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Root-knot Nematode Species Distributing in Greenhouses and
Their Simple Identification Scheme
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Species and races of root-knot nematodes in greenhouses in southern Korea were investigated and a simple iden-
tification scheme was provided. Among 23 populations of root-knot nematodes, Meloidogyne arenaria race 2 was
59%, M. incognita race 1 was 23%, and an unknown race of M. incognita was 18%. Total length of M. arenaria
Jjuveniles was 411 um (306-503 um) and that of M. incognita was 394 um (312-488 im); however, the ranges of
two species were overlapped and could not be used to distinguish the two species. Excretory pore in fernale head
was a consistent character to differentiate M. arenaria and M. incognita.
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B8] 34 S (Meloidogyne spp. )& MeloidogynidaeZhol] &
B AE0 R AIAIALS T 78F0] Bk 91.2H (Jepson,
1987), M. arenaria("83HE1E40%), M. hapla(FHe &
)ﬂ_%—), M. incognira(l:rLU]Jﬁu-?—]@,:/}j%), M. javanica(l]-ﬂ]-
UAREEAE) 5 450 S £ RIYTAEIT
(Choi, 1978; Choi and Choi, 1982; Choi and Choo,
1978). o] AEFEL T2 vt Fa Al aE
ol 20|, 8, e Fo B & Fod, el
ol AatA g 458 7] ZAEIAY, $8F)
HAstE 5 2 #E7t st Kwon e al., 1998; Park,
2000, Park er al, 1995).

PeZAES UAste o 2E A8 7R U=
Ul(Heald, 1987), 2 % &77} womA 87 18423l
W e A A ES ol &% &4l thKinloch et al.,
1972; Rhoades, 1976). 184 &22E& o] 88 woi=
HEEA] ZAge] MAE Y dE BeEdEe] B8 WA T
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Agtofof sh=tl, I olfr= Hel &S] dEe Folut
race?l whel A FFo fd vhgo] Aelsts] w2l
o}t &8 B0l M. arenaride BEL 7RI, M. incognita
= G2 sk BahH, alatuks 2 dhc) o] ThSasser,

BolzdE: F 4= 4A, 31, §Fd 2§ ¢ 30
of 7FA8] HefA #HAR|E o &7, MEaA, 43
g 22 FAFHFEE o] &5t di(Sasser and Carter,
1985). &8 452 FEEH5E mee?tA 54357 99
Mz 717 E52 o8-8t} (Hartman and Sasser, 1985).
el AR A el BEshs FeFHAEe] 5 2
T2 #HeM= o8 W A4vt HA L WK Cho er al,
2000; Choi, 1978; Choi and Choi, 1982; Choi and Choo,
1978), race| et I+ HI 10ehd 7+ gt 2e
TAFE 8FoR TR BA, AT AN
FAlo] e A 3 F QoM wo|7} 4l HEA
/17 obd duk dAFApSe] BEEMAES ] 54
at7]= o2 "ot

ueia] o] Aoz 1) St Al g R =
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B EAE AF
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e} Al AR ZRE 237g 0] el EdFd wEE 4

2| 3 a%#aTMﬂE%;
AR T Fo =3 A8

o UER
A% 4FE

ofat & 4o MEFe] AEE i“"ﬁ}?ﬂ st &, 27 10cm
EslRd gtk A3 Bk RoEdE §F BEE
Bk A Ao £ 3 FoM 300em’SE Il YHE

W (Southey, 1986)2.2 MES Flste] RAISA ™,
ozo WE= AlE% Ha 1007+E)/100 cm® o] el

PHZE2 o] 23 BT E F T race?H2 Hartman
and Sasser(1985)¢] HJH* < rﬂrfx‘k—t-ﬂ 7} sHEolle
EE Argsle] vy {HF 659 BEEFTS(Table 1) 3
g2 w3 218 &4 Aden, 7 25 wiRes
sk, welEe) A7 WhidsmAls AlE 508 F dGe

ey wMals B 2AAHA o] B

of 22 &2 A% F ¥2lZ phloxin B £(15 mg/h)
of i587F Gt GaE o % 2710 o}
welo] 47 ¥A QE wdel £& AT W

A9 (egg mass index)= T E7]
slojd A &4, 3170 o] 4o
{Hartman and Sasser, 1985).
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| A stpom, TalH-52] perineal pattern} 2]
2 wkg BEQ. § Eofe|s $o wEet I
g 7rol Fol| A% vlwslg om, 400-1,0009
7zl A 27388 (Taylor and Netscher, 1974).
FA2 Yepz A AT BEYS EFT
300 cm®E #5199 centrifugal sugar flotation®] &2
S ¥-u]atd 2t (Southey, 1986), 31 F-#w|7d o)A A
gol=g WNEN FFHAZ 400-1,0009 A
Al 7o), hyaline Ao], &gl do|F 2484,
AL wg 2, 3 7% Z oA dorsal esophageal
gland crifice”tA| 8] 78] 5& ZASII Bd dFe
2ml Hel Wo| FG4:102 1A B3I M
arenaria®} M. incognitat= 539 oo g 2% 53
o] 7Hsslthe 2ol wak(Taylor and Sasser, 1978) Z}
1°ﬂ°ﬂ/‘1 2EE RIZAE F59 WA dolg 23|
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A4 24, 72 A GolA TEE
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i}'['able 1. Typical responses 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 | > - + + - +
Race 2 + - + + - +
Race 3 - + + + - +
Race 4 + + + + - +

M. arenaria
Race 1 + - + + + +
Race 2 + - - + - +
M. javanica + - - - +
M. hapla + - + - + +

2 Tobacco (Nicotiana tabacum) cv. NC95; Cotton (Gossypium hirsutum} cv. Deltapine 16; Pepper (Capsicum frutescens) cv. California Wonder;
Watermelon (Citrullus lanatus) cv. Charleston Grey; Peanut (Arachis hvpogaea) v, Florrunner, Tomato {Lycopersicon esculentum) cv. Rutgers.

b +:>31 galls/plants; —: <10 galls/plant.
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EL g HAASIUTHSAS, 1990). The AME HE R (Cho er al, 2000), )4
}‘.}\]-E l’éﬁ].c:] jﬂ 0] E]-)\] ﬂO]Q%E} L.]»}:i }\‘IAJZHHHZ*I
3 3% 0F e 2ES M incognita?t 83 oz delA gt

A= (Cho er al., 1987; Choo er al., 1987), <] |

R Ao AUelA AT PelEAE 230 Jd Hjekal Wsh} AjeiAHEe] WElE $-8E0] M. incognita
£ EA43 AA= Table 29} 20k 2% B9 5 M. arenaria oAlA M. arenaria® uld Zlo] oldr} Ay, go =z
race 27F 137 HATh59%)0. & -HE0l e M. incognita o AP EF &5 SAFE AF 59 drdE=E M

= 9l Fde|ATH41%). M. incognitas race 1°] 57 incognita$t oF&®l M. arenarie® B3] Adtejor & A

F(23%)01 A E, WA 47 A3 (18%)S v &) raced otk M. arenaria®l = AAIR 0.2 229 ruce7t HI1E o

t}. o] o3l racer ErtES} fubojnt g g tiE oleeh, Y AR e M arenaria= E5F race 2%

Umzl #EET = g HEXA] 2ol Hartman and  Ti(Table 1).

Sasser(1985)7F A A E race 1-497 43812 %= A28 race s 2ol AEAL FofA E‘* ol 7 A B

A HTable 2). o S DA 4 Q= O WaBAE SF0T
479 A HANAHA M. arenaria7t 5785k 2 B A7AEC] {E52 o€ #YFAFT FHE A

Table 2. Differential host test of Meloidogyne species and races collected from greenhouses in southern Korea

Area Differential hosts®
Population Specie§ Tomato Water. Host
Province Location No. & race (cog mass”)  melon Tobacco Pepper Cotton Peanut
Daega 1 Ma-R2  +(461) + + - - —  Oriental melon
Daega 2 Ma-R2 + (320} + + - - —  Tomato
Gacheon 3 Ma-R2  +(215) + + - - —  Oriental melon
Chojeon 4 Ma-R2 + (208} + + - - —  Oriental melon
Chojeon 5 Ma-R2  +(96) + + - - —  Oriental melon
Baekjin 6 Ma-R2 +(376) + + - - —  Oriental melon
Kyungbuk Seongju  Weolhang 7 Ma-R2  +( 52) + + - - —  Oriental melon
Weolhang 8 Ma-R2  +(83) + + - - —  Oriental melon
Dacga 9 Ma-R2 +(419) + + - - —  Oriental melon
Seonnam 10 Ma-R2  +(119) + + - - —  Oriental melon
Seonnam i1 Ma-R2  +(333) + + - - —~  Qriental melon
Gacheon 12 Ma-R2  +(330) + + - - —  Oriental melon
Seonnam 13 Ma-R2  +(83) + + - —  Oriental melon
Naniji 14 Mi-R1 +(142) + — + — - Cucumber
Kyungnam Changnyung Namji 15 Mi-R1 +(120) + - + - - Cucumber
Namji 16 Mi-R1 +(245) + - + - —  Cucumber
Chilgog Gisan 17 Mi-R1 +{91) + - + - —  Qriental melon
Kyungbuk Seongju Seonnam 18 Mi-R1 +{81) + - + - —  Oriental melon
Chilgog Gisan 19 Mi-X +(348) + - - - —  Oriental melon
KyungnamBusan Gangseo 20 Mi-X +{365) + - - - —  Oriental melon
Seongju Seongju 21 Mi-X +(222) + - - - —  Oriental melon
Kyungbuk Seongiu Seongju 22 Mi-X + {162) + - - - = Oriental
melon

*Ma: Meloidogyne arenaria, Mi: M. incognita, R1: Race 1, R2: Race 2, X: unknown race.
*Number of egg masses/plant; replicated three times.
¢ See Table 1 for explanation,
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Length of juveniles (pm)

Fig. 1. Selected frequency distribution by juvenile body length in
populations of Meloidogyne from greenhouses in southern Korea.
*Numbers are corresponding to population No. in Table 2.

S8 O(Franklin, 1979; Jepson, 1987, Sasser and Carter,
1985; Taylor and Sasser. 1978). “|=%] Taylor and Sasser
(197 M. incognita$t M. arenarias 53 3tedle &
Z9] Ao|7t BF HE(key)Tt SIA, “M. arenaria=
9] dol= 470 um(450-490 um)°| ™ M. incogni[ai’—]
376 um(360-393 um) e} A2] [0pm7t 432 F F 9
§% 2ole AL Tl geEe ) TEE 4 2
o} ahEcth of AL A M. arenarias} M. incognita
Z 549 ALEe dste §F8 dolg F4% A,
M. arenaria %9 Zole W 411 um(306-503 um)e]
Aem, M. incognita®] FrF Aol 394 um(312-488 pm)
SATtHTable 3, Fig. ). FW e M. arenaria®t M. incognita

o]g7] -

dpgg

e v =e] Ao del dolot H9r A2 BAX
Rl FAA Fasts] oiH HokFig. 1.

A :’_}i}]%A]%ﬂj% (I Aehe] 8 ZME2 M. arenaria
A=, % 408etE]2) ol EdF 400 um(312-503 pm)
2 I 97}t 71Ee] BHEE (Taylor and Sasser, 1978) M.
arenaria®} M. incognita®] 7ol W2 e} wea
o] HZHE Hekel M. incognita A% EZRI=AE
gs]7] 93te, 400m’e] TAHE 487 FHLE T
z e BeR g Ayt & 63viele ¢FR 4
g AN A3 & T4 excretory pores €] §
ol 77 Zole] i HES $A|EL o], BF M. arenaria
2 velsth A g ] e S g o)
S@ oMo S4XHEY FAF A= M. arenaria A-2
type$dCHKarssen, unpublished data). ©]/de] =2 &3
s, BelEH4E M. arenaria®t M. incognita T3 7]
=3 Strol T2, Sue] A48 {5 ol B
2% F 549 o8 v givke AL & AU
| g EAE F4X = Table 3J+ 7
g E2 S AS-E Shapiro-Wilk FFEEE 4

%g Ago] Oio-] 7‘]%“‘?—£—- 5—}.1 olg}ouﬂ 7
Zol X7 vAFEEL(P =0.0001) 29H
A9 F513) 2709] peakE viER] & T J"J
AFAvkFig. 2). Bl F §F2 ol g o
A&xo 2= HA 068628 HTh, °
+0.6862(13%] FAwhHen, A== 7178 HHYyg
-1.3780(2¥1 A, 7HF ®EG Ao} +1.5377(8W A
STHTable 3).

a9 §%9 +F40], hyaline, 2.2 Zeo] & FAl
ot 258 Tadlhe FEE 542 81300k Eisenback
(198N B ZHF 25 ol&sld o2 7HA] &
g ATE stE=H), ol RAIA AT M. arenaria
T2 T 2 T2 BYeIen, M. incognita T
#el wE] Bge Ztol FElsle 45 o] 7Hestsd
“HEisenback er al., 1981) Z&lv 77 Edolr =&
A SRR, Seto|= flo R w|r} Fole WH
o mel Zoko] 2k e ¥ g EiEel d
2322 H8HQl o]82 o5& ez AzEr

ol =ALE il o] BESE M arenarialh M.
incognita 5 2% F M 7HE FYstAA, a1
ZbashA #Aad o ddd 72 dAHe] Hed e
excretory poreiUHFig. 4A, B). W[FF2 Y excretory
pore TLO 2 M. arenaria®t M. incognita® TEE T 9
Hed, 3 excretory pore7t FE Aol 24 A= FH ol
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Table 3. Descriptive statistics on populations of Meloidogyne juveniles body length (um) from greenhouses in southern Korea
Population Species  No. of Descriptive statistics on juvenile body length®
No/?* Races”  obs.  Mean(um) C.V. SD  Variance Q3-Q1 Skewness Kurtosis W:Normal Pr<W

1 Ma-R2 408 400 9.2 36.7 1346 53.0 +0.1645  —0.4092 0.9760  0.0132
2 Ma-R2 100 397 11.5 454 2062 88.0 —0.2418 -1.3780 0.8910  0.0001
3 Ma R2 45 390 78 304 926 420 01133  +0.2103 09931 09974
4 Ma-R2 49 391 10.6 41.6 1731 69.0 +0.2140  —0.9891 09513  0.0701
5 Ma-R2 35 422 7.6 319 1019 41.0 -0.5527 -0.2400 09579  0.1025
6 Ma-R2 35 395 5.6 222 493 27.0 +0.1900  +0.5581 (09884 09539
7 Ma-R2 45 415 7.0 29.0 843 380 00447 =0.7590 09703 04301
8 Ma-R2 54 435 4.8 20.8 431 21.0 -0.9497  +1.5377 09431  0.0206
9 Ma-R2 64 418 4.7 19.7 389 26.0 —0.3814 —0.0603 09656 0.1749
10 Ma-R2 49 417 3.2 21.8 473 320 ~-0.1299  -0.490! 09755 05692
11 Ma-R2 54 421 4.9 20.6 426 290 —0.2692 09763 09430 0.0204
12 Ma-R2 40 432 45 19.3 373 255 —0.2011 02048 09728  0.5543
13 Ma-R2 20 414 33 13.6 184 245 +0.6862 —0.1969 0.8667  0.0095
14 Mi-Rl 53 357 5.5 19.7 387 27.0 +0.0040 -0.1533 09833  0.8306
15 Mi-R1 52 368 55 20.2 407 29.0 -0.1075 -0.1461 09797 07063
16 Mi-RI 48 367 4.8 17.7 312 275 +0.3401 —0.1916 09767 06198
17 Mi Rl 27 391 53 209 435 30.0 -0.1006 —-0.3676 09620 04352
18 Mi-R1 49 423 43 18.1 329 17.0 +0.1708  +0.3734 09695  0.3691
19 Mi- X 20 400 59 23.7 361 29.0 -0.0300 -0.2004 09824  0.9469
20 Mi-X 23 431 5.7 244 596 41.0 +0.0799  -0.5493 09747  0.7898
21 Mi- X 89 416 3.9 244 596 28.0 +0.4207 +0.2576 09674 01166

? Population numbers correspond to those in Table 2.

Ma: Meloidogyne arenaria, Mi: M. incognita, R1: Race |, R2: Race 2, X: unknown race.

*C.V.: coefficicnt of variation, SD: standard deviation, Q3-Q1: the distance between the upper 75% and lower 25% quantiles, skewness: a mea-
sure of the symmetry of the frequency distribution for each population, kurtosis: a measure of the extent to which the frequency distribution
{curve} is “peaked”; that is, the extent of the relative steepness of the ascent in the vicinity of the mode, W:Normal: Shapiro-Wilk statistics.

Maloldogyne arsnaria Race 2

M, incognita
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1 1 1 71
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Fig. 2. Juvenile body length of Melvidogyne populations from
greenhouses in southern Korea: ranges (), means (@), and
mode (). M. incognita populations were race 1 and unknown
race (), Numbers correspond to population No. in Table 2.

e x| S (Fig. 4B) M. incogritaSith,

O

jge] Azg wgoz wE H) R FuZe o]

| Unknown Meloidogyne species |

No lateral root growing

Lateral roots growing

from gall from gall
| '
Fernale head Female head
Excretory pore about 2 Excretory pore at about
stylet lengths posterior o opposit stylet knob Confirm
head apex (Fig. 4A) (Fig. 4B) Perineal pattern:
- - - punctaticns near tail
e
{Eisenback et al., 1981}
Comfmm _ .Ccnf'u'm
Perineal pattern: crineal pa i

smooth striae

(Fig. 4C)

wavy with angled striae
(Fig. 4

Race
1
2
3
4

Differential hosts |
Tobacco Cotton Pepper

+
+

+
+

Race

Differential host

Pepper

1
2

+ + + +

+

Fig. 3. Simple identification scheme for Meloidogyne species and
races from greenhouses in southern Korea.



Fig. 4. Female head and perineal patterns used for simple identification scheme of Meloidogyne species. A. M. arenaria female head.
Excretory pore is about 2 stylet lengths posterior to head apex (arrow). B. M. incognita female head. Excretory pore is near the stylet knob
(arrow). C. Perineal pattern of M. arenaria. The key character is smooth striae. D. Perineal pattern of M. incogrita. The key character is
wavy with angled striae. '

FAUE Fig 34 Zo BelFe] yer R, M.
arenaria =5 M. incognite?)d], 971 ME]2] excretory pore
o] YA EM 258 P28 S excretory pore?] #1327}
Fz7ole] ] FZEo| ) oW (Fig. 4A) M. arenaria®™,
T+ 9] vz <ol Q2 H(Fig. 4B) M. incognita(38 7 °|
of el Be]E Tofo] € ZBo|H M. hapla® A
=, #9212 perineal patem® = UL M. hapla$)
perineal pattern®l= 2] & & (punciation)e] =
(Eisenback er af., 1981), ©]|A & th& Foll= HF e}
Uzl ¢= ERow 44 M haplaS 78T o Aok
PUELAF] T& race?tA B sEE U 652 W
HEZZ ol&stdol o= IARE] s, $¢ 7hel
FAHANCZ M arenaria®} M. incognita® TE3 T F
7HE races YHY R Foll me) 13 PEES e
race 7=¢] 7Vt & M. arenaric?) 7d§-= California

Wonder 252 o83, a5 o] A7 M. arenaria
race 1, 712 @¥OTH M. arenaria race 2010} M. incognita
= ey A9ole 23 il 23 358 olgaka 5
=0, 3Fo dgel AT ge BRI 4714 @

2 race 1, ©M|, 25 hgde] A7)H race 2, B3,

P Wide] A7 race 3, B, 28 73w
vhgo] A71HA race 40| tHTable 1). =WelM M. incognita

race 1, 2, 32 FAE S HCho er al., 1978), race 4
oz W= A gkttt

5% 5 F9) NAANANA ABY EFS ol F3HA
s fAE o] RATHES PANET T o
ol whEs) TRl Adea Qi BelBaEY FL 9
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AF PRYS AW ST PARHE T WY =
gol @ o= 7ok 2] AYANANE )=
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