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B 2005 4 1 HE » {E GEhleoKmg ~ B ~ TAK - FERMTFEYRIRE oo Rt
7€ 10 £% Tylenchorhynchus annulatus (Cassidy, 1930) Golden, 1971 £ 9 #% T. leviterminalis Siddiq;,
Mukherjee & Dasgupta, 1982 » H:rhi%# fa & MR FECERAE o« SRR L i as 2 AR E 5
SHEIRZEE ~ TEREHIE(E (morphometrics) Kuf%A##E DNA (ribosomal DNA, rDNA) Fr B (i 5e#
5.8S FHH » NHEHERIEMN] ITS-1 A0 1TS-2 K55> 18S F1 28S F X)) Ayfe-IfHE EELLE 4317 o AT
Jefe it 55 2 STR T REHI SE (B245 b, m, ODG, O, EP -~ tail 5z ABW %3t 7 15) il SEM 418
REFTHIEEL » g KAE GenBank A& $kis I L iaany) rDNA FERCERMFY » KIVER
1198 bp » HEAIMHEERS 91.1 % B _FHHYITS 1~ ITS2 f 5.8S FRAIMHIEE (K] B2 5
£88.1 % (493 bp F1490 bp) ~ 83.9 % (237 bp F1240 bp) F 98.8 % (162 bp) -

BESERR © B LHR &~ fRERSE T ~ KHERE DNA ~ Tylenchorhynchus annulatus ~ Tylenchorhynchus

leviterminalis
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{fch Fortuner fIT Luc —IK© AYEEE - B LR
£ (stunt nematode, Tylenchorhynchus Cobb, 1913) )43
$Eh{37 B % Belonolaimidae Whitehead, 1960 £l (family)
T4 Telotylenchinae Siddigi, 1960 B5f} (subfamily) /7 »
HIEA S R RYRERATE 177 #® - Tylenchorhynchus &
iR a0y FEERER T BMR BN A RIEK1
mm LIT » HEES )Y (cuticle) ZFEER (annules) BA
#8 5 {17 (laterd field) EBA 2-5 {HI#5# (incisures)
» 5D B IR i 56 (aerolations) 5 AT (tail) 2 fEE]
#E58 (conoid) ~ FEEIFEAS (subcylindroid) % fE1E i

(subclavate) %Y » T EARIm A% & vE (smooth) » /U8
BRI (transverse striation) » T H R ERIEE =/
3 1% (c’=2-4) ; G/ (cephalic lip region) k% Bf
B(E EER > B DB R A FleR i tHEE N EL B
M 2K 5 18t (stylet) Aldm#lREHM > CTEHR5ER
(stylet knob) BAZH » HIREHKY 15-30 um : il gLiEEK
(median bulb) {iz2%¢/ |\ HAIRAYEE AT 7788 (procorpus)
FOWRHE B (isthmus) ~fE] - RIREFE M ER - BHER
EEKHHE R © 23R 8K (basal bulb) BEALY (pear
shaped) » BAgFHN E TGV A5 (intestine) Fifdit o
AR & £ 2 LB 4L F 4 (migratory
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ectoparasitic) #7728 » LA RNk 25 £ MEWAREFTT &
FER: AR ) ARG » 3 AR % RS 22 i ey S EHE A A
RAZ 1l - DIBUEMRRERRUD - E S R b R
VEAZ 17202 o T, annulatus (Cassidy, 1930) Golden, 1971
(= T. martini Fielding, 1956) MU=z (type locality)
BXEFE BEMEN Kailua il » #HRF £ (type
habitat) & » THATEAVEYIE /K » T. annulatus
TE BLAS e A BAVE M RUBNZ o0 - BB £ AR
% > (HLAHJE ~ /KFER AR L (grasses) FIEVIRTE - T.
leviterminalis Siddigi, Mukherjee & Dasgupta, 1982 (= T.
crassicaudatus leviterminalis Siddiqi, Mukherjee &
Dasgupta, 1982) * 1z A st B E1 EPH & ik (West
Bengal) it [@f Chandan Nagar » HiE R LE&EE
(Musa paradisiacal) > B 7T 5% (mango, Mangifera
indica L.) FI Jackfruit (Artocarpus integrifolia L.) AR
TR IRAT S BEAAE AR s 0 0 B E S ER A

#E 5l > Gl ek 2 Ui A T.
nudus Allen, 1955 ~T. annulatus &z T. cylindricus Cobb,
1913 % 3 fH=0® > HFR LRV RIE HRE ~ KAE R
% MHEHAER T. nudus A8 E iR R AGEH KIERE
it - RECERHRHCRE IR 2 BB Bk - B HEE
INE T EERE (b - (EREE AR ™ - PHoT 1970
3 AE 1971 # 12 A » HIKFE® Raia&ivEa -
FERE ~ REH - BRZR ~ RE AU ARY) R nT s
Gy BB AR 28 o {H R M ACEITREREE E o 5

F— ~ HEEUE LEREL (Tylenchorhynchus spp.) B2 s
Tablel. The sources of stunt nematodes investigated

20054F 1 F#E » ASUVE &P 2 sy BEE19
FER LR Es - RELUOEEFR fEEE T JE0 8% (SEM) AR
REHHER ~ L REHIE{E (morphometrics) L3 A 4
DNA (ribosomal DNA, rDNA) Fr B RE 41 fH ] P2 i
T HEFEEEE T, annulatus FIT T, leviterminalis —ff&
{bff sk - Hrh g 56 Bt 0F 5080 - M E
FES S A -

PR i

TR AR ER AR AR () - S8 =i —H
TEBC _HWIWRIEI » 1 —HHIEGERUHAR 2-3 MR
LIVNBFRIZHE 1 > A SR T o Hifth HEAREE 47 it
H— e L A R B R 2 Ui ~ HFELTEZ R
L - # by BELA S R =P I <o) Bl AT - B
B 2 AR aiE L 2% fRSMOETRARIL HIE €% » & 6
C mIBMEFRT - e SR 18 EE B RIEF A
7 0 DU & RS BRI r DNA B (B8 e
5.8S ELRFIAEERIEM] 1TS1 FIITS2 » LIRS 18S
1 28S X)) FRHRIMHEIE R » Fr R Z 7 trdds
122 BESE HER RSO 28 - FiaySEM
BIE2 ~ i ARVEEDNARHEL ~ rDNA Fr B3] & S FfA
FREIRIE S © 2753 o B R L AR s
DNA Jr B 2 (REVEFRI Y 5.8S HK ~ITS1 K& ITS
2 Zl P S PRI HEHIEEE - H kR HFIGenBank
Hrf& $#%~ Hirschmanniella oryzae (Accession No.

= =
A
R

Species Code Host Location

T. annulatus Tannl Rice (&) (Oryza sativa L.) Hukou (#f11), Hsinchu County
Tann2  Rice (f8) (O. sativa L.) Wufong (714, Taichung County
Tann3 Rice (&) (O. sativa L.) Yuannli (#6#), Miaoli County
Tann4 Sugarcane (#L HT&) (Saccharum officinarumL.)  Puli (3 E), Nantou County
Tann5  Sugarcane (L H#) (S officinarumL.) Mingchien ([#]), Nantou County
Tann6 Sugarcane (L H ) (S officinarumL.) Luye (JZEHY), Taitung County
Tann7 Sugarcane ( 9 HTiF) (S. officinarumL.) Luye (JE55), Taitung County
Tann8 Sugarcane (EEH ) (S officinarumL.) Chiayi City (Zzmh)
Tann9  Sugarcane (EHEHTH) (S officinarumL.) Yuanchang (7T%), Yunlin County
Tannl0 Corn (B =£) (ZeamaysL.) Shueishang (7k_I) Chiayi County

T. leviterminalis Tlevl Banana (4t ) (Musa spp. cv. 'Pei-chiao’) Dounan (=}-F), Yunlin County
Tlev2 Banana (Jt#) (Musa spp. cv. 'Pei-chiao’) Chishan (/]1]), Kaohsiung County
Tlev3 Banana (Jt#) (Musa spp. cv. 'Pei-chiao’) Jhushan (17111), Nantou County
Tlev4 Banana (4t #) (Musa spp. cv. 'Pei-chiao’) Fonglin (J&#£), Hualien County
Tlevs Banana (&%) (Musa spp. cv. '‘Ba-chiao') Chiayi City (Z#F$h)
Tlevé Sugarcane(F1L 5 5F) (S officinarumL.) Tianjung (FH ), Changhua County
Tlev7 Sugarcane( T H ) (S. officinarum L.) Luye (FE%7), Taitung County
Tlevs Bamboo (fiiit”) (Bambusa spp.) Chiayi City (Z#F$h)
Tlev9 Bamboo (fiifif"7) (Bambusa spp.) Douliou (3+75), Yunlin County




DQ309588) ” ~ Hoplolaimus columbus (Accession No.
DQ309584) © ~ Helicotylenchus dihystera (Accession No.
DQ309585) © FRotylenchus brevicaudatus (Accession
No. DQ309587) ©® 7 —IDNA K E&JF%1 » Ll BestFit
program (GCG, SeqWeb 2.1 AR) JETTRCE HEEHE PR
5 B HARME I EARE R % - 5%
HHR mhlH] 2 2 IHTE REHI R (72 5 A - ZLISAS #iEt
IS GLM 2> (1999, V8.2) 31 T8 5 74T -

AR BErDNAF Be 2 ARER 51

AR SR R LR e 2 AR VERS (— 1,
consensus sequence) A J7=053R040F: /£ 10 BF
Tylenchorhynchus annulatus &1 (% —) » #i Tann2 ~
Tann4 ~ Tann5 ~ Tann7 J; Tann8 %5 5 #£0t » ty Tann2 F[
Tann4 5y AIBKAN 3 Kz 2 {EEHERE » HeR 3 FEEHL 1 {#E
TR TE T - JLIETS 8 R IDNA FERIFLAIFY » It 8
RFPHILL Pretty program (GCG, SeqWeb 2,1 k) (T[]
WP e JI LT > FHIR U778 ARy — B0 2148
A Bt UE 1B 5 b AEs M ek 2 AU R FRY1) (1198
bp, GenBank, Accession No. EF030983) ; T 9 AfAY T.
leviterminalis 17 () » ¢ Tlevb HKAX 2 {250 ~ 1
FREHAt 7 {lEHE (Tlev2 FRIL) =L (EEEhEiS & T ey
HAEIS 9 15 (DNA FERIFEIAFFS » THHIL 9 {EF iR
HI| o LLRIEH [R]85 7 3% 22 48 HAR R 791 (1198 bp,
GenBank, Accession No. EF030984) -

LSS

Tylenchorhynchus annulatus Z #i7€

i [E A KA~ H R BRI E YR AR

B8] 1543 5EsE 1 HY Tylenchorhynchus annulatus (#—) »
Hf sy FE T REHI R ISE (X 5) - FR Tann8 BERY
¢’ IHFI Tann7 BERY V HEH e Tann9 ¥Ry EP JHAYZFIE
A FIEARY 7 B > LUK Tann3 BEAl Tannb £E#Y Tail
TEAY R SE S RIS AL A 8 BRA R 25241 (P=0.01) »
HERA A 7 & SHRY A A A 2 TR e JEREE 14 (P=0.01)
7R THA b’ SR FII(EAE 10 FHE S ERHE 2 5 -
1E IDNA FERFeolr bt | - 8 {FEmiE Z R
%1 (1193-1202 bp) FIHARZNEF1 (1198 bp) AYFHIEE
B 98.7-99.8 % - M H7FH4{EE 99.6 % - Tann5 ~ Tann?
Fe Tann8 #J IDNA J ERIFUIGERS1] » R RMERSIHIAH
[RIEEAEAR For Al B 99.7 ~99.5 F198.7 % MR &k
FEHH ITS1 S 1TS2 K 5.8S SIS » B A

R (L 253
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B — - Tylenchorhynchus annulatus 2 SCE2EASTZHE : A,
EE AT sT (EP, HEMO 5 Ist, HEHAS : MB, AR EIE
K : ODG, H il EEMGE I : PC, BIERT/1E : PEB, %
FRETEEK 5 PR, 181 : B ~C AI1D, Mz (An, AL
F9 5 LF, 155 5 Ph, IR » LEBIREE : A =20 4
K i B-D =10k -

Fig. 1. Photomicrographs of Tylenchorhynchus annulatus,
A, Anterior region (EP, excretory pore; Ist, isthmus;, MB,
median bulb; ODG, orifice of dorsal gland; PC, procorpus,
PEB, post-esophageal bulb; PR, prorhabdion); B-D
Female tail (An, anus; LF, lateral field; Ph, phasmid).
Scalebarsin A =20 ym; B-D =10 xm.

% 493 bp ~237bp 5 162 bp -

T. annulatus #8HYREERAHE BARE (B — A 5 &=,
B) » MEH FEA 2-3 (AR » HEEK) 3.1 um (2.4
4.0 pum) ([E—, A s [E =, A) o B [T RGNS
HM R - e Esk 2 9NETE - His S ) 11.5 «m
(9.3-15 um) » KH&FEINIEREER 12 (B—, A) < HEiHFL
PR AR i BRA S Ak 28] > {8 BESE ST IGH 8
JESR PSR - FIBRE 52 IB#)E 54 (48-60) {EfEIR
(E—, A) o CSTATSmAESTAR - IEHHS BRAVEE R 4.0
um (3.2-4.8 m) » T I&H#E (prorhabdions) #{& 13~
JER)—42 (m = 47.7-50.6) ([E— A) - EARRIZMIER:
H&IK (elongate subcylindrical) » B EBIENHFWE » 2
AR (blunt) S EIFERZ : AT (anus) FIE RIEIY A 20
(15-23) {iEFEER (E—, B #IC s B —, C) ~ {AIEIR1/NEl
fiZiK > SR imlRIEEAER) 34.6 «m (30.7-42.7 pm) - TTE
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[BI#JE 14 (12-16) {E§EIR (E—, D : [E—, C) - fllfF 1
BA 4 §EE (B, B) » HEEFEK 5.6 um
(4.3-7.7 pm) > F{EREERY 14 > T safSrym KEE T
YIRS 22 pm (A7-27 pm) o {EaREETRERNIE MR sMEl
AN i 2 U SRS AR o T E RS o EA A
fegHt S RARE (18—, B #11 C) » F&FT (vulva) Mt aafsrh
RAmBAIE (V= 52.9-56) » JNE (ovaries) AilfLEHE > 5

EEONE U (didelphic) » # 0N 8 A BB 551 REHT G

(oocytes) » {HIESZ #E%E (spermatheca) ° 7F 10 AffRaah
RN

Tylenchorhynchus leviterminalis 2 8% %€

B A ~ H R TS U TR AR
5 47t f 7 i Tylenchorhynchus leviterminalis (£
—) o HfeE) B REHIE R (£=) 0 BR Tlevl
BERYIISHRIERIEAh 7 BF (Tlev3 ERAY) & 2BIREE £

£~ HiEhlE Tylenchorhynchus annulatus Mt 2 JiZREHI S AIE Be H: B 1T 36 B th [ (2 Bl BB e o L
Table 2. Comparison the morphometrics of Tylenchorhynchus annulatus isolated from Taiwan and populations recorded in

USA.
Location and host (code)

Character Hukou Wufong Yuannli Puli Mingchien Luye
Rice Rice Rice Sugarcane Sugarcane Sugarcane
(Tannl) (Tann2) (Tann3) (Tann4) (Tannb) (Tanne)

n 17 22 13 16 12 12

L 0.69 + 0.03abc® 0.66 +=0.05c 0.67 =0.03bc 0.70 £ 0.05ab  0.67 =0.03bc 0.68 = 0.03abc

(mm) (0.64-0.75) (0.55-0.72) (0.60-0.73) (0.62-0.80) (0.61-0.70) (0.62-0.74)

a 31.2 = 2.3bc 31.7 =21abc 322 =24abc 332 £ 3.4ab 331 +£23ab 328 +1.9ab
(27.3-35.0) (26.2-35.3) (27.9-37.2) (28.8-38.3) (30.4-36.3) (30.0-35.2)

b 10.7 = 0.7b 10.6 =0.9b 10.8 + 0.6ab 11.2 +0.8ab 111 +£05ab 11.2 +=0.5ab
(9.1-11.8) (8.7-12.1) (9.9-11.9) (9.7-12.4) (10.5-11.9) (10.7-12.3)

b’ 52 +0.3a 51 +04a 51 +£0.3a 54 + 0.3a 52 +£0.2a 54 +0.3a
(4.5-5.8) (4.4-5.9) (4.7-5.8) (4.7-6.0) (4.9-5.6) (5.0-5.9)

c 15.3 + 1.1abc 144 +11cd 151 =1.4abcd 15.8 + 1.1ab 16.2 +£1.0a 15.2 + 0.7abcd
(13.3-17.8) (12.4-16.3) (12.6-18.1) (13.1-17.8) (14.9-18.0) (14.2-16.5)

c’ 3.1 =0.3bc 3.1 +03c 3.3 =0.4bc 31+02c 3.1=*0.2c 3.4 £0.2ab
(2.7-3.6) (2.7-3.5) (2.8-4.1) (2.6-3.5) (2.8-3.5) (3.1-3.8)

Y 56.0 £ 1.7a 55,7 £13ab 553 :=18abc 54.6 £12bcd 544 +13cd 54.7 = 0.9abcd
(52.9-59.2) (52.8-58.4) (52.2-58.0) (52.5-56.5) (52.7-57.4) (53.4-56.4)

Stylet 18.2 + 0.6abc 18.6 = 0.8a 175 = 0.4d 18.3 £+ 0.8ab 17.5 =0.5d 17.7 %+ 0.6bcd

(M) (16.7-19.3) (16.7-20.0) (17.0-18.0) (16.8-19.7) (17.0-18.3) (17.0-19.0)

m - - 48.5 + 1.5bc - 50.6 +1.3a 495 +1.1ab

(46.2-51.1) (48.8-52.5) (48.0-51.7)

ODG 2.6 (n=4) 2.0,25,24 2.2 £0.3bc 21 +02c 21 £03c 26 £0.3a

( xm) (2.0-3.7) (1.9-2.8) (2.0-2.5) (1.7-2.7) (2.0-3.0)

0] 14.1 10.6, 13.2,12.6 12.7 +2.1bc 11.7 + 1.1c 12.2 +1.5¢ 146 +1.7ab
(11.1-19.2) (10.6-16.5) (10.5-14.3) (10.0-15.6) (11.6-16.4)

EP 106 + 5a 103 + 5ab 99 + 1lbcd 102 +4ab 93 + 8def 99 + 5abcd

( «m) (99-118) (91-110) (78-109) (96-110) (79-107) (90-107)

P 15.3 = 0.8ab 155 = 1.1a 14.7 =14abc  14.4 £ 0.8bc 13.9 =1.0cde 14.5 =0.5bc
(14.4-16.6) (13.3-18.2) (11.6-16.3) (13.3-16.0) (11.6-15.5) (13.5-15.5)

Tail 45 =+ 3cd 46 + 2bcd 44 =+ 4e 45 + 3d41 + 2e 45 + 3cd

(M) (40-51) (41-49) (37-53) (39-51) (37-46) (40-49)

ABW 15 =+ labc 15 + 1la 14 + Icd 15 + labc 14 + 1d 13 +1d

(«m) (13-17) (13-17) (12-15) (13-17) (13-15) (12-15)




& —. ~ Tylenchorhynchus annulatus fft&~ SEM BASTE
fE A, mBEATIEY (LAS, BEMEIR : LF, IF) : B,
aBEHER A7) (Ins, 1457 5 LF, lI79) 5 C, AR (Aes,
A ferfs s Ph, HIEIRCT) o EEAIREE - A-C = 10
ek -

Fig. 2. SEM photomicrographs of Tylenchorhynchus
annulatus female: A, Anterior region (LAs, lip annules;
LF, lateral field); B, Middle region (Ins, incisures; LF,
lateral field); C, Tail region (Aes, aerolations; Ph,
phasmid). Scale barsin A-C =10 xm.

1 (P=0.01) » HER AR > % TEAIFEME - fEARERES
MEFESE MEFE 5 (P=0.01) » Tz L V JEAYF S B am i
T 3 BRI BEEE (RIY) - BR Tlevl #y ODG Al
O TIHZgE » FOHEfth — BRI A 882 £ 5% (P=0.01)
gt o HERSIENI AL 3 BEE S EREE 22 5 -

L 9 {EEWI 2 rDNA F BYRE A (1193-
1202 bp) FIHALMEFS (1198 bp) HYAH[EIE(EEE RS
99.3-99.9 % - FAT Tlevl A rDNA By IEIAFEHIFIA,
o1k A EHE [RI RS 99.7 % o 8 AR gl hmy
ITS-1~1TS-2 K 5.8S fyfF K/ IMKIF 53 AilRS 490 bp ~
240 bp ;162 bp -

T. leviterminalis AYEEIR fHEHARE (B1=, C s &Py,
O  BEH T EEGHR » HEEKB8.1 wm(2.7-40 v
m) (E=, B : @Y, A) o PRt R &I E
(V=51.2-52.3) (El=, A) » BNEATRE A » BEEINE
s NN B GG AN » KSR R - A
kg 7 o PR EER 2 ONE » HfsEE ) 11.9 um
(10-13.3 um) » FEFEIEREE A 12 (E=, C) - HEitt
FLEL A A SRR EER FIE S RE BR8] - HANSRERS 2
[BIFH 42 (37-46) {E74ER (& =, C) o Lt AilkmHET
AR - CEFFEERIPAEE ERY 4.1 «m (3.3-4.8 pm) > T
SRR KR IS RER—4 (m = 46.6-49.2) (&
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B = -~ Tylenchorhynchus leviterminalis 222857
Re A, mE5R L2 RE (PEB, #%aEIEEK : Vu, k&
F9) s B, SUEM (ODG, HHASAEIRBELT) s C, addgal
gtelisy (EP, BRI s MB, HEiEIEER) 5 D, HtsE
(An, ATF9) s E, Es=AE (Bu, 221%E  Sp, 22#EHl) : F,
FEdal (Phs, IFERRIT « EEBIRERIE : A =20 K 5B =
S ek s C-F=10 fick -

Fig. 3. Photomicrographs of Tylenchorhynchus
leviterminalis, A, Whole body (PEB, post-esophageal
bulb; Vu, vulva); B, Head region (ODG, orifice of dorsal
esophageal gland); C, Anterior region, (EP, excretory pore;
MB, median bulb); D, Female tail (An, anus); E, Male tail
(Bu, bursa; Sp, spicule); F, Tail (Phs, phasmids); Scale
barsinA =20 ym;B=5 um; C-F=10 um.

=

[E VY ~ Tylenchorhynchus leviterminalis Iff#h.~ SEM
BUERE « A, mdEATIRG > (LF 75 5 LR, B s B, &
Gressy (Ph, fIERRET) 5 C, sdERERAT T (Aes, {HIF s
1683 5 LF, {HIA) © FLEIRREL : A-C =10 fik -

Fig. 4. SEM photomicrographs of Tylenchorhynchus
leviterminalis female: A, Anterior region (LF, lateral field;
LR, lip region); B, Tail region (Ph, phasmid); C, Middle
region (Aes, aerolations; LF, lateral field). Scale barsin A-
C=10 um.
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£~ HiEhE Tylenchorhynchus annulatus Mt 2 JiZREHI S A1 Be H: B 1 34 B th | (L Bl BB 2 LU (48)
Table 2. Comparison the morphometrics of Tylenchorhynchus annulatus isolated from Taiwan and populations recorded in
USA. (cont.)

Location and host (code)

Character Luye Chiayi City Yuanchang Shueishang Hawaii* Louisiana’
Sugarcane Sugarcane Sugarcane Corn Sugarcane, Rice,
(Tann7) (Tann8) (Tann9) (Tann10) (paral ectotypes)

n 12 12 13 12 3 20

L 0.71 + 0.04ab 0.70 +0.03abc 0.66 + 0.05bc  0.71 + 0.04a (0.66-0.72) 0.69

(mm) (0.64-0.75) (0.65-0.75) (0.54-0.71) (0.66-0.77) (0.64-0.81)

a 30.1 = 1.6¢ 33.8 +21a 324 £ 2.7abc 309 £ 2.5bc (34-35) 314
(27.6-32.6) (30.0-37.5) (28.7-38.9) (24.8-33.5) (29-35)

b 11.2 £+ 0.6ab 10.6 =0.3b 10.8 == 0.8ab 11.4 £ 1.0a - -
(10.1-12.2) (10.0-11.12) (9.3-12.1) (9.0-13.1)

b’ 53 = 0.3a 5.1 =0.2a 5.1 =0.3a 5.3 £0.3a 5.0-5.6 5
(4.9-5.8) (4.8-5.9) (4.4-5.5) (4.9-6.0) (4.6-5.7)

c 14.1 + 0.7d 145 + 1.1cd 14.9 + 1.0bcd 14.7 + 0.9cd (15-16) 14.8
(13.1-15.3) (12.8-16.7) (12.6-16.3) (13.5-17.0) (13.5-16.0)

c’ 34 + 0.2ab 3.7 +£0.3a 3.2 £0.3bc 3.3 £ 0.3bc (3.1-3.4) 3.3
(3.1-3.7) (3.2-4.0) (2.9-3.8) (2.9-3.7) (2.9-3.7)

\Y 52,9 + 1.5e 55.3 +1.6abc  53.8 £ 1.0de 53.9 == 0.8cde  (54-56) 55
(50.3-55.6) (52.8-57.4) (52.1-55.3) (52.8-55.4) (53-58)

Stylet 18.1 = 0.58bcd 18.6 £0.8a 17.8 =0.7bcd  17.6 = 0.5cd (17-18) 18

( xm) (17.3-19.0) (17.3-19.7) (17.0-19.0) (17.0-18.7) (17-19)

m 47.7 = 1.1c 48.1 + 0.8bc 49.2 +2.1ab 48.1 + 1.1bc (49-50) 50
(45.4-49.2) (47.1-49.2) (46.8-53.2) (46.1-50.0) (49-51)

OoDG 2.4 + 0.58bc 26 +0.3a 2.7 +0.3a 2.6 + 0.4ab - -

( m) (2.7-3.7) (2.1-3.2) (2.3-3.2) (2.1-3.1)

0] 13.3 + 2.8bc 14.2 &= 1.4ab 154 +1.3a 145 + 2.2ab - -
(9.2-19.5) (10.9-16.8) (13.0-17.3) (11.9-17.6)

EP 91 =+ 7ef 101 = 5abc 87 = 7f 94 + 7cde - -

(«m) (78-100) (90-108) (78-98) (78-103)

P 13.0 + 0.9e 144 +=0.8bcd 132 +=1.0e 13.3 £ 0.7de - -
(11.7-14.8) (13.0-15.8) (11.7-14.6) (11.8-14.3)

Tall 50 + 3a 49 + 4abc 45 +3d 49 +4ab - -

( m) (45-53) (42-54) (41-49) (43-55)

ABW 15 4 1abc 13+ 1d 14 = 1bcd 15 +1ab - -

( m) (13-16) (12-15) (13-16) (13-16)

1

n=no. of nematodes; L=body length; a=body length divided by the maximum width; b= body Iength divided by the length from
anterior end of body to the median bulb; b’ =body Iength divided by distance from head end to posterior end of esophageal gland;
c=body length divided by length of tail; ¢’ =tail length divided by anal diameter of body; V=ratio between distance from vulvato
anterior end of body and total body length in %; m= ratio between the length of prorhabdion and stylet in % : ODG= the distance
from base of stylet to orifice of dorsal gland; o=ratio between the length of ODG and stylet in %; EP= the distance from excretory
pore to the anterior end of body; p=ratio between the length of EP and body length in %; ABW=Anal body width.
Measurementsin the form: mean + standard deviation (range), “- “=no data

* Datain each row with the same letter were not significantly different at 1% level by LSMEANS/TDIFF.
* Siddigi, M. R. 1976®

2
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Table 3. Comparison the morphometrics of Tylenchorhynchus leviterminalis females isolated from Taiwan and populations
recorded in India, China and Japan

Location and host (code)

. Dounan Chishan Jhushang Fonglin Chiayi City Tianjung

Character
Banana Banana Banana Banana Banana Sugarcane
(Tlevl) (Tlev2) (Tlevd) (Tlevd) (Tlevs) (Tleve)

n 15 12 12 12 16 12

L 0.66 + 0.02%d° 0.66 #=0.03cd 0.70 £ 0.05abc 0.68 +0.03abcd 0.66 #+ 0.04cd 0.72 =+ 0.04ab

(mm) (0.61-0.71) (0.62-0.74) (0.61-0.77) (0.63-0.74) (0.56-0.72) (0.64-0.77)

a 30.6 + 2.5ab 29.3 £3.2b 30.7 = 2.9ab 30.6 + 1.5ab 299 +=16ab 319 +£1.9a
(27.1-36.1) (24.4-34.7) (25.4-35.0) (28.7-33.6) (27.3-33.0) (29.2-34.0)

b 9.8 = 0.5d 104 = 0.5bc  10.7 %= 0.6ab 10.0 = 0.5cd 10.2 =0.7bcd 10.6 =+ 0.7abc
(9.2-10.8) (9.7-11.2) (9.6-11.6) (8.8-10.7) (8.9-11.7) (9.3-11.9)

b’ 5.1 =0.3c 54 =03abc 55 =0.4ab 5.2 =0.3c 5.3 =0.2bc 5.3 = 0.3abc
(4.7-5.6) (4.9-5.8) (4.8-6.3) (4.7-5.8) (4.7-5.8) (4.9-5.9)

c 14.1 + 1.3ab 134 +11ab 142 +1.2ab 13.8 + 0.7ab 138 =09 143 +14a
(11.9-15.5) (11.9-14.9) (12.5-16.7) (12.9-15.1) (12.8-15.7) (12.8-17.9)

c’ 3.5 £ 0.4ab 3.4 =0.3ab 3.5 =0.3ab 3.7 = 0.4a 3.3 =0.3b 3.6 = 0.5ab
(3.1-4.5) (3.0-4.1) (3.0-4.1) (3.2-4.1) (2.8-3.7) (2.9-4.9)

\% 52.2 + 1.4a 51.2 +21a 51.9 =1.0a 52.3 £ 3.1a 51.8 = 1.5a 51.9 *+1.5a
(50.0-54.4) (48.4-56.2) (49.9-53.6) (45.5-57.0) (49.1-55.0) (49.1-54.9)

Stylet 20.1 #+ 0.5a 19.3 =£0.7bc  19.7 +0.9ab 18.8 + 0.8c 19.1 £0.7bc  19.2 + 1.0bc

(pm) (19.2-21.3) (18.0-20.3) (18.0-21.3) (18.0-20.3) (17.7-20.3) (18.0-20.7)

m 49.2 + 15a - 48.8 + 1.4ab 47.3 + 1.3bc 482 +13ab 474 +1.7bc
(45.9-52.3) (45.0-50.2) (45.7-50.0) (46.1-50.8) (45.4-50.3)

ODG 3.0 &= 0.2abc 3.1 £0.3ab 2.9 £0.2bc 3.1 = 0.4ab 2.6 £0.2c 3.0 = 0.3abc

(M) (2.7-3.2) (2.8-3.7) (2.7-3.3) (2.7-3.9) (2.3-2.9 (2.5-3.3)

0] 14.8 £+ 1.1bc 16.1 £ 16ab 14.8 =1.3bc 16.6 = 2.1ab 140 £ 1.1c 15.7 £ 1.7abc
(13.5-16.2) (13.8-19.2) (12.7-16.8) (14.2-21.3) (12.3-16.1) (13.0-18.3)

EP 91 + 6abc 84 + 6¢ 88 + 6abc 94 + 5a 92 + 7ab 91 + 7abc

(M) (80-102) (76-94) (73-98) (85-102) (81-105) (76-100)

P 13.9 = 0.9a 125 +09cd 12.6 = 1.1cd 13.8 + 1.0ab 139 +£13ab 12.7 #+0.8bcd
(12.8-15.6) (11.1-13.8) (11.2-14.1) (11.9-16.2) (11.4-16.1) (11.9-14.7)

Tail 47 +4b 50 =+ 3ab 49 =+ 5ab 50 + 3ab 47 = 3b 51 =+ 5ab

( «m) (41-54) (45-54) (42-58) (43-53) (42-52) (38-57)

ABW 13 £ 1b 14 + 1ab 14 + 1ab 14 +£1b 15 + 1ab 14 + 1ab

( #m) (12-19) (13-15) (13-17) (13-15) (12-17) (13-16)

=, B) - Rl KAAREAY (subcylindrical) »
TESHE » TIALFT (anus) FIESREIRIA 17 (14-20) {[E5E
IR (B =, D) o {HIE MR /MBI AR > il B b [B] EEHE £
42.8 um (32.7-53 um) > HIEKA 10-15 (@5 (E=,
F s @Y, B) - MIfFEA4EMIFSH ([EPY, C)
PEHERY 5.6 p«m (4.5-7 pm) > BUEFEERY V4 - TiEHE

» HEREE

LIS

TS

W R E 7R ME /) 23 um (18-27 um) - IR RS
SAE B0 SME) A6 R0 1 B R HHE - oK 2k ()
gz A (B Y, C) o bk Ay S SR ME SR EUE
[G] » HfHZE A2 AT RE - [ 80050 2 (bursa)
T ET RN - TREASTERESEHEHEN (conoid) » 2
# (8=, E) -
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WA ST LU RE8E Efk 2P I RE
TR o U HR AT A R IR T R I E R E A B R
(intraspecific) A& (interspecific) %8 FFE I &i[ETT A

=

[] G AFE > TG IS S T R S AR #38 » T B Bk
DNA (rDNA) FEfmHSIEE (noncoding region) [IF317E
S0 AR B W s R U A 8 RE RECRR IR AN B 2%
fift G| g 4SOOI o FEAFHGE R > BESR Tann3 -

K=~ Gl Tylenchorhynchus leviterminalis i < FFZREHI S sz HEL FEFIIE ~ iz HACHE [ L RC i < L

(+H)

Table 3. Comparison the morphometrics of Tylenchorhynchus leviterminalis females isolated from Taiwan and popul ations
recorded in India, China and Japan (cont.)

Location and host (code)

Character Luye Chiayi City Douliou India* China® Japan®
Sugarcane Bamboo Bamboo Banana Strawberry Sugarcane
(Tlev7) (Tlev8) (Tlev9) (paratypes)

n 12 16 12 15 15 10

L (mm) 0.72 =0.02ab  0.72 + 0.04a 0.68 =+ 0.04bcd 0.65 063 =0.02 0.70 0.3
(0.69-0.74) (0.66-0.78) (0.59-0.75) (0.54-0.75) (0.60-0.65) (0.60-0.72)

a 31.1 £ 2.1ab 30.9 *+ 2.6ab 29.7 £2.3ab 31 30 = 1.0 306 =21
(28.8-35.5) (26.7-35.5) (26.5-34.5) (28-38) (28-31) (27.5-33.5)

b 11.2 £ 0.5a 10.8 = 0.6ab 10.2 =+ 0.5bcd - - -
(10.6-12.2) (9.7-12.1) (9.2-11.2)

b’ 5.6 +0.2a 5.5 £ 0.3ab 5.2 + 0.4bc 5.4 51 +1 53 £0.2
(5.3-6.0) (4.9-6.3) (4.5-5.8) (5-6) (5-5.3) (5-5.5)

(o 142 = 1.1ab 14.3 = 0.8a 13.1 = 1.0b 14 13 +0.6 130 £1.2
(13.3-17.1) (13.2-16.0) (11.8-14.8) (12-16) (12-13.5) (11.5-14)

c’ 3.6 + 0.4ab 3.4 + 0.3ab 3.6 +£0.3ab 3.8 3.7 £13 39 +£03
(2.8-4.1) (2.7-3.8) (3.1-4.9) (3.3-4.5) (3.6-4.1) (3.5-4.5)

Y 51.3 +1.2a 514 + 1.3a 51.2 +=1.3a 54 54 + 2.3 529 +23
(49.6-53.4) (49.7-53.5) (48.7-53.1) (52-58) (52-55) (51-56.5)

Stylet ( m) 19.0 + 0.5¢ 19.0 = 0.7c 18.8 + 0.6¢ 18 19+10 205 0.7
(18.1-20.0) (18.0-20.3) (18.1-19.9) (17-19) (18-21) (19.5-21)

m 47.9 = 1.4abc - 46.6 == 1.0c - - 490 £23
(46.0-50.3) (45.2-48.2) (46.1-57.0)

ODG ( #m) 3.3 £0.3ab 3.3+ 04a 2.9 £ 0.4bc 35 - 25 +0.3
(3.0-4.0) (2.7-3.9) (2.3-3.7) (2-3)

o] 172 £ 1.7a 175 £ 22a 15.6 £ 2.3abc - - -
(15.8-21.4) (14.0-20.9) (11.6-20.4)

EP ( #m) 85 + 5Shc 92 +8ab 90 + 8abc - 94 100.2 + 7.6
(78-93) (83-108) (75-102) (83-110) (95-105.5)

P 119 +=0.8d 129 = 1.0abcd 13.3 +0.7abc - - -
(11.1-13.5) (11.5-15.7) (12.0-14.2)

Tail ( zm) 51 + 3ab 50 + 4ab 52 +4a - 49 534 =53
(42-54) (45-57) (44-57) (45-53) (42-64)

ABW 14 + lab 15 +2a 14 + 1ab - - -

( ) (12-15) (12-20) (13-16)

123 Seetable 2.

* Siddigi, M. R. et al., 1982®

® Vovlas, N. & Cheng, H. 1988%*"

® Talavera, M. et al., 2002
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Table 4. Comparison the morphometrics of Tylenchorhynchus leviterminalis males isolated from Taiwan and populations

recorded in India, China and Japan

Location and host (code)

Character! Dounan Chiayi City Chiayi City India* China® Japan®
Banana Banana Bamboo Banana Strawberry  Sugarcane
(Tlevl) (Tlevb) (Tlev8) (paratypes)

n 10 10 10 7 9 5

L (mm) 0.60 + 0.03%° 0.62 + 0.02ab 0.65 =+ 0.03a 0.62 056 +0.02 0.63 =06
(0.56-0.65) (0.56-0.69) (0.60-0.69) (0.58-0.70)  (0.53-0.57)  (0.56-0.70)

a 299 + 2.3a 30.8 + 2.6a 28.8 £ 2.0a 36 3$D+1 31.3+12
(26.7-34.4) (26.8-34.5) (26.0-32.5) (33-38) (29-32) (29.5-32)

b 9.4 £+ 0.6a 9.9 +0.7a 9.8 +0.3a - - -
(8.0-10.2) (8.7-10.8) (9.3-10.3)

b’ 4.9 + 0.3a 5.2 +0.4a 5.1 +0.2a 5.3 49 £034 49+04
(4.2-5.3) (4.6-5.6) (4.9-5.9) (4.9-6.0) (4.4-5.2) (4.5-5.5)

c 143 +13a 13.4 + 0.7a 143 +1.0a 15 13 + 0.63 140+12
(12.9-17.1) (12.3-14.4) (12.8-15.5) (12-17) (12-14) (13-16)

c’ 26 = 0.3b 3.1 £ 04a 2.8 +0.3ab 2.8 27 +£022 29=+02
(2.1-3.0) (2.5-3.7) (2.4-3.3) (2.4-3.2) (2.4-3) 3

Spicule 240 £ 1.2a 242 + 1.3a 236 £ 1.1a 23 24 + 1.16 246 £ 1.2

(M) (22.0-25.3) (21.7-25.3) (22.0-25.0) (22-24) (23-25) (22-25.5)

Stylet 19.5 £ 0.9a 18.9 £ 0.6ab 18.6 + 0.6b 18 19 +£03 20.0 = 0.7

( #m) (18.7-21.0) (18.0-20.0) (17.7-19.7) (17-19) (18-20) (19-21)

m 51.1 +1.9a 48.3 + 1.0b 49.8 + 1.3ab - - -
(47.4-54.3) (47.0-49.7) (47.9-51.9)

ODG 26 £03(n=8)c 30+£02(nN=7)ab 33 *+04(n=6)a - -

( xm) (2.0-2.8) (2.7-3.3) (3.0-3.7)

o] 13.3 + 4c 16.0 = 1.3ab 17.3 +15a - - -
(10.7-15.0) (14.7-18.0) (15.8-19.5)

EP 87 +5a 86 + 7a 93 + 6a - 90

( m) (80-94) (75-97) (80-103) (87-93)

P 14.6 = 0.7a 139 £ 1.3a 142 £ 1.0a - - -
(13.6-15.7) (11.6-16.4) (13.0-15.8)

Tall 43 + 4a 46 +4a 46 £+ 3a - 39 743 £ 6.9

( M) (38-48) (40-53) (40-50) (38-41) (65.5-81)

ABW 16 =+ la 15 +1a 17 = la - - -

() (15-18) (13-17) (15-18)

123 Seetable 2.

5% Seetable 3.

Tann5 ~ Tann7 ~ Tann8 ~ Tann9 k¢ Tlevl (MR, ) =&
6 B LR akr o T REHI S AT HAR P HoAth 22 S
BEE AR E TR 5 > (AR H 63FF BUH H 2 FioE
HAh S REAIZE BB - DU H A 4 e (Tann3 FI
Tann9 SRFEFF) #Y IDNA F ERIFAGRHIFIEAL R4
FURERIEEE 98.7 % LI L » FH BB AW FEEAZRER &
{EPRERAARY 10 {8z 9 (AR LiRadieR Tt T A2 5 R —Fd

b itk > TR 6 Bz S50 TE REHII R AR K75
S Hofd e Ba B o BB AR (AR 22 rDNA
X £ % » Tylenchorhynchus annulatus f[I T.
leviterminalis BFF41 K N BfESRES 5 1198 bp » {H 5]
FUFEIEI SRS 911 % « B —FH ITS1-1TS2 K 5.8S
AIFEFI RIS (K7 » KB 77715 88.1 % (493 bp FI
490 bp) ~ 83.9 % (237 bp Fl] 240 bp) K 98.8 % (162
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bp) - # £ HTH - GenBank (NCBI, National center for
biotechnology information, U.S.) FE5IR&EkHE T » #EE-&
Bx 7 M LR 0 Hh 5 R LRELS H 28S B¢ 18S
BRI oE R > HHE 2R &8 LA BT 38
fa kiR L (phylogenetics) 5347 » TARFZEE
RZ4% T. annulatus F T. leviterminalis %) IDNA FrE&F%
HIER > Al ESRZ R LA aaiy 7> TA5ES -

TEAR S >t i s plr o) BESE 20y 10 (|8 T.
annulatus &t GUBERTE » HFZREMHI S s (B Bl 1y 26
B E PR (Hawaii) FUERFEISEA (Paralectotypes) BEHHE
Bon - (BB EE R (B M SUR B &
EERE A 5 FO5E S S HrZ2 T8 (Louisiana) BFAY JEHI
B IE AR » AR Pl PREL Z 5 B & > HH
[RIAT REAL fkmd A B 22 SR B - ikl g R 2l &
fEFE B o SIAIRR R Sl /5 & i sk FEH At
SRS T, martini (= T. annulatus) BAHIEHE s E /A&
1% (% n=20, L=0.6-0.7 mm, a=30-33, b=4.3-5.5, c=13-
15, V=55-57 %, Stylet length= 0.016-0.020 mm) -
Fielding [X©® fr#ginny 8 Bt T. annulatus gfE e » ok
PEI AL o TASHTSERE 10 (EIREEUERT /oKt (R B
b o L0 SRR &R TSRAE Hilh /52 W 2R BT MR
FAAHTT -

1E T. leviterminalis FU#EE k> &t 9 B
WEREFOEFE R RIS (paratypes) #F Bz HrEE ARE FE 7t
HhlsASE 2 BEELE > B IEEUBRERN SH R (E ] R
/Mt (51.2-52.3 vs. 54) » HER# IR (H [WIRY 22 5N
FH s PEEUBRTEL HAE 2 ¥ - —F BV O HF S
SR (51.2-52.3 vs. 52.9) » {HAEHJODGIHT 2 E
SEBA » ME Tlevs FIHAERRAMIT (2.6 «um vs. 2.5 um)

s SRRy EP SR IEELEA # /] (84-94 1m
vs. 100.2 pm) o T. leviterminalis ffEgafHE 15 & » 3fE L
R IR A BRI A a JHAY FIgE > FEECE
%2 (28.8-30.8 vs. 36) * A RAGERREL Fh B ARERIH A
Ao EREAHEE - HA Tall HIVFISE - FAKAER
(43-46 pmvs. 39 ymyvs. 74.3 um) » {HH A H AR
A REHARAE TS -

R 12 AR T RE IS (E » FILH: A o0 ey
IDNA FERFHIFHIE EER AR & LU - e 2 G
s b A R L AR aR T B R R O 1 EUIRY AR
Hl > ABFIBREAEAS ~ BIMEATEAS B 48 70 B 9158 e R LD 5
BELL bR T » HAS 0 B B 9 F e TS [RIREE Y
FEFR o TN HERE A 78 FRITTE BRI T 5L ANE] sl b
IR EG R R A8l » A B0 fe i A ey B
=g JEFEARIRRPTE - G5 E— 2P
{EARSE A7 5 22 S Lk s B EH I r DNA BRI 911 &R »

THE 1 AR TZRE AT fedt Lo B gilE - % BRI
CRER R LA -

o

A FORITE b= 5 B & SNV et /e & T
ST B GRS B ik AR
FEA M A az S Te iz v 7 Bl B 2 FHRH R %3
FIE e 8 5 AP R fHRA SR ARa T i1 98 = 2 iR AL B B
W e B i BHBARGET T - FREGEHL o
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ABSTRACT

Chen, D. Y.%, Ni, H. F.% Yen, J. H.? and Tsay, T. T.**. 2006. Identification of stunt nematode
Tylenchorhynchus annulatus and a new recorded Tylenchorhynchus leviterminalis (Nematoda:
Belonolaimidae) in Taiwan. Plant Pathol. Bull. 15: 251-262 (* Plant Pathology Division, Taiwan
Agricultural Research Institute, Wufeng, Taichung, Taiwan; ? Department of Plant Protection, Chiayi
Agricultural Experiment Station, TARI, Taiwan; *Agricultural Extension Center, National Chung
Hsing University, Taichung, Taiwan; * Department of Plant Pathology, NCHU, Taichung, Taiwan; °
Corresponding author, E-mail: tttsay @nchu.edu.tw , Fax: +886-4-22876712)

Soil samples collected from the rhizosphere of rice, sugarcane, corn, banana, and bamboo in
Taiwan yielded 10 populations of Tylenchorhynchus annulatus (Cassidy, 1930) Golden, 1971 and 9
populations of T. leviterminalis Siddigi, Mukherjee & Dasgupta, 1982., and the latter was a new
record in Taiwan. Based on the external morphology, morphometrics and the sequences of ribosomal
DNA (including complete 5.8S gene, internal transcribed spacer ITS-1, ITS-2, and partial 18S and
28S gene), each nematode population was confirmed to the species level. In this study, additional
morphometric data and SEM figures for these two stunt nematode were also provided. The
representative sequences of rDNA fragment for these two species had the size of 1198 bp were the
first submitted to GenBank.

Key words: stunt nematode, identification, ribosomal DNA, Tylenchorhynchus annulatus,
Tylenchorhynchus leviterminalis



