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Residual efficacy of methoxyfenozide applied on different grain
commodities for the control of three stored-product insect pests

Depolanan urun zararlisi Ug bocek turinun mucadelesinde farkl tahil Grtnlerine
uygulanan methoxyfenozidin kalinti etkinligi

Muhammad YASIR" Mansoor ul HASAN'
Muhammad SAGHEER' Nazir JAVED?

Abstract

The residual efficacy of methoxyfenozide was assessed by exposing last instar larvae of Oryzaephilus
surinamensis (Linnaeus, 1758) (Coleoptera: Silvanidae), Tribolium castaneum Herbst, 1797 (Coleoptera:
Tenebrionidae) and Trogoderma granarium Everts, 1898 (Coleoptera: Dermestidae) to the treated grain commodities
(maize, oat, rice and wheat) at concentrations of 1, 2 and 4 mg kg™ of active ingredient under laboratory conditions.
This trial was performed at the Department of Entomology, University of Agriculture, Faisalabad, Pakistan during the
year 2018. Six bioassays were conducted by releasing the insects on treated commodities after different post treatment
periods (0, 2, 4, 8, 12 and 16 weeks). At 4 mg kg', the adult emergence from larvae exposed to treated commodities
did not exceed 15% at week 0 and it was less than 36% at week 12 in all the tested insect species on all the tested
commodities. The methoxyfenozide was generally more effective on oats followed by wheat, maize and rice in the O.
surinamensis and T. castaneum while against T. granarium it was more effective in wheat followed by oats, maize and
rice. Results show that methoxyfenozide possess great potential for residual control of O. surinamensis, T. castaneum
and T. granarium, and can be used for replacement of conventional neurotoxic insecticides.
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Oz

Laboratuvar kosullarinda 1, 2 ve 4 mg kg™ aktif madde konsantrasyonlarinda uygulama yapilmis (bugday, misir,
celtik ve yulaf) Grtnlerde, Oryzaephilus surinamensis (Linnaeus, 1758) (Coleoptera: Silvanidae), Tribolium castaneum
Herbst, 1797 (Coleoptera: Tenebrionidae) ve Trogoderma granarium Everts, 1898 (Coleoptera: Dermestidae)'un son
doénem larvalan (zerinde metoksifenozidin kalinti etkinligi degerlendirilmistir. Bu deneme, Ziraat Universitesi,
Entomoloji Bélimi (Faisalabad, Pakistan)'nde 2018 yilinda gergeklestirilmistir. Uygulama yapilmis Urlnlere zararl
bocekler birakildiktan farkh sireler (0, 2, 4, 8, 12 ve 16 hafta) sonrasinda, alti biyolojik analiz yapiimistir. Uygulama
yapilmig Uriinlerdeki larvalarin ergin olma orani, 4 mg kg-"'de 0. haftada %15'i gegmezken, test edilen tim riinlerde
ve tim bocek turlerinde 12. haftada %36'dan daha az olarak saptanmistir. Metoksifenozid, genellikle yulaf Gzerinde
sirasiyla bugday, misir ve pirince gore T. granarium'a gore O. surinamensis ve T. castaneum agisindan daha fazla
etkiliyken; T. granarium'a karsi ise yulaf, misir ve pirince gore bugday uzerinde daha etkili olmustur. Sonuglar, O.

surinamensis, T. castaneum ve T. granarium agisindan metoksifenozidin kalinti kontrolu igin biyUlk potansiyele sahip
oldugunu ve geleneksel sinir sistemi insektisitlerinin yerini alabilecegini géstermektedir.

Anahtar sozciikler: Ecdysone agonisti, tahil Griinleri, bocek bliylime diizenleyicisi, kalinti etkinligi, depolanmis tahil bocekleri
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Introduction

Insect pests of stored commodities are not only the pests of bulk grains but also of many value-
added food products in mills, processing plants and facilities where these products are stored (Gorham,
1991). These insects cause considerable postharvest losses; annually about 9% in developed countries
whereas 20% or more in developing countries (Phillips & Throne, 2010). These insects are also responsible
for contamination of food products with arthropod fragments and other related contaminants which may be
allergic and even carcinogenic (Hubert et al., 2018).

Widely used control methods for stored product insects comprise the application of pyrethroid
insecticides (Ghimire et al., 2016; Arthur et al., 2018), use of diatomaceous earth (Korunic, 1998;
Kavallieratos et al., 2015, 2018) and phosphine fumigation (Carpaneto et al., 2016). However, the synthetic
neurotoxic insecticides possess certain limitations for their usage, like the possible presence of insecticide
residues in food (Phillips & Throne, 2010), development of insecticide resistance by the target pest species
(Zettler & Cuperus, 1990; Boyer et al., 2012), health hazards (Arthur, 1996), increase in the management
expenditures (Hagstrum & Subramanyam, 2006) and unfriendly for non-target organisms (Fields, 1992;
Hagstrum & Subramanyam, 2006). To overcome these problems, safe alternate approaches are required
for the management of insect pests of stored products. Insect growth regulators (IGRs) are the chemicals
that can provide various benefits as alternatives to conventional neurotoxin products (Oberlander et al.,
1997; Mondal & Parween, 2000). Generally, these compounds lack harmful effects on the humans or
environment and are compatible with other pest management approaches (Staal, 1975). These products
possess great potential for acceptance in the food industry (Phillips & Throne, 2010). The IGRs control the
pest species through inhibiting adult emergence, and are comparatively friendly for the non-target
organisms than most of the conventional neurotoxic grain protectants (Oberlander et al., 1997; Oberlander
& Silhacek, 2000).

Mainly, the IGRs include the compounds that interfere by three different modes of action: cuticle
formation; growth and development of immature insects or stimulation of metamorphosis (Oberlander et
al., 1997; Oberlander & Silhacek, 2000) and are termed as chitin synthesis inhibitors, juvenile hormone
agonists and ecdysteroid agonists, respectively (Oberlander et al.,, 1997; Mondal & Parween, 2000).
Among these, the ecdysteroid agonists causes the premature synthesis of the insect’s cuticle and feeding
inhibition (Schneiderman, 1972; Fox, 1990; Wing & Aller, 1990). These compounds have the ability to
penetrate the insect’s cuticle (Schneiderman, 1972) and have chemosterilant activity in females (Heller et
al., 1992) through stomach and contact (Fox, 1990). Several studies have been conducted for evaluating
the potential of other insect growth regulators (juvenile hormone analogues and chitin synthesis inhibitors)
against different stored-grain insect pests (Elek, 1998a, b; Parween et al., 2001; Abo-Elghar et al., 2004;
Arthur et al., 2009, 2018; Sagheer et al., 2011, 2012; Yasir et al., 2012, 2019; Trostanetsky et al., 2015; Al
et al., 2016, 2017, 2018; Malik et al., 2017; Arthur & Hartzer, 2018).

However, very few studies have evaluated the potential of ecdysteroid agonists against stored-grain
insect pests (Oberlander et al., 1998; Kostyukovsky et al., 2000; Kavallieratos et al., 2012; Ali et al., 2016,
2017). Methoxyfenozide, an ecdysteroid agonist, is the member of the diacylhydrazine class (Carlson et
al., 2001), novel and potent molt-accelerating compound that targets Lepidoptera (Enriquez et al., 2010),
but is harmless to beneficial insects. This compound mimics the natural insect molting hormone by binding
competitively to ecdysteroid receptors in insect cells, thus to prematurely inducing larval molt (Chen et al.,
2019). It is registered for use on several agricultural and horticultural plants including cotton in the United
States (Alavo et al., 2011). It is important to assess the long-term residual efficacy of methoxyfenozide
against stored-grain insect pests which have not been tested in these studies. Therefore, the current study
was planned to evaluate the residual efficacy of methoxyfenozide (ecdysteroid agonist) against three
stored-grain insects Oryzaephilus surinamensis (Linnaeus, 1758) (Coleoptera: Silvanidae), Tribolium
castaneum Herbst, 1797 (Coleoptera: Tenebrionidae) and Trogoderma granarium Everts, 1898
(Coleoptera: Dermestidae).
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Materials and Methods

The current studies were conducted at the Grain Research, Training and Storage Management Cell,
Department of Entomology, University of Agriculture, Faisalabad, Pakistan during 2018.

Test insects and insecticide

The heterogeneous culture of O. surinamensis, T. castaneum and T. granarium was collected from
household granaries, grain markets and stores of Punjab Food Department located at Faisalabad,
Pakistan. The collected insect species were reared in sterilized glass jars placed in incubator (SANYO,
MIR-254) at 30+2°C and 65+5% RH to achieve uniform-aged first generation. The culture medium was
cracked wheat grains, sterilized wheat flour and whole wheat grains for rearing of O. surinamensis, T.
castaneum and T. granarium, respectively. The methoxyfenozide 240 SC (Runner®) was obtained from
Arysta Life Sciences, Pakistan.

Grain commodity and treatment

Untreated, clean and infestation free four different grain commodities maize, oats, rice and wheat
were obtained from the local market and used in these tests. The moisture content of these grain
commodities was determined by a Dickey-John moisture meter (Dickey-John multigrain CAC-Il, Dickey-
John Co., Auburn, IL, USA) and it was recorded 12.4, 10.4, 12.1 and 11.2% for maize, oats, rice and wheat,
respectively. For evaluating methoxyfenozide at concentration of 1, 2 and 4 mg kg™' of active ingredient,
the serial solution of 4 mg kg™' was prepared in acetone and further concentrations were prepared from this
stock solution. Commodities treatment with different concentrations of methoxyfenozide was performed by
following the method of Vayias et al. (2010) with little modifications. Briefly, a lot of 4 kg grains from each
commodity were prepared and treated with the desired concentrations. Separate 4 kg grain lot from each
commodity was treated with acetone only to act as a control treatment. Treatment with different tested
concentrations was carried out in a tray containing thin layer spread into it. All the treated grain lots were
kept at 25+2°C, 65+5% RH and continuous darkness to dry for 24 h. Then, the grain lots were placed in
sealed 5 L plastic containers and stored at the above conditions for the total period of 16 weeks. For
bioassays, the grains samples were obtained at the day of storage (24 h after treatment) and after the
period of 2, 4, 8, 12 and 16 weeks.

Bioassays

Three samples of 50 g each were acquired from each lot and placed in glass jars. Thirty last instar
larvae (3 weeks old) of each of the tested insect species were placed into each glass jar and the jars were
kept in incubator (SANYO, MIR-254) at 28+2°C, 65+5% RH and continuous darkness. The emergence of
adults from larvae exposed to treated commaodities were recorded after period of 30 days. Separate trials
were conducted at the 2, 4, 8, 12 and 16 weeks post treatment, as described above. The entire experiment
was repeated four times by using new treated lots every time.

Statistical analysis

All the treatments were performed under completely randomized design and replicated four times.
The collected data was statistically analyzed by using the R-software (version 3.5.2) (R Core Team, 2013)
and the means of the treatments were compared by using Tukey-Kramer HSD test at 0.05 (Sokal & Rohlf,
1995).
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Results and Discussion
Efficacy on Oryzaephilus surinamensis

The ANOVA for O. surinamensis shows that all the main effects and their interactions were significant
(Table 1). From week 0-16, the effect of concentration on adult emergence from exposed larvae was
significant on specific commodity (Table 2). However, the effect of commodity on adult emergence was
only significant from week 8-16 at 4 mg kg™ concentration (Table 2). At week 0, the adult emergence from
larvae exposed to 4 mg kg™ did not exceeded 14.1% on all the tested commodities compared to control
where the emergence was above 97.5% (Table 2). Similarly, at week 12, among the tested commodities, the
adult emergence was minimum (29.1%) in oats and not exceeded 37.5% in other commodities at 4 mg kg™’
(Table 2). However, at week 16, the emergence of adults reached to 78.3-91.7% at concentration of 4 mg kg™’
(Table 2).

Table 1. ANOVA for main effects and interactions for adult emergence of Oryzaephilus surinamensis, Tribolium castaneum and
Trogoderma granarium (error df = 288)

Source df  O. surinamensis T. castaneum T. granarium

F P F P F P
Week 5 4016 < 0.01 2073 < 0.01 3246 <0.01
Concentration 3 18661 <0.01 9514 <0.01 14743 <0.01
Commaodity 3 440 <0.01 9.81 <0.01 20.8 <0.01
Week x Concentration 15 544 <0.01 267 <0.01 425 <0.01
Week x Commodity 15 415 <0.01 228 <0.01 213 <0.01
Concentration x Commodity 9 7.21 <0.01 5.02 <0.01 6.75 <0.01
Week x Concentration x Commaodity 45 1.51 0.025 0.88 0.689 1.27 0.127

Efficacy on Tribolium castaneum

The ANOVA for T. castaneum shows that all the main effects and their interactions were significant
except the interaction week by concentration by commodity (Table 1). From week 0-16, the effect of
concentration on adult emergence from exposed larvae was significant on specific commodity (Table 3).
However, the effect of commodity on adult emergence was only significant from week 8-16 at 4 mg kg™
concentration (Table 3). At week 0, the adult emergence from larvae exposed to 4 mg kg™' did not exceeded
13.3% on all the tested commodities compared to control where the emergence was above 98.3% (Table
3). Similarly, at week 12, among the tested commodities, the adult emergence was minimum (28.3%) in
oats and not exceeded 35.8% in other commodities at 4 mg kg™ (Table 3). However, at week 16, the
emergence of adults increased to 77.5-88.3% at concentration of 4 mg kg™ (Table 3).

Efficacy on Trogoderma granarium

The ANOVA for T. granarium shows that all the main effects and their interactions were significant
except the interaction week by concentration by commodity (Table 1). From week 0-16, the effect of
concentration on adult emergence from exposed larvae was significant on specific commodity (Table 4).
However, the effect of commodity on adult emergence was only significant from week 8-16 at 4 mg kg™
concentration (Table 4). At week 0, the adult emergence from larvae exposed to 4 mg kg™' did not exceeded
15% on all the tested commodities compared to control where the emergence was above 98.3% (Table 4).
Similarly, at week 12, among the tested commodities, the adult emergence was minimum (32.5%) in wheat
and not exceeded 38.3% in other commodities at 4 mg kg™ (Table 4). However, at week 16, the emergence
of adults increased to 80.0-90.8% at concentration of 4 mg kg™' (Table 4).
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Table 2. Percentage emergence of Oryzaephilus surinamensis normal adult (mean+SE) from last instar larvae exposed at different

post-treatment periods on treated grain commodities with different concentrations of methoxyfenozide at 28+2°C

Week Co(r:rt]:genkt;t)ion | Commodity |
Maize Oats Rice Wheat
0 98.3+0.10 Aa* 99.2+0.08 Aa 97.5+0.08 Aa 97.5+0.08 Aa
1 51.7+£0.10 Ab 51.7+0.10Ab 52.5+0.08 Ab 53.3+0.14 Ab
° 2 28.3+0.10 Ac 28.3+0.10 Ac 30.8+0.08 Ac 27.5+0.08 Ac
4 12.5£0.08 Ad 13.3+0.14 Ad 14.2+0.08 Ad 11.7+0.10 Ad
0 98.3+0.10 Aa 98.3+0.10 Aa 99.2+0.08 Aa 99.2+0.08 Aa
1 53.310.14 Ab 52.5+0.08 Ab 53.310.14 Ab 53.3+0.14 Ab
2 2 30.8+0.08 Ac 30.8+0.08 Ac 31.7+0.10 Ac 30.0+0.14 Ac
4 13.3+0.00 Ad 14.2+0.25 Ad 15.8+£0.08 Ad 14.2+0.08 Ad
0 98.3+0.10 Aa 98.3+0.17 Aa 100.0£0.00 Aa 97.5+0.08 Aa
1 56.7+0.14 Ab 53.3+0.14 Ab 57.5+0.08 Ab 54.2+0.08 Ab
! 2 34.2+0.08 Ac 31.7£0.10 Ac 34.2+0.08 Ac 32.5+0.08 Ac
4 17.5£0.16 Ad 15.0+0.10 Ad 17.5£0.08 Ad 15.8+0.08 Ad
0 98.3+0.10 Aa 99.2+0.08 Aa 98.3+0.10 Aa 98.3+0.10 Aa
1 62.5+0.08 Ab 57.5+0.08 Bb 60.8+0.08 ABb 60.0+0.14 ABb
s 2 40.8+0.08 ABc 37.5+0.08 Bc 41.7+0.10 Ac 38.3+0.14 ABc
4 25.0+0.10 ABd 20.0+0.14 Cd 27.5+0.08 Ad 22.5+0.08 BCd
0 99.2+0.08 Aa 99.2+0.08 Aa 98.3+0.10 Aa 100.0£0.00 Aa
1 66.7+0.14 Ab 61.7+0.10 Bb 67.5+0.08 Ab 64.2+0.08 ABb
2 2 48.3+0.10 Ac 40.8+0.08 Bc 50.8+0.08 Ac 44.2+0.08 Bc
4 36.7+0.14 Ad 29.1+0.10 Bd 37.5+0.16 Ad 32.5+0.08 ABd
0 99.2+0.08 Aa 98.3+0.10 Aa 97.5+0.16 Aa 99.2+0.08 Aa
1 93.3+0.14 Ab 90.8+0.08 Ab 94.2+0.08 Aab 92.5+0.16 Ab
0 2 91.7+£0.10 Ab 87.5+0.21 Ab 93.3+0.14 Aab 89.2+0.08 Ab
4 89.2+0.08 Ab 78.3+0.10 Cc 91.7+0.10 Ab 84.2+0.08 Bc

* Significant difference between treatments (columns) denoted by different lower-case letters, significant difference between
commaodities (rows) denoted by different upper-case letters.

Among the tested stored grain insect species, T. granarium was the least susceptible to
methoxyfenozide irrespective of the type of grain commodity, concentration and the post-treatment period.
While, T. castaneum was definitely the most susceptible among the tested insect species. A similar trend
between stored-grain insect species has already been reported by Arthur et al. (2009) by exposing the
larvae of O. surinamensis and T. castaneum to pyriproxyfen and hydroprene treated surfaces, and found
that O. surinamensis was least susceptible compared to T. castaneum. Similarly, in another study Arthur
& Hartzer (2018) found Trogoderma variabile Ballion, 1878 more tolerant than T. castaneum due to the
combination treatment of novaluron and pyriproxyfen. Similar results were also found in other studies
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(Scheff et al., 2016, 2017), in which T. castaneum and T. variabile larvae were exposed to methoprene-
treated packaging materials; T. variabile was found to be the more tolerant species. This wavering
susceptibility can be related to specific IGRs, or most probably it may be due to the morphological
characters of the larvae of Trogoderma spp. that possess bristles and hairs on the body that might be
responsible for the less exposure of the insecticide from the treated grain commodities.

Table 3. Percentage emergence of Tribolium castaneum normal adult (mean + se) from last instar larvae exposed at different post-
treatment periods on treated grain commodities with different concentrations of methoxyfenozide at 28+2°C

Week Co(r:sgenkt;t)ion | Commodity |
Maize Oats Rice Wheat
0 99.2+0.08 Aa* 98.3+0.10 Aa 98.3+0.10 Aa 98.3+0.10 Aa
1 47.5+£0.16 Ab 48.3+0.22 Ab 45.8+£0.21 Ab 50.8+0.25 Ab
° 2 26.7+0.14 Ac 27.5+0.16 Ac 28.3+0.17 Ac 25.0+0.10 Ac
4 9.240.16 Ad 12.5£0.16 Ad 13.3+0.14 Ad 10.0+0.14 Ad
0 99.2+0.08 Aa 98.3+0.10 Aa 99.2+0.08 Aa 100.0+0.00 Aa
1 48.3+0.10 Ab 49.2+0.21 Ab 45.8+£0.21 Ab 51.7+0.22 Ab
2 2 31.7+0.10 Ac 32.5+0.08 Ac 31.7+£0.10 Ac 28.3+0.22 Ac
4 15.8+£0.08 Ad 13.3+0.24 Ad 15.3+0.16 Ad 13.3+0.14 Ad
0 99.2+0.08 Aa 97.5+0.16 Aa 98.3+0.17 Aa 98.3+0.10 Aa
1 50.0+0.14 ABb  50.0+0.14A Bb 47.5+0.08 Bb 53.3+0.14 Ab
! 2 32.5+0.08 Ac 32.5+0.08 Ac 33.310.14 Ac 30.0+0.14 Ac
4 16.7£0.14 Ad 14.2+0.16 Ad 16.7+0.14 Ad 14.2+0.16 Ad
0 99.2+0.08 Aa 97.5+0.08 Aa 98.3+0.10 Aa 99.2+0.08 Aa
1 55.8+0.16 Ab 52.5+0.16 Ab 55.8+0.16 Ab 59.2+0.16 Ab
s 2 35.8+0.16 Ac 34.2+0.08 Ac 38.3+0.10 Ac 35.0+0.10 Ac
4 20.0+0.14 Bd 18.3+0.10 Bd 25.0+0.10 Ad 19.2+0.08 Bd
0 98.3+0.17 Aa 98.3+0.10 Aa 97.5+0.16 Aa 98.3+0.10 Aa
1 64.2+0.16 Ab 60.8+0.38 Ab 65.8+0.16 Ab 63.3+0.14 Ab
2 2 44.2+0.25 Ac 40.0+0.24 Ac 48.3+0.22 Ac 41.7£0.22 Ac
4 32.5+0.16 ABd 28.3+0.10 Bd 35.8+0.16 Ad 30.8+0.25 ABd
0 99.2+0.08 Aa 98.3+0.10 Aa 98.3+0.10 Aa 98.3+0.17 Aa
1 94.2+0.16 Aab 90.0+0.14 Ab 95.8+0.08 Aab 91.7+0.17 Ab
0 2 90.0+0.14 Abc 88.3+0.22 Ab 91.740.10 Abc 89.2+0.10 Abc
4 85.8+0.16 Ac 77.5+0.16 Bc 88.310.22 Ac 85.0+0.10 Ac

* Significant difference between treatments (columns) denoted by different lower-case letters, significant difference between

commodities (rows) denoted by different upper-case letters.
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Table 4. Percentage emergence of Trogoderma granarium normal adult (mean * se) from last instar larvae exposed at different post-

treatment periods on treated grain commodities with different concentrations of methoxyfenozide at 28+2°C

Week Co(lxgnkt;t)ion | Commodity |
Maize Oats Rice Wheat
0 98.3+0.10 Aa* 98.3+0.10 Aa 98.3+0.10 Aa 99.2+0.10 Aa
1 53.310.14 Ab 49.2+0.16 Ab 50.0+0.14 Ab 54.2+0.21 Ab
° 2 29.2+0.16 Ac 28.3+0.10 Ac 33.320.14 Ac 28.3+0.10 Ac
4 13.3£0.14 Ad 13.3+0.14 Ad 15.0+£0.10 Ad 14.2+0.16 Ad
0 98.3+0.10 Aa 99.2+0.08 Aa 99.2+0.08 Aa 100.0£0.00 Aa
1 55.0+0.22 Ab 50.8+0.08 Ab 51.2+0.22 Ab 56.7+0.14 Ab
? 2 32.5+0.08 Ac 33.310.14 Ac 34.2+0.08 Ac 30.8+0.16 Ac
4 15.8+£0.08 Ad 15.0£0.22 Ad 16.7+0.14 Ad 15.8+£0.16 Ad
0 99.2+0.08 Aa 97.5+0.16 Aa 97.5+0.16 Aa 99.2+0.08 Aa
1 57.5+0.08 Ab 55.8+0.08 Ab 59.2+0.08 Ab 58.3+0.10 Ab
¢ 2 35.8+0.16 Ac 34.2+0.08 Ac 35.8+0.08 Ac 35.0+0.10 Ac
4 18.3+0.17 Ad 15.8+£0.08 Ad 18.3+0.10 Ad 17.5£0.08 Ad
0 99.2+0.08 Aa 98.3+0.10 Aa 99.2+0.08 Aa 100.0£0.00 Aa
1 62.5+0.08 Ab 57.5+0.16 Ab 61.7+0.10 Ab 60.0+0.14 Ab
’ 2 41.7£0.10 ABc 40.8+£0.08 ABc 44.2+0.08 Ac 39.2+0.08 Bc
4 29.2+0.08 ABd 26.7+0.14 Abd 30.0+0.14 Ad 25.0+0.10 Bd
0 98.3+0.17 Aa 98.3+0.10 Aa 99.2+0.08 Aa 99.2+0.08 Aa
1 68.3+0.10 Ab 67.5+0.08 Ab 68.310.10 Ab 65.8+0.08 Ab
2 2 49.2+0.08 ABc 46.7+0.14 Bc 51.7+0.10 Ac 45.0+0.10 Bc
4 37.5+0.08 ABd 33.3+0.14 ABd 38.3+0.17 Ad 32.5+0.08 Bd
0 99.2+0.08 Aa 98.3+0.10 Aa 99.2+0.08 Aa 100.0£0.00 Aa
1 95.0+0.10 Ab 92.5+0.08 Ab 94.2+0.08 Ab 93.3+0.14 Ab
0 2 91.7+0.10 Abc 90.0+0.14 Ab 93.3+0.00 Ab 90.8+0.08 Ab
4 89.2+0.08 Ac 81.7+0.10 Bc 90.80.16 Ab 80.0+0.14 Bc

* Significant difference between treatments (columns) denoted by different lower-case letters, significant difference between
commodities (rows) denoted by different upper-case letters.

The efficacy of methoxyfenozide was not affected due to the type of commaodity for initial bioassays
(week 0-4) in all the tested insect species. However, this effect become prominent in later bioassays (week
8-16), particularly at 4 ppm in all species tested. The methoxyfenozide was generally more effective on
oats followed by wheat, maize and rice in the O. surinamensis and T. castaneum while against T. granarium
it was more effective in wheat followed by oats, maize and rice at bioassays performed after 16 weeks post
treatment at the higher concentration. The present results are opposite to those of Athanassiou et al.,
(2011) who found methoprene more effective on maize as compared to rice and wheat. These results are
in contrast to those of Kavallieratos et al. (2009), who reported abamectin more effective in maize than that
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in wheat against stored-grain insect species tested. Similarly, Vayias et al. (2010) reported that spinosad
was more persistent in barley and wheat than that in maize against stored-grain insects tested during
storage period of six month. These results are also in accordance with those of Ali et al. (2017) in which T.
castaneum and T. granarium were exposed to methoxyfenozide treated gain commodities and it was found
that its efficacy was better on wheat than maize and rice. Therefore, it is proposed that there may be
interactions between methoxyfenozie and specific features (morphological or physiological) of the grain,
which may be responsible for the process of methoxyfenozide degradation over time.

With respect to residual activity, the residue of methoxyfenozide degraded over time (week 1-16) as
the exposed larvae were able to complete their development to the adult stage near the end of the test
period (week 16). These results are similar to those of Arthur & Hartzer (2018) by using combination
treatment of novaluron and pyriproxyfen against T. variabile. These results are consistent with other studies
in which larvae of O. surinamensis and T. castaneum were exposed to the hydroprene and pyriproxyfen
treated surfaces at 1, 28 and 56 d post treatment. It was concluded that pyriproxyfen was more persistent
in the entire testing period, while hydroprene lost its effectiveness after 28 d (Arthur et al., 2009). The
results of methoxfenozide persistence are in contrast to those obtained by Liu et al. (2016) who found that
methoprene (a juvenoid IGR) was effective up to 40 weeks at 1 ppm due to its residual activity in treated
wheat. Similarly, Arthur (2019) reported that efficacy of the IGR increased with different combinations of
deltamethrin and methoprene were applied to grain, all treatments were effective against T. castaneum for
15 months on maize.

In conclusion, the methoxyfenozide evaluated in this study provide adequate control of the insect
species tested. However, it is advisable to further evaluate this product in combination with other
insecticides that are suitable for the complete control of these three pest species.
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