
Fortuner Luc (9)

(stunt nematode, Tylenchorhynchus Cobb, 1913) 

Belonolaimidae Whitehead, 1960 (family)

Telotylenchinae Siddiqi, 1960 (subfamily) 

177 (2) Tylenchorhynchus
(9,23) 1

mm (cuticle) (annules) 

(lateral field) 2-5 (incisures)

(aerolations) (tail) 
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(subclavate) (smooth)

(transverse striation)
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ectoparasitic) 

(1,17,20,21) T. annulatus (Cassidy, 1930) Golden, 1971

(= T. martini Fielding, 1956) (type locality)

Kailua (type

habitat) (21) T. annulatus

(grasses) T.

leviterminalis Siddiqi, Mukherjee & Dasgupta, 1982 (= T.

crassicaudatus leviterminalis Siddiqi, Mukherjee &

Dasgupta, 1982) (23) (West

Bengal) Chandan Nagar

(Musa paradisiacal) (mango, Mangifera

indica L.) Jackfruit (Artocarpus integrifolia L.) 
(22)

T.

nudus Allen, 1955 T. annulatus T. cylindricus Cobb,

1913 3 (12,16,26)

T. nudus

(15) 1970 

3 1971 12 (13)

2005 1 19
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(morphometrics) 
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5.8S ITS-1 ITS-2 18S
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(3) SEM

DNA rDNA
(5)

rDNA 5.8S ITS-1 ITS-

2 GenBank

Hirschmanniella oryzae (Accession No.
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(Tylenchorhynchus spp.) 

Table1. The sources of stunt nematodes investigated 
Species Code Host Location
T. annulatus Tann1 Rice ( ) (Oryza sativa L.) Hukou ( ), Hsinchu County

Tann2 Rice ( ) (O. sativa L.) Wufong ( ), Taichung County
Tann3 Rice ( ) (O. sativa L.) Yuannli ( ), Miaoli County
Tann4 Sugarcane ( ) (Saccharum officinarum L.) Puli ( ), Nantou County
Tann5 Sugarcane ( ) (S. officinarum L.) Mingchien ( ), Nantou County
Tann6 Sugarcane ( ) (S. officinarum L.) Luye ( ), Taitung County
Tann7 Sugarcane ( ) (S. officinarum L.) Luye ( ), Taitung County
Tann8 Sugarcane ( ) (S. officinarum L.) Chiayi City ( )
Tann9 Sugarcane ( ) (S. officinarum L.) Yuanchang ( ), Yunlin County
Tann10 Corn ( ) (Zea mays L.) Shueishang ( ) Chiayi County 

T. leviterminalis Tlev1 Banana ( ) (Musa spp. cv. 'Pei-chiao') Dounan ( ), Yunlin County
Tlev2 Banana ( ) (Musa spp. cv. 'Pei-chiao') Chishan ( ), Kaohsiung County
Tlev3 Banana ( ) (Musa spp. cv. 'Pei-chiao') Jhushan ( ), Nantou County
Tlev4 Banana ( ) (Musa spp. cv. 'Pei-chiao') Fonglin ( ), Hualien County
Tlev5 Banana ( ) (Musa spp. cv. 'Ba-chiao') Chiayi City ( )
Tlev6 Sugarcane( ) (S. officinarum L.) Tianjung ( ), Changhua County
Tlev7 Sugarcane( ) (S. officinarum L.) Luye ( ), Taitung County
Tlev8 Bamboo ( ) (Bambusa spp.) Chiayi City ( )
Tlev9 Bamboo ( ) (Bambusa spp.) Douliou ( ), Yunlin County



DQ309588) (7) Hoplolaimus columbus (Accession No.

DQ309584) (5) Helicotylenchus dihystera (Accession No.

DQ309585) (6) Rotylenchus brevicaudatus (Accession

No. DQ309587) (6) rDNA BestFit

program (GCG, SeqWeb 2.1 ) 

SAS 

GLM (1999, V8.2) 

rDNA

( ,

consensus sequence) : 10 

Tylenchorhynchus annulatus ( ) Tann2

Tann4 Tann5 Tann7 Tann8 5 Tann2 

Tann4 3 2 3 1 

8 rDNA 8

Pretty program (GCG, SeqWeb 2,1 ) 

(1198

bp, GenBank, Accession No. EF030983) 9 T.

leviterminalis ( ) Tlev5 2 

7 (Tlev2 ) 1 

9 rDNA 9 

(1198 bp,

GenBank, Accession No. EF030984)

Tylenchorhynchus annulatus

Tylenchorhynchus annulatus ( )

( ) Tann8 

c Tann7 V Tann9 EP 

7 Tann3 Tann5 Tail

8 (P=0.01)

(P=0.01)

b 10 

rDNA 8 

(1193-1202 bp) (1198 bp) 

98.7-99.8 % 99.6 % Tann5 Tann7

Tann8 rDNA 

99.7 99.5 98.7 %

ITS-1 ITS-2 5.8S 

493 bp 237 bp 162 bp 

T. annulatus ( , A ,

B) 2-3 3.1 m (2.4-

4.0 m) ( , A , A)

11.5 m

(9.3-15 m) 1/2 ( , A)

54 (48-60) 

( , A) 4.0

m (3.2-4.8 m) (prorhabdions) 

(m = 47.7-50.6) ( , A)

(elongate subcylindrical)

(blunt) (anus) 20

(15-23) ( , B C , C)

34.6 m (30.7-42.7 m)
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Tylenchorhynchus annulatus A,
(EP, Ist, MB, 

ODG, PC, PEB, 
PR, ) B C D, (An, 

LF, Ph, ) A = 20 
B-D = 10 

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).
Scale bars in A = 20 m; B-D  = 10 m.
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Tylenchorhynchus annulatus

Table 2. Comparison the morphometrics of Tylenchorhynchus annulatus isolated from Taiwan and populations recorded in
USA.

Location and host (code)

Character 1 Hukou Wufong Yuannli Puli Mingchien Luye
Rice Rice Rice Sugarcane Sugarcane Sugarcane
(Tann1) (Tann2) (Tann3) (Tann4) (Tann5) (Tann6)

n 17 22 13 16 12 12

L 0.69 0.032 abc3 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 2.1abc 32.2 2.4abc 33.2 3.4ab 33.1 2.3ab 32.8 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 11.1 0.5ab 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 5.2 0.3a 5.1 0.4a 5.1 0.3a 5.4 0.3a 5.2 0.2a 5.4 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 14.4 1.1cd 15.1 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 0.3c 3.3 0.4bc 3.1 0.2c 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) 

V 56.0 1.7a 55.7 1.3ab 55.3 1.8abc 54.6 1.2bcd 54.4 1.3cd 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 17.5 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 49.5 1.1ab
(46.2-51.1) (48.8-52.5) (48.0-51.7)

ODG 2.6 (n=4) 2.0, 2.5, 2.4 2.2 0.3bc 2.1 0.2c 2.1 0.3c 2.6 0.3a
( m) (2.0-3.7) (1.9-2.8) (2.0-2.5) (1.7-2.7) (2.0-3.0)

O 14.1 10.6, 13.2, 12.6 12.7 2.1bc 11.7 1.1c 12.2 1.5c 14.6 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 11bcd 102 4ab 93 8def 99 5abcd
( m) (99-118) (91-110) (78-109) (96-110) (79-107) (90-107) 

P 15.3 0.8ab 15.5 1.1a 14.7 1.4abc 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 1abc 15 1a 14 1cd 15 1abc 14 1d 13 1d
( m) (13-17) (13-17) (12-15) (13-17) (13-15) (12-15)



(P=0.01)

(P=0.01) V 

3 ( ) Tlev1 ODG 

O (P=0.01)

3 

9 rDNA (1193-

1202 bp) (1198 bp) 

99.3-99.9 % Tlev1 rDNA 

99.7 %

ITS-1 ITS-2 5.8S 490 bp

240 bp 162 bp 

T. leviterminalis ( , C ,

C) 3.1 m (2.7-4.0 

m) ( , B , A)

(V= 51.2-52.3) ( , A)

11.9 m

(10-13.3 m) 1/2 ( , C)

42 (37-46) ( , C)

4.1 m (3.3-4.8 m)

(m = 46.6-49.2) (
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Tylenchorhynchus leviterminalis
A, (PEB, Vu, 

) B, (ODG, ) C, 
(EP, MB, ) D, 

(An, ) E, (Bu, Sp, ) F,
(Phs, A = 20 B =

5 C-F = 10 
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
bars in A = 20 m; B = 5 m; C-F = 10 m.

Tylenchorhynchus annulatus SEM 
A, (LAs, LF, ) B,

(Ins, LF, ) C, (Aes,
Ph, ) A-C = 10

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 bars in A-C = 10 m.

Tylenchorhynchus leviterminalis SEM 
A, (LF, LR, ) B, 

(Ph, ) C, (Aes, 
LF, ) A-C = 10 

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 bars in A-
C = 10 m.
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Tylenchorhynchus annulatus ( ) 

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 Hawaii4 Louisiana4

Sugarcane Sugarcane Sugarcane Corn Sugarcane, Rice,
(Tann7) (Tann8) (Tann9) (Tann10) (paralectotypes)

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 1.6c 33.8 2.1a 32.4 2.7abc 30.9 2.5bc (34-35) 31.4
(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) (10.0-11.1) (9.3-12.1) (9.0-13.1)

b 5.3 0.3a 5.1 0.2a 5.1 0.3a 5.3 0.3a 5.0-5.6 5
(4.9-5.8) (4.8-5.4) (4.4-5.5) (4.9-6.0) (4.6-5.7)

c 14.1 0.7d 14.5 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 3.4 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) 

V 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 0.5abcd 18.6 0.8a 17.8 0.7bcd 17.6 0.5cd (17-18) 18 
( m) (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)

ODG 2.4 0.5abc 2.6 0.3a 2.7 0.3a 2.6 0.4ab - - 
( m) (1.7-3.7) (2.1-3.2) (2.3-3.2) (2.1-3.1)

O 13.3 2.8bc 14.2 1.4ab 15.4 1.3a 14.5 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 14.4 0.8bcd 13.2 1.0e 13.3 0.7de - -
(11.7-14.8) (13.0-15.8) (11.7-14.6) (11.8-14.3)

Tail 50 3a 49 4abc 45 3d 49 4ab - -
( m) (45-53) (42-54) (41-49) (43-55)

ABW 15 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 length divided by the length from

anterior end of body to the median bulb; b =body length divided by distance from head end to posterior end of esophageal gland;
c=body length divided by length of tail; c =tail length divided by anal diameter of body; V=ratio between distance from vulva to
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.

2 Measurements in the form: mean standard deviation (range), - = no data. 
3 Data in each row with the same letter were not significantly different at 1% level by LSMEANS/TDIFF. 
4 Siddiqi, M. R. 1976 (21)



, B) (subcylindrical)

(anus) 17 (14-20) 

( , D)

42.8 m (32.7-53 m) 10-15 ( ,

F , B) 4 ( , C)

5.6 m (4.5-7 m) 1/4

23 m (18-27 m)

( , C)

(bursa)

(conoid)

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

Location and host (code)

Character 1 Dounan Chishan Jhushang Fonglin Chiayi City Tianjung
Banana Banana Banana Banana Banana Sugarcane
(Tlev1) (Tlev2) (Tlev3) (Tlev4) (Tlev5) (Tlev6)

n 15 12 12 12 16 12

L 0.66 0.02 2d 3 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 29.9 1.6ab 31.9 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 10.4 0.5bc 10.7 0.6ab 10.0 0.5cd 10.2 0.7bcd 10.6 0.7abc
(9.1-10.8) (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 5.4 0.3abc 5.5 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 13.4 1.1ab 14.2 1.2ab 13.8 0.7ab 13.8 0.9ab 14.3 1.4a
(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) (2.9-4.4) 

V 52.2 1.4a 51.2 2.1a 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
( m) (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 1.5a - 48.8 1.4ab 47.3 1.3bc 48.2 1.3ab 47.4 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)

O 14.8 1.1bc 16.1 1.6ab 14.8 1.3bc 16.6 2.1ab 14.0 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 6c 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 12.5 0.9cd 12.6 1.1cd 13.8 1.0ab 13.9 1.3ab 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) (12-14) (13-15) (13-17) (13-15) (12-17) (13-16)



(intraspecific) (interspecific) 

DNA (rDNA) (noncoding region) 

(3,4,5,6,7,10,11,14,18,19) Tann3
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Tylenchorhynchus leviterminalis
( ) 

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

Location and host (code)

Character
Luye Chiayi City Douliou India 4 China 5 Japan 6

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 0.63 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 30.6 2.1
(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 5.1 1 5.3 0.2
(5.3-6.0) (4.9-6.3) (4.5-5.8) (5-6) (5-5.3) (5-5.5)

c 14.2 1.1ab 14.3 0.8a 13.1 1.0b 14 13 0.6 13.0 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 1.3 3.9 0.3
(2.8-4.1) (2.7-3.8) (3.1-4.4) (3.3-4.5) (3.6-4.1) (3.5-4.5) 

V 51.3 1.2a 51.4 1.3a 51.2 1.3a 54 54 2.3 52.9 2.3 
(49.6-53.4) (49.7-53.5) (48.7-53.1) (52-58) (52-55) (51-56.5) 

Stylet ( m) 19.0 0.5c 19.0 0.7c 18.8 0.6c 18 19 1.0 20.5 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 - - 49.0 2.3
(46.0-50.3) (45.2-48.2) (46.1-57.0)

ODG ( m) 3.3 0.3ab 3.3 0.4a 2.9 0.4bc 3.5 - 2.5 0.3 
(3.0-4.0) (2.7-3.9) (2.3-3.7) (2-3)

O 17.2 1.7a 17.5 2.2a 15.6 2.3abc - - -
(15.8-21.4) (14.0-20.9) (11.6-20.4) 

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

P 11.9 0.8d 12.9 1.0abcd 13.3 0.7abc - - -
(11.1-13.5) (11.5-15.7) (12.0-14.2)

Tail ( m) 51 3ab 50 4ab 52 4a - 49 53.4 5.3
(42-54) (45-57) (44-57) (45-53) (42-64)

ABW 14 1ab 15 2a 14 1ab - - -
( m) (12-15) (12-20) (13-16)
1,2,3 See table 2.

4 Siddiqi, M. R. et al., 1982 (22)

5 Vovlas, N. & Cheng, H. 1988 (27)

6 Talavera, M. et al., 2002 (25)
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rDNA

Tylenchorhynchus annulatus T.

leviterminalis 1198 bp

91.1 % ITS-1 ITS-2 5.8S

( ) 88.1 % (493 bp 

490 bp) 83.9 % (237 bp 240 bp) 98.8 % (162
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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 1 Dounan Chiayi City Chiayi City India 4 China 5 Japan 6

Banana Banana Bamboo Banana Strawberry Sugarcane
(Tlev1) (Tlev5) (Tlev8) (paratypes)

n 10 10 10 7 9 5

L (mm) 0.60 0.03 2b 3 0.62 0.02ab 0.65 0.03a 0.62 0.56 0.02 0.63 0.6 
(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 29.9 2.3a 30.8 2.6a 28.8 2.0a 36 30 1 31.3 1.2
(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 4.9 0.34 4.9 0.4
(4.2-5.3) (4.6-5.6) (4.9-5.4) (4.9-6.0) (4.4-5.2) (4.5-5.5)

c 14.3 1.3a 13.4 0.7a 14.3 1.0a 15 13 0.63 14.0 1.2
(12.9-17.1) (12.3-14.4) (12.8-15.5) (12-17) (12-14) (13-16) 

c 2.6 0.3b 3.1 0.4a 2.8 0.3ab 2.8 2.7 0.22 2.9 0.2
(2.1-3.0) (2.5-3.7) (2.4-3.3) (2.4-3.2) (2.4-3) 3

Spicule 24.0 1.2a 24.2 1.3a 23.6 1.1a 23 24 1.16 24.6 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 0.3 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 2.6 0.3 (n=8) c 3.0 0.2 (n=7) ab 3.3 0.4 (n=6) a - -
( m) (2.0-2.8) (2.7-3.3) (3.0-3.7)

O 13.3 .4c 16.0 1.3ab 17.3 1.5a - - -
(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 13.9 1.3a 14.2 1.0a - - -
(13.6-15.7) (11.6-16.4) (13.0-15.8)

Tail 43 4a 46 4a 46 3a - 39 74.3 6.9
( m) (38-48) (40-53) (40-50) (38-41) (65.5-81)

ABW 16 1a 15 1a 17 1a - - -
( m) (15-18) (13-17) (15-18)
1,2,3 See table 2.
4,5,6 See table 3.
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T. martini (= T. annulatus) 

( 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 (8) 8 T. annulatus

10 

T. leviterminalis 9 

(paratypes) 

V

(51.2-52.3 vs. 54)

V 

(51.2-52.3 vs. 52.9) ODG

Tlev5 (2.6 m vs. 2.5 m)

EP (84-94 m

vs. 100.2 m) T. leviterminalis 3
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(28.8-30.8 vs. 36)

Tail 

(43-46 m vs. 39 m vs. 74.3 m)
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ABSTRACT

Chen, D. Y. 1, Ni, H. F. 2, Yen, J. H. 3, and Tsay, T. T. 4,5. 2006. Identification of stunt nematode

Tylenchorhynchus annulatus and a new recorded Tylenchorhynchus leviterminalis (Nematoda:

Belonolaimidae) in Taiwan. Plant Pathol. Bull. 15: 251-262 (1 Plant Pathology Division, Taiwan

Agricultural Research Institute, Wufeng, Taichung, Taiwan; 2 Department of Plant Protection, Chiayi

Agricultural Experiment Station, TARI, Taiwan; 3 Agricultural Extension Center, National Chung

Hsing University, Taichung, Taiwan; 4 Department of Plant Pathology, NCHU, Taichung, Taiwan; 5

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 Siddiqi, 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
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