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Abstract

The objective of this study was to look for a method to determine whether live mango seed
weevil, Sternochetus mangifera (Fabricius) present in fruit had been irradiated at a quarantine dose or
lower. We looked specifically for anatomical effects on the supra-oesophageal ganglion of larvae and
tested a biochemical method for detection of the effects of irradiation on the protein profile of pupae.
Neither method was successful. However, because for most international export markets mangoes
need only be found free of the pest at inspection sourcing from pest-free production orchards and
quality control systems incorporating requisite pest management components could prove practicable
and satisfy most markets.

1. INTRODUCTION

The mango seed weevil Sternochetus mangiferae (Fabricius) (Curculionidae: Coleoptera), is
categorized as a quarantine pest by a number of countries. It develops within the seed and larvae,
pupae and teneral adults can all be present when fruit is marketed. They are thus well protected and
highly resistant to all quarantine disinfestation methods except irradiation. However because of very
slow development, mortality from low dose irradiation is delayed beyond the shelf life of infested
fruit. It is therefore important for regulatory authorities to be able to be sure that fruit is free of seed
weevil or that any found at inspection have been irradiated a quarantine dose. Otherwise the
consignment will be rejected.

2. MATERIALS AND METHODS

2.1. General

For the irradiated insect experiments a sample of 240 'common mangoes', Mangifera indica
infested with mango seed weevil were collected from trees at Mareeba in North Queensland. These
experimental mangoes were collected from aged ornamental trees with a known history of seed
weevil infestation. Fruit were visually selected on evidence of oviposition and entry of first instars.
They were held at 22^C until treatment could be done. Then half were separated to be kept as
untreated controls. The rest were further divided to 3 equal lots and irradiated at room temperature
(ca 25^C) with a dose of 75, 150 or 300 Gy. This was done using a "Gammacell 220" ™ maintained
by the Chemistry Department of the University of Queensland at St Lucia. The dose rate of the
irradiator was 420 Gy/hr, the max/min ratio 1.5 and monitoring was with Fricke dosimeters. After
treatment all irradiated and control samples were held at 22^C in plastic containers 35 x 23 x 10 cm
with cotton gauze covers and placed in cages with wooden bases and tops and cotton gauze sides to
keep them free of Drosophila spp. After 15 or 30 days following irradiation the seeds were removed
from the fruit and opened to collect larvae, pupae and adults for anatomical and biochemical
evaluation.
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2.2 Measurement ofsupraoesaphageal ganglion and proventriculus

Larvae were dissected under a binocular stereo-microscope and measurement of the ganglion
and the proventriculus was attempted.

2.3 Electrophoresis studies of adults and pupae

Each pupa and adult dissected from seeds of irradiated and control mangoes was checked to
ensure it was alive before storage at -80^C for subsequent electrophoretic analysis. For this analysis,
samples of individual insects were homogenized in 200 ul of grinding buffer (0.02 M Tris, 0.001 M
EDTA, 0.01 M NH4CI, 0.1 M Glucose, 0.02% NaN3) with a teflon mortar and pestle, and centrifuged
for 10 minutes at 100 000 rpm at 4^0. Ten ul of the resulting supernatant was combined with lOul of
sample buffer (3.3% SDS, 10% 0.1 M Tris-Glycine pH 8.5) and 1 ul Bromophenol blue. Twelve to
14 ul of this mixture was loaded into each well of 1.2% Agarose gel buffered with TAE (2.0 M Tris-
Acetate, 0.05 M EDTA pH 8.3).

Electrophoresis was performed at room temperature using an EC 370 Minicell Submarine Gel
System and Heathkit Regulated H.V. power supply, model MP-17. The running buffer used was 0.1
M Tris-Glycine pH 8.5 and samples were run at 50 mA until the dye front moved to the end of the
gel. Gels were stained for general proteins [1] with naphthol blue black for 1 hr., and destained in a
solution of methanol, water and glacial acetic acid (5.5:1) until the background was removed.

3. RESULTS

Of the experimental mangoes, 96% were infested with mango seed weevil. All larvae, pupae,
and adults from all unirradiated control and irradiated seeds were alive at this time. Adults were
quiescent during the first 1 or 2 hours after removal from seeds but subsequently became active. On
the first collection day after treatment (day 15), 111 adult weevils were taken from 60 control seeds,
36 from 20 seeds of mangoes treated at 75 Gy, 22 from 20 seeds of mangoes treated at 150 Gy, and
41 from 20 seeds of mangoes treated at 300 Gy. On the second sampling date (30 days after
irradiation) there were 119 adult weevils from seeds of 60 unirradiated control mangoes, 33 from
seeds of 20 mangoes irradiated at 75 Gy, 37 from seeds of 22 mangoes irradiated at 150 Gy and 41
from seeds of 20 mangoes irradiated at 300 Gy.

The proportions of each of the stages found in seeds on sampling at 15 and 30 days are shown
in Figures 1 and 2. The unirradiated control sample had a higher proportion of adults than irradiated
samples with the proportion decreasing with increasing dose. Control fruit seeds had a lower
proportion of pupae than seeds of irradiated fruit and the proportion increased as the dose increased.
The proportions of larvae showed excessive variation as the dose was increased. Irradiation delayed
the development of the immature stages, as observed with the fruit fly Bactrocera tryoni (Froggatt)
[2]. Figure 3 shows proportions of adults present in samples 15 and 30 days after treatment.
Proportions of pupae at sampling which are related to the adult proportions are shown in Figure 4.

Measurement of the supra-oesophageal ganglion in larvae of the seed weevil, as can be done in
fruit fly larvae, was not practicable due to anatomical differences. The head and buccal parts were
too difficult to dissect for measurement.

No differences were found between the protein profiles of unirradiated and irradiated pupae or
adults. However there were differences between pupae and adults whether irradiated or not.
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Mango Seed Weevils - Percentages after 15 Days
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FIGURE 1.

Mango Seed Weevils - Percentages after 30 Days
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FIGURE 2.
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Mango Seed Weevils - Percentage Adults
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FIGURE 3.

Mango Seed Weevil - Percentage Pupae
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FIGURE 4.
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4. DISCUSSION

At present it is still not possible to identify irradiated seed weevil using either anatomical or
biochemical methods available to us. The problem is complicated by the need to have a method or
methods for larvae, pupae and adults as each of these stages would be likely to be present in infested
fruit found at inspection.

On the basis of these negative results other strategies for the market entry of mangoes
irradiated against mango seed weevil need to be considered. There is believed to be international
agreement that irradiation is an effective disinfestation method for achieving quarantine security
against this pest. The concern of some authorities, especially those of USA, centers on the possibility
of detection of live insects at post-irradiation inspection and the consequent inability of an inspector
to determine whether irradiation had been effective.

However if pest management and quality control systems can achieve freedom of fruit from
infestation at an inspection the inspecting authorities need only be concerned with treatment
certification based on dosimetry records. In pest management systems such as this it is possible to
accept a rejection rate which can be very low and built into the economics of the operation. This
rejection rate based on presence of infested fruit at inspection does not compromise quarantine
security because the irradiation treatment has been applied. However it satisfies countries which have
anachronistic quarantine legislative requirements such as "no live insects".

Acceptable levels of freedom of fruit from seed weevil infestation can be achieved by a Quality
Control system which incorporates the following features:

i. Sourcing of exports only from young orchards free of seed weevil. Because of the delay in
first fruiting of young mango trees infestations in seeds and trees which are used to produce
seedling trees or rootstock and scion material for grafted trees do not live long enough to start
an infestation in the new orchard. As mango seed weevil does not disperse actively, orchards
can remain free for many years. Freedom from seed weevil in an orchard can be monitored
by destructive sampling of fruit before harvest eg fallen fruit which possibly have the highest
risk of infestation. A sample of 600 fruit is dissected in Australian mango orchards using this
type of certification.

ii. Pest management systems utilizing insecticides for scale and other insect control will have an
incidental effect in reducing seed weevil populations. Alternatively, sprays against seed
weevil adults sheltering on trunks of trees before the fruit is susceptible (about one quarter
grown) could be used to reduce populations below the threshold for detection.

The problem of seed weevil quarantine is complex. Despite the apparent wide agreement on
the efficaciousness of irradiation as a quarantine treatment against mango seed weevil its
implementation has lacked commercial "drive". For example whilst Australia has seed weevil
endemic in most old orchards and may wish to export mangoes to USA sea travel time currently
exceeds the commercial life of harvested fruit and air freight is limited by cost and capacity.

There is an additional problem in south-east Asia where the common seed weevil appears to be
a different species, S. olivieri Faust. This will require at least small scale research to show that it
responds similarly to S. mangiferae.
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