
General Session on Stored Grain Protection

1189

PS10 -10 – 6171

Spinosad provides long-term protection for stored wheat
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Abstract

Field experiments in metal bins were conducted
over a 96-week period to compare the efficacy
of spinosad, chlorpyrifos-methyl, and a
combination of spinosad and chlorpyrifos-methyl
as grain protectants.  Each bin contained 4.6
metric tons of hard red winter wheat that was
treated as each bin was loaded with grain.  Insect
populations were monitored and grain samples
were collected at 4, 12, 26, 36, 48, and 96 weeks
post-treatment. Very few insects were collected
in grain trier samples in bins treated with
spinosad during the entire storage period. Insect
bioassays for adult mortality after a 7-day
exposure and progeny production after 7 weeks
of development were conducted on grain
collected from the bins and held at 28 ºC and
~65 % relative humidity. Both treatments that
contained spinosad effectively controlled adult
Rhyzopertha dominica and prevented progeny
development for 96 weeks. The spinosad-only
treatment controlled Cryptolestes ferrugineus
adults and prevented progeny development.
Spinosad effectiveness against Tribolium
castaneum adults decreased through time but
very few progeny were produced. All pesticide
treatments were effective against Plodia
interpunctella except chlorpyrifos-methyl at 96
weeks. Combining chlorpyrifos-methyl with
spinosad did not improve efficacy, and in some
cases the combination decreased the effectiveness

of spinosad, especially against C. ferrugineus.
Official U.S. standards of field samples taken at
96 weeks determined that bins treated with
spinosad had 0-2 insect damaged kernels (IDK),
combination treated bins had 2-18 IDK,
chlorpyrifos-methyl treated bins had 575-1309
IDK, and untreated control bins had 62-202 IDK
per 100 g sample. Spinosad will be an effective
alternative insecticide for stored wheat when a
labeled product becomes available. Spinosad
received U.S. EPA registration in January 2005
for use on stored grain at an application rate of
1.0 mg/kg with an allowable residue tolerance
of 1.5 mg/kg but commercialization is delayed
until all international trade agreements are
received.
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Introduction

Chlorpyrifos-methyl is registered for use on
stored wheat at 6 mg/kg but it will not control
all pests, especially Rhyzopertha dominica (F.)
(Guedes et al., 1996) and its future is uncertain
because of stricter standards set by the U.S. 1996
Food Quality Protection Act. Phosphine gas is
the primary fumigant of stored grain but R.
dominica have demonstrated resistance (Bell et
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al., 1977). Alternative insecticides are needed for
controlling stored product pests, especially in raw
grain.

Spinosad is a broad-spectrum insecticide that
is derived from two metabolites of a naturally
occurring actinomycete soil bacterium
Saccharopolyspora spinosa Mertz & Yao and is
produced by fermentation (Mertz and Yao, 1990).
It is registered by the U.S. Environmental
Protection Agency as a reduced risk pest control
product and the active ingredient is registered
for use on more than 250 different crops.

Studies conducted by Fang et al. (2002a) in
the laboratory have shown that spinosad is highly
effective as a grain protectant against several
stored grain insect species. Fang et al. (2002b)
also demonstrated that spinosad residues on
wheat placed in mesh pouches and exposed in
farm bins for 12 m degraded very little.  In 2002,
the U.S. EPA authorized, under FIFRA section
5, an experimental use permit for spinosad on
stored grains in Oklahoma and six other states.
The objective of our research was to determine
the effectiveness of spinosad alone or in
combination with chlorpyrifos-methyl as a grain
protectant on wheat in metal grain bins and to
assess the residual activity of these treatments
on pests of stored wheat at various times after
treatment up to 96 weeks.

Materials and methods

Each steel bin for this study contained 4.6
metric tons of hard red winter wheat (Triticum
aestivum L.) that was treated as each bin was
loaded with grain in July 2002. The four
treatments were:  untreated control, spinosad
(SpinTor 2SC) alone at 1 mg/kg, chlorpyrifos-
methyl alone at 6 mg/kg, and a combination
treatment of chlorpyrifos-methyl at 3 mg/kg and
spinosad at 1 mg/kg. There were three
replications for each treatment for a total of 12
grain bins in the study.

To challenge the treatments, stored grain
insects were added to the bins instead of relying
on natural infestations. A total of 500 adult insects

of each of three species was added weekly for
eight consecutive weeks. Insects added included
R. dominica, Cryptolestes ferrugineus
(Stephens), and Tribolium castaneum (Herbst)
from colonies reared in the laboratory.

Grain samples were collected from the bins
by combining two grain trier samples per bin at
4, 12, 26, 36, 48, and 96 weeks post-treatment.
These samples were sifted, all insects removed,
and then the samples were frozen before using
in laboratory bioassays.  The live insects that were
removed were identified, counted, and expressed
on a per kg basis.

After the grain was frozen for two weeks,
approximately 100 grams of treated grain were
placed in each of three jars (0.24 liter) for each
bin (three reps per treatment per species).  A total
of 50 R. dominica, T. castaneum, or C.
ferrugineus adults that were 2-3 weeks old was
added to each jar for a specific species. Adult
mortality was evaluated after seven days of
exposure and progeny were counted after 7
weeks. Bioassays were conducted in an
environmental chamber at 28.0 °C and ~65 %
relative humidity.

Plodia interpunctella were also evaluated at
12, 26, 36, 48, and 96 weeks post-treatment by
placing 20 eggs on a sticky black paper strip
placed on 5 grams of half-crushed wheat from
each treatment. Larvae were counted after 2
weeks. There were three replications for each
treatment.

Results

Very few insects were collected in grain trier
samples in bins treated with spinosad during the
entire storage period (Table 1). Along with the
insects that were introduced, Oryzaephilus
surinamensis (L.) adults were also found in
samples. No insects except R. dominica were
detected in bins treated with chlorpyrifos-methyl
alone until 96 weeks after treatment.

In the laboratory bioassays, both treatments
that contained spinosad effectively controlled
adult R. dominica and prevented progeny
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development for 96 weeks (Table 2). The
spinosad-only treatment controlled C. ferrugineus
adults and prevented progeny from developing. The
effectiveness of spinosad against T. castaneum
adults was poor throughout the study but very few
progeny were produced through 36 weeks.  After
36 weeks, T. castaneum was able to produce some
progeny although less than in the untreated grain.
All insecticide treatments were effective against P.
interpunctella with > 98 % mortality except for the
chlorpyrifos-methyl treatment at 96 weeks for which
the mortality was only 20 %. The mortality of P.
interpuntella on the controls was < 8 % throughout
the study.

Combining chlorpyrifos-methyl with spinosad
did not significantly improve efficacy for any
insect except against T. castaneum at 4 weeks

post-treatment only (Table 2). For C. ferrugineus,
the combination was significantly less effective
than spinosad alone beginning with the 26 weeks
post-treatment through the end of the study.

Insect damaged kernels (IDK) were seen in
samples collected from the bins and are caused
by insects that feed inside the kernel. If more than
32 IDK are found per 100 grams of wheat, the
value of the grain is greatly decreased. Official
U.S. standards of samples taken at 96 weeks post-
treatment determined that bins treated with
spinosad alone had 0-2 IDK, bins treated with
the combination of insecticides had 2-18 IDK,
chlorpyrifos-methyl treated bins had 575-1309
IDK, and bins receiving no treatment had 62-
202 IDK per 100 g sample.

Table 1.  Mean number of live adults per kg wheat recovered from grain trier samples.

Weeks after R. C. T. O.
Treatment Treatment  dominica  ferrugineus  castaneum  surinamensis

4 Control 1.6 1.0 0.5 0
Spinosad 0 0 0 0
Spinosad + Chlorpyrifos-methyl 0 0 0 0
Chlorpyrifos-methyl 0 0 0 0

26 Control 9.0 12.6 0.7 0.5
Spinosad 0 0 0 0
Spinosad + Chlorpyrifos-methyl 0 0.2 0 0
Chlorpyrifos-methyl 3.9 0 0 0

36 Control 0 0 0 0
Spinosad 0 0 0 0
Spinosad + Chlorpyrifos-methyl 0 0 0 0
Chlorpyrifos-methyl 0 0 0 0

48 Control 6.6 18.9 0 7.0
Spinosad 0 0 0 0
Spinosad + Chlorpyrifos-methyl 0 0.3 0 0
Chlorpyrifos-methyl 38.9 0 0 0

96 Control 20.9 32.6 0 2.3
Spinosad 0 0.3 0 0
Spinosad + Chlorpyrifos-methyl 0 0.3 0 0.5

 Chlorpyrifos-methyl 683.2 132.7 0 6.9
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Spinosad will be an effective alternative insecticide
for stored wheat when a labeled product becomes
available. Spinosad received U.S. EPA registration
in January 2005 for use on stored grain at an
application rate of 1.0 mg/kg with an allowable
residue tolerance of 1.5 mg/kg but
commercialization is delayed until all international
trade agreements are received.

Discussion

Storing grain for long periods of time may be

beneficial in obtaining higher prices when there is
less of a supply than selling grain at time of harvest.
The challenge is to protect the grain from becoming
damaged by insects which feed on stored grain. Few
commercially available products can give long-term
protection.

This study demonstrated that spinosad can
provide protection of stored wheat for at least
96 weeks against three insect species tested,
especially against the IDK-causing insect R.
dominica.  Mortality for R. dominica was 100 %
at 96 weeks post-treatment and no progeny were

Table 2. Adult mortality at 7 days to chlorpyrifos-methyl and spinosad, and number of F1 progeny after 7 weeks.

 Mean % Adult Mortality (n = 3) Mean Number of F1 Progeny (n = 3)

Wk Treatment         R.         C.         T.       R.         C.         T.

dominica ferrugineus castaneum dominica ferrugineus castaneum

4 Control 2.0   c 0   b 0   c 940.7   a 302.3   a 80.0   a

Spinosad 100   a 99.3   a 1.3   c 0   b 0   b 0   b

Spinosad + Chlorpyrifos-methyl 100   a 100   a 25.5   b 0   b 0   b 0   b

Chlorpyrifos-methyl 78.0   b 100   a 81.9   a 8.5   b 0   b 0   b

12 Control 52.0   c 1.3   c 3.3   a 931.3   a 365.0   a 387.0   a

Spinosad 100   a 99.3   a 3.3   a 0   b 1.0   b 0.3   b

Spinosad + Chlorpyrifos-methyl 100   a 97.3   a 3.3   a 0.3   b 0   b 0   b

Chlorpyrifos-methyl 92.9   b 87.0   b 14.0   a 10.0   b 0   b 0   b

24 Control 14.8   c 8.0   c 0   b 1068.3   a 292.0   a 321.0   a

Spinosad 100   a 100   a 1.8   a 0.3   b 0.3   b 0.7   b

Spinosad + Chlorpyrifos-methyl 100   a 81.0   b 0   b 0.3   b 0.7   b 0   b

Chlorpyrifos-methyl 93.2   b 64.7   b 2.0   a 16.5   b 0   b 0   b

36 Control 4.1   c 7.3   d 0   a 1184.0   a 150.7   a 451.0   a

Spinosad 100   a 100   a 0   a 0.3   b 0   b 0   b

Spinosad + Chlorpyrifos-methyl 100   a 83.6   b 0.7   a 0   b 0   b 0.3   b

Chlorpyrifos-methyl 88.8   b 49.5   c 8.0   a 20.5   b 2.5   b 0   b

48 Control 19.2   c 9.0   d 0   a 578.7   a 161.3   a 245.3   a

Spinosad 98.7   a 97.9   a 0   a 0   b 0   b 25.3   b

Spinosad + Chlorpyrifos-methyl 99.3   a 75.0   b 0.7   a 0   b 0   b 0   c

Chlorpyrifos-methyl 50.1   b 44.6   c 1.0   a 32.5   b 4.5   b 0   c

96 Control 7.5   b 28.2   c 0   a 1299.0   a 268.0   a 371.7   a

Spinosad 100   a 98.7   a 0   a 0   c 0   b 13.7   b

Spinosad + Chlorpyrifos-methyl 100   a 78.3   b 0.7   a 0   c 1.0   b 3.3   b

 Chlorpyrifos-methyl 14.0   b 26.8   c 1.0   a 257.0   b 244.0   a 403.5   a

Means within a column within a post-treatment period followed by the same letter are not significantly different (P > 0.05;

Fisher’s least significant difference test).  Percentage data were transformed (arcsin sqrt[%/100]) before analysis;

untransformed values are presented.
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produced. Preventing this insect from infesting
stored grain will decrease the chance of having
IDK at the time of sale and potentially eliminate
discounts from the price received.

Although spinosad is reported to quickly
degrade when exposed to ultra-violet light (Liu
et al., 1999), it is protected from sunlight in most
grain storage facilities. The long-term protection
seen in our study demonstrates that spinosad is
persistent and does not degrade under normal
grain storage conditions. Therefore, spinosad will
be an effective insecticide for protecting stored
wheat when a labeled product becomes available.
Spinosad received a registration from the U.S.
Environmental Protection Agency in January
2005 for use on stored grain but commercialization
is delayed until all international trade agreements
are received.
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