0 39(15.0+£19.75)
Plastic house Upland soil 24 13 (6.0£5.23) 21 (31.8+58.55) 0 8(14.4+£19.33)
Pot on field Granite soil 11 0 0 0 0
Pot in plastic house Granite soil 20 0 52" 0 0
Pot in plastic house Bed soil 21 0 0 0 0

*Nematode density=meanzstandard deviation of nematode numbers in 100 cm’ soil.

"Detected from a single nursery.
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B FF 1, = 1 23
o FAY = A4 2
T}, & 7| ¥ 2] % o] X F(Pratylenchus penetrans) It A} T} 2]
o] A F(P. vulnus) 2 0] e A o] A 53t LRSS
(Meloidogyne hapla) 1] B 2] =150 &l & .
A8t E A4S 98 MEGA 6.06 T2 1S 0] 83510
distance &4 =35} ith BV A o] dF dade = &

= BY06 7l A+ (population)S NCBI®| 7] 5-E % P pen-

7

etrans (EU130863)%} 4] WHo| &S 243t 21}, P penetrans
(EU130863)2t= 1.9%2] W Hol&S Yelth 2dF
}o] Z71 ¥ o]-& B Ao P penetrans (EU130863)2} Prat-
ylenchus dunensis (AM231943) & ©|-83} % ©. ™, P. penetrans
(EU130863)2}= 1.9%, P. dunensis (AM231943)2}= 12.6%<]
Tt ¥oleS verRlth ol 27t Z23tof wha, ol 1) 2
oA AEE B oldFE B7]| R A o] A5 (P pen-
etrans) 2.2 A =] Q) t},

AbatHE) B o] A % clade 2 £-7 % DY20, SCNO1, SCNO5
o} SCNO7 =Wl /A5 7+ W ¥ol&S #4342
I 02%= YERH T 2AF 0 T Hol& B4 =P
vulnus (EU130888), Pratylenchus crenatus (EU130853)%} Pra-
tylenchus pratensis (AM231935)5 ©|-&3} %9 ™, P. vulnus
(EU130888)2}+= 2.8%, P. crenatus (EU130853)2}+= 20.3%, P.
pratensis (AM231935)2}=22.6% 2] £7F Ho| &2 Uetich
olof what, FoF 17 et &= 37 oA HEH Yol

100

100

0.1

100 [~ Tylenchorhynchus leviterminali (EU368591)
100 Tylenchorhynchus claytoni (EU368589)
52 Tylenchorhynchus dubius (EU368590)

Trophurus sculptus (DQ328709)
100 [BY06 (KY752520)
100 P. penetrans (EU130863)
99 P. dunensis (AM231943)
———  P. brachyurus (EU130842)

100 P. brzeskii (AM231928)
&'::P. hispaniensis (F1717822)
100 P. neglectus (EU130855)

P. thornei (EU130881)
95/ DY20 (KY752521)
o1 ﬁscno7 (KY752524)
521 SCNO1 (KY752522)
1% IscNO5 (KY752523)

— P. vulnus (EU130888)

P. crenatus (EU130853)
P. araucensis (F1463257)
86 P. hippeastri (DQ498831)
o|L10g] P scribneri (EU130865)
P. hexincisus (DQ498833)
P. loosi (EF446997)
P. coffeae (EU130851)
P. pratensis (AM231935)
Zygotylenchus guevarai (F1717823)
100 Apratylenchus vietnamensis (EF645138)
Apratylenchus binhi (EF645137)

10

100 [Hirschmannie//a santarosae (EF029859)
Hirschmanniella pomponiensis (DQ077795)
P. zeae (EU130896)

i|:Psi/enchus sp. (DQ328716)
Coslenchus costatus (DQ328719)
Boleodorus sp. (DQ328718)
Basiria gracilis (DQ328717)

Fig. 1. The bayesian tree inferred from
28S rRNA expansion segments D2-D3
region sequences with general time re-
versible substitution model (GTR+G) of
Pratylenchus. Newly obtained sequences
of Pratylenchus species indicated in bold.
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9% M. arenaria (AY635610)
79| M. arenaria (KF993637)

M. javanica (KF993636)

99 | M. javanica (AY635612)

M. izalcoensis (KF993639)
53| M. arabicida (KF993630)
H“’O M. arabicida (KF993631)
100 77
M. floridensis (AY635609)
100 {M. paranaensis (AY942851)

M. arabicida (AY942852)

100 M. paranaensis (KF993638)
r M. ehiopica (AY942848)
M. incognita (KC287198)
9 M. incognita (KF993635)
100 100 M. enterolobii (KF993632)
M. enterolobii (AY635613)
100 1 M. hapla (AY757902)
100 ” ,VS,C,':;:)L(('?SS:Z;;)) Fig. 2. The bayesian tree inferred from
s | DY14 (KY853756) cytochrome c oxidase subunit Il (COIl)
M. hapla (AY942850) region sequences with general time re-

M. chitwoodi (KF993641)
M. exigua (KF993640)
M. exigua (KF993634)

0.1

S-S At ol dF o2 T4 H Ut

TR YSZAF cladeR E7FH SCN073 DY14 =W 7H
AZs 1o T Hol &S 24T A1} 1.4%=2 e
ot 2 AF ] F7F Hol& E4 o= M. hapla (AY757902,
KF993633), Meloidogyne chitwoodi (KF993641)2} M. en-
terolobii (KF993632)E ©|-8-3} % t}F. SCNO7, DY14L} M. hapla
(AY757902)2}= 2.5%, M. hapla (KF993633)2+= 1.0%, M. chit-
woodi (KF993641)2}+= 32.9%, M. enterolobii (KF993632)2}++=
23.1%9] F3t Hol&S Uelth o] & B3l 9% 171 &
AN 23N AEd BT G2 RISASTM
hapla) 2.2 &7 = it

AR R A o] H F 3 BT e Mol dFE S BIIA
HiA] G5 2o o] A5 AL Aol A HEo] Z2E HE QL
5 ™(Choi, 1977; Park -5, 2005), At 2] A o] A S5} L8
YEASE AFA Y G7] ALdA 279 A4 AF2
2= Z ¥ A tHKo 5, 2016). & AT A to] whet, B
SHGNA ARES Gieol Qlof B7| B Aol g, A
RN ol S G T AFY A7t 2AE AL
2A4HH, SHE A oS A4 E A7 & L A RS
ntEshE Aol Zad Aoz YZhHr

| XIRE St ME/|MMEo| EF 7t
Ao A AFHE Ay ol o] ZEE T
PHFES] FA S wf 33% W= AL o]
g ol gRlE it Castillo 5(2007)°] &J51H H 2]
T2 AR Ol 5= e AT AEE Y 97 of
B Yol dF AA2 T2 2o 2o At w2 I

~ Hr

2 5o 2 IF
M1 © ofv

o Lol f{

=

versible substitution model (GTR+G) of
Meloidogyne. Newly obtained sequences
of Meloidogyne species indicated in bold.

g 4 gloha steich shA|RE el Ho| dFo] AHdE &
ol B2 77U A oA wEA gikd 4= 91,
BA4E FA W AYE o] 5E 4 Ak stk A
TR A E A F(Heterodera schachtii) = 2+ 4 S+t 2 2|50
EZLEYS S AT 2H 02 A = 9l om, e A
FATE FHA = FAHE 5 ekl &2 A HE Qlok(Kwon
5,2016). 8719 B¢ AHE S A HE ARE 2T
O 2 o] §35}7| fjzof B7] F8 7|45 0] AR B
=2 B oA F4tE 7hs Aol & Ao R A4d

ok T B AT AL R Kol il FHE EFS
AAR ARG BHAE o5 HFo] THE BFO T i

Ja

2 4 QA ol 5.2 Selstnn Stk 1 A, Bl B
A e ARE BHAE Rel# o] HFo] FAE 4 9
2 slstgith el BHFE UHEAHA 2 8] Belo] 5
B g YHFEE 4RE SHA T2 EFOE At
24 IS A0 YZEch oo met 7] $8 A BEE
437 A BRAG ALY e £597144
2 530 27] SR FA ) el ol HFolt Bl ZHE
3} e F0 BA Aol EHUEAS F5tT § 1
o Sol7he Aol 2 A 02 Y7k,

0]

OF
=

-

2016\ 6 €78 9¥7HA] 5| ©7] SEA 11770 49
EFOo2RE AEVBASY EF W AHEAFS A
St Th 11 A3} 52 o] Ad S (Pratylenchus) ¥ 2] 241 %
(Meloidogyne)©] 11%%} 3% 2 A& % o] ©7] &H53o] EA|
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Aso= ekt S5 JHERzE EFSHA e
Bo| A Za} Ma) 5 Ao uhgdl =7} o2 2 g HF o 1
o EQkAL, AEE o] &3 BVt ZESH A= A&7
A so] AESEA Erh Yol S B7|H |4 o]
A1%:(P. penetrans)} At 2HEE 2] 4 0] A Z+(P. vulnus) 20| <1
Fglon, My s 2o FIMa S A3 (M. hapla) 15 0]
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