
(spiral nematode) 

Rotylenchus Filipjev, 1936 Helicotylenchus Steiner, 1945

Scutellonema Andrassy, 1958 (genus) 
(11) Rotylenchinae Golden,

1971 Scutellonema Hoplolaiminae 
(15) Rotylenchinae (type genus) 

Rotylenchus (phasmids)

(punctuate)

Rotylenchus Helicotylenchus

(orifice of dorsal esophageal

gland, ODG) 

1/4 

1/4 

(15,18,19)

2005 

25 9 

Helicotylenchus dihystera (Cobb, 1893) Sher, 1961 6 

H. crenacauda Sher, 1966 4 Rotylenchus

brevicaudatus Colbran, 1962 9 

Scutellonema spp.(9) H. dihystera

(polyphagous) 
(20) Diab EL-Eraki (10) 1000 

Plant Pathology Bulletin 15:153-169, 2006

(Nematoda: Rotylenchinae) 
1 2 3 4 5,6

1  

2  

3  

4  

5  

6  tttsay@nchu.edu.tw : +886-4-22876712

95 7 20 

. 2006. (Nematoda:

Rotylenchinae) . 15: 153-169

2005 9 

Helicotylenchus dihystera (Cobb, 1893) Sher, 1961 6 H. crenacauda Sher, 1966 4 

Rotylenchus brevicaudatus Colbran, 1962

(morphometrics) DNA (ribosomal DNA, rDNA) 5.8S (Internal

transcribed spacer, ITS) SEM 

GenBank rDNA ( 4 

5.8S ITS-1 ITS-2) 1317 bp 1316 bp 1222 bp 

DNA Helicotylenchus dihystera Helicotylenchus

crenacauda Rotylenchus brevicaudatus



H. dihystera 6 

78 % (turf) 

H. dihystera
(23,28) H. dihystera

(

Pseudomonas solanacearum P. caryophylli ) 
(16,21)

Helicotylenchus Rotylenchus

Helicotylenchus crenacauda(17) H.

erythrinae (Zimmermann, 1904) Golden, 1956 (29) H.

exallus Sher, 1966 (27) H. dihystera (26) Rotylenchus

brachyurus Steiner, 1938 (25) R. buxophilus Golden, 1956
(12) R. robustus (de Man, 1876) Filipjev, 1936 (12) R.

multicinctus Cobb 1893(24) 8 H.

crenacauda H. exallus

(Morphology) (morphometrics) 

(internal transcribed spacers, ITS-1 & ITS-2) 

rDNA 

( )

2%

6

rDNA ( 5.8S

18S 28S ITS-1 ITS-2 

) 
(4) SEM 

DNA rDNA 
(9) rDNA 

SAS 

GLM (1999, V8.2) 

rDNA

(

, consensus sequence) : 9

Helicotylenchus dihystera Hdi1 Hdi3

Hdi4 Hdi6 Hdi9 5 1 2 1 2 1

7 rDNA 

4 6 

(1317 bp,  GenBank, Accession No. DQ309585)

6 H. crenacauda Hcre3 Hcre4 Hcre6 

2 6 rDNA 

4 
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Helicotylenchus Rotylenchus
Table1. The origins of Helicotylenchus and Rotylenchus populations investigated

Species Code Origin Host
H. dihystera Hdi1 Ruisui, Hualien County Pineapple (Ananas comosus (L.) Merr.)

Hdi2 Mingchien, Nantou County Pineapple (A. comosus (L.) Merr.)
Hdi3 Hengshan, Hsinchu County Orange (Citrus spp.)( )
Hdi4 Chiaohsi, Yilan County Orange (Citrus spp.)( )
Hdi5 Chishang, Taitung County Orange (Citrus spp.)( )
Hdi6 Sanhsing,Yilan County Banana (Musa spp. cv. 'Ba-chiao')
Hdi7 Mingchien, Nantou County Banana (Musa spp. cv. 'Pei-chiao')
Hdi8 Kinmen Banana (Musa spp. cv. 'Pei-chiao')
Hdi9 Dungshr, Taichung County Pear (Pyrus pyrifolia var. yokoyama)

H. crenacauda Hcre1 Hukou, Hsinchu County rice (Oryza sativa L.)
Hcre2 Mingchien, Nantou County rice (O. sativa L.)
Hcre3 Sanhsing, Yilan County rice (O. sativa L.)
Hcre4 Houli, Taichung County rice (O. sativa L.)
Hcre5 Yuannli, Miaoli County rice (O. sativa L.)
Hcre6 Tsautuen, Nantou County Banana (Musa spp. cv. 'Pei-chiao') 

R. brevicaudatus Rbre1 Kinmen Eggplant (Solanum melongena L.)
Rbre2 Kinmen Red pepper (Capsicum annuum L.) 
Rbre3 Kinmen Tomato (Lycopersicum esculentum Mill.)
Rbre4 Kinmen Garlic (Allium sativum L.)



(1316 bp, GenBank, Accession No.

DQ309586) 4 Rotylenchus brevicaudatus

Rbre2 Rbre3 Rbre4 1 2 1 

4 rDNA 

3 (1222

bp, GenBank, Accession No. DQ309587)

Helicotylenchus dihystera

9

( ) (

) 9 
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Helicotylenchus dihystera (topotypes)
Table 2. Morphometrics of the Helicotylenchus dihystera populations isolated from Taiwan and Kinmen and its
comparison with topotypes recorded in Australia

Character1
Locality and host (code)

Ruisui Mingchien Hengshan Chiaohsi Chishang
Pineapple (Hdi1) Pineapple (Hdi2) orange (Hdi3) orange (Hdi4) orange (Hdi5) 

n 12 12 22 15 15

L (mm) 0.65 0.02 0.64 0.05 0.57 0.05 0.63 0.06 0.63 0.06 
(0.62-0.69)2 ab3 (0.55-0.69) ab (0.49-0.65) c (0.51-0.75) ab (0.53-0.71) b

a 29.6 2.5 30.7 2.5 26.5 1.5 26.2 2.0 26.9 2.8
(26.0-33.5) ab (27.5-34.5) ab (23.3-29.5) d (23.2-31.5) d (23.0-32.4) cd

b 8.0 0.4 8.4 0.5 8.0 0.5 8.3 0.7 8.6 0.6
(7.5-8.7) c (7.7-9.2) abc (6.6-8.9) c (7.1-9.3) abc (7.4-9.7) ab

b' - 4.6 0.3(n=5) - 4.4 (n=4) 4.6 0.5(n=13)
(4.2-4.9) (4.0-4.5) (4.0-5.9)

c 54.8 6.8 49.7 5.0 45.5 5.4 45.4 6.2(n=14) 50.5 5.3(n=14) 
(45.0-69.0) a (41.3-57.5) ab (37.3-54.2) b (35.3-57.3) b (43.1-61.0) ab

c' 0.93 0.1 0.97 0.1 0.97 0.1 1.00 0.1 0.91 0.1
(0.7-1.1) b (0.9-1.1) ab (0.8-1.1) ab (0.8-1.1) ab (0.7-1.0) b

V 65.1 0.7 64.8 1.4 64.3 1.1 63.6 0.9 63.9 1.3
(63.5-65.9) a (61.7-66.9) ab (62.8-66.1) abc (62.0-64.8) c (61.8-66.4) bc

Stylet (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 26.2 0.8 26.1 1.2 24.9 0.8 25.8 1.1 26.2 1.3(n=14)
(25.3-27.3) a (24.3-28.0) a (23.3-26.3) b (24.3-27.3) a (24.7-28.7) a

m 48.9 1.2(n=11) 49.2 1.2 
(47.4-50.7) ab (46.8-51.3) a -  -  -

ODG (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 13.9 1.3 13.6 1.3 11.8 1.1(n=21) 13.4 1.6(n=14) 13.4 1.1(n=13)
(12.0-16.7) ab (11.3-15.3) ab (9.3-14.0) c (11.3-16.0) ab (11.7-15.0) ab

O 53.3 5.8 52.0 4.2 47.6 5.0 52.0 6.1 52.1 3.7(n=12)
(44.9-66.0) ab (45.2-59.3) abc (38.3-57.1) c (44.9-64.5) ab (47.4-57.2) ab

EP (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 118 5 106 7 95 6 97 6 96 6(n=14)
(112-131) a (98-118) b (82-104) d (85-103) cd (81-108) cd

P 18.0 0.7 16.7 1.2 16.6 1.4 15.4 1.4 15.4 1.4 
(16.9-19.0) a (14.9-18.5) ab (14.2-20.2) b (13.5-17.7) bc (13.7-18.0) c

Tail (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 12 1 13 1 13 2 14 2 13 2 
(10-14) c (12-16) bc (10-16) bc (11-17) ab (10-16) bc

Anal body 13 1 13 1 13 1 14 1 14 1 

width (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) (12-14) c (12-15) bc (12-15) c (12-17) ab (12-16) abc
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Helicotylenchus dihystera (topotypes) ( )
Table 2. Morphometrics of the Helicotylenchus dihystera populations isolated from Taiwan and Kinmen and its
comparison  with topotypes recorded in Australia (cont.)

Character
Locality and host (code)

Sanhsing Mingchien Kinmen Dungshr Australia
banana (Hdi6) banana (Hdi7) banana (Hdi8) Pear (Hdi9) Sugar cane 

(Topotypes)4

n 16 10 12 12 10

L (mm) 0.66 0.07 0.67 0.04 0.68 0.03 0.63 0.02 0.59-0.79 
(0.53-0.75) ab (0.61-0.71) ab (0.63-0.75) a (0.58-0.66) b

a 28.6 1.6 31.3 2.1 30.5 2.4 26.2 1.4 27-35
(24.6-30.5) bc (28.2-34.5) a (27.2-35.3) ab (23.9-28.3) d

b 8.5 0.7 8.8 0.5 8.5 0.4 8.3 0.2 -
(7.3-9.5) abc (8.1-9.7) a (7.7-9.0) abc (7.9-8.8) abc

b' - 4.8 (n=4) 4.6, 4.7(n=2) 4.4 (n=4) 4.4-5.9
(4.6-5.1) (4.2-4.5) 

c 48.1 4.6 49.2 5.5 44.5 8.6 47.7 6.5(n=11) 35-49
(39.4-56.2) b (40.7-56.7) ab (43.1-61.0) b (38.2-64.0) b

c' 0.99 0.1 0.99 0.1 1.1 0.2 0.98 0.1 0.8-1.2
(0.9-1.3) ab (0.9-1.1) ab (0.7-1.4) a (0.7-1.2) ab

V 63.7 1.0 63.8 0.9 63.7 1.0 64.4 1.2 60-65
(62.0-65.3) c (62.5-65.4) bc (61.9-66.0) c (62.1-66.6) abc

Stylet (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 25.8 0.9 26.2 0.6 25.6 0.7 26.0 0.7 25-28
(24.3-27.5) a (25.3-27.0) a (24.0-26.7) ab (24.7-27.0) a

m - 48.8 0.7 47.7 1.1(n=8) - 46-50
(47.3-49.8) ab (46.2-48.8) b

ODG (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 12.9 1.0 13.9 1.0(n=9) 14.3 1.4(n=11) 12.9 0.7(n=10) -
(10.8-14.0) b (12.0-15.3) ab (11.7-15.7) a (12.0-14.3) bc

O 50.1 3.7 52.8 3.7 55.3 6.1 49.5 3.4 37-46
(43.7-55.3) bc (46.2-58.8) ab (43.8-60.5) a (44.4-54.2) bc

EP (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 101 7 105 8 107 4(n=10) 100 6 -
(92-112) bc (85-113) b (101-113) b (88-111) bcd

P 15.5 1.0 15.6 1.1 15.8 1.1 16.1 1.2 -
(13.4-17.4) c (13.9-18.1) bc (14.0-17.6) bc (14.4-17.3) bc

Tail (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 14 2 14 1 16 4 13 2 -
(11-18) bc (12-17) abc (11-23) a (10-17) bc

Anal body 14 2 14 1 15 2 14 1 -

width (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) (10-16) abc (13-15) abc (12-17) a (12-15) bc
1 n=no. of nematodes; L=body length; a=body length divided by its maximum width; b= body length divided by the length  from

anterior end of body to the metacorpus; b'=body length divided by distance from head end to posterior end of esophageal glands;
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 %; ODG= the distance from base of stylet to orifice of dorsal gland; o=ratio between
the length of ODG and total length of 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 %.

2 Measurements in the form: mean standard deviation (range), "-" = no data.
3 Means in each row with the same letter of letters were not significantly different at 1% level by LSMEANS/TDIFF.
4 Sher, S. A. 1966 (19)



Helicotylenchus dihystera ( )

Hdi1 EP Hdi3 L 

Hdi1 p Hdi3 ODG 

8 7 (P=0.01) ( )

rDNA

7 (1313-

1318 bp) (1317 bp) 

98.3-99.6% Hdi1 Hdi3 3 rDNA 

98.3% 

H. dihystera

(ventral overlapping) (vulva) 

(V, 61.7-66.9 %) ( , A)

(hemispherical) 

3.1-3.7 m (transverse

striation) 4-5 (annules) ( , B; ,

B) (stylet knob) 

(indented) 4.5-5.1 m

10.8-16.7 m

9.0-10.1 m

(hemizonid) (excretory pore) 

85-131 m ( , B)

(projection) ( , C; ,

C) (anus) 10 

10-18 m (phasmid) 

18 26-34 m (

, C, D, E , C, D) (lateral

field) 4 (incisures) 4.2-5.3

157

Helicotylenchus dihystera A, (eg, V, ) B, 
(ep, h, mb, ODG, ) C(Hdi6) D (Hdi4) E (Hdi2), 

(a, ) A=50 B-E=10 
Fig. 1. Photomicrographs of Helicotylenchus dihystera female, A: Whole body (eg, esophageal gland; v, vulva); B:
Anterior region (ep, excretory pore; h, hemizonid; mb, median bulb; ODG, orifice of dorsal esophageal gland); C (Hdi6),
D(Hdi4) & E (Hdi2): Posterior region (a, anus). Scale bars in A=50 m; in B-E=10 m.
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Helicotylenchus crenacauda (paratypes)
Table 3. Morphometrics of the Helicotylenchus crenacauda populations isolated from Taiwan and its comparison with
paratypes recorded in Indonesia 

Character1
Locality (code)

Hukou Mingchien Sanhsing Houli Yuannli

(Hcre1) (Hcre2) (Hcre3) (Hcre4) (Hcre5)

n 15 12 16 17 14

L (mm) 0.69 0.04 0.69 0.04 0.65 0.04 0.69 0.04 0.69 0.06 

(0.61-0.74)2 a3 (0.64-0.76) a (0.59-0.75) a (0.60-0.76) a (0.58-0.82) a

a 25.4 2.1 28.1 2.4 28.2 2.2 26.2 1.9 24.4 1.7

(21.7-29.6) c (23.7-32.6) ab (23.7-31.3) a (23.5-30.4) bc (22.3-27.3) c

b 9.1 0.7 9.6 0.4 8.9 0.6 9.2 0.6 9.6 0.7

(7.8-10.1) abc (9.1-10.4) a (8.1-10.1) c (8.1-10.1) abc (8.5-10.7) ab

b' - 4.9, 5.4(n=2) - - 4.9 0.5

(4.0-5.7)

c 44.7 4.8 42.5 4.6 40.4 8.0 39.6 7.3 47.1 5.7

(32.0-50.7) ab (33.7-50.0) ab (29.5-59.2) b (26.2-54.3) b (37.1-56.2) a

c' 1.1 0.1 1.2 0.1 1.2 0.2 1.2 0.2 1.0 0.1

(0.9-1.4) ab (1.0-1.4) a (0.9-1.4) a (0.9-1.7) a (0.8-1.2) b

V 63.2 1.3 62.8 1.0 63.5 1.6 63.8 1.1 63.0 1.3 

(61.2-65.8) a (60.9-64.3) a (60.9-67.5) a (62.1-65.8) a (61.1-65.7) a

Stylet (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 27.0 1.1 26.3 0.9 26.3 1. 1 26.6 1.0 27.0 1.0 

(25.0-29.0) a (25.3-27.3) a (25.0-28.7) a (24.2-29.3) a (25.7-29.3) a

m - 46.1 1.6 - - 45.4 0.9 (n=13)

(43.5-49.8) a (43.5-47.2) a

ODG (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 10.3 0.9 11.5 0.9 9.8 0.9 10.4 1.2(n=11) 9.2 1.5(n=13) 

(8.7-12.0) b (10.3-13.3) a (8.3-11.0) b (9.2-12.7) ab (6.7-11.3) b

O 38.1 2.9 43.7 3.6 37.4 3.8 39.5 4.6 34.1 4.9 

(34.6-43.0) bc (38.1-50.2) a (28.9-42.3) bc (34.4-47.6) ab (25.1-40.1) c

EP (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 99 8 92 4(n=11) 100 4 101 5(n=14) 100 6(n=13)

(85-115) a (87-101) b (90-105) a (93-113) a (90-112) a

P 14.4 1.4 13.3 0.6 15.4 1.1 14.9 1.2 14.5 1.1

(12.8-17.4) bc (11.8-14.1) c (12.5-17.8) a (13.1-17.4) ab (13.1-17.1) abc

Tail (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 16 2 16 2 17 3 18 3 15 2

(14-20) b (13-19) ab (12-21) ab (13-26) a (12-18) b

Anal body 15 1 14 1 14 1 15 1 15 1

width (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) (13-16) ab (13-16) b (13-15) b (14-17) a (13-18) ab
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Helicotylenchus crenacauda (paratypes)
Table 3. Morphometrics of the Helicotylenchus crenacauda populations isolated from Taiwan and its comparison with
paratypes recorded in Indonesia (cont.)

Character Tsautuen Taiwan4 Indonesia

(Hcre6) (Paratypes)5

n 14 50 20

L. (mm) 0.67 0.04 0.55-0.7 0.57-0.77 

(0.60-0.72) a

a 25.9 2.2 23-27 24-29

(21.7-30.0) c

b 8.9 0.5 - -

(7.7-9.9) c

b' 4.9 0.4 - 3.9-5.0

(4.5-5.6)

c 42.6 5.6(n=12) 30-39 31-52

(33.7-50.0) ab

c' 1.1 0.2 - 1.0-1.3

(0.9-1.4) ab

V 63.4 1.2 64-66 59-64

(61.1-65.6) a

Stylet (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 26.8 0.8 20-25.1 24-28 

(25.3-28.0) a

m 45.8 1.3 - 47-50

(43.5-49.8) a

ODG (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 10.1 1.1 - -

(8.3-12.3) b

O 37.6 4.2 - 26-39

(30.4-43.9) bc

EP (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 99 4(n=13) - -

(91-105) a

P 15.0 0.9 - -

(13.8-16.9) ab

Tail (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 16 2 - -

(13-18) ab

Anal body 14 1 - -

width (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) (13-16) b
1, 2, 3 See table 2.
4 Lin, Y. Y. 1970 (17 )

5 Sher, S. A. 1966 (19)



m (aerolations) (

, A,  B)

( , C, D) 9 

Helicotylenchus crenacauda 

5

6 

Helicotylenchus crenacauda ( )

Hcre2 ODG o 

4 (Hcre1, Hcre3, Hcre5 Hcre6) 

(p=0.01)

( ) rDNA 6 

(1316-1323 bp) (1316 bp) 

97.9-100%

H. crenacauda H. dihystera

(V, 60.9-67.5%) ( ,

A)

3.1-3.7 m

4-5 ( , B; , A)

(flattened) 5.4-5.7 m

6.7-13.3 m

10.3-10.7 m

85-115 m (

, B) (projection)

12-26 m

32-36 m ( , C, D , B, C) 4
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Helicotylenchus dihystera SEM (Hdi9) A, (l, lf, ) B, (ae, 
ts, ) C D : (FIS, p, ) A-

D=10 
Fig. 2. SEM photomicrographs of Helicotylenchus dihystera (Hdi9) female, A: Anterior region (l, lip  region; lf, lateral
field); B: Head region ( ae, aerolation; ts, transverse striations); C & D: Tail region (FIS, fusion of inner incisures; p,
phasmids). Scale bars in A-D=10 m.



3.5-5.9 m

( , A)

H. dihystera ( , B, C)

6 

Rotylenchus brevicaudatus

4 Rotylenchus brevicaudatus ( )

( )

(

) rDNA 4 

( 1222 bp) (1222 bp) 

99.0-99.9%

R. brevicaudatus

'C' (dorsal

overlapping) (V, 51.2-59.6

%) ( , A)

4.1-4.7 m

(longitudinal striation) 4-5

( , B , A, B, C)

4.7-4.9 m

4.7-7.3 m

10.8-12.7 m

78-124 m ( ,

B)

( , E) 8-22 m

29-35 m ( , C, D, E ,

D, E, F) 4 4.7-6.5

m ( , B, C) R.

brevicaudatus H. dihystera H. crenacauda

( , E, F)

R. brevicaudatus

(bursa) 

(spicule) 22.5-29.2 m ( , A, B)

9 Helicotylenchus

dihystera

161

Helicotylenchus crenacauda A, (eg, V, ) B, 
(ep, mb, ODG, ) C (Hcre2) D (Hcre1), (a, )

A=50 B-D=10
Fig. 3. Photomicrographs of Helicotylenchus crenacauda female, A: Whole body (eg. esophageal gland ; v, vulva); B:
Anterior region (ep, excretory pore; mb, median bulb; ODG, orifice of dorsal esophageal gland); C (Hcre2) & D (Hcre1):
Posterior region (a, anus). Scale bars in A=50 m; in B-D=10 m.



(topotypes) ( ) c o 

(35.3-69.0 35-49 38.3-66.0 37-46)

o (38.3-66.0 

44-54) (1) H. dihystera 

4 (19)

6 H. crenacauda

(paratypes) ( )
(17)

c (26.2-59.2 30-

39 24.2-29.3 m 20-25.1 m)

4 Rotylenchus brevicaudatus 

( , ) o (20.2-32.9

15-24 24.1-36.7 17-24)

(intraspecific) (interspecific) 

(sibling species)

(2,3,5,6,7,8,9,14,22) Hdi1 Hdi3 

Hcre2 ( EP P
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Helicotylenchus crenacauda SEM (Hcre5) A, (ae, ts, ) B
C: (FIS, lf, p, ) A-C=10

Fig. 4. SEM photomicrographs of Helicotylenchus crenacauda (Hcre5) female, A: Anterior region (ae,  aerolation; ts,
transverse striations); B&C: Tail region (FIS, fusion of inner incisures; lf, lateral field; p, phasmids). Scale bars in A-C=10

m.



L ODG ODG O) 

Hdi1 Hdi3 3

rDNA 98.3% 

(intraspecific variation) H. dihystera H.

crenacauda 1317 bp 1316

bp 87.8%

H. dihystera
(15,19)

(13) Helicotylenchus

(29) H. erythrinae

22 

18 

H. erythrinae 

H. dihystera (15,19)

H. erythrinae

28 

(Hemicriconemoides kanayaensis)

(Paratylenchus spp.) (Pratylenchus spp.)

Helicotylenchus (

) (27)

H. exallus
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Rotylenchus brevicaudatus A, (eg, V, ) B, 
(ep, mb, ODG, ) C (Rbre2) D (Rbre3) E (Rbre3), (a,

) A=50 B-D=10 
Fig. 5. Photomicrographs of Rotylenchus brevicaudatus female, A: Whole body (eg, esophageal gland; v,  vulva); B:
Anterior region (ep, excretory pore; mb, median bulb; ODG, orifice of dorsal esophageal gland); C (Rbre2), D(Rbre3) & E
(Rbre3): Posterior region (a, anus). Scale bars in A=50 m; in B-E=10 m.
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Rotylenchus brevicaudatus (topotypes) 
Table 4. Morphometrics of the Rotylenchus brevicaudatus female populations isolated from Kimmen and its comparison
with topotypes recorded in Australia

Character1
Host (code)

Egg-plant Red pepper Tomato Garlic Australia

(Rbre1) (Rbre2) (Rbre3) (Rbre4) Sweet orange

(topotypes) 4

n 10 12 23 15 20

L (mm) 0.76 0.03 0.74 0.04 0.73 0.05 0.72 0.06 0.59-0.79

(0.72-0.81)2 a3 (0.67-0.81) a (0.63-0.87) a (0.65-0.81) a

a 29.7 3.2 30.6 2.1 27.5 2.3 29.7 2.5 21-27

(25.2-35.0) ab (26.7-33.9) a (24.1-32.2) b (26.4-35.2) ab

b 10.6 0.7 10.5 0.7 10.5 0.7 10.7 0.6 -

(9.9-12.1) a (9.5-11.7) a (8.9-11.9) a (9.7-12.1) a

b' 6.4 0.5(n=8) 6.0 0.4 6.0 0.4(n=21) 5.8 0.3 5.1-6.3

(6.0-7.2) a (5.4-6.9) ab (5.1-6.8) ab (5.1-6.3) b

c 66.7 13.4 60.3 10.1 53.5 11.3(n=22) 53.9 9.8(n=14) 33-69

(51.3-88.9) a (42.2-78.9) ab (31.8-78.8) b (40.6-72.0) b

c' 0.62 0.1 0.66 0.1 0.72 0.1 0.75 0.1 -

(0.5-0.8) a (0.5-0.9) a (0.5-1.0) a (0.6-0.9) a

V 54.8 1.7 55.8 2.2 56.2 1.6 56.6 1.4 53-62

(51.9-57.8) a (51.2-58.6) a (53.0-59.1) a (54.3-59.6) a

Stylet (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 24.0 0.7 23.7 0.8 23.7 0.8 23.0 0.9 22-26

(23.3-25.0) a (22.0-24.9) ab (22.0-25.5) a (21.3-24.7) b

m 46.3 1.6(n=9) 45.7 1.9(n=7) - 45.6 1.9 - 

(43.9-48.5) a (42.3-47.3) a (42.2-48.6) a

ODG (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 6.5 0.7(n=9) 5.9 0.7 6.2 0.8(n=19) 5.8 0.8 -

(5.3-7.3) a (4.8-7.3) a (4.8-7.3) a (4.7-7.0) a

O 26.9 2.4 25.0 3.0 26.1 3.2 25.2 3.3 15-24

(21.8-29.6) a (20.2-30.0) a (20.6-30.8) a (20.7-32.9) a

EP (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 104 4(n=7) 99 8 99 10(n=19) 96 11 -

(99-110) a (83-110) a (78-124) a (79-110) a

P 13.6 0.4 13.4 0.9 13.6 1.1 13.4 1.0 -

(13.0-14.1) a (11.4-14.6) a (12.1-15.8) a (11.4-15.1) a

Tail (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 12 2 13 3 14 3 14 2 - 

(9-15) a (9-18) a (8-22) a (10-18) a

Anal body 19 1 19 1 20 2 18 2 - 

width (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) (18-20) a (18-22) a (14-23) a (15-21) a
1, 2, 3 See table 2.
4 Sher, S. A. 1965 (18)
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Rotylenchus brevicaudatus (paratypes) 
Table 5. Morphometrics of the Rotylenchus brevicaudatus male populations isolated from Kimmen and its comparison
with topotypes recorded in Australia 

Character1
Host (Code)

Red pepper Tomato Australia

(Rbre2) (Rbre3) orange

(topotypes)3

n 10 12 10

L (mm) 0.67 0.03 0.69 0.03 0.58-0.69 

(0.61-0.71)2 (0.64-0.74) 

a 33.4 2.8 32.1 3.0 25-32

(30.4-37.8) (27.8-36.7)

b 9.6 0.7 10.2 0.9 -

(8.8-11.3) (8.8-11.6)

b' 5.5 0.3 5.5 0.4(n=8) 4.1-5.8

(5.2-5.9) (5.0-6.1) 

c 38.2 4.7 34.4 2.0 28-35

(30.5-46.7) (31.4-36.8) 

c' 1.4 0.1 1.5 0.1 -

(1.2-1.5) (1.3-1.7) 

Spicule 26.4 2.1 24.8 1.5(n=11) 22-27
(22.5-29.2) (23.3-28.3) 

Stylet (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 22.1 0.5 21.7 0.9 20-24
(21.3-22.7) (20.7-23.3) 

m 47.7 0.9 - - 
(46.2-48.6) 

ODG (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 6.4 0.6(n=7) 6.3 0.7(n=10) -
(5.3-7.3) (5.3-7.7)

O 29.2 2.8 29.0 3.3 17-24
(24.1-32.7) (24.7-36.7) 

EP (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 98 8 95 7
(88-108) (80-104) -

P 14.6 1.0 13.9 1.4
(12.9-15.9) (11.6-16.3) -

Tail (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) 18 2 20 2 - 
(15-20) (18-23)

Anal body 13 1 14 1 - 

width (
?
?
?
?
?
?
?
?
?
?
?
?
?

?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?e?@hf?
?@@?eJ@hf?
?@@??W&@e@?h?
?@@?O.Y@?C5?h?
?@@@0Y?@@0Y?h?
?@ ?
J@ ?
7@ ?
@@ ?
@@ ?

?
?
?
?
?
?
?
?
?

m) (11-13) (12-15)
1, 2 See table 2.
3 Sher, S. A. 1965 (18)
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(spermatheca) (sperm)"

H. exallus H.

dihystera

(spermatheca) (sperm) 
(15,19)

(26)

H. dihystera

H. crenacauda
(17) 6 5 

(3,7,9)

H. crenacauda

(type locality) (type habitat) 

(coffee) 

15 3 2006166

Rotylenchus brevicaudatus SEM (Rbre3) A, (ls, ts, ) B C
(ae, l, ) D, E F (a, ii, p, )

A-F=10 
Fig. 6. SEM photomicrographs of Rotylenchus brevicaudatus (Rbre3) female, A: Lip region (ls, longitudinal striation; ts,
transverse striation ); B&C: Anterior region (ae, aerolation; l, lateral field); D, E&F: Tail region (a, anus; ii, inner
incisures; p, phasmid). Scale bars in A-F=10 m.



(sugar cane) (15,19)

Rotylenchus brevicaudatus

(3,9)

(13) Rotylenchus

24 
(12) (24)

(25) R. robustus R. buxophilus R.

multicinctus R. brachyurus 4 

R. brevicaudatus R. buxophilus

R. multicinctus H. dihystera R.

brevicaudatus 'C' 

Scutellonema truncatum (9) R.

brevicaudatus

R. brevicaudatus
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Rotylenchus brevicaudatus A B, (b, lf, s, )
A B=10 

Fig. 7. Photomicrographs of Rotylenchus brevicaudatus male, A&B: Posterior region (b, bursa; lf, lateral  field; s, spicule).
Scale bars in A&B=10 m.
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ABSTRACT

Chen, D. Y. 1, Ni, H. F. 2, Chen, R. S. 3, Yen, J. H. 4, and Tsay, T. T. 5,6 .2006. Identification of spiral

nematode (Nematoda: Rotylenchinae) collected from Taiwan and Kinmen. Plant Pathol. Bull. 15:

153-169 (1 Plant Pathology Division, Taiwan Agricultural Research Institute, Wufeng, Taichung,

Taiwan; 2 Department of Plant Protection, Chiayi Agricultural Experiment Station, TARI, Taiwan; 3

Graduate  Institute of Biotechnology, National Chiayi University, Chiayi, Taiwan; 4 Agricultural

Extension Center, National Chung Hsing University, Taichung, Taiwan; 5 Department of Plant

Pathology, NCHU, Taichung, Taiwan; 6 Corresponding author, E-mail: tttsay@nchu.edu.tw , Fax:

+886-4-22876712)

Soil samples collected from the rhizosphere of various crops in several locations in Taiwan and

Kinmen yielded nine populations of Helicotylenchus dihystera (Cobb, 1893) Sher, 1961, six

populations  of H. crenacauda Sher, 1966 and four populations of Rotylenchus brevicaudatus

Colbran, 1962. Based on  the external morphology, morphometrics and the sequence of internal

transcribed spacer (ITS) region and  5.8S gene of the ribosomal DNA, the species taxon for each

nematode population was confirmed. In this  study, additional morphometric data and SEM figures for

these three spiral nematode species were also  provided. The sequence of representative rDNA

fragment of each species was the first deposited in GenBank for the benefits of worldwide

researchers.

Key words: spiral nematode, identification, ribosomal DNA, Helicotylenchus dihystera ,  

Helicotylenchus crenacauda, Rotylenchus brevicaudatus


