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Table 1. The list of geographical populations of Xiphinema insigne investigated in this study
Population Host Locality
(Code)
Xins1 Litchi (Litchi chinensis Sonn.) Tsautuen Jen, Nantou County 
Xins2 Litchi (Litchi chinensis Sonn.) Taichung City (1)
Xins3 Litchi (Litchi chinensis Sonn.) Taichung City (2)
Xins4 Bamboo (Bambusa sp.) Taichung City 
Xins5 Bamboo (Bambusa sp.) Shinhua Jen, Tainan County
Xins6 Loquat (Eriobotrya japonica Lindl.) Shinshe Shiang, Taichung County 
Xins7 Loquat (Eriobotrya japonica Lindl.) Guoshing Shiang, Nantou County
Xins8 Loquat (Eriobotrya japonica Lindl.) Luye Shiang, Taitung County
Xins9 Bermuda-grass (Cynodon dactylon Pers.) Daya Shiang, Taichung County

(On green of golf course)
Xins10 Pear (Pyrus pyrifolia var. yokoyama) Heping Shiang, Taichung County
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Xiphinema insigne A, ( Xins2 ) B, 
(Xins2) C D (Xins2), E (Xins8) F (Xins9), G, H, I J (Xins2) 

90 

Fig. 1. Xiphinema insigne (female and juvenile) from Taiwan: A, Female habitus (Xins2); B, Anterior region of female (Xins2);
C and D (Xins2), E (Xins8) and F (Xins9), female tails; G, H, I and J (Xins2), Tails of the first, second, third and fourth stage of
juveniles, respectively. Scale bar = 90 m.
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90 

Fig. 1. Xiphinema insigne (female and juvenile) from Taiwan: A, Female habitus (Xins2); B, Anterior region of female (Xins2);
C and D (Xins2), E (Xins8) and F (Xins9), female tails; G, H, I and J (Xins2), Tails of the first, second, third and fourth stage of
juveniles, respectively. Scale bar = 90 m.
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Xiphinema insigne A (Xins2, ), B (Xins7), C D (Xins2), E  (Xins1), F (Xins7), 
90

Fig. 2. Xiphinema insigne male from Taiwan: A, (Xins2, flatted), B (Xins7), Anterior region; C & D (Xins2), E (Xins1), F
(Xins7), Shape of tail and spicule; Scale bar = 90 m.

Xiphinema insigne (Xins9) A, B, C D, 
90

Fig. 3. Xiphinema insigne male from Taiwan (Xins9): A, Male habitus; B, Anterior region; C and D, Shape of tail and spicule;
Scale bar = 90 m.
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Xiphinema insigne (Paralectotypes) 

Table 2. Morphometrics and comparisons of Xiphinema insigne females collected in Taiwan and Sri-Lanka

Locality
Host (Code)

Character1 Tsautuen Taichung Taichung Taichung Shinhua
Litchi Litchi Litchi Bamboo Bamboo
(Xins1) (Xins2) (Xins3) (Xins4) (Xins5)

n 25 30 15 34 35

L (mm) 2.212 efgh3 2.26      defg 2.13      gh 2.39      abcd 2.33      bcdef
(2.00-2.41) (2.05-2.51) (1.88-2.26) (2.13-2.67) (2.09-2.54)

a 61.7      bcdef 58.0       efg 59.9      cdefg 62.7      abcdef 65.3      abc
(49.4-73.6) (51.8-64.9) (54.0-64.6) (51.6-75.5) (59.2-71.5)

b 6.48      cdef 6.58       bcdef 6.41      cdef 6.78      abcd 6.87      abc
(5.85-7.03) (5.91-7.35) (5.95-6.97) (5.92-7.84) (6.19-8.47)

c 16.4      fg 16.3       fg 17.2      defg 18.5      cdef 19.7      bcde
(13.7-18.7) (13.6-17.6) (14.5-19.1) (15.9-31.3) (17.54-22.0)

c' 6.25      ab 6.33       ab 5.89      ab 6.07      ab 5.45      bcd
(5.36-7.14) (5.59-7.52) (5.09-6.57) (3.38-7.33) (4.50-7.26)

V % 31.2      bcd 30.3       cde 30.5      cde 30.1      de 30.0      de
(28.8-33.2) (26.4-32.9) (28.5-33.4) (27.5-33.1) (26.9-32.9)

Total stylet 150.3     e 158.3      cd 158.8     bcd 157.4     cd 151.5     e
( m) (143.3-157.5) (146.7-166.7) (153.3-165.8) (146.7-166.7) (143.3-158.3)

Functional 90.2      f 97.2       cde 98.5      bcd 95.3      de 90.3      f
odontostyle (85.8-95.8) (85.0-105.0) (94.2-102.5) (87.5-101.7) (80.8-94.1)

( m)

Odontophore 60.1      de 61.0       cde 60.3      de 62.1      cd 61.2      cde
( m) (57.5-63.3) (59.2-64.2) (55.0-64.2) (58.3-65.0) (57.5-64.2)

Tail 136.0     abcd 139.0      abc 125.0     defgh 131.0     bcdef 119.0     efgh
( m) (118.0-150.0) (119.0-173.0) (108.0-143.0) (71.0-148.0) (105.0-138.0)

Anal body 22.0      cde 22.0       cde 21.0      de 22.0      de 22.0      cde
width ( m) (20.00-23.0) (20.0-24.0) (19.0-23.0) (18.0-25.0) (19.0-24.0)
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Xiphinema insigne (Paralectotypes) ( )

Table 2. Morphometrics and comparisons of Xiphinema insigne females collected in Taiwan and Sri-Lanka (Cont’d)

Locality
Host (Code)

Character Shinshe Guoshing Luye Daya Heping Sri Lanka4

Loquat Loquat Loquat Bermuda-grass Pear (paralectotypes)
(Xins6) (Xins7) (Xins8) (Xins9) (Xins10)

n 29 30 20 47 15 4

L (mm) 2.41      abc 2.31      bcdef 2.28      cdefg 2.33      bcdef 2.36      abcde 2.24, 2.02
(2.07-2.84) (1.95-2.51) (2.02-2.49) (2.14-2.51) (2.15-2.51) 2.20, 2.32

a 60.3      cdefg 63.4      abcde 57.5      efg 59.3      efg 60.8      bcdefg 55, -
(52.8-66.2) (56.3-76.1) (51.9-64.3) (49.4-67.8) (53.8-66.0) 50, 66

b 6.74      abcde 6.73      abcde 6.39      def 6.57      bcdef 6.38      def -
(5.89-7.82) (5.74-7.61) (5.80-7.32) (5.83-7.77) (5.83-7.17)

c 19.3      bcde 17.4      defg 21.4      a 20.0      bcd 18.8      bcdef 20, 20 
(14.3-22.4) (14.4-28.6) (18.0-32.1) (15.7-26.2) (17.5-20.4) 26, 21

c' 5.39      cd 6.25      ab 4.75      e 5.25      cd 5.33      cd 4.8, - 
(4.26-7.24) (4.16-7.47) (3.00-5.74) (3.95-6.73) (4.48-5.78) 3.8, 5.1

V % 32.0      bc 30.8      cde 34.5      a 34.7      a 34.2      a 30, 29.0
(28.4-34.2) (28.1-34.6) (32.9-36.9) (32.2-37.1) (32.0-40.1) 29.6, 32.4

Total stylet 162.9     ab 161.1     abc 163.0     ab 149.7     e 162.3     ab 161, 160
( m) (150.0-168.3) (154.2-165.0) (158.3-167.5) (144.2-158.3) (158.3-169.2) 154, 156

Functional 99.4      bc 98.0      bcde 102.0     a 88.6      f 98.3      bcd 102, 98
odontostyle (90.0-105.0) (92.5-102.5) (95.9-106.6) (83.3-95.0) (94.1-104.2) 95, 94
( m)

Odontophore 63.5      ab 63.1      abc 61.0      cde 61.1      cde 64.0      ab 59, 62
( m) (60.0-68.3) (60.0-69.2) (51.7-63.3) (56.7-65.0) (61.7-67.5) 59, 62

Tail 126.0     defg 134.0     abcde 109.0     i 117.0     efgh 126.0     cdefg 110, 101
( m) (104.0-152.0) (79.0-155.0) (63.0-132.0) (87.0-148.0) (112.0-139.0) 84, 109

Anal body 23.0      ab 22.0      de 23.0      abc 22.0      bcd 24.0      ab -
width ( m) (19.0-28.0) (19.0-23.0) (21.0-25.0) (20.0-25.0) (22.0-26.0)

1 n = no. of nematodes; L = body length; a = body length / the maximum body width; b = body length / the distance from lips to the base
of esophageal gland;c = body length / the length of tail; c' = tail length / anal body width; V (%) = the distance of vulva from anterior
end / body length and then multiplied by 100; total stylet = length of functional odontostyle plus odontophore; tail = length of anus
position to the body posterior end; anal body width = body width at the anus position.

2 Measurements in the form: mean (min. - max.), "-" = No data. 
3 Means in each row with the same letter or letters were not significantly different at 1% level by LSMEANS/TDIFF. 
4 Luc, M., and Southey, J. F. 1980 (31)
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elongatum 2 X. insigne

Xins8 29

5 8

4

10

X. insigne

X. elongatum (2)

4 rDNA

ITS-1 ITS-2

4 2 (Xins1, 2 Xins7, 8)

3 2

4 ITS-1 ITS-2

0-3.02 % X.

elongatum (0 - 1.34 %)(2) Xins8 X.

elongatum (2083 bp, GenBank Accession No:

AY524971)

32.73 42.66 %

5.8S 0.63 % rDNA

ITS-2 3.02 %

X. insigne

10 X. insigne 4

(paralectotypes)

c'

4 c'

Xins8 X. indicum 9 

X. insigne

[77 (74 - 83) m] Bajaj Jairajpuri

23 X. insigne indicum-form

(populations 1 - 18) insigne-form (population 19 - 23) 2
(4)

insigne-form

Xins1, 5, 9 3

10 10

Xins4, 7, 8, 9 4

(63, 71, 79, 87, 87, 97 m )

indicum-form

(intra-population)

X. insigne 'indicum-form'

Bajaj Jairajpuri indicum-form

18 138

X. indicum

(104, 94 - 110 mm 102, 98 - 105 mm)

X. indicum X. insigne

(topotypes) X.

insigne rDNA

Razak Loof (37)

(Royal palm) X. insigne

short-tailed

long-tailed (

92 vs 113 m) Xins9

(96 m) 10 2

10 X.

insigne Wang (47)

(Sichuan) Jiangjin 16 X. insigne

L = 2.30 (1.79 - 2.59) V % =

33 (30 - 37) c'= 5.7 (4.7 - 6.3); functional odontostyle = 96.1

(91.4 - 101.9) mm total stylet = 157.4 (150.2 - 163.8) m

tail = 127.8 (99.1 - 145.8) m

10 Zheng Brown (49)

(Zhejiang) (Hangzhou) 5

X. insigne (Yulan magnolia) 10

(2.57 m)

3 4 (unidentified host) V %

[37.9 (34.2 - 42.1)] [170

(166.4 - 172.8) m]

Xiphinema insigne 137

Xiphinema insigne rDNA (ITS-1, 5.8S, ITS-2)

Table 5. The size of rDNA ITS-1, 5.8S, ITS-2 and the pairwise percentage dissimilarities among the four geographical
populations of Xiphinema insigne isolated form Taiwan

ITS-1 (%) 5.8S (%) ITS-2 (%)
Population

(Code) No. of Xins1 Xins2 Xins7 No. of Xins1 Xins2 Xins7 No. of Xins1 Xins2 Xins7
bases bases bases

Xins1 1112 - - - 160 - - - 508 - - -
Xins2 1111 0.63 - - 160 1.88 - - 508 0.79 - -
Xins7 1122 2.66 2.93 - 160 2.5 1.63 - 498 2.23 1.42 -
Xins8 1122 2.75 3.02 0.09 160 2.5 1.63 0 498 2.23 1.42 0



3 Xins8 Xins10

2 (33.5-35.0 %)

Robbins (39) Yulan magnolia

25 [2.61 (2.24 - 2.87) m]

[165 (158 - 171) m]

Luc Southey (31)

(population 9

Xins10 (Population 6)

[2.68 (2.44 - 3.09) m]
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ABSTRACT

Chen, D. Y.1, Ni, H. F.2, Yen, J. H.3, Cheng, Y. H.2, and Tsay, T. T.4, 5. 2004. Variability within Xiphinema

insigne populations in Taiwan. Plant Pathol. Bull. 13:127-142. (1 Plant Pathology Division, Agricultural

Research Institute, Wufeng, Taichung, Taiwan, R.O.C.; 2 Department of Plant Protection, Chia Yi

Agricultural Experiment Station, ARI, Taiwan; R.O.C.; 3Agricultural Extension Center, National Chung

Hsing University, Taichung, Taiwan, R.O.C.; 4 Department of Plant Pathology, National Chung Hsing

University, Taichung, Taiwan, R.O.C.; 5 Corresponding author, E-mail: TTTsay@nchu.edu.tw, Fax: +886-4-

22876712)

Ten geographical populations of Xiphinema insigne were isolated from the rhizosphere of litchi,

loquat, pear, Bermuda-grass and bamboo using modified Baermann funnel method during 1998 to 2002 in

Taiwan. According to the matchable length of replacement odontostyle and functional odontostyle, the

evident gap of replacement odontostyle and total stylet length between the four successive stages of

juvenile and its female, it was assured that examined specimens of each population were not mixed with

other morphological similar Xiphinema species. Although, based on each of the three items of the position

of vulva (V%), the length of total stylet and tail of the morphometrics of females, the 10 populations could

be divided into two groups, respectively, but which were different to each other. Comparing the size and

pairwise percentage dissimilarity of rDNA (ITS-1 and ITS-2), the four tested populations also were

separated into two groups (Xins1, 2 vs Xins7, 8), but however it didn't coincide with the results conducted

by each of the above three items. Also the morphometrics for the first and second stages of juvenile among

the 10 populations were very similar to each other. After all, judging from the above three viewpoints, we

recognized that these 10 populations with somehow morphological variance were one species X. insigne,

and which with intraspecific variation of ITS-1 and ITS-2 ranged from 0 to 3.02 %. The shape of lip region

and the morphometrics of X. insigne males were almost identical with the females, but its tail shape with

more variance, and the numbers of supplements were 5 to 8. Compared to some published reports, the

morphometrics of X. insigne specimens identified in Taiwan had showed two main differences, the length of

female body and total stylet. However, collecting more morphometric data of the juveniles, males and the

sequences of rDNA of X. insigne around the world should be the only feasible method to decide that

whether these differences were intraspecific or interspecific variation. 

Key words: internal transcribed spacer (ITS), ribosomal DNA (rDNA), Variability, Xiphinema insigne


