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Abstract

Gamma irradiation inhibited the development of the yellow potato cyst nematode, Globodera
rostochiensis (Woll.) Behrens when cysts containing juveniles in anabiosis were irradiated with a
dose of 0.5 kGy or higher. A dose of 0.5 kGy reduced the infestation level and the density of
females/cysts on root of infested plants. However, a few cysts were found on roots of plants grown in
pots with soil treated with a dose of 3.0 kGy. Development of the second generation of the potato
cyst nematode (= Fl cysts that originated from irradiated cysts) was much weaker than that of the
parental generation, The Fl females and/or cysts were found only in the control and in the 0.5 kGy
treatment in low numbers.

1. INTRODUCTION

Potatoes are the main host of the yellow potato cyst nematode, Globodera (=Heterodera)
rostochiensis (Woll.) Behrens, but this nematode can also occasionally attack tomatoes, aubergines,
and some wild solanaceous plants [1 -3]. Second-stage juveniles of the nematode invade the roots of
host plants, where they feed on a group of cells in the pericycle, cortex, or endodermis and transform
the cells into a syncytium or transfer cell. During development female nematodes enlarge, thus
disrupting the root surface. Finally, an enlarged, mature female dies and its cuticle hardens, forming
the cyst around the eggs within. Cysts occur on roots and tubers, and during the harvest of potatoes
they may be dislodged from the surface of the root and drop into the soil where they can remain
infective for many years in the absence of solanaceous hosts [3]. The cysts also remain attached to
plant materials, such as seed potatoes.

The symptoms of attack by G. rostochiensis are not specific. Patches of poor growth occur
generally in the crop, sometimes with yellowing, wilting, or death of the foliage. Even with minor
symptoms on the foliage, the size of the tubers can be reduced. Because the potato cyst nematode
causes serious economic losses, and because it may be introduced easily with contaminated plant
material into the pest-free areas, this nematode is listed in the EPPO A2 List [3], and in the
quarantine lists of many countries.

Potatoes are by far the most important crop in the world, and are subject to intense
international trade. Tubers infested with nematodes are not accepted by importing countries.
Consequently, potato crops are usually treated with nematocides or soil fumigants to produce
nematode-free materials for export [4, 5]. Irradiation of agricultural commodities may be an effective
quarantine measure and disinfestation method against quarantined pests. Unlike chemical techniques,
irradiation has the advantages of not leaving toxic residues, is technically efficacious, economically
feasible, and can be safely used for disinfesting a wide variety of agricultural products and materials.
A number of papers have been published on the effects of irradiation on potato cyst nematodes
[6-12].
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We studied the development of juveniles of the yellow potato cyst nematode irradiated within
cysts in soil to obtain more data on their ability to invade host plants, to develop, and to produce
succeeding generation.

2. MATERIALS AND METHODS

Samples of about 1.0 kg of soil contaminated with cysts of G. rostochiensis containing
juveniles in anabiosis were irradiated with doses 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 kGy. The treatments
were repeated three times for dosages 0.5-2.5 kGy, and one time for 3.0 kGy. The average number of
cysts of G. rostochiensis Roj pathotype in the soil irradiated with 0.5-2.5 kGy and used in particular
replications were 206, 125, and 125 per 100 g of soil, respectively. Soil irradiated with 3.0 kGy dose
contained about 125 cysts per 100 g.

A few days after the irradiation treatment, soil samples were mixed thorougly with
horticultural (untreated, nematode-free) peat. Peat mixed with irradiated soil was placed into pots,
and potatoes of the susceptible variety "Bryza" were planted. Pots containing soil irradiated with
0.5-2.5 kGy were replicated 25 times, and pots with soil irradiated with 3.0 kGy dose of gamma
radiation were replicated 20 times.

After potatoes bloomed, we checked for female nematodes and/or cysts on their roots. From
each plant 20 roots were collected, i.e., 250 roots for each treatment dosage (except for the treatment
with 3.0 kGy dose). The number of females and/or cysts found on roots were counted per 1 m of the
root length, and the mean numbers of females and/or cysts per m of the root length are reported in
the TABLES I and III.

After removing potato plants, we planted the tubers produced by these plants back into the
same growing medium in which they had grown. When the plants matured, potatoes were checked
for female nematodes and/or cysts on their roots as described above.

3. RESULTS

Irradiation inhibited the development of G. rostochiensis juveniles when their cysts within soil
were irradiated with a dose of 0.5 kGy or higher (Tables I and II). A dose as low as 0.5 kGy reduced
the infestation level and the density of females/cysts on roots of infested plants. However, a few cysts
were found on roots of plants grown in the pots with soil treated with a dose of 3.0 kGy.

The ratio of the number of cyst to the number of females was about 1.0 in the control and the
0.5 kGy treatment, but the ratio increased to 2.0 in the treatment with 1.0 kGy dose. At higher
dosages of gamma radiation females were not found at the time of checking. These data indicate that
cysts (= dead females) originating from irradiated juveniles were formed earlier than those from
untreated juveniles. The higher the dose of irradiation, the earlier the formation of such cysts.

Development of the second generation of potato cyst nematodes (= F2 cysts, originating from
irradiated cysts) was much smaller than that of the parental generation (Tables III and IV). Females
and/or cysts were found only in the control and in the 0.5 kGy treatment. The number of Fl cysts
found on potato roots was much lower than in the parental generation.

Potato plants grown in the control soil lodged before lodging of plants grown in growing media
with irradiated cysts. However, no significant dying and death of control plants was observed. These
results could be caused by differences between conditions in pot cultures and the field, where
significant dying of plants infested by the potato cyst nematode is often observed.
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TABLE I. MEAN NUMBER OF FEMALES AND/OR CYSTS OF Globodera rostochiensis PER 1
M OF ROOTS OF POTATOES GROWN IN SOIL WITH CYSTS IRRADIATED WITH GAMMA
RADIATION.

Dose (kGy)

Control
0.5
1.0
1.5
2.0
2.5
3.0

Mean number of
females per 1 rn root

19.4
1.7
0.1
0.2
0
0
0

Mean number of cysts
per 1 m root length

19.2
1.6

0.2
0.2
0.04
0.1
0.2

Mean number of
females and cysts
per 1 m root length

38.6
3.3

0.3
0.4
0.04
0.1
0.2

TABLE II. PERCENTAGE OF POTATO ROOTS INFESTED WITH FEMALES AND/OR
CYSTS OF Globodera rostocheinsis WHEN POTATOES WERE GROWN IN THE SOIL
WITH THE SECOND GENERATION CYSTS ORIGINATING FROM THOSE

IRRADIATED WITH GAMMA RADIATION.

Percentage of Percentage of Percentage of
roots infested roots infested roots infested with

Dose (kGy) with females with cysts females and/or cysts

Control
0.5
1.0
1.5
2.0
2.5
3.0

32.0
10.0

1.0
1.75
0
0
0

47.6
8.0
1.0
1.32
0.43
1.2
1.0

55.6
15.2
2.0
3.07
0.43
1.2
1.0

TABLE III. MEAN NUMBER OF FEMALES AND/OR CYSTS OF Globodera
rostochiensis PER 1 M OF ROOTS OF POTATOES GROWN IN SOIL WITH
SECOND GENERATION CYSTS ORIGINATING FROM THOSE IRRADIATED

WITH GAMMA RADIATION

Dose (kGy)

Control
0.5
1.0
1.5
2.0
2.5
3.0

Mean females
per m root

6.5
0
0
0
0
0
0

Mean cysts
per m root

0.4
0.1
0
0
0
0
0

Mean females
and cysts per m root

6.9
0.1

0
0
0
0

0
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TABLE IV. PERCENTAGE OF POTATO ROOTS INFESTED WITH FEMALES
AND/OR CYSTS OF Globodera rostochiensis WHEN POTATOES WERE
GROWN IN THE SOIL WITH THE SECOND GENERATION CYSTS
ORIGINATING FROM THOSE IRRADIATED WITH GAMMA RADIATION

Percentage of Percentage of Percentage of
roots infested roots infested roots infested

Dose (kGY) with females with cysts females and/or cysts

Control 7.6 2.4 8.8
0.5 0 1.2 1.2
1.0 0 0 0
1.5 0 0 0
2.0 0 0 0
2.5 0 0 0
3.0 0 0 0

4. DISCUSSION

Results indicate that potato cyst nematodes are remarkably resistant to ionizing radiation. We
found a few cysts on roots of plants grown in soil treated with 3.0 kGy. Our data are in agreement
with results of other authors. Fassuliotis [7] irradiated cysts of G. rostochiensis and showed that no
hatch occurred after a dose of 6.4 kGy. Dropkin (cited by Myers [9]) reported that eggs of
Meloidogyne arenaria ssp. thaniesi and M. incognita v. acrila hatched in reduced numbers following
irradiation with 3.6 kGy. No further hatch occurred after a dose of 7.2 kGy. Townshend [10] found
that a few juveniles were recovered from soil exposed to 5.12 kGy dose of gamma radiation.

We found that irradiation of soil containing cysts of the the yellow potato cyst nematode with
doses lower than 3.0 kGy does not inhibit hatching of the second-stage juveniles. Weischer [11]
reported that irradiation with 0.288 kGy from a radium source had no apparent effect on the
development of second stage juveniles irradiated within the cysts. He found that many more juveniles
hatched from irradiated cysts of the yellow potato cyst nematode than from untreated ones. Similar
results were reported by Townshend [10], who recovered more Helerodera schachiii juveniles from
soil exposed to 0.08, 0.32, and 1.28 kGy than from non-irradiated soil.

We found that gamma radiation retarded or inhibited the development of G. rostochiensis
juveniles when their cysts within soil were irradiated with a dose of 0.5 kGy or higher. Consequently,
a low dose of 0.5 kGy reduced the infestation level and the density of females/cysts on roots of
attacked plants. At higher doses of ionizing radiation (up to 0.784 kGy) development of juveniles of
both G. rostochiensis and Helerodera schachtii was retarded and the rate of reproduction was
reduced. Fewer juveniles invaded roots and those that did developed much more slowly [11].
Susceptibility of nematode juveniles to irradiation depends on the depth of their dormancy. Weischer
[12] reported that G. roslochiensis juveniles from one-year-old cysts were less sensitive than
juveniles from 3-month-old cysts, although both contained juveniles in the same molting stage. The
degree of sensitivity to low doses (96-192 Gy) of radiation depends not only on the age of the cysts,
but also on the depth of their dormancy. The gonads of juveniles activated by root diffusate were
much more sensitive to irradiation than those of juveniles irradiated in anabiosis.

The ratio of the number of cysts to the number of females was about 1.0 in the control and in
the 0.5 kGy-treatment, but it increased to 2.0 in the treatment with 1.0 kGy dose. At higher dosages of
gamma radiation females were not found at the time of checking. These data indicate that cysts (=
dead females) originating from irradiated juveniles were formed earlier than those from untreated
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juveniles. Therefore, doses of gamma radiation higher than 1.0 kGy caused accelerated mortality of
mature females, resulting in earlier formation of the cysts in treatments than in the control.

Development of the second generation of the potato cyst nematode (= Fl cysts originating from
irradiated cysts) was possible only in the control and in the 0.5 kGy treatment. The number of
Fl cysts found on potato roots was much lower than in the parental generation. These results indicate
that doses higher than 0.5 kGy are sterilizing doses for G. rostochiensis when applied to the juveniles
within the cysts. Similar results were obtained by Fassuliotis [7]. He found great variation in the
proportion of viable second-generation eggs in cysts of G. rostochiensis after irradiation with 200 Gy,
and sterilization occurred at doses of 400 to 800 Gy. Delayed emergence, reduced infectivity, altered
motility, and chromosome damage were also noted. Myers [9] found that less than 1% reproduction
occurred in G. roslochiensis after 0.2 kGy. Evans [6] noted that irradiation of second stage juveniles
with doses up to 0.64 kGy had no effect on their activity, but irradiation of either cysts or juveniles
impaired development of the Fl generation and fewer cysts with fewer eggs were formed than in
unirradiated controls. Eggs that were present often failed to produce normal juveniles. Although
juveniles from irradiated cysts compete poorly with those from unirradiated cysts when potato plants
are inoculated with a mixture of the two, irradiation may be impractical for nematode disinfestation of
plant materials or infested soil.
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