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ABSTRACT

Eggs of insects require much higher dosages for pest control with sulfuryl fluoride
(SF) than any other developmental stage. On the other hand, this fumigant is the
most important gas replacing the phased out methyl bromide for control of insect
pests in food processing premises. The pyralid moths Ephestia kuehniella,
E. elutella, Cadra (Ephestia) cautella, Corcyra cephalonica and Plodia
interpunctella are among the economically most significant pests in storage. In
large mills, the shut down time for fumigation has to be short due to cost reasons.
Additional heating instead of increasing the SF concentration is an alternative to
ensure control while minimising the treatment time. Surviving individuals,
especially eggs, are not acceptable for the food and feed industry. Eggs of
C. cautella were found to be most tolerant. The available literature data
concerning the control of eggs of different pest moths with SF is reviewed. A
comparison of efficacies towards eggs of different age is carried out. Following
the results as presented, will ensure effective fumigation with SF and complete
kill of the moths.
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INTRODUCTION

Pest moths cause significant damage in food and feed factories and the following chain of
packaged products (Reichmuth et al., 2007; Rees, 2004). Layers of webbings on the top of
stored grain in silo bins and granaries reduce the ventilation of the bulk with fresh air and
favour mould growth. The webbings of the larvae, often mixed with frass and faeces, lead to
blockage of the product flow in the factories, contamination of the processed raw materials
and later claims by customers. Eggs surviving a control measure will lead again to the
problems described above within a few weeks, and must therefore be fully controlled with the
other stages.

Sulfuryl fluoride (SF) has been established as one of the main fumigants for pest control
when methyl bromide (MeBr) was phased out in industrialized countries in 2005 due to its
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ozone depleting potential (Anonymous, 2011a). Apart from other advantages compared to
other fumigants (quick release, good penetration, not being corrosive to electronic
equipment), SF has been suggested as a means of managing phosphine-resistant strains of pest
insects (Williamson et al., 2011). A disadvantage of SF, the comparatively low susceptibility
of egg stages of pest insects, has been discussed in comparison with other developmental
stages (Bell et al., 1999, 2003; Reichmuth and Klementz, 2008; Anonymous, 2011b). This
contribution summarizes the available mortality data for application of SF against eggs of
moth pests and provides graphs and tables that allow the choice of an appropriate dosage for
complete control for the given species.

LITERATURE SURVEY

For Ephestia kuehniella (Zeller), Bell and Savvidou (1999) observed the 1-2 day old eggs to
be the most tolerant age group followed by 2-3, 0-1 and 3-4 day old eggs. According to the
authors, a ct-product of about 800 g h m™ at 25°C and about 3000 g h m~ at 15°C were
necessary for complete control of eggs. Efficacy was assessed by recording adult emergence
reduction. As an additional result, no hatch occurred after treatment with 1000 g h m™ at
25°C. About 4000 g h m™ were necessary at 15°C. Reichmuth et al. (1999) found for
E. kuehniella the 1 day old eggs to be more susceptible than 2, 3 and 4 day old eggs. In their
study, complete control of all eggs was achieved with 1440 g h m™ at 20°C. Ct-products for
24-h exposures achieving a high degree of control are summarized in the Table 1. The
temperature dependency of the concentration is described in Fig. 1.
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Fig. 1- Sulfuryl fluoride concentrations for complete control within one day at different
temperatures data from Bell and Savvidou (1999) and Reichmuth et al. (1999) for
E. kuehniella and data from Akan and Ferizli (2010) for C. cautella.

Akan and Ferizli (2010) found evidence for 0-1 day old eggs of Cadra (Ephestia)
cautella (Walker) to be generally more susceptible than the older eggs of 1-2 or 2-3 days.
According to the authors, this difference disappeared at temperatures above 30°C. Complete
kill within 24 h fumigation with SF of eggs of all ages was achieved at 15°C, 20°C, 25°C,
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30°C and 35°C with 190, 140, 90, 60 and 30 g m™, respectively (see Table 1 for the ct-
product at 25°C). The eggs of this species were more tolerant than eggs of all other described
pest moths. Fig. 1 offers information on the temperature dependence of the efficacy.

Table 1. Concentration time products for control with sulfuryl fluoride of different moth eggs
of different ages; most data for 24 h fumigation at 25°C

Species Tempe- SF ct-product [gh/m’];  Reference
rature [°C] (egg age in days)
Ephestia kuehniella 25 347 (0-1) Bell and Savvidou (1999)
25 667  (2-3)
25 912  (1-2)
25 240  (0-1)*
25 611 (2-3)"
25 764 (1-2)*
20 480 (D2 Reichmuth et al. (1999)
20 720 (3)°(4)°
Plodia interpunctella 27 175 “4) Barakat et al. (2011)
27 191 2)
27 207 (1)
27 236 (3)
Ephestia elutella 25 278  (0-1)* Baltaci et al. (2006)
25 511 (0-4)*
Cadra cautella 25 1440  (0-1) Akan and Ferizli (2010)
25 1920 (2-3)
25 2160  (1-2)

“data based on assessment of adult emergence, ®95% kill, “89% kill

Baltaci et al. (2006) reported for eggs of ages between 1 to 4 days of Ephestia elutella
(Hiibner) that one day old eggs were most susceptible. A concentration of 21 g m~ with at
least 24 h exposure at 25°C led to complete kill of all stages.

Barakat et al. (2011) found with Plodia interpunctella (Hiibner) a strong variation of
egg susceptibility towards SF in tests at 27°C. With few exceptions, the 1-day-old eggs were
most tolerant. This tendency was confirmed by Reichmuth et al. (1999) in tests at 20°C. In
their study, 1-day-old eggs were slightly more tolerant than the 2-4 day-old eggs in a mixed
age group. Contrary to these results, Schneider and Hartsell (1999) found at various
concentrations 3-day-old eggs to be less susceptible than the other tested age groups. Walse
(cited in Anonymous, 2011b) determined a LDoo of 559 g h m™ (concentration = 23.3 g m™)
for a 24-h treatment with SF of a mixture of 1-3 day-old eggs at 26.7°C.

One to 4 day-old eggs of Corcyra cephalonica (Stainton) were tested by Barakat and
Reichmuth (2009) at 27°C. The youngest eggs were slightly more tolerant. A 72-h fumigation
led to 100% mortality of all exposed eggs with a ct-product of 450 g h m>. A 48-h fumigation
of eggs of all ages resulted in similar mortalities. Comparing all moths investigated, the eggs
of C. cephalonica proved to be the most susceptible.

Table 1 summarizes the data of SF time concentration products for high mortality of
moth eggs according to the cited references for about 25°C. Fig. 2 compares the efficacy of
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SF against eggs of different age and moth species at almost comparable conditions of
treatment and the corresponding lethal concentrations.
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Fig. 2- Concentration of sulfuryl fluoride leading to control of eggs of different age and moth
species within 24h fumigation at about 25°C. Data from table according to references: E.k.-
E. kuehniella, P.i.- P. interpunctella, E.e.- E. elutella, C.c.- C. cautella, BS - Bell and
Savvidou, (1999), Rth — Reichmuth et al. (1999), Ba -Barakat et al. (2011), Bt - Baltaci et al.
(2009), AF - Akan and Ferizli (2010), W — Anonymus (2011b), (a)- data based on assessment
of adult emergence.

DISCUSSION

According to data from the literature, there is contradicting information as to which age group
of moth eggs is most tolerant towards SF. The results presented here were obtained from
different laboratories with different experimental set ups for fumigation. Fig. 2 indicates the
tendency of youngest eggs to be most susceptible when fumigated with SF at 25°C for 24 h.

Tests at higher temperatures (above 25°C) caused higher mortality at otherwise similar
fumigation conditions. Presumably, increased speed of development during fumigation into
more susceptible age stages of eggs or into susceptible young larvae may be the reason for
this effect at higher temperature. According to Weidner (1983), hatch of eggs of
P. interpunctella occurs within about 1.5d, 2.5d and 6d at 30°C, 26°C and 23°C,
respectively. In the case of E. elutella, the eggs require 5 days at 25°C to hatch. Since there is
a minimum time required to allow for the developmental processes in the egg until hatch, a
minimum exposure time at a given concentration should be ensured for efficacious fumigation
(Barakat et al., 2011). With the exception of the data for C. cautella, a concentration of ca.
35 g m™ seems to be adequate for 24 h fumigation at 25°C leading to high level of control of
eggs of all moth species — if C. cautella occurs, 90 g m™. On the other hand, the determination
of the moth species prior to fumigation offers the chance to determine the amount of SF really
necessary for control following the principle of good fumigation practice: as little as possible
but as much as necessary. Also longer exposure times could offer the opportunity to achieve
control using less gas.
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