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Hemicriconemoides kanayaensis

Table 1. Comparison between the morphometrics of Hemicriconemoides kanayaensis female populations of Taiwan and
populations recorded in Japan and Taiwan 

Location (Code)
Character1 Alishan Pinglin Mingchien Lugu Datong Rueisuei Japan4 Taiwan5

(Hkan1) (Hkan2) (Hkan3) (Hkan4) (Hkan5) (Hkan6) (Paratypes)
n 12 12 12 12 12 12 20 12

L (mm) 0.48 0.042c3 0.54 0.03ab 0.50 0.04bc 0.55 0.05a 0.51 0.04abc 0.50 0.02bc 0.57 0.51 0.025
(0.43-0.53) (0.48-0.59) (0.43-0.55) (0.46-0.62) (0.45-0.60) (0.47-0.53) (0.50-0.63) (0.47-0.54) 

a 16.9 1.5b 18.4 1.6a 18.6 1.3a 18.3 1.3a 18.3 1.2a 17.5 0.9ab 21.5 17.3 0.9
(14.8-19.3) (16.1-20.4) (15.9-20.0) (16.3-20.0) (15.8-20.7) (15.8-19.2) (18.7-24.4) (15.8-18.4)

b 4.2 0.4b 4.7 0.4a 4.5 0.5ab 4.7 0.3ab 4.6 0.4ab 4.4 0.2ab 4.8 4.8 0.3
(3.6-4.7) (4.2-5.3) (3.5-5.3) (4.2-5.0) (3.9-5.3) (4.2-4.6) (3.3-5.6) (4.4-5.3)

c 13.8 1.0b 14.3 1.4ab 15.2 1.1ab 14.8 1.6ab 15.7 1.7a 13.9 1.1b 14.3 12.9 0.75
(12.3-15.4) (11.8-16.7) (13.2-16.7) (12.3-18.3) (13.3-18.2) (11.9-15.8) (11.5-16.8) (12-14.7)

c 1.9 0.2a 2.0 0.2a 1.9 0.3a 1.9 0.2a 1.8 0.2a 1.9 0.2a - -
(1.7-2.3) (1.6-2.2) (1.5-2.5) (1.7-2.2) (1.5-2.2) (1.6-2.2)

V 88.4 0.5b 89.3 0.6a 88.4 0.5ab 89.3 0.8a 89.2 0.8a 88.5 0.6ab 88.9 88.3 0.86
(87.3-89.0) (88.3-90.3) (87.3-89.0) (87.8-90.5) (88.0-90.4) (87.7-89.8) (87.5-91.5) (86.4-89.2) 

Stylet ( m) 73.0 2.0a 73.8 3.1a 73.0 2.0a 74.1 2.4a 72.1 2.6a 74.1 1.9a 74 75 3.8
(70.7-77.3) (69.3-79.3) (70.7-77.3) (71.3-78.0) (66.7-75.3) (70.7-77.3) (66-78) (66-78) 

m 86.5 0.7a 86.7 0.6a - - 87.1 0.2a 86.4 0.8a - -
(85.2-87.6) (86.1-87.7) (86.8-87.4) (85.3-87.6)

EP ( m) 114 11a 118 10a 114 10a 123 11a 118 10a 118 16a - -
(92-131) (93-130) (96-128) (105-139) (107-135) (92-144) 

P 23.7 1.6a 22.0 1.5a 23.2 1.9a 22.4 1.8a 23.0 1.5a 23.7 3.1a - -
(20.0-25.8) (19.4-24.5) (20.8-25.6) (19.8-24.8) (21.0-25.5) (18.8-29.0)

VL ( m) 55 5a 58 6a 54 5a 58 6a 53 6a 56 4a - -
(48-63) (49-67) (47-63) (49-70) (43-63) (51-64)

VW ( m) 23 3ab 24 2ab 22 3b 25 3a 22 1b 23 2ab - -
(19-27) (23-29) (18-28) (20-28) (21-24) (20-25)

VL/VW 2.5 0.2a 2.4 0.3a 2.4 0.3a 2.4 0.2a 2.4 0.2a 2.4 0.1a - 2.6 0.16
(2.2-2.9) (2.0-2.9) (2.0-3.0) (2.0-2.7) (2.0-2.7) (2.2-2.7) (2.3-2.8)

R 142.8 5.2bc 147.6 5.4ab 146.8 4.8ab 144.0 2.8bc 141.7 4.3c 149.3 4.2a 150 145.3 9.6
(136-152) (137-156) (137-152) (140-148) (135-149) (142-158) (142-164) (127-151) 

Rex 37.3 1.4a 37.3 1.5a 37.4 0.7a 37.0 1.3a 37.4 1.8a 38.4 1.7a 37 35 2.3
(35-40) (35-40) (36-38) (35-39) (35-40) (35-41) (30-44) (31-38) 

Rv 17.0 1.0ab 16.3 0.9b 17.0 1.1ab 16.6 0.9ab 16.0 1.3b 17.5 1.1a 18 17 1.0
(15-18) (15-17) (16-20) (15-18) (13-18) (16-19) (16-21) (16-18) 

Ran 11.3 0.9ab 11.3 0.6ab 11.1 0.7ab 11.0 0.4ab 10.7 0.8b 11.6 0.8a 12 10 1.0
(10-13) (10-12) (10-12) (10-12) (9-12) (10-13) (11-15) (8-11)

1 Besides the symbols of the De Manian formula, the following symbols are used: m = ratio between the length of prorhabdion 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 %; VL= distance from vulva to tail end; VW = body width at vulvar position; VL/VW = distance from vulva to terminus
divided by body diam at vulva, R = total number of body annules; Rex = number of annules between anterior end of body and
excretory pore; Rv = number of annules between posterior end of body and vulva; Ran = number of annules on tail. 

2 Measurements in the form: mean standard deviation (population range), - = no data. 
3 Data in each row with the same letter were not significantly different at 1% level by LSMEANS/TDIFF. 
4 Nakasono, K., and Ichinohe, M. 1961 (21)

5 Germani, G., and Anderson, R. V. 1991 (16)
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Hemicriconemoides kanayaensis

Table 2. Comparison between the morphometrics of Hemicriconemoides kanayaensis male populations of Taiwan and
paratypes recorded in Japan 

Character1 Location (Code)
Pinglin (Hkan2) Mingchien (Hkan3) Rueisuei (Hkan6) Japan4 (paratypes)

n 8 14 8 7

L (mm) 0.42 0.012a3 0.42 0.02a 0.43 0.03a 0.457
(0.40-0.44) (0.39-0.46) (0.40-0.46) (0.422-0.489) 

a 28.9 2.9a 29.3 1.7a 29.8 2.3a 29.7-32.6
(24.7-33.9) (26.7-32.1) (26.7-33.9)

c 15.5 1.1a 15.4 0.8a 16.4 1.2a 14.6
(13.9-17.5) (14.3-17.1) (14.8-17.9) (14.2-15.1)

c 2.6 0.2a 2.6 0.3a 2.6 0.2a -
(2.2-2.8) (2.1-3.1) (2.1-2.7)

Spicule ( m) 26.5 (n=4) 26.0 1.6 25.4 1.1 23.8
(25.7-26.7) (23.3-28.3) (24.2-27.0) 

EP ( m) 91 7ab 88 9b 99 5a 86
(83-100) (67-100) (92-107) 

P 21.6 1.5a 21.0 2.2a 22.8 1.2a -
(19.8-23.8) (16.3-23.8) (21.8-25.1)

Tail ( m) 27 2a 28 2a 26 2a -
(24-31) (24-31) (23-29)

ABW ( m) 10 1a 11 1a 10 1a -
(10-11) (10-12) (10-11)

1, 2, 3, 4 See table1. 
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Hemicriconemoides californianus
Table 3. Comparison between the morphometrics of Hemicriconemoides californianus female populations of Taiwan and
populations recorded in USA, China and North Korea 

Location (Code)
Character1 Luye Rueisuei Mingchien California, USA4 China5 North Korea6

(Hcal1) (Hcal2) (Hcal3) Grape (paratypes)
n 12 12 22 10 15 6

L (mm) 0.44 0.032a3 0.48 0.03a 0.44 0.05a 0.44 0.494 0.029 0.434 0.025
(0.40-0.49) (0.40-0.52) (0.34-0.51) (0.41-0.46) (0.440-0.556) (0.407-0.476) 

a 15.9 0.6ab 16.7 1.5a 15.0 1.2b 17 13.9 0.7 12.4 1.6
(15.2-16.8) (14.2-18.2) (12.5-17.8) (16-19) (11.6-14.7) (10.7-14)

b 3.8 0.1ab 4.0 0.2a 3.7 0.2b 4.1 3.9 0.2 3.7 0.1
(3.6-4.0) (3.6-4.1) (3.2-4.0) (3.4-4.6) (3.6-4.2) (3.6-3.8)

c 17.4 2.7a 17.5 1.3a 17.3 1.2a 21 22.2 3.1 -
(12.7-21.5) (15.2-19.3) (15.0-19.6) (17-25) (17.6-28.9)

c 1.6 0.2a 1.6 0.1a 1.5 0.1a - 1.0 0.1 -
(1.3-2.2) (1.5-1.8) (1.2-1.8) (0.8-1.3)

V 90.0 1.0a 90.3 1.0a 89.9 0.6a 91 92.3 1.4 89 2.5
(88.5-92.2) (89.0-92.0) (88.7-91.4) (90-92) (90-94) (86-92) 

Stylet ( m) 76.8 3.6a 78.8 3.1a 80.2 5.1a 80 75.2 1.7 76 1.1
(68.7-80.0) (76.0-87.3) (71.7-88.3) (77-83) (72-78) (74-77) 

EP ( m) 121 8bc 135 11a 120 8c - 138.0 6.5 -
(110-136) (115-154) (104-133) (128-154) 

P 27.5 2.5a 28.5 1.7a 27.7 2.0a - - -
(23.9-31.0) (26.4-30.8) (25.3-32.6)

VL ( m) 43 5a 46 4a 43 4a - - -
(32-48) (39-51) (36-50)

VW ( m) 23 1a 23 1a 23 2a - - -
(20-24) (20-24) (18-25)

VL/VW 1.9 0.2a 2.0 0.2a 1.9 0.1a 1.7 - -
(1.5-2.2) (1.7-2.2) (1.6-2.2) (1.3-1.8)

Tail ( m) 26 4a 27 2a 25 2a - 22.7 3.3 -
(20-33) (23-30) (21-28) (18-30) 

ABW ( m) 16 2a 17 1a 17 1a - - -
(10-18) (15-18) (14-19) 

R 112.8 1.8a 113.2 3.0a 110.8 2.6a 119 109.0 4.3 111 2
(111-117) (110-119) (106-116) (112-127) (100-117) (108-115) 

Rex 31.8 1.4a 31.8 1.7a 31.7 1.0a 35 29.2 1.5 31 1.7
(29-34) (28-34) (30-34) (34-37) (27-31) (30-34) 

Rv 12.3 1.0ab 12.8 0.8a 11.0 0.7c 11 10.3 0.9 11 1
(11-14) (11-14) (10-12) (10-12) (9-12) (10-14) 

Ran 7.5 0.8a 7.3 0.5ab 6.4 0.7c 5 5.8 0.7 -
(6-9) (7-8) (5-8) (4-6) (4-7)

1, 2, 3 See table 1.
4 Pinochet, J., and Raski, D. J. 1975 (25)

5 Chen, L. J., and Liu, W. Z. 2002 (13)

6 Kornobis, S., and Dobosz, R. 1996 (19)
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Hemicriconemoides kanayaensis A, (Vu, ) B, (ES, 
St, SK, ) C, (An, Sm, Vu, ) A = 30 B,C =

10
Fig. 1. Photomicrographs of female Hemicriconemoides kanayaensis, A, Whole body (Vu, vulva); B, Anterior region (ES,
external sheath; St, stylet; SK, stylet knob); C, tail (An, anus; Sm, spermatheca; Vu, vulva). Scale bars in A = 30 m; B &
C = 10 m.
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Hemicriconemoides kanayaensis A, (EP, ) B, (Sp, 
) C, (LF, ) A-C 10

Fig. 2. Photomicrographs of male Hemicriconemoides kanayaensis: A, Anterior region (EP, excretory pore); B, Tail region
(Sp, spicule); C, Middle region (LF, lateral field). Scale bars is 10 m in all pictures.

Hemicriconemoides californianus A, (Vu, ) B, (St, 
) C, (An, Sm, Vu, )) A = 30 B & C= 10

Fig. 3. Photomicrographs of female Hemicriconemoides californianus, A, Whole body (Vu, vulva); B, Head region (St,
stylet); C, Tail region, (An, anus; Sm, spermatheca; Vu, vulva). Scale bars in A = 30 m; B & C = 10 m.
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Hemicriconemoides californianus A, B, (Sp, ) C, 
(LF, ) A-C 10

Fig. 4. Photomicrographs of male Hemicriconemoides californianus, A, Anterior end; B, Tail region (Sp, spicule); C,
Middle region, (LF, lateral field). Scale bars is 10 m in all pictures.
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189

Hemicriconemoides kanayaensis H. californianus SEM A, H. kanayaensis B, 
(An, Vu, ) C, H. californianus D. (An, Vu, )

A-D 10
Fig. 5. SEM photomicrographs of female Hemicriconemoides kanayaensis and H. californianus: A, Anterior region of H.
kanayaensis; B, Tail region (An, anus; Vu, vulva); C, Anterior region of H. californianus; D, Tail region (An, anus; Vu,
vulva). Scale bars is 10 m in all pictures.



Campos (1990) (1)

H. kanayaensis 

3 

H. californianus 

Loos (1949) (20)

(Ceylon, ) 

(tea-nursry soil) H. gaddi

(R) H.

californianus (about 120 vs. 111-113)

(1998) (31) (Camellia japonica) 

H. camellia

H. californianus 

(R) (107-118 vs.

106-119) (89 m vs.

76.8-80.2 m)

(

c m EP p VL VW 6 

c spicule EP p Tail ABW 6

) rDNA 

5.8S 

(ITS-1 ITS-2) 18S 28S 

GenBank 

(genetic marker) 

(barcode of life)

(LITERATURE CITED)
1. Campos, V. P., Sivapalan, P., and Gnanapragasam, N.

C. 1990. Nematode parasites of coffee, cocoa and Tea.
Pages 387-430 in: Plant parasitic nematodes in
subtropical and tropical agriculture. Luc, M., Sikora,
R. A., and Bridge, J. eds. CAB international, UK, 629

pp. 
2. Chen, D. Y., Ni, H. F., Yen, J. H., Cheng, Y. H., and

Tsay, T. T. 2004. Variability within Xiphinema
elongatum populations in Taiwan. Plant Pathol. Bull.
13: 45-60. (in Chinese with English abstract) 

3. Chen, D. Y., Ni, H. F., Yen, J. H., Cheng, Y. H., and
Tsay, T. T. 2004. Variability within Xiphinema insigne
populations in Taiwan. Plant Pathol. Bull. 13: 127-142.
(in Chinese with English abstract) 

4. Chen, D. Y., Ni, H. F., Yen, J. H., Cheng, Y. H., and
Tsay, T. T. 2004. Identification and variation of
Xiphinema hunaniense populations from Taiwan. Plant
Pathol. Bull. 13: 155-166. (in Chinese with English
abstract)

5. Chen, D. Y., Ni, H. F., Cheng, Y. H., and Tsay, T. T.
2004. Identification of Xiphinema species from
Kinmen. Plant Pathol. Bull. 13: 237-241. (in Chinese
with English abstract) 

6. Chen, D. Y., Ni, H. F., Yen, J. H., Cheng, Y. H., and
Tsay, T. T. 2005. Differentiation of the Xiphinema
americanum-group nematodes X. brevicollum, X.
incognitum, X. diffusum and X. oxycaudatum in
Taiwan by morphometrics and nuclear ribosomal DNA
sequences. Nematology 7: 713-725.

7. Chen, D. Y., Chen, R. S., Yen, J. H., Tsay, T. T., and
Ni, H. F. 2006. Species of spiral nematode and lance
nematode (Nematoda: Hoplolaiminae) identified in
Taiwan and Kinmen. Plant Pathol. Bull. 15: 25-38. (in
Chinese with English abstract) 

8. Chen, D. Y., Ni, H. F., Chen, R. S., Yen, J. H., and
Tsay, T. T. 2006. Identification of spiral nematode
(Nematoda: Rotylenchinae) collected from Taiwan and
Kinmen. Plant Pathol. Bull. 15: 153-169. (in Chinese
with English abstract)

9. Chen, D. Y., Ni, H. F., Yen, J. H., Chen, R. S., and
Tsay, T. T. 2006. Distribution of rice root nematode
Hirschmanniella oryzae and a new recorded H.
mucronata (Nematoda: Pratylenchidae) in Taiwan.
Plant Pathol. Bull. 15: 197-210. (in Chinese with
English abstract) 

10. 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. (in Chinese with
English abstract) 

11. Chen, D. Y., Ni, H. F., Yen, J. H., and Tsay, T. T. 2007.
Identification of a new recorded pin nematode,
Paratylenchus lepidus, (Nematoda: Criconematoidea,
Tylenchulidae) among tea plantations in Taiwan. Plant
Pathol. Bull. 16: 41-46. (in Chinese with English
abstract) 

16 4 2007190



12. Chen, D. Y., Ni, H. F., and Tsay, T. T. 2007.
Identification of a new recorded stunt nematode
Tylenchorhynchus zeae (Nematoda: Belonolaimidae)
in Taiwan. Plant Pathol. Bull. 16: 79-86. (in Chinese
with English abstract)

13. Chen, L. J., and Liu, W. Z. 2002. Description of three
new recorded species of Hemicriconemoides in China.
J. Shenyang Agri. Uni. 33: 416-419. (in Chinese with
English abstract) 

14. Chitwood, B. G., and Birchfield, W. 1957. A new
genus, Hemicriconemoides (Criconematidae:
Tylenchina). Proc. Helminth. Soc. Wash. 24: 80-86. 

15. Esser, R. P., and Vovlas, N. 1990. A diagnostic
compendium to the genus Hemicriconemoides
(Tylenchida: Criconematidae). Soil and Crop Sci. Soc.
Fla. Proc. 49: 211-219. 

16. Germani, G., and Anderson, R. V. 1991. Taxonomic
notes on some Hemicriconemoides species and
description of a new species. J. Nematol. 23: 502-510. 

17. Hoste, H., Chilton, N. B., Beveridge, I., and Gasser, R.
B. 1998. Differences in the first internal transcribed
spacer of ribosomal DNA among five species of
Trichostrongylus. Int. J. Parasitol. 28:  1251-1260.

18. Hung, G. - C., Chilton, N. B., Beveridge, I.,
McDonnell, A., Lichtenfels, J. R., and Gasser, R. B.
1997. Molecular delineation of Cylicocyclus nassatus
and C. ashworthi (Nematoda: Strongylidae). Int. J.
Parasitol. 27: 601-605.

19. Kornobis, S., and Dobosz, R. 1996. Some species of
Tylenchida (Nemata) from North Korea. J. Plant Prot.
Res. 37: 113-116.

20. Loos, C. A. 1949. Notes on free-living and plant-
parasitic nematodes of Ceylon - No. 4. J. Zool. Soc.
India 1: 17-22.

21. Nakasono, K., and Ichinohe, M. 1961.
Hemicriconemoides kanayaensis n. sp. associated with
tea root in Japan (Nematoda: Criconematidae).
Japanese J. Applied Entomology and Zoology 5: 273-
276.

22. Nasmith, C. G., Speranzini, D., Jeng, R., and Hubbes,
M. 1996. RFLP analysis of PCR amplified ITS ans

26S ribosomal RNA genes of selected
entomopathogenic nematodes (Steinernematidae,
Heterorhabditidae). J. Nematol. 28:15-25. 

23. Newton, L. A., Chilton, N. B., Beveridge, I., and
Gasser, R. B. 1998. Genetic evidence indicating that
Cooperia surnabada and Cooperia oncophora are one
species. Int. J. Parasitol. 28: 331-336. 

24. Oliveira, C. M. G., Fenton, B., Malloch, G., Brown, D.
J. F., and Neilson, R. 2005. Development of species-
specific primers for the ectoparasitic nematode species
Xiphinema brevicolle, X. diffusum, X. elongatum, X.
ifacolum and X. longicaudatum (Nematoda:
Longidoridae) based on ribosomal DNA sequences.
Ann. Appl. Biol. 146: 281-288. 

25. Pinochet, J., and Raski, D. J. 1975. Four new species
of the genus Hemicriconemoides (Nematoda:
Criconematidae). J. Nematol. 7: 263-270. 

26. Powers, T. O., Todd, T. C., Burnell, A. M., Murray, P.
C. B., Fleming, C. C., Szalanski, A. L., Adams, B. A.,
and Harris, T. S. 1997. The rDNA internal transcribed
spacer region as a taxonomic marker for nematodes. J.
Nematol. 29: 441-450.

27. Raski, D. J., and Luc, M. 1987. A reappraisal of
Tylenchina (Nemata) 10. The superfamily
Criconematoidea Taylor, 1936. Revue Nematol. 10:
409-444. 

28. Siddiqi, M. R. 2000. Tylenchida parasites of plants and
insects. 2nd edition. Wallingford, UK, CABI
Publishing, 833 pp.

29. Vrain, T. C., Wakarchuk, D. A., Levesque, C. A., and
Hamilton, R. I. 1992. Intraspecific rDNA restriction
fragment length polymorphism in the Xiphinema
americanum group. Fundam. Appl. Nematol. 15:563-
573.

30. Wang, L. C. 1970. A study on soil nematodes of tea
plantation in Taiwan. Taiwan Agriculture 6: 126-151.
(in Chinese with English abstract) 

31. Zhang, S. S. 1998. Two new species of
Hemicriconemoides (Nemata: Criconematidae). Acta
Phytopathol. Sinica 28: 367-375.

191



16 4 2007192

ABSTRACT

Chen, D. Y. 1, Ni, H. F. 2, Yen, J. H. 3, and Tsay, T. T. 4, 5. 2007. Identification of Hemicriconemoides

kanayaensis and H. californianus (Nematoda: Criconematoidea, Criconematidae) among tea

plantations in Taiwan. Plant Pathol. Bull. 16:181-192 (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)

Nine populations of Hemicriconemoides spp. has isolated by modified Baermann funnel method

from the rhizosphere soil of tea plants among 7 major tea production areas in Taiwan since April,

2006. Comparisons of the morphology, morphometrics and ribosomal DNA fragment sequences

(include full 5.8S gene, ITS-1, ITS-2 and partial 18S and 28S gene) has yielded 6 populations being

H. kanayaensis Nakasono & Ichinoe, 1961 and 3 populations being H. californianus Pinochet &

Raski, 1975. H. californianus was the first reported in Taiwan. In this study, additional morphometric

data (including c', m, EP, P, VL and VW of female; c', spicule, EP, P, Tail and ABW of male) and

SEM figures for these two sheath nematode were provided. The representative sequences of rDNA

fragment of H. kanayaensis and H. californianus had the size of 1043 bp and 1051 bp, respectively,

and were firstly submitted to GenBank.

Key words: sheath nematode, Camellia sinensis, identification, ribosomal DNA, Hemicriconemoides

kanayaensis, Hemicriconemoides californianus


