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Abstract: To investigate the incidence of plant-parasitic nematodes (PPNs) in perilla
fields in Korea, 55 soil samples were collected from open fields and plastic-film house
fields and were analyzed during January 2020 to October 2020. Root-lesion nematodes
(RLNs), spiral nematodes, root-knot nematodes, and stunt nematodes were detected in
perilla fields, and the incidences of RLNs (39%) and spiral nematodes (55%) were higher
than those of other nematodes. Among PPNs, RLNs are very important species found
on economic crops. The detection frequency of RLNs was increased due to continuous
crop cultivation, and the frequency of fields that cultivated only one crop continuously
for over 11 years was twice higher than the frequency of fields that cultivated only
one crop for less than 5 years. The PPN species diversity and density were different
between leaf-perilla cultivation fields and seed-perilla cultivation fields. In phylogenetic
analysis of RLNs, Pratylenchus penetrans, P vulnus, and Pratylenchoides leiocauda
were identified in perilla fields. These results suggest the RLNs should be considered for
establishing nematode management strategies in perilla fields in Korea.

Keywords: incidence, perilla, root-lesion nematodes, spiral nematodes

A 2 231 QJt}(Ha and Park 1999). 20 2 Q18] 2|4 Adl
=30l (Botrytis cinerea), v (Sclerotinia sclerotiorum)
S-2lutetoll Al E70 (Perilla frutescens Britten var. Japonica 3} 7| A Hofli= AE7]1/ 41 (plant-parasitic nematodes) ]|
Hara)= AAH 02 583 E84= 5 sftto]H, ER/-2 oJgt maj2 Al AYAitol A& HA1 QITH(Moon et
AT RRO R Qlof Yl FAF BE TRt 2410 AR al. 1998; Shin et al. 2006; Choi et al. 2008; Kim et al. 2013).
o] = et M9 A A2 2018 34,863 ha, A =3], 7l wsiE F= A= 18AS2 Bl o &
AR 40344102 A4 UTH(MAFRA 2019). 7 & AEE 4 A 5 glo] WAE O of|A ot
oA &l gto] BRI UE A= 1ASS E 5 9 (Masler and Perry 2018).
of T a1t AH ThS THeE LAFC A4S I S0l BAst= AerAdTers FHoldF

http://www.koseb.org 147



| I
Korean J. Environ. Biol. 39(2) : 147-155 (2021)

(root-lesion nematode), 2] 245 (root-knot nematode),
U 4% (spiral nematode) 5°] €214 It} (Choo and
Choi 1979; Kim et al. 2000). ©] S|4l Fe|HoldF2 5
254, AAEAZ (cyst nematode) T+ 7 HA|H o2
TS AE7IBASCE AL Q1™ (Castillo and
Vovlas 2007), U= A F-o A= ftajAo]dgo] ofsf A
7k s109 9] AAA HiE T Qe Ao A 9l
Tt (Smiley 2010). FFeH o] 152 7|7 917t WAL ohef
3t 715 2|4 AEo] 7Hs5tt (Castillo and Vovlas
2007). LBy 2= e & o] T JEA ¥

olE FEstE ALo® dHA Qo] T Tl oHL, &

T 22 9 {A SA0] 7tvr e BSASH N2E
Aol vsf iz ez QoA +3E A7 Aot
(Doucet et al. 2001; Jesus et al. 2020).

BejyoldEel F T4 FHA S4L o8 1L
A 25, dHE-E FE5}19] isozyme polymorphic banding
patterne ©|-83 L8 A B4 PCRES 7|FTC=E 3 A
steAdmHZo|thd A (restriction fragment length poly-
morphism, RFLP), &5°|Z2to|H (species specific pri-
mer)E ©]-8&St AA7F(real-time) PCR 5-°] ©]-8% o]
Ft} (Yu et al. 2012). HZE AF0] FF52=2 71
+ 28S ribosomal RNA, internal transcribed spacer region,
mitochondrial DNAS] 48 7|48 HRE 7|Ftoz
& DNAHIZE 7|k F 4] E2 o-&=a tt
(Ozbayrak et al. 2019).

T =l S/ FA= o
of ot w7t AFE Y A H :
2t 2 ds =Wl S FARE e AT
o FALHE o5t DNA HHFE 7]&2 ©
A A5 T2 FHTo=EA FA V& NS 915 7]

2425 Ao 5Pk

o= Q) 87184

w2

oo
ol
-
£

e o Y

1. EY AR M3
SN Aui R 2] A27|184AF FAAEFE ZAH] 9
3f 20204 19 2195 H 109 27974 9 Eioh 24
TH 5,24, B, 24, A 1Y, B F 871 Al
=
=

2, A 7 A Ao A B A=
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o

ot A7t B AlRe A 28] A7 8°C A=
Zate] Hytstelet

2, M3 28 R 2 AW

EG A=A A% Ee= AT 27y

At (Barker 1985; Kang et al. 2016). AF3F EGF-S o]
70cm, & 20cm HI'E-5- 50 ¥ 2015 F A2 o3 1
em® AlFHE o] 85te] Almd=E Agsigieh AERt E
&= SsLY EeAEH =250l 91 4L HEES A7tet
o] E¢F Aglg vtk EY AEN-S 20 mesh®} 400
mesh Aol A2 A2 400 mesh A ¢ofl 42 24
wash bottle2 ©]-85}F%] 100mL H]7 o &4 EUct v|A
ol %A B2 HAHE Baermann Zw7]of of £ 25°C
of| A 48A17F I Z . 48417 A 3 2w 7] ShekLe
Q1 HAE 15mL centrifuge tube = =7 Fofct gl
o]t sfid & 1mLe FI?t Tz 2= & counting
disholl A4 @1 AAdn]|7 (MZ12; Leica, Wetzlar, Ger-
many)= ©]-85to] A5-9] TRt W g A7

3. 15 DNA =&

5906 45 PCRE o|8T BAENH HoE 3
TS Yottt A5 DNA &2 HEH Iwahori et
al. (2000) 2] Y-S ol-&sttt. i A52 32F S/ 1
W-&o] oA Q1= slide glass= w7t ©] & A 57
ZRE 2YAIZ]LL, 7R Imm x A2 1 mm9 filter paper

chipe ©]-&5to] AFS ATAX] thg o7fjo] A% A4
< T A ALt o] uf AHESF chipS 10uL DNA &84 (2
M KCly, 10 mM Tris-HCI, 1 M MgCl,, 10% [w/v] Triton-X
100, 20.6 mg mL™" Proteinase K)7} £°]2)+ 0.2 mL PCR
tube®] ¥l PCR %] (PTC-200; MJ Research, Alameda,
CA, USA)E ©]-85t 60°CollA 302, 95°COllA 1027t
Lysis M2 712 DNAE FZ0131t
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A AT (polymerase chain reaction, PCR)S =
o A7 BAS Y] TR BARle] HE7]
%9 DNA HIZE 4 °ﬂ FE OEHAL =
288 ribosomal RNA®| D2-D3 -#42 £9E ©]-&5t3t
D2-D3 F9]9] SHoll= forward primer D2A (5-ACAA
GTACCGTGAGGGAAAGTTG-3')2} reverse primer D3B
(5-TCGGAAGGAACCAGCTACTA-3') A|ES o|-&3}
T (Nunn 1992). PCR §H-8-2 915l 15 uL2] PCR premix
(Ready-2X-Go with Tagplus; Namohelix™, Daejeon, Korea)
7} @21 0.2mL PCR tube®l| 5% DNA 3 uL, 10 pmol

3
A%

% o
N‘ o
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EDTA), 100V, 25mA2] 27 o7 A7|Y953 ok, uv
transilluminator (UVCI-1100; Major science, New Taipei
ol-gsto] Y= F-7-5 =<t H DNA
W71 LA (F)utazAel o= ste] A8 ]
(ABI 3730xl system)E ©]-83F Sanger sequencing= 4

SHYlAL 24 A3} 55 (abl, seq)= AT AlE
Hro B4 At itU-E2 Chromas Lite 2.0, EditSeq 5.052}
SeqMan 5.05 T2 1315 0|85t ZF Al 2T 4714
g& 2Asar.

City, Taiwan)=

5. BAPYEUT A2 Ty

forward primer 1 pL, 10 pmol reverse primer 1 pLQ]f 3i} =

4= 30uLE gol F souLe] ¥heAe T

Lol

58-S PCR %A (PTC-200; MJ Research, Alameda, CA,

USA)°ll ¥ oh&
St} pre-denaturation 94°C 30%,
%, annealing 55°C 40%,

_Tq- 71—0 Z7—]O§__ PCRH}—

extension 72°C 14,

353] ¥H2 final-extension 72°C 5&. PCR SZ4H=

2] 6(1)1
denaturation 94°C 1

cycling stage
LR

71%9%-7] (Mupid eXu; ADVANCE, Tokyo, Japan)°ll 4] 1%
agarose gel, 1x TAE buffer (0.04 M Tris-Acetate, 0.001 M

Table 1. Root-lesion nematodes for phylogenetic analysis in this study

4E A5 ey ATEA=S A9l PCR F
o]
=

EAHE O] A7 EE o] gotdth AsSs A 28
St A E7|RAZEE9] reference sequencet o Z2AGAE

A REAE (NCBI)OA £
™, ZF Al =2] DNA G715 2 3| datasetE 2/ 5H]
Clustal X 1.839] 7]Egto 2 HHsIct AS+E Ho

2|1t £ I 2 77091 Mrbayes 3.2.6.2 ©|

H2 HolHE terE T3

85t general

time reversible substitution model (GTR+I1+G)E ©]-&
St 2Hd5E3] 0™ (Vovlas et al. 2015), Dendroscope 3.5.7
2 olgale] BB, ATRAL A% AT BR7

Nematode Code Location Date GPS coordinate

JD456A2 Geumsan 21" Jan. 2020 36.18537 12747785

CJ143A3 Geumsan 21" Jan. 2020 36.18171, 12747867

JD693A2 Geumsan 22" Jan. 2020 36.18330, 127.48266

JD693A3 Geumsan 22" Jan. 2020 36.18330, 12748266
Pratylenchus spp. GC11MA1 Miryang 13" Oct. 2020 35.49966, 128.80775
DJ57A1 Miryang 13" Oct. 2020 35.50388, 128.82814

GS1374A1 Miryang 13" Oct. 2020 35.564341, 128.77477
GS10245A1 Miryang 13" Oct. 2020 35.56040, 128.75856

IDB6SA1 Gyeongsan 27" Oct. 2020 35.84747, 128.74561

CJ055D1 Geumsan 21" Jan. 2020 36.18372, 12747541

CJ141D2 Geumsan 21" Jan. 2020 36.18010, 12747594

JD410D2 Geumsan 21" Jan. 2020 36.19055, 12747937

JD454D2 Geumsan 21" Jan. 2020 36.18576, 12747914

. MJ134A1 Geumsan 22" Jan. 2020 36.19376, 12747868

Pratylenchoides spp.

MJ465D1 Geumsan 22" Jan. 2020 36.18823, 12747512

MJ452A1 Geumsan 22" Jan. 2020 36.18328, 12748366

MJ454D1 Geumsan 21" Jan. 2020 36.18574, 12747919

HS657D1 Geumsan 31™ Jan. 2020 36.16202, 12747301

HS701D1 Geumsan 31™ Jan. 2020 36.16114, 12747632
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Table 2. Incidence of plant-parasitic nematodes in perilla fields in Korea

No. of fields detected (mean density/ 100 cm?® soil, frequency: %*)

Location No. of fields
sampled Root-knot Root-lesion Spiral Stunt
nematodes nematodes nematodes nematodes
Geumsan 19 5 13 15 9
(96, 26) (331, 68) (308, 79) (289, 47)
Taean 3 0 0 0 0
1 1
Jeungpyeong 2 (10, 50) 0 (70, 50) 0
Eumseon 7 ! 0 3 0
9 (270, 14) (7, 43)
Boeun 1 0 0 ! 0
u (485, 100)
Okcheon 1 0 0 0 0
) 2 5 6
Miryang 14 (13, 14) (265, 36) (2,100, 43) 0
2 2
Gyeongsan 4 0 (10, 50) (323, 50) 0
9 20 28 9
Total o (8, 18) (282, 39) (658, 55) (289, 18)

*Frequency: No. of fields detected by nematodes/No. of fields sampled by location x 100

(outgroup)<> Palomares-Rius et al. (2010) 2] A3 A A3}
£ Farshyich

2

x
s ey

—_

1. 2U ST x| AlE7

=U S AAE didez AE71848F
HE ZARGE A3l B3 45 (root-knot nematodes),
B H o] dZ (root-lesion nematodes), L4 Z (spiral
nematodes), $15/1% (stunt nematodes) 5\——4 KZzo] F&2
AEEAcH(Table 2). 0] FollA] #e) o] g4} Lh4lA
59 4 24 4= 2070 (39%), 287H(55%)E o2 A
FE5o Hlo A o2 £ AEES KAtk AlE &
Foll Al A et e

é
7} ol A& el Z4HE v =

=

#e 4
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1570 (79%) = Yett e, A7) $4H2] Z ohuel e
2199l 7 A s (36%), 671 (43%) Het =2 A

© &2 UERit
AZAgo| WE E79 AE7|BAS HEEFE =
Abgt 7%}— Table 37} Zt}, He|Hol AF&H WAadS
%9] A=7AF :WHA AZATE TS T
A RIE7E 7ol FAIE B 59], Fejyolds2
m

QA7 114d ol 7346}‘11 ZAE] 88%= 5|
Trd (42%)1‘L‘E} ZHH 1”57} sh= A

% ES=RRRE 1A 5157]- o2 Ao 72 Vet (Table4)
AR o] Bel ol 553 S5 AFS HE0] 2
B (65%, 31%)°] 2] Alz] 2] S (12%, 49%)°] B3]
As] 24 etk

S7H9 Au EA o whE AE7BAF AHALE £
ARG A3} (Table 5), ¥ 8- B2 0 2 5= E7) AjHlA]
O AE7IAF FHEC] TA 7S BHOR o= &
7N e A Bt v &2 2 0 2 eyt 59], el Aol
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Table 3. Incidence of plant-parasitic nematodes in perilla fields by the continuous cultivation period

No. of fields detected (mean density/ 100 cm?® soil, frequency: %*)

Continuous cultivation No. of fields
periods (year) sampled Root-knot Root-lesion Spiral Stunt
nematodes nematodes nematodes nematodes
1.5 4 2 3 4 1
(75, 29) (163, 42) (338, 57) (240, 14)
6-10 5 1 4 4 3
(10, 20) (480, 80) (666, 80) (463, 60)
=11 8 2 7 7 4
- (205, 25) (284, 88) (384, 88) (135, 50)

*Frequency: No. of fields detected by nematodes/No. of fields sampled by type x 100

Table 4. Incidence of plant-parasitic nematodes in perilla fields by the field type

No. of fields detected (mean density/ 100 cm?® soil, frequency: % *)

Field tvoe No. of fields
P sampled Root-knot Root-lesion Spiral Stunt
nematodes nematodes nematodes nematodes
Plastic film 26 5 17 17 8
house (114, 19) (313, 65) (306, 65) (271, 31)
) 5 3 1 1
Open fields 25 (62, 20) (110, 12) (1,179, 44) (430, 4)

*Frequency: No. of fields detected by nematodes / No. of fields sampled by field type x 100

Table 5. Incidence of plant-parasitic nematodes in perilla fields by the harvest part

No. of fields detected (mean density /100 cm?® soil, frequency: % *)

Harvest part No. of fields
P sampled Root-knot Root-lesion Spiral Stunt
nematodes nematodes nematodes nematodes
8 20 22 9
Leat 34 (75, 24) (282, 59) (811, 65) (289, 26)
2 6
Seed 17 (140, 12) 0 (98, 35) 0

*Frequency: No. of fields detected by nematodes / No. of fields sampled by harvest part x 100

ZFit EAFL AE oot AE AR AT = 288 ribosomal RNA D2-D3 99 7|4 E-S 7|Hte g g
= Rl (59%, 26%) = H=5 A EAYESHE F 54 A= Fig 17} 2ok B ETHH
AFEA Aol A =W S78 AulA] 478 4 (JD4S6A2,

2. HMo|ME RO EAMYESHE T 5% CJ143A2, JD693A2, JD693A3), 570 E4 (GC111A1,
DJS7A1, ID66SA1, GS1374A1, GS10245A1), 107} &

= 7 ARl AEE AE718A4F 7hedl 7 % (CJ055D1, CJ141D2, JD410D2, JD454D2, NJ134A1,
AHo=z FastH HAEC] YA ol dFH7] MJ465D1, MJ452A1, MJ454D1, HS657D1, HS701D1)
HAYESHE F TS S5 BeHoldFF oA HEH ol dFFE 47 BY|ReHoldE
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A JD456A2
C1143A3
o0 JD693A2
JD693A3
100 Pratylenchus penetrans (EU130863)
Pratylenchus penetrans (KX842614)
Pratylenchus penetrans (EU130861)
— P. dunensis (AM231943)

GC111A1
D157A1
10| IDB6SAL
GS1374A1
| 60| GS10245A1

50f Pratylenchus vulnus (EU130888)
l—————————P. crenatus (EU130853)
P. brachyurus (EU130842)
P. araucensis (F1463257)
P. hippeastri (DQ498831)
100, P. scribneri (EU130865)
P. hexincisus (DQ498833)
P. loosi (EF446997)
P. coffeae (EU130851)
P. pratensis (AM231935)
Apratylenchus binhi (EF645137)
Apratylenchus vietnamensis (EF645138)
P. brzeskii (AM231928)
P. hispaniensis (F1717822)
P. neglectus (EU130855)
P. thornei (EU130881)
P. zeae (EU130896)
96 ——— Zygotylenchus guevarai (F1717823)
1wor Hirschmanniella santarosae (EF029859)
Hirschmanniella pomponiensis (DQO77795)
100 100[ Tylenchorhynchus leviterminalis (EU368591)
Tylenchorhynchus claytoni (EU368589)
100 ———— Tylenchorhynchus dubius (EU368590)
Trophurus sculptus (DQ328709)
7 Coslenchus costatus (DQ328719)
Psilenchus sp. (DQ328716)
Boleodorus sp. (DQ328718)
Basiria gracifis (DQ328717)

o1

P. fefocauda (MN510994)

P. leiocauda (MN510993)

P. leiocauda (MN539650)

P. leiocauda (MN539649)

P. ritteri (KU855004)
P. ritteri (KUB55003)
P. ritteri (KUB55002)
P. ritteri (JX261964)

P. alkani (K1585426)

P. alkani (JX261957)

P. alkani (JX261953)

73]
P. alkani (1X261962)

P. crenicauda (KUB55010)

P. crenicauda (KU855008)
P. crenicauda (KUB55009)
P. crenicauda (KU855005)

P. variabilis (KC843484)
P. variabilis (KC843483)
P. variabifis (KC843486)
P. variabilis (KC843485)
P. erzurumensis (KU855011)

- 100 P laticauda (KUS77455)
_Lm‘—ipemr'cus (KU577454)
Pratylenchoides sp. (KUB55007)
P. crenicauda (KCB43487)
— 10— Pratylenchoides sp. (KY468920)
Pratylenchoides sp. (KY468921)
P. utahensis (K1585427)
—m:F:, riparius (MK419953)
P. magnicauda (KF026289)
Paramerfinius nechexagrammus (K1585423)
Amplimerlinius globigerus (K1585428)
ar- Scutylenchus sp. (KJ585418)
Scutylenchus sp. (K1585419)
99 5. tartuensis (K1585420)
5. rugosus (KT213558)
S. rugosus (KJ585421)
8. paniculoides (K1585422)
sz~ Merlinius brevidens (K1585416)
Merfinius microdorus (KT213561)
Merlinius microdorus (KT213560)
Merlinius nanus (K1585417)
Nagelus feptus (DQ328715)

Amplimerlinius icarus (DQ328714)
Amplimerlinius macrurus (KJ585424)

Fig. 1. Bayesian trees inferred from datasets of root-lesion nematodes, which were detected from perilla fields in Korea. A: Pratylenchus
spp. B: Pratylenchoides spp. Newly obtained sequences of root-lesion nematodes are indicated in bold. The number on the node rep-

resents posterior probability.
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(Pmtylenchus penetrans), AL ] A o] 4 F(P vu nus), %
SN W ol dF (7, Pratylenchoides leiocauda) T 2
2 clade2 SAHA A vl==HA =4 HAEH
(NCBI)9] databaseS 7]HFS. 2 blast A2 434 A1}
USRI H 0| F-2 99.73~100%, B7| ¥ A 0] 1 Z-
97.30~100%, AFTHEE] M o] A2 100%2] -3 A7 AHEA

= Btk 24 23] wket = S Al ols 2% 3
% (Pratylenchus penetrans, P. vulnus, Pratylenchoides leiocauda)
of Yol dFF7T AAE e A= e,

ﬂ.l

Flo

2o

S 570 AR 457
& 422 Choo and Choi (1979)°f &8l 1%
o, 1A Z (Helicotylenchus dihystera), S5
1% (Meloidogyne hapla) ‘5°] T8 AZF 02 VrelR,
7| AR E thAF o2 2000 0] FAFE AT AR
1994 2o, A7t B 3te] whg AR BlEA o] 43
ot WA AFAE Y Al F2 271 ZAh=TE 2 Zo]
S Aol HE Wk, 9k 58 AEF Qlof £
At Ao} H|WEA2 o] 2]E Z o2 HWET Haet al.
(2016) 9] AN T B2 EAF (Meloidogyne spp.)©] &
ol TS Fof AP HAS FFstHrh= d+ 2
gF S WS A A W, Uk Fofl Eet AT

ok, ) Vd%(Pmty enchus spp.) & '
d R

1885 49 g2 A

Ry

=

£ N

a dob %0 N,

N

°

7= Ao oA °1E}(K1m et al. 2000) e
A5l oJgt S719] mlol HIof gk FARAE At
A= ofd 7] %’i o 2 Aol A A-g 43 = Gl
Hejyol o] B AEYEE= EY 100em® & 2827)
g2 yetton, eaE9] Bl AAA aietAd
T (1~2007}12] oA}/ E9F 100 cm®) S 12512 uf A
Hog F ma7t IS Ao =2 A FHY (Dickerson et al.

ofy

2000). @A AT ATE FHRE v S7) A
L el dol 4%, A AFe] BA| AF o2 selun] 1
7-0] Ak 0|9} A ST (Table 2).

0%, 29, 55 5 5B ARAST ZH4E A
O

BBl St ap} Hefelel e B
8;
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al. 2011; Kang et al. 2015). & AN A= S7§2] Azt
F7F S7rEeE ol o] w7t Frkste Ayt
£ YEHITH(Table 3). o] 152 A 7172 3
T S4~65901™ FA 17t Bt 16~35709] &
9] (Castillo and Vovlas 2007), 2] 4 o] A&-2] 7|7}
a2 mid AzsHH ke rh eAdvbe e SAE A Y
Ao dEE ez T AL A AE HIE7} Y Eofx

= A0 2 woEh
zo] AuiEs TR A e HEFE AE
]/\H/L-]T_,] ZEL]. u157]. ;].E oz o]—g;";q oh:]-(Ko et
al. 2017; Ko et al. 2019). & A A& E719] A=71/34
LA ZAAE AR EN A 9F =2 A E 2] = ?Bﬂg}‘ﬁ
ZAVSHRT. 11 B3, AR A= e ol dsRet Y
AASFHE 8 HE AF502 vehigen ix] Afe 2]
+ PEASH WSR2 HE AF5oE U
WTH(Table 4). @¥HH 02 L2]oAN= EME U E 2=
ﬂ”ﬂ =3 7]5h= AMEde Holu, dEME 2
St AR EN Ao A = mid A2bE 5] whEel dE
5% (nematode fauna)©] T2 A 02 FHECE SHH)
ME Alishs 52 metA = A A=71345
57} o2 A Vet (Table 5). A E7H= 5
‘éO}O/\Oﬂ/ﬂ A F717E A2k o o EA
ot HHH, TG S7= F= Aol A Ajui=
T}, o] 2f_t Aif= Aju o] fragolut 2
ool 913} vtz gt wEkA S A A
oNie FHaehE shd dzto g IRt Beyol i,
WAL gl g darZ 4 e A= HolH (Kim
ARl A7} B a6t

ol HE-L FoA 7, B7] 5 A4 A2 5}
oF Z2 alFRolA msiE Fil Q= Alor dEA <l
Tt (Lee et al. 2008; Ko et al. 2017; Park et al. 2019). 22 A
o= FeHoldEol E7] AR AEE AT 7t
wd S HET 7P w2 Ao UEhgT 18y,
Beio] 452 Foll whet 28 7Hse A el th=
7] wiizoll A oAM= & F7gol HI=A] Aeg= ojof
St (Castillo and Vovlas 2007). & Aol A= S71 Al
Ao AEH ol dse] EAETA F 58
Fofotqlom, D7 e X o] A (Pratylenchus penetrans),
AP R o] A - (P vulnus), SE7MEE2] A o) AS (FH,
Pratylenchoides leiocauda) 2.2 &= tt. A+ Aite] w

il OM.?
o l‘h‘ rlr okl

ofj

_t__l‘

ot

up fuﬁ T ZPS} -
rsh

N fo o U Lo m{n rir
lo ¥
Wi
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