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Fig. 1. The nematode disease of fern in Taiwan.
A) A diseased plant showing dark-brown necrosis on leaves.
B) A nematode in diseased leaf tissue. The leaf was stained
by cotton blue solution. C) A nematode migrated out of leaf
tissue. D)Anterior portion of nematodes (400x); E) The tail of
a female nematode (400x). F) The tail of a male nematode
(400x).



13 1 200338

A)As B)Ac C)Ab ; D)
Fig 2. Leaf symptoms of fern plants inoculated with foliar nematodes (Aphelenchoides spp.) for 2 weeks. Symptoms after 2
weeks inoculated by A)A fern plant inoculated with As; B) A fern plant inoculated with Ac and C) A fern plants inoculated with
Ab (nematode isolated from strawberry) showing no visible sysptoms; D) close-up view of a fern plant inoculated with As
isolated from fern. Note brown necrotic lesions on the leaves.

Table 1. Effect of source and concentration of foliar nematodes (Aphelenchoides besseyi) on incidence of fern leaf nematode
disease

Nematode No. of diseased leaves / No. of nematodes per leaf
population Weeks after inoculation

per leaf 1 2 3 4 8 12
As2 0 0/0 0/0 0/0 0/0 0/0 0/0

10 0/2 0/2 0/0 0/0 0/0 0/0
100 0/6 0/2 1/4 1/1 1/0 1/0
500 0/32 5/17 10/44 10/20 10/6 10/2

1000 0/34 7/43 10/28 10/15 10/33 10/6
Ac3 0 0/0 0/0 0/0 0/0 0/0 0/0

10 0/1 0/0 0/0 0/1 0/0 0/0
100 0/6 0/3 0/0 0/2 0/0 0/0
500 0/24 3/6 8/21 10/45 10/11 10/3

1000 0/26 8/27 10/38 10/13 10/7 10/19
Ab4 0 0/0 0/0 0/0 0/0 0/0 0/0

10 0/0 0/0 0/0 0/0 0/0 0/0
100 0/2 0/0 0/1 0/0 0/0 0/0
500 0/6 0/1 0/0 0/0 0/0 0/0

1000 0/13 0/2 0/0 0/0 0/0 0/0
1. Nematodes were injected into leaves of fern by the injection infiltration method in 1ml per leaf. There were 10 replicates (leaves) per

treatment. 
2. As: A. besseyi isolated from fern at San-shia. 
3. Ac: A. besseyi isolated from fern at Chia-yi. 
4. Ab: A. besseyi isolated from strawberry at Da-Hu.
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Table 2. The body dimension of three populations of Aphelenchoides spp. (As, Ac and Ab) and on population of A. besseyi 1

Items As Ac Ab Aphelenchoides besseyi
Measured 2 Females Males Females Males Females Males Females Males

L(mm) 0.61-0.83 0.47-0.71 0.64-0.84 0.44-0.69 0.66-0.83 0.45-0.72 0.57-0.84 0.53-0.61
K(mm) 0.02 0.019 0.021 0.02 0.021 0.019

a 42.4-57.2 38.4-47.3 44.2-53.5 39.2-47.1 42.7-54.7 39.4-49.8 39-53 40.7-46.9
b 11.5-13.7 8.9-11.8 8.8-13.1 9.1-12.6 9.2-10.7 8.9-11.3 9.2-13.1 8.87-10.70
c 15.3-18.4 15.1-18.7 13.8-19.9 14.3-18.7 15.2-20.1 14.7-19.4 13.8-20.4 16-20

V(%) 65.5-71.0 67.2-70.1 66.9-72.5 68.7-73.6
T(%) 46.3-64.7 50.1-65.8 44.3-52.9 28-52

S1(mm) 0.012-0.018 0.016-0.021 0.014-0.020 0.018-0.021
S2(mm) 0.012-0.014 0.010-0.013 0.011-0.013 0.010-0.012 0.011-0.014 0.010-0.012 0.010-0.013 0.010-0.013

1. Data are means of 50 nematodes measured by the de Man's Formula.  As: nematode isolated from fern at San-Shia; Ac: nematode
isolated from fern at Chia-Yi; Ab: nematode isolated from strawberry at Da-Hu; and the body dimension of A. besseyi measured by
Fortuner in 1970(12)

2. L = total body length; K = the maximum body width; a = total body length divided by the maximum body width; b = total body length
divided by the distance from the lips to the base of the esophageal glands; c = total body length divided by the length of the tail,
measured; from the anus to the tail tip (terminus); V = distance of the vulva from the anterior end divided by the body; length and then
multiplied by 100 to yield a percentage. ; T = length of the testis as a percentage of body length; S1 = length of the spicule; S2 = length
of the stylet.

Fig 3. SEM micrographs of nematodes. A) Aphelenchoides besseyi isolated from strawberry. B) A nematode isolated from fern in
San-shia. C) A nematode isolated from fern in Chia-yi. A1, B1, C1:head region; A2,B2 and C2: lateral field; A3, B3 and C3: tail.
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Table 3.Optimum growth temperature of four species of
Aphelenchoides spp.
Species Optimum Reference

temperature
A. besseyi 1 23-30 Huang et al. (1972)(17)

A. besseyi 2 20-28 (1993)(1)

A. besseyi 3 20-28 Authors (Yu and Tsay)
A. composticola 20 Cayrol (1967)(9)

A. fragariae 18 Strumpel (1967)(24)

A. ritzemabosi 14-23 Wallace (1960)(26); French 
and Barraclough (1961)(13)

1. A. besseyi isolated from rice.
2. A. besseyi isolated from strawberry.
3. A. besseyi isolated from fern.

Table 4. Survive of foliar nematodes (Aphelenchoides spp.) in
soil 1

Weeks after As2 Ac2 Ab2

inoculation Number of foliar nematodes
(Treatment: soil+leaf / soil only) 3

1 1191/113 223/152 92/76
2 125/47 112/86 21/16
3 23/12 27/11 9/2
4 11/0 8/0 1/0
8 6/1 3/0 0/2

12 13/0 9/1 0/0
24 0/0 0/0 0/0

1. In each treatment, 500 nematodes were dripped into soil in pot
(200g soil per pot). Numbers in each pot were examined at 1, 2,
3, 4, 8, 12, 24 weeks after inoculation periodically. 

2. As: nematode isolated from fern in San-shia; Ac: nematode
isolated from fern in Chia-yi; Ab: nematode isolated from
strawberry in Da-Hu. 

3. soil+leaf : soil with 10g fern leaf pieces; soil only : soil without
fern leaf pieces.

Table 5. Host range of foliar nematode
Foliar

nematode
Name of plant1 Common name As2 Ac2 Ab2

Asplenium nidus L. fern ( ) 3

Lilium formosanum A. Taiwan lily ( )
Fragaria glandiglora Ehrn. strawberry ( )
Oryza sativa L. rice ( )
Saintpaulia ionantha H. African violet ( )
Begonia semperflorens L. begonia ( )
Dendrobium phalaenopsis Hort. bailey ( )
1. Nematodes were dripped into the bud of strawberry and leaf

sheath of rice, and were injected into leaves of Fern, African
violet, Begonia, Bailey, and bulbs of Taiwan lily respectively. 

2. As: nematode isolated from fern in San-shia; Ac: nematode
isolated from fern in Chia-yi; Ab: nematode isolated from
strawberry in Da-Hu.

3. : infection; : non-infection
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Fig 4. Effect of temperature on the population of
Aphelenchoides besseyi.
Twenty foliar nematodes were transferred onto slant culture
of Alternaria citri on PDA. After inoculation for 1 week,
nematodes in each test tube were collected by washing with
water and the population was determined using a
stereomicroscope. As: nematode isolated from fern in San-
shia; Ac: nematode isolated from fern in Chia-yi; Ab:
nematode isolated from strawberry in Da-Hu.

Fig 5. Effect of nematicides on the control of Aphelenchoides
besseyi.
For each concentration of each nematicides, fifty nematodes
were soaked in 2 ml nematicides for 24 hours, washed for
three times with distilled water (D.W.), and counted the
number of survival nematodes. As: nematodes isolated from
fern in San-shia. Ac: nematodes isolated from fern in Chia-yi.
Ab: nematodes isolated from strawberry in Da-Hu.
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ABSTRACT

Yu, P. C.1 and Tsay, T. T.1,2 Occurrence of a foliar nematode disease of fern in Taiwan.Plant Pathol. Bull. 13:

35-44. (1. Department of Plant Pathology, National Chung Hsing University, Taichung, Taiwan, R.O.C.; 2.

Corresponding author, E-mail: tttsay@mail.nchu.edu.tw, Fax : +886-2-22876712)

Aphelenchoides fragariae (Ritzema Bos,1891) Christie, 1932, was reported to be a pathogenic species

of nematode, causing the disease on fern, but it was not found in Taiwan. In 2000, a new disease on fern was

first found in gardens at Chia-Yi and by isolation and identification, it was proven to be a disease caused by

foliar nematode --- Aphelenchoides spp. The nematode population was maintained by growing on Alternaria

citri. The range of growth temperature for the nematode was 8 to 32 , with the optimal temperature range

of 20 to 28 .  Nematodes in diseased leaves on the ground could survive for three months. Results of

morphological studies by scanning electron microscopy showed that the fern disease in Taiwan was caused

by Aphelenchoides besseyi. The body dimension was similar among the three populations of A. besseyi

collected from strawberry and fern plants in San-Shia and Chia-Yi, respectively. A. besseyi from fern plants

was pathogenic on other hosts such as rice, strawberry, Africa violet and bailey, but it was non-pathogenic

on lily and begonia. However, A. besseyi from strawberry was non-pathogenic on fern plants. Application of

nematicides Oxamyl, Abamectin or Mocap was effective in reducing 10% of nematode population, but

application of Phenamiphos was ineffective. This is the first report of the fern disease caused by A. besseyi

in Taiwan. The occurrence of this disease in Taiwan might be the sign of adaptation during the nematode

evolution process.

Key words: foliar nematode, fern, identification, biological race


