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Occurrence and Distribution of Root-Knot Nematodes in Kiwifruit
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The study was conducted to investigate the infestation and distribution of plant-parasitic nematodes on kiwi
orchards in Korea. Plant parasitic nematodes genus and densities were investigated at a total of 102 sites in
Jeollanam-do, Gyeongsangnam-do, and Jeju-do, which are the main production areas of domestic kiwi or-
chards. Plant parasitic nematodes detected were of 9 genera, including root-knot nematodes (Meloidogyne
spp.), spiral nematodes (Helicotylenchus spp.), and needle nematodes (Paratylenchus spp.), and 56% of the
102 plantations were infected with root-knot nematodes. Root-knot nematodes were found to be the most
important plant parasitic nematode in domestic kiwi orchards. The average density of root-knot nematodes is
97 per 300 cm’ soil, and there is concern about the kiwi yield reduction. As a result of identifying the root-knot
nematode species: M. arenaria, M. hapla, M. incognita, and M. javanica. Among them, M. arenaria is the most
dominant. As the plant parasitic nematode infection route in fruit trees is often spread through the transplan-
tation of infected seedlings, attention should be paid to the production of nematode-free plants during the

production and supply of kiwifruit plants.
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E7| A% (plant-parasitic nematodes)= 13
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T theFet %‘—Z}E«l 2, o, £7] 5= 7Helste] sl =
tjst gl E 31 YchFourie 5, 2017; Li <, 2015). &)
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(Meloidogyne spp.), U145 (Helicotylenchus spp., Roty-
lenchus spp.), M]_/:E/;j (Heterodera spp.), Ey‘ifq‘—"io]ﬁi 5
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Meloidogyne aberrans, M. actinidiae, M. arenaria, M. cruciani,

g 7L

M. ethiopica, M. hapla, M. incognita, M. javanica, M. luci 5 9
Zo]t}(Carneiro 5, 2003; Choo, 1985; Conceicao <, 2012; Di
Vito 5, 1988; Li2} Yu, 1991; Tao 5, 2017; Verdejo-Lucas, 1992;
Vovlas®} Roca, 1976). =] EX35}= BT =2 9 (M.
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Table 1. Detection rate and population density of plant-parasitic nematodes from kiwifruit orchard in Korea

No. of Rate of detection (%)/mean number of nematodes per 300 cm’ soil
Province City
samples pelico. Hemi. Melo. Para. Praty. Roty. Scutello. Tylencho. Tylenchu.
Gyeongsang- Changwon-si 3 - - 33%/ - - - - - -
nam-do 186.7
Goseong-gun 7 14%/ - 57%/ - 14%/ - - - -
1.1 142.9 1.1
Namhae-gun 22 - - 55%/ - - - 5%/ - -
42.0 0.2
Sacheon-si 1 100%/ - 100%/ - - - - - -
280.0 40.0
Jellanam-do Boseong-gun 1 27%/ - 55%/ - - 27%/ - 18%/ -
109 98.9 12.7 33
Goheung-gun 4 25%/ 25%/ 25%/ - 25%/ - 25%/ - -
50 140.0 100.0 20 4.0
Gwangyang-si 3 67%/ - 33%/ - - 33%/ - - -
133 53 240
Haenam-gun 1 100%/ - 100%/ - - - - - -
16.0 8.0
Jangheung-gun 4 50%/ - 25%/ - - - - - -
100.0 30.0
Suncheon-si 3 - - 67%/ 33%/ - - - - -
427 133
Jeju-do Jeju-si 10 10%/ - 30%/ - - - - 20%/ -
4.0 184.0 240
Seoguipo-si 33 12%/ - 73%/ 3%/ - 3%/ - - 3%/
5.1 165.2 0.2 0.5 24
Total 102 16%/ 1%/ 56%/ 3%/ 2% 5%/ 1%/ 5%/ 1%/
104 55 97.3 0.5 0.9 2.2 0.2 0.6 0.8

Helico., Helicotylenchus spp.; Hemi., Hemicycliophora spp.; Melo., Meloidogyne spp.; Para., Paratylenchus spp.; Praty., Pratylenchus spp.; Roty.,
Rotylenchus spp.; Scutello., Scutellonema spp.; Tylencho., Tylenchorhynchus spp.; Tylenchu., Tylenchulus semipenetrans.

drial DNA (mtDNA)£] COII/IrRNA &

reaction (PCR) =

392 polymerase chain
Z3}17] 935} forward primer?l C2F3 (5
—GGTCAATGTTCAGAAATTTG-3 )9} reverse primerg] 1108 (5

-TACCTTTGACCAATCACGCT-3)E 0|83} 2™, tRNA(His)/

IrRNA 9] Z=Z2 95} forward primer]l TRNAH (5

-TGAATTTTTTATTGTGATTAA-3")2} reverse primerq] MRH106
(5-AATTTCTAAAGACTTTTCTTAGT-3)E o]-&5}o] EA351%
thHPowers2} Harris, 1993; Stanton 5, 1997). Z+ PCR products
+ Accuprep Gel Purification Kit (Bioneer, Daejeon, Korea)E
o]-g-5to] g th& A tA 4 HinflE Z]2]3t &
o] A7]%-5 AlA UEh= DNA 29 sfd&
&< SFATHON 5, 2009).
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(Meloidogyne spp.), Y4145 (Helicotylenchus spp., Roty-
lenchus spp., Scutellonema spp.), T-2]¥ 0| X% (Pratylenchus
spp.), A5 (Paratylenchus spp.), $1541%(Tylenchorhynchus
spp.), BZA X% (Hemicycliophora spp.), Z24%(Tylenchulus
spp.) & 959 A&7/ 5] EH = ItK(Table 1).
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Fig. 1. Position of excretory pore of female Meloidogyne species. (A)
Meloidogyne arenaria. (B) M. hapla. (C) M. incognita. (D) M. javanica.
The arrows indicate excretory pore. Scale bars = 20 um.

=2 S okl Ao 71 2 HEE Fe A e
A5-o|3itH(Table 1). S A5 2 B2 U F5ko
= P71 A EA Y FES AFIshe] Aol Ale s o
9] 351 d o 7itk(Jones 5, 2013). E3] S AL AHA|
2 13|34 Dert AEHE theksht EoF 100 cm’ 10t
(B2 22 L= o] WAIZL FashH, FE= 7|5 Fol4
o] glo] W& A% AT WA &2, A 5 Al
o] HgATS gJate] 1 F9| FHo| vj$ FR5}THKang
=, 2018).

e, debae, A= ok Auilo A dEE 40
o] B AF A He|FE 9| excretory pore 9]X|(Fig. 1)
o} ]2 9] perineal pattern (Fig. 2)2] Fej&d EA 9 2
AAESHA 54 A3 M. arenaria (167, 40%), M. hapla (10
A, 25%), M. incognita (37, 8%), M. javanica (57, 13%), B|&+
21F(67, 15%) 50| tH(Table 2). W] F-E-9] excretory pore
o] Yx|7} F2o] vi2 Fofl QL2 M. incognita T+ M. hapla
2, T (stylet) Aol 28] HZof o™ M. arenariaZ 57
Fo} )R B2 9] perineal patterno]] A(punctation)o] 1o
H M. haplaZ FEItHKim 5, 2001). M. javanica+= perineal

Fig. 2. Perineal patterns of Meloidogyne species. (A) Meloidogyne
arenaria. (B) M. hapla. (C) M. incognita. (D) M. javanica. Scale bars =
20 pm.

Table 2. The number of kiwifruit orchards by area infested with
Meloidogyne species in Korea

Meloidogyne species Gy'el::g.::)ng- Jellanam-do Jeju-do
M. arenaria 4 2 10
M. hapla 4 1 5
M. incognita - - 3
M. javanica - 3 2
Unidentified 2 2 2
Total 10 8 22

=

pattern®] g2 &5 7HAL Qo] 2&°] Sl= AAH Eel
(Rammah$} Hirschmann, 1990). ¥ 2 Ma|s 4= 744
Foll o)zt A =H, e ollA= 1070 324 5 M. arenaria
2} M. hapla7} 74 &9¥aL(8 324, A'goll A= M. arenaria, M.
javanicaZ} B158HA] A EEo] QAgloH, Al Eoll A= 227 &
A3 A M. arenaria®} M. haplaZ} 7} W15 23, Ad
A= M. javanicaZ} RS A] &REIL, M. incognita= A0l
AR A= }{THTable 2).

Esbenshade®} Triantaphyllou (1985)+= A A|A 657= 291
o] B ZASe AR 23 A AlAA L Z M. incognita
7} 7P wo] B3E35}131(36.4%), TH2-C. 2 M. arenaria (19.2%),
M. javanica (15.8%), M. hapla (11.7%), 7|E}(16.9%)2}1L 3T
614 e ol A A1B7 S-S 2R AT Helicoty-
lenchus, Heterodera, Pratylenchus, Paratylenchus, Tylenchus,
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Fig. 4. Restriction enzyme digestion of CO I /IrRNA region of root-knot nematodes using Hinf|.

Paratrichodorus 5-°] 4% LAE oLt Hrtefof ms|E
7P 583 32 eSS M. haplaztil B 1814 o
(Watson -5, 1992), M. hapla®l] 7+ A€ Zchel U= EF 300
cm’ 3,0000t2](E3} 3-5)Q - Fejo] g TE B
thi K 735 tHMa 5, 2007). F=2] ZohE AjujR|oA 7t
7} Z231 A E7|AAFLS M. incognita®-2H(Chen 5, 2018),
M. incognita®]] Higt FA| A ZFAL == EYF 300 cm’F
129ute)(€3 7)) =54 o], 27|D=7F E 300 cm®
F 9,6000t](E3} {3 7ol FrtaEie] AS0] 55% 7+
A=tk B uskgrHDi Vito 5, 1988). & Lo AL
ok AR, A 2 AlF) AR 56%0)4 EF 300
cm’ Bt 973012 9] HejsdFo] HEE L, X G what
A Bt A5 W=7} Di Vito 5-(1988)0] A5 HA| 2 Hlsfgh
Ad o] ZHsAY 0|5 A3 FchTable 1). £3], Fd 3
A, a3t 9 A|E AFA] A A D] 5 F 30-73%
A E9F 300 cm’F B 142.9-186.7 ul2]o] Ma]E A Zo0] 7
Z=o], Zthel s7tol Zal7t -2 th(Table 1). Fefsha &

AP ESH 57 e Sl AR W s AE T2 4
gt A3 32 HEH F2 7| A7t 2Fo)7t ihTable 2).
A 40742] A& 2 167 A 2NA M. arenariaZ} 107] A 2o
A M. haplaZ} A&=13, A1F2] 37 A=A AT M. incognita
7t A&, =3 okl AR oA -t T2 M. are-
naria®} M. haplaZ e THTable 2).

Ao = AR = BAAEE, dEtde 2 AlFEo|H A
Fo| A= Frte ] Aokl 7 SdE] o] Fojx| L Qitk A
= ot AuiR| o] ®e) 5 2070 AR RS st
o] DNAS %%3}1 n|EZ=g]o} DNAS] COI/IFRNA 99
SEAZ1 A1 DNA @ 9] 717} ¢F 550 bpe]] s 33t= M.
hapla7} 771 A R|ol| A ER1%|13L, 1.1 kbpol| 3iF5l= M.
arenariaZ} 1278 A Aol A &A= RItt M. incognita, M. ja-
vanica®} M. hispanica®l 3]33}+= 1.7 kbp2] PCR AHE-2 77}
o] N &(Jj-k7, Jj-k9, Jj-k10, Jj-k11, Jj-k12, Jj-k14, Jj-k17)ol| A HZ
=] %Ach(Fig. 3). Agarose gel “gl(Fig. 3) UEl}= PCR AHE S
AABFA Hinf | AstE A S 22)sta-S u, Jj-k7, Jj-k9, Jj-k10,
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Jj-k14 X 2ol H RS 1.7 kbp@] PCR AFE©] ©F 1.3 kbp T
W} 400 bpo] TFHO = Hote = AL Z2IskaL(Fig. 4), o5
M. incognitaZ 5733+ tH(Powerse} Harris, 1993). 34, Jj-
k11,Jj-k12, Jj-k17 Al &+ Hinf | Algta 4 = AdE ©He] 27]
7h Bolatod, Bel % a%0] £& S & YchFig. 4.

Choo (1985)= 3l Fetell AulA|o A M. cruciani€ E.i1
Shick. et ofel Ay, A, AlFe) Weka) AuiA] 80z
o] 404 Wel S S e 2 Wejd W BB 5
5L AAgE A, M. cruciani= SHAEIRIERETE M. cruciani
= perineal patterno| M. hapla®} v-$- B3, ZFo] -2 M.
cruciani= &(@nus) F-9of Ho|1 M. hapla+= 18] £
o o] irh= Holth E3L 759 JA| dol7t M. hapla+=
B4t 337 pum (312-355 um)Ql §FH M. crucianiz= B+t 435 um
(418-480 um)2 ©] ZAthGarcia-Martinez 5, 1982). M. cruciani
2} FAFSt perineal pattern 714 M. haplaZ 539 $5&
JArS 2 perineal patterng A &215tF AT 2= SRR}
& phasmids Ato]of] Zo] Y2]81aL, FAYESHA 24 R o] <]
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o
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(Meloidogyne spp.), 441415 (Helicotylenchus spp.), JA1%
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