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Meloidogyne arenaria race 2 (59%) is widely distributed, followed by M. incognita race 1 (23%), and an
unknown race of M. incognita (18%) in greenhouses in southern Korea. The key character to distinguish
between M. arenaria and M. incognita is excretory pore in female head. When oriental melon, Cucumis melo L.,
grafted on Shintozoa (Cucurbit maxima x Cu. moschata) is transplanted in February in a plastic tunnel inside a
greenhouse infested with M. arenaria, nematodes produced egg masses on roots at 40 days after transplanting
and the soil juveniles (J2) population reach maximum in July to 3,817/100 cn’. Juveniles are distributed rela-
tively uniform over the 180-cm-wide row horizontally and the highest density occurs at 0-25 cm soil depth. For
the control of root-knot nematodes, rice rotation, solarization, and soil addition treatments are the most effective
(P=0.05); treatments reduce number of J2 over 90% and increase yield two times. Corn rotation, fosthiazate,
and soil drying treatment are moderately effective, while sesame and green onion rotations are not effective. The
relationship between M. arenaria and yield of oriental melon is adequately described by a linear regression
model. In the test with wild Cucumis genetic sources introduced from U. S. Dept. of Agriculture (USDA), one of
C. heptadactylus, two of C. anguria, two of C. anguria var. longaculeatus, nine of C. metuliferus are resistant to

both species of root-knot nematodes.

Keywords : breeding, control, ecology, identification, germplasm, resistance, rotation '
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st EntE 52 HSdFo] JJod Aujrt A B
75 8ot

BRE] 5 M F (Meloidogyne spp.)< 1850t =]
oAl AulEl 2o] HEZAM XS HAHA=H, A&
ol Heterodera radicicola(Greef, 1872) Miiller, 1884, H.
marioni(Cornu, 1879) Goodey, 1932 522 E#HA t}7}
19499 Chitwood(1949)°ll &] 8t Meloidogyne 2.2 4
PHU, AA-GoZE 78F0] BEST 2™ (Jepson,
1987), =Ulole 25 639 S50 M43l rt
(Cho and Han, 1986; Cho et al., 2000). Bg]Z A 3ol ¢
g Fals AAAZHSZ Yeed, A gRTE
=7t wol A% M4 3F7E B duiut oI oAl
A B3] of it} = AldAA g ALEdd =
Mg 083l AAFE A5 AT zA ofduiA]
ol & -$sls LRSS AF (M. incognita)d} HFE
YEHMFE(M. arenaria)?] Aol Adg, & S0, A5
AN e FHr] 2 ZFel s JEF gixo] FEd
F718 wgaholA Aujshz), AL9 199 Ao] 4
459704 e, 2 F A2 &2 719 64-1087t
A AFAE g JFA ol o|H 7 A =
g ASE AAFO=Z 3 20 o] ARO R 50%
olde] EAel B ZFe] g Ao wid Azt
& v Ut

W EMEe) AR E B, §4, AE, ZHelZo),
X (2d, AYE, 2837Y), YA
&, H7|FAE &3, 4B, fAE A, BjFEA
A, Chemigation 5 & 7FA 7 €8 A U =dl(Heald,
1987; Heald and Robinson, 1987), =W AldAujA]= &
F, Auly, LA 2 ARA A Fo| = gt B
AZHZe FF AL oI thE AYLE, 287
Ql WAl A= AAES Badh, datol ok
BHEAE e oz ] ohE APEAE] 2]
T Yeld AYLeZ olof tirg FAAAE Aot A

-4

~olt}. ol gt FHeNM, F) ALANA BB HF of

T 2] ¥ 7R Q7 2AE FHIHG

= g

B FAF9 T/ £X. PSS Meloidogyne
spp.)S Meloidogynidae#ol] &8s A&E0 2 MAIHoR
£ 78%0] X3 Yo (Jepson, 1987), FHll= EF
6% Be] X Fo] A4 8=t (Cho er al., 2000), L F
A EAVF He ¥SXHELS M. arenaria(FEYHE]E

H%E), M. hapla(F2HE F4%), M. incognita(GL7HE

YEAE) F 3FolH, ol AFL 7K, gAY, IF, '
, , 5, W, S, Eh AR, S
Lo], 9, A4, Zek A, F2e, F, EviE, ¥5, ©
ul = mo 229 y|27 kA3 YrHChoi, 1978; Choi
and Choi, 1982; Choi and Choo, 1978; Choo et al,
1987).

TR ZTHAESLS F2 A9 FeH wETHAFo

o

FUoln QEo] 7Msslel, 2 A, BT 5 A
J

2 i

vj e A& T, Sl AEAARAA 7P S8
3 e EMFe RS AT IPPE Aol
t} 1970 o= M. incognita®l H]-&°] M. arenaria®l
d]3led 38 oA} &3k (Choi and Choi, 1982; Choi and
Choo, 1978; Choo et al., 1987), 20003 o= M. arenaria
o} M. incognita7t A 2] WHFS.Z M. arenaria®] B|&©]
t ZoldEul(Kim ef al., 2001b), o}v} 2FUte] An] v
Holut A} F59) WMtz $HFo] vl Zlo) ofd7t
sho, ko B o] APHET FTolv HFE AWE A
3l AFoll= M. incognita®t M. arenaria 2%-& &A1 3L

Astefo} @ ol

RTHFL PASHE B FoA WFHEL o]
£33 g2 Bt £, W8] FAl SUA, B4 A
stHel

o] tHKinloch and Hinson, 1972; Rhoades,
1976). ejv} e & d52 7|7t vl WaL, = B
M5 Fojut oz mEt A FFo e v
o] Aol wFol| &2 ES A A 27
of M3l e A5 F Hol=g |

oF 3TH(Taylor and Sasser, 1978).

BISHFY T FHNe &R, FA, F5 B o
304 7HA 9] FeH SRR, GAAE o83 AESHH
U 2 doly) §4E o &% AsEA Uy T
o] o]&-%&=d|(Sasser and Carter, 1985), &8 4%2] ¥
AFE race7HA T3] HEXE 659 VwE F
£ o]ggol slti(Table 1) (Hartman and Sasser, 1985;
Taylor and Sasser, 1978). o}&ljol]l &7lsh= WH-& o|=1%h
Ezee H3tar, it d7RbEe] FulelA 7 &3]
YA E 359 8 HIAFS 44 5HE F U=
2 ThE ZFo| A oltHKim er al., 2001b).

WA W) E BFE Kol I vl REFo|A(F oA
27} AR =t} Fig. 1, A), M. arenaria =5 M.
incognita ¥, ©] ¥ F& 73 B3l 4A +E&E
AE EAFL 4R HEld A& excretory pore(Fig. 1, C&D
3}atE ) $X| ot} & excretory pore2] A7} AF 2]
2 Zo|Rth 2v) HZEo) YL H(Fig. 1, C) M. arenaria®)
o, A o] 1ujo)] QO H(Fig. 1, D) M. incognita(+73
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Table 1. Typical response of four common Meloidogyne species and their races to the North Carolina differential host test (Hartman and
Sasser, 1985)

. Differential hosts*
Species and race
Tobacco Cotton Pepper Watermelon Peanut Tomato

M. incognita .

Race 1 - - + + - +

Race 2 + - + + - +

Race 3 - + + + - +

Race 4 + + + + - +
M. arenaria

Race 1 + — + + + +

Race 2 + - - + - +
M. javanica + - - - +
M. hapla + - + - + +

*Tobacco (Nicotiana tabacum) cv. NC95; Cotton (Gossypium hirsutum) cv. Deltapine 16; Pepper (Capsicum frutescens) cv. California Wonder;
Watermelon (Citrullus lanatus) cv. Charleston Grey; Peanut (4rachis hypogaea) cv. Florrunner, Tomato (Lycopersicon esculentum) cv. Rutgers.
b+ =>31 galls/plant; ~ = <10 galls/plant.

Fig. 1. Female head and perineal patterns used for a simple identification scheme of Meloidogyne species. A) Gall shapes caused by M.
arenaria or M. incognita. B) Gall shape infested with M. hapla. C) M. arenaria female head. Excretory pore is about 2-stylet length pos-
terior to head apex (arrow). D) M. incognita female head. Excretory pore is near the stylet knob (arrow). E) Perineal pattern of M.
arenaria. The key character is smooth striae. F) Perineal pattern of M. incognita. The key character is wavy, angled striae. G) Perineal pat-
tern of M. hapla. The key character is punctations in the tail terminus (Kim et al., 2001b).
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Zole] 1uhyolct. FolA] FHE| 7} WAt “H Z B
kol (Fig. 1, B) M. haplaZ B3k, B21L perineal
pattern® 2 A & F ATt M. hapla® perineal pattern
o= mel FEo Ho] Jepl=d(Fig. 1, G), 1A o
Fole Ay YehR] 2= EHCE A M. hapla
T2 & Uk
WA EHNE9 £ raceZHA] BHSEE d 63 H
FEE o) &390 ke ARl Ao, 19 7k
ANOZ M. arenaria®t M. incognitaS HA FE3}IL,
F7I2 races VAIA 13 HHES WO =E race T
Bo| 71s3lt). & M. arenaria?] 739+ California Wonder
I3 1FFT o] 831 HEd], gl dhdo] 471 M
arenaria race 1, A71A &S A M. arenaria race 2°|T}.
M. incognitaZ ¥R Ag-oe 2F, S, 53 35S
ol &3h=dl, ZF AT Whgo] A7|3L thE FFe A7
2] 2o race 1, @, T o] A7) race 2, &
3}, 2 ddo] A71H race 3, EHl, E3}, 3F, BF
o] Wgo] A7 race 4°]ti(Table 1). FWjolA M.
incognita race 1, 2, 3 LAY S (Cho er al., 1987)
race 4= o4 HARZA| Ut

B ZAFY Hil. A% T gAs] g 71E
HAE ZES A7 Ao EYFA UE S HF &
29 95 g AR, o] 7] dxe} FEL] M A=
of it FABAE 7k Aot RIS gt
A s wol, uke] A9 ZE-S 471H EY 100 em’®
% M. arenaria §3 2-507t8lo|H, EvlEE 2-509}8],
dele 127k, B2 67098, HEsoke 2nke), BE e
1-40u}tg] o] th(Barker et al., 1985). B ZAZFe] U}
A7 2] FEFAloldlE B2 B FEAATT U
U [& F% Y=228-37(LogX+1);
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Z7FH =

=1

[

0.49%#%, F-7]57F: 0.5T++*, FF3F: 0.65%**](Fig. 2)(Kim
and Ferris, 2001), 230l 98 ok e 2719 459
(40% ZF5)ETt Ao dwrh Z71h $712 6-7€(70%
7oA o Attt o] Al7jde HeEAFY HIR
A3t -2 2] E717F 70% ©1 AR A7)
°)7|% &}t

o] A2 s, HHSHF FF°] EY 100 cm’
2 1,0009}2] o]’Fo]™ 2F 49-53%(P=0.05)2] *%* e
& /At (Fig. 2), AFA G REZAF L9 E
o] 53.5%°18 B UEE 585 J2/100 cm33]'_1_ R
E(Cho er al., 2000; Kwon et al., 1998), AFA 9]
e I HAFOR st 2 45%2] #%%‘?a 7+A
Loa g 4 9t} Z99) 300G Had FHS 2,987
kg(Ministry of Agr & For, 1999)°1 7}4L 1,6009 /kg(3
Q Hg)ola, o] 2] AuHEA L 4,572 hatl o E ¥
48 oF 5269 et} Fe= HEH, € o2
sl dubdoZ 15-209%9] BGEHA BATOZ (AT
FAFAIEA, 1999) o] AL ALt et s, Ha
SHZo = sty ¢k 4209d0] £4o] LI AL

zz%g_r;}.

AR Eckol|Ae] e BHF Ae]. AR
s Agd= 723t AES AR, dF =71
A FAH o g70] AY ofErje} vidtng, B
AEAFY HET =X T2 ZE, AFAHA 2
P 97 7120) HF -1.6°C(-9.0~7.7°0)d W}, &4
9 e W 7.1°C(-7.3°C~29.0°C)°1 2, HEU &%=
B B 17.5°C(4.5°C~43.7°C)°) o1, EXFZ ] 10 cm®)

LEE T 14.8°C(11.4°C~19.2°C)E 2§ 7]-29) H]3)
433 A A2 QA THKim and Yeon, 2001). AF
o] 7} o] BE 3 Y EY 10cm Aol i~

20 20 3 ] .

1. A . B 1 .8 . c

— —f
~E —_ ] . ~E T
~NE — . . ©w

© © ;) 20
N o £ 7
~ \xl . —
o o SR
K} % .g n
> — . L) > w 107
% y e ) 2 E ] a
w Y=12.8 - 1.4(LogX+1) . s _| Y=22.8-3.7(LogX+1y

-1 =-049 - r=-085

0 T T T Y T T T
0 10 100 1,000 10,000 0 10 100 1,000 10,000 0 10 100 1,000 10,000

Pi (J2 /100cm soil in Sep.)
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Fig. 2. Relationship of preplanting nematode population densities of Meloidogyne arenaria in September and yield of oriental melon in
microplot. A) early yield (April-May); B) late yield (June-July); C) total yield.
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Asdae o B, ¢ ex9 57 gtod
78l FAl R58td 7hrke] Qe By E AUt A
Z3ttH(De Guiran and Ritter, 1979). 2] 343 $=0)
[e]
&

AEe F9) F471d 24 449 EY 100em® 7
Z 240v G =), 49 1599= 9912]/100 cm®E YolR

oot SERE Fel] A2sle] 790 A3 223,817
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Fig. 3. Horizontal distribution of oriental melon roots and nematodes in greenhouse soil: A & B) root weight; C & D) root length; E & F)
Meloidogyne arenaria; G & H) free-living nematodes (Kim, 2001).
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121100 em)el Galgom, 79 ol FolE A¥e] A% ghom, $AHNORE EF ol 025cm Aolo] R
Sl TARe) Mot §39 WEE Pashn drkKim, o et RESHL XL, Zo) 35cm oSl Ae
2001). 227t Qoict. W, Wl EAZ ) f3L £HH02 v

ANAARA A o] Welel BEE 92/ Qe A=A @LstEot, T FAME 2E712RE 4060cm
EW Sem F90] 2 Zo] wwaA s AAFel ¥ "oln Rl s A%l BErt EkoFig 3), EF

A 5
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§ 10 A o5 Total root wt. in a transect=785g
5 &
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D
15
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5 ¢ Z o
& 4 =0 &
,— b \
08: 2 &\\ff 451 Total root length in a transect = 145.8 cm
0 o 5 S —
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% s0 §
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« 30 =
= — S 35
g 20 JRP o o ®
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. Qe Tt T 50 \\& )
E r T T T T T 1
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5 H
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2 3
2 = 25
3 B
g ]
3 3%
g) Total free-living nematoges
£ 45 in atransect = 8.2x 10
ﬁ - : T T )
E ) 0 5 10 15 20 25
Row width (cm) Free-living nematodes (%)

Fig. 4. Vertical distribution of oriental melon roots and nematodes in greenhouse soil: A & B) root weight; C & D) root length; E & F)
Meloidogyne arenaria; G & H) free-living nematodes (Kim, 2001).
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Zo] 0-15 cm Alele)] 53%2] fFo] EE3IAL UL, 40 cm
ol3toll= A AFol UATHFig. 4).

2. &2 AFIT oW <dRE AHLslded
Zal HAMEOE ofE 7R Aol B2, ReEHF
o Afee 7IFHA7F Hol Al =2 AYAY &

F2 ExHY e 2% BAZTHAF M. arenaria®t M.
incognita® E5 AgAFelHA AAHo] = FEZ=
IFE E T Ut

U 2 195502 ) AMA A ) 71 Hol &
E3LAE 2% 9] MBS, Meloidogyne arenaria$t M.
incognita® W3 AL AA AF, M. arenariadl = =
E 3F FFo AJAIHL, M. incognitall= FF
HE2 xol7}t Ak FHERFY IS FE 7
oA, dANF, FIF, AW F, 2FIF, Y
A3, uEE EaS 3
A3, 39 No.s00 3|, thEdiF, mpunaiss,
At JYETSF dvls
2 THKim and Lee, 2001). & 2] ¥Hoj x
SFEE B2 At Hgk, 71Ee] Ze] Aw) 3k
28 o835t 2713 L& HIZHAME s, 1) A2
H7HE 81928 Tt=t B8 of 600Rkelo] Aok, 2)
Hl7bE sl AuAle] 25 L 30083 °F 600 kg
BEZ Aut =X Aujol Hla] A B, 3) 71E FY
videle2e] EY AN E ) FFAEE YR o) f
FoZ HlEe] HA Po} AFFA THFES AAHY A
T2 Fa% ¥ I (Phytophthora capsici Leon.)s &
AHEFEIMN N Colletotrichum gloeosporioides Penz.y&
on, ¢) BE WRE] AR vk ARAE)rt
Aoz Aot AFdl= ARY 93 F 42 &
& mAEGT olstE JfAdE B8] E Zoz A
Z+HKim and Lee, 2001). 22|22 2] Afujxje] ¥
HENF Bt A e 5-68AA FE &

AAFAE FFA, FFA, AR E
A T2 e F Jed, 195083 FH AE7QHA
Z9] WA F2 AFE-E o] ethylene dibromide(EDB),
dibromochloropropane(DBCP) 52 EZAE2 &7 33
T FAR Algo]l FRE wet A2 Feke A

o] AAslt) M2 L AL ol FH =L

Ao, a3 FORAM, B4 xslyeln, IAFHoz ¢
of A3l ® A&EH YR ojfqH= HHAE E T
Atk 2 9 AFo A& 2BEY VTR AYS
W) e ALY, AEe 3 A, T oA, Z2 FF9
r3l £3] 59 TEEAE {8 Aol '

AFAE FES AVE, & 5] By WE HY
371 Aol vlg] Edel Xedhe Aol dF o=, A&
Bl Folle AT F YIRS Ho Ut AR R A,
2000). 22\ H2 Hdsh20 BREF EY dAANE
9 #ZEAA Y SR B2 FUHEC] FAHIEE o83}
o ¥ AFE 3L e, o] HFH AFSAE o] &d
HEAF BAY S, FAFA Ao g F97)
2t} 9o = fenamiphos, aldicarb, OFZEFA|, A&
ZJA, oxamyl 5& EGC #FFAY ol AEdo
EFY 5oy ALEMZS UAE] A% 4
ol A=, 2 T/ A¥ A= FTH(Griffin,
1989; Johnson et al., 1992; Minton et al., 1981).

FoM 79 7Heg oW EA], WRYA, oAREE
YA, FHRATESYA, 7R YA, BFE YA, 2 okA)
OJEQIA, olRERA T 8T HHAFTAE ol&3td A
Ao} FAEAY FFRAEXS, Meloidogyne arenaria
o] YA ZHE 24N EVE 2 FE o] L3t A
e Az, AAElol 90% o) =& d=dA &3
£ H AL FFFARELEYA, chzulBA|, EAX oA o]
EQAGeH, 7tR YA el oA Hg 24 &
F& v, W2dAls 7P 237 RvhKim and
Choi, 2001). FA2l= A2l Blgt g A £
Favt w@ted, 71EF o2 FHENA 90% o1 =
< HSAHF U5 A EHE B A2 AFAEUL 2
2] olA o] EQ A (ISK Bioscience)”}F 74 3+ tHKim and
Choi, 2001).

E 2RO A O] Ex aldicarbs] Aol HlsiA = vl wH
A2 & organophosphorusAl AAFA 2 #]=9] Georgia®ll
A GHWB)EXE M. arenaria, B (Minton er al., 1993),
Floridaol| A g BRe]EX5F, M. javanica, ¥R (Rich et
al., 1994), FWrftho Al Zhx} ¥ ¥ o) M F Pratylenchus
penetrans, WA (Kimpinski et al., 1997)%° AFEHo] &
7t AAE v glow, aldicarbe ER-FANM FAEA
2 vehliu(Marshall, 1985) EAX[oLA| 9| EE aldicarb®.
the 540] gk o2 UA 3lo(Woods ef al., 1991),
Yo 2 IAXoACEYAE o] &3 Fxjg] HF WA
Hel st AES Fart vty Aztgch a8y 2
ZX|oLAo| BV TAEE A EA A <Falirt HAYTen
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(Kim and Choi, 2001), 22, A5 A|7|HE of
o] WA FeEojop & Ao|x, olHr} o] £
T AAFAA ZEX|oRA | EYAl= A EAU
AR, FAYZ AREAldlE HEEA] o] JEo| 4
T7F g s ofo} gt} ofnt A FH = 2] AW
49 A AL EF FAME 2 olf 7HA
< F Utk YFoM e FAHIYELLEZE AMEo] Tk
EF 70l AY glon, A+, A S,
¢l Enzone(http://entekcorp.com/enzone.html)S 7}
At

Re|Z4F AYY. T AYAEE ol &3 s
FAle b AR FHol . A oA Al %
Heldl, 53] AAA 7Hx7t Ee AR v A
ZA A7y E7FSHOE APY EF §Fo] I4F
2 a7HY, AF7A] 35, B, S5, F, EvE
15% ©)4e] F8 T&AENA 250FF o2 A
Z50] /ML= AcH(Fassuliotis, 1979). 3] S %
A3 712k iR FRikg-o 2 Yep=t], oA
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A
A5 FFol ¥l =2 YL & ¢ oy, A%
AP 23 F919 A2} Sy MEo] ¢ ol
& Xt AR Bejsde A AR Mi
genedl] tiale] o 71x] AF7F I EHAEH, dd -
doz FASEE o] Mi gened BEY &% wt A
ghgo] gf A= §Ho] Utk & EY2E 28°C o] 3}
2= M. incognita acrita®] 7FE A4S BolL}, 29°C
ol gollMs 25Tt SETE A4 o] ks T (Dropkin,
1969).

= AE 1960 ) -8 WS Fol A3Hdd Evf
E EFo] §45o] AM-H3 2= (Dropkin, 1969), =
W ERE FFE FolAE Ao AU M
arenaria X120 YA = AHEVIEY T EulEE 3
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