
Plant Protection Quarterly Vol.10(1)  1995   17

Summary
In choice tests leaves of the wild potato
species Solanum pinnatisectum and
S. chacoense were significantly less pre-
ferred as oviposition sites by the potato
tuber moth (Phthorimaea operculella)
than those of a third wild species,
S. polytrichon, and the cultivated potato
S. tuberosum ssp. tuberosum cv. Tarago.
Oviposition was found to be signifi-
cantly correlated with foliar pubescence.
Results are discussed in relation to pub-
lished work on glandular trichomes,
breeding for resistance and effect on
biological control parasitoids.

Introduction
The potato tuber moth causes consider-
able economic damage to the potato
(Solanum tuberosum ssp. tuberosum) in
warm potato production areas world-
wide, including Australia (Rothschild
1986). Yield losses result from damage to
foliage causing reduced leaf area duration
and from tubers being attacked prior to
harvest. Post harvest losses can also be
significant in regions where refrigerated
storage is unavailable (Couto et al. 1983,
Haines 1977). Chemical control has been
widely used to limit both pre- and post-
harvest losses but the use of cultural and
biological control is being developed (Ben
Salah and Aalbu 1992, Horne 1990a).
Host plant resistance may be a valuable
addition to the above options in an inte-
grated approach to pest management.

The moth may lay eggs on the soil in
the vicinity of the plant (Traynier 1975) or
directly on the foliage (Fenemore 1980).
The significance of the latter is that
ovipositional preferences for different fo-
liage types may potentially be exploited
to reduce the number of eggs laid on the
plant. This would minimize subsequent
foliar damage and the numbers of larvae
migrating to infest tubers which are sub-
sequently to be placed in storage.

Ovipositional preferences for foliage of
different cultivars of S. tuberosum has
been examined by Valencia (1984). Leaves
with dense glandular trichomes were said
to be non-preferred and those with less
dense glandular trichomes preferred.
Preferences may also be associated with
non-glandular trichomes (hereafter
‘hairs’) of the leaf surface, these being
found to stimulate oviposition (Fene-
more, 1978).

This study set out to examine Solanum
species with widely different foliage char-
acteristics in order to investigate how
such characteristics may influence
oviposition and to identify potential
sources of resistance for future breeding.

Materials and method
Plants of the wild potato species: S. pinn-
atisectum, S. chacoense, S. polytrichon, and
the cultivated potato S. tuberosum ssp.
tuberosum cv. Tarago, were grown from
tubers of common origin in 180 mm di-
ameter pots filled with steam sterilized
potting mix. These were kept in natural
light (September–November) in a glass-
house in which temperature fluctuated
from 18–22°C.

Five choice chambers were constructed
each consisting of a four sided, plastic
framed, fine nylon mesh cage with base
dimensions of 300 × 300 mm and height
of 600 mm. Plants were placed around the
outside of chambers in a randomized
manner so that each had one plant of each
species and each of these was against a
different side. A cut was made in the ny-
lon mesh on each side and a leaf of each
plant was inserted. The cut was then
sealed with adhesive tape to prevent es-
cape of moths. Into each chamber twelve
mated female moths (obtained from a
laboratory colony) were released and al-
lowed free access to leaves. No additional
food or water was provided. The test was
conducted in a growth room at 25°C with
a 12 hour photoperiod. After 48 hours the
location and numbers of eggs laid were
recorded.

Leaf surface characteristics of the termi-
nal leaflet of the third youngest leaf
on five separate plants for each species
were examined using a 100× binocular

microscope. Densities of glandular
trichomes and hairs were determined for
both the upper and lower leaf surfaces by
counting the numbers of structures
present in a transect 2 mm wide by 6 mm
long which ran across the leaf.

Results
No eggs were laid on any of the leaves of
S. pinnatisectum and only one egg was laid
on the foliage of S. chacoense (Table 1). A
greater number of eggs were laid on the
leaves of S. polytrichon and S. tuberosum
ssp. tuberosum cv. Tarago, and in these
species most eggs were laid on the lower
laminar surface of leaves.

Hairs were relatively numerous on the
lower laminar surface of leaves in both
S. polytrichon and S. tuberosum (Table 2)
and less dense on the upper surface.
Leaves of the other species had fewer
hairs, particularly in S. pinnatisectum
where these were not recorded at all from
the upper surface. Glandular trichomes
were generally more numerous on the
lower surfaces of leaves and most were of
the tetralobulate (type A) form, sensu
Tingey et al. (1984). In S. pinnatisectum
relatively small ovoid (type B) trichomes
were the more numerous form.

When leaves from the choice tests were
examined after exposure to ovipositing
moths not only were differences observed
between leaves of different species, but on
a given leaf eggs would tend to be laid
most densely adjacent to the midrib or, if
on the petiole, in the longitudinal furrow
which runs along its upper surface. It was
in these locations that pubescence tended
to be most dense.

Linear regression analysis established
that density of leaf hairs accounted for
more of the of the variability in egg den-
sity (over 95%) than any other measured
feature (Table 2).

Discussion
Leaves of both S. tuberosum ssp. tuberosum
cv. Tarago and S. polytrichon were attrac-
tive oviposition sites despite relatively
numerous glandular trichomes. This is at
variance with the conclusion of Valencia
(1984) that S. tuberosum cultivars with
higher densities of tetralobulate glandu-
lar trichomes were non-preferred for
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Table 1. Oviposition by Phthorimaea operculella on leaves of Solanum spp.

Number of eggs laidA

Lower leaf Upper leaf Petiole Total DataB

S. tuberosum 17.8 4.8 2.2 24.8 4.620
S. polytrichon 15.8 0.4 6.6 22.6 4.433
S. chacoense 0.0 0.0 0.2 0.2 0.811
S. pinnatisectum 0.0 0.0 0.0 0.0 –

LSD (P=0.05) 2.654

A Mean of five replicates.
B √(x+0.5). Analysis excludes S. pinnatisectum as no eggs laid on foliage of this species.
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Table 2. Leaf surface characteristics of Solanum spp.

Pubescence (count mm2)
Plain hairs Glandular trichomes

Ovoid Tetralobulate

S. tuberosum-upper 2.25 0.73 0.00
S. tuberosum-lower 8.45 0.57 2.33
S. polytrichon-upper 2.13 0.33 0.12
S. polytrichon-lower 7.58 0.03 3.02
S. chacoense-upper 1.17 0.00 0.00
S. chacoense-lower 1.57 0.12 2.42
S. pinn.-upper 0.00 0.47 0.00
S. pinn.-lower 0.12 3.23 0.77

Coefficient of
determinationA 0.953 0.048 0.479
Significance P< 0.001 NS NS

A r2 values for linear regression analysis of egg numbers on variate.

oviposition and those with low densities
of such trichomes were preferred. How-
ever, this conclusion must be questioned
from the results of Valencia (1984) alone.
Examination of Tables 2 and 4 in Valencia
(1984) (as summarized in Table 3) show
the cv. Exton was the most preferred
oviposition substrate despite five other
cultivars (of the eight tested) having
fewer glandular trichomes. Linear regres-
sion analysis of his data showed that less
than 6% of the variation in oviposition
was accounted for by glandular trichome
density.

Results of the present study indicated
that dense leaf hairs rather than sparse
glandular trichomes were associated with
high levels of oviposition, such that pu-
bescent surfaces were found to be signifi-
cantly more preferred, despite the pres-
ence of relatively dense glandular
trichomes. Those host species least pre-
ferred had few leaf hairs and, in the case
of S. chacoense, also had relatively sparse
glandular trichomes.

A hairy substrate was found to be a
more attractive oviposition site than a
non-hairy substrate by Fenemore (1978).
Furthermore, Traynier (1975) ranked
coarse substrate as the most important
factor favouring oviposition. Hairiness
was not reported by Valencia (1984).

Because glandular trichomes are cer-
tainly important in conferring resistance
to some arthropod pests: aphids (Gibson
1971) Colorado beetle (Gibson 1976), two
spotted spider mite (Gibson and Turner
1977), potato leaf hopper (Tingey and
Gibson 1978) and thrips (Gibson 1979)
this raises the question of why they may
not be an effective defence against adult
P. operculella.

The characteristic covering of scales,
typical of lepidopteran adults, may pro-
vide a defence against the action of glan-
dular trichomes since these would be
readily shed on contact with trichome
exudates. Indeed scales shed by moths
were common on leaves where eggs had
been laid.

Because parasitoids, like the non-
lepidopteran pests above, lack scales they
may be adversely affected by glandular
trichomes. Several studies which have il-
lustrated this are cited by Obrycki (1986).

The main introduced parasitoids of
P. operculella in Australia are Apanteles
subandinus Blanchard, Orgilus lepidus
Muesebeck and Copidosoma desantisi
Annecke and Mynhardt (Horne 1990b).
These are liable to be affected by glandu-
lar trichomes; particularly the latter, an
egg parasitoid which is not an active flier
and locates host eggs by walking over leaf
surfaces. As this species was introduced
from South America, where P. operculella
originates from, it is plausible that on an
evolutionary time-scale, the host insect
would have gained some selective advan-
tage from laying eggs on a substrate
which minimized searching efficiency
and oviposition by the wasp.

Leaf hairs as well as glandular
trichomes may also be significant in this
respect (Obrycki 1986). It is therefore hy-
pothesized that a significant factor in de-
termining ovipositional behaviour in
P. operculella is the degree of protection
from parasitoids which eggs may derive
from the substrate characteristics. Results
from this study suggest leaf hair density

to be the dominant factor, though glan-
dular trichomes may afford some addi-
tional protection. An additional factor
may be that eggs laid in crevices, such as
alongside the midrib, may be more diffi-
cult for parasitoids to access and oviposit
into. Further work is planned to investi-
gate this hypothesis and the implications
for integrated pest management of this
species, since breeding for antixenosis re-
sistance based on pubescence may not be
completely compatible with biological
control. Antibiosis resistance using
glycoalkaloids, or other secondary plant
compounds, may be an alternative resist-
ance mechanism though levels of such
compounds in tubers would need to re-
main low to ensure human edibility.
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