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Impact of pirimiphos-methyl and cold temperatures
on arthropod populations in stored wheat

Noél D.G. White', Digvir S. Jayas? and Ranendra N. Sinha’

Received 1994-02-02; accepted 1994-10-24

The insecticide pirimiphos-methyl applied at a mean concentration of 6.4
mg a.i. kg to 5t of wheat (Triticum aestivum) in a farm granary in southern
Manitoba remained active over 24 mo. Most insects and mites in the treated
grain could not survive except a psocid, Liposcelis sp., and the mites
Tarsonemus granarius and Aeroglyphus robustus, and their populations
were sharply reduced relative to those in a bulk of untreated wheat. Insec-
ticide residues at a 1-m depth decreased ca. 52% in 12 mo from 8.1 mg
kg' to 4.0 mg kg', then remained constant until 24 mo. Grain moisture
content (MC) at this depth was consistently higher (over 14% MC) than at
the top of the wheat bulk where residues remained near 4.5 mg kg’ over
24 mo. Grain temperatures fluctuated from summer maxima near 23°C to
winter minima near -40°C at the bulk surface. Bioassay of treated wheat
with adult Tribolium castaneum after 24 mo of storage resulted in about
80% mortality. Populations of T. castaneum or Rhyzopertha dominica in-
troduced into 5 t of untreated wheat did not become established; small
populations of Cryptolestes ferrugineus were established but were elimi-
nated by winter cold. Populations of Liposcelis sp. and the mites A. robus-
tus, T. granarius, Blattisocius keegani and Cheyletus eruditus were highest
in late summer and autumn. Seed germination and microflora were not
directly affected by pirimiphos-methyl. The slow rate of degradation of
this insecticide in grain would prevent communities of arthropods from
developing to the same extent as in an untreated stored-wheat ecosystem
over 24 mo.

White, N.D.G., D.S. Jayas, and R.N. Sinha. 1994. Effet du pyrimiphos-
méthyl et du froid sur les populations d'arthropodes dans le blé entreposé.
PHYTOPROTECTION 75: 79-90.

Appliqué a une concentration moyenne de 6,4 mg m.a. kg" a 5 t de blé
(Triticum aestivum) dans un grenier du sud du Manitoba, !'insecticide
pyrimiphos-méthyl est resté actif pendant plus de 24 mo. La plupart des
insectes et des acariens qui vivaient dans le grain traité n‘ont pu survivre,
a I'exception d'un psoque, Liposcelis sp., ainsi que les acariens Tarsone-
mus granarius et Aeroglyphus robustus, dont les populations ont été con-
sidérablement réduites par rapport a celles qui vivaient dans du blé non
traité. A 1 m de profondeur, la concentration en résidus de l'insecticide a
diminué de 52% en 12 mo, passant de 8,1 mg kg' a 4,0 mg kg, puis est
restée stable jusqu’a la fin de la période de 24 mo. La teneur en humidité
du grain a cette profondeur était constamment supérieure (plus de 14%)
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a celle mesurée en surface du blé, ol les résidus sont demeurés a une
concentration voisine de 4,56 mg kg ' pendant les 24 mo. La température du
blé fluctuait entre des maximums estivaux voisins de 23°C et des mini-
mums hivernaux de prés de -40°C a la surface du blé. Aprés 24 mo d'en-
treposage, du blé traité a été contaminé avec des adultes du Tribolium
castaneum; le taux de mortalité observé a été d’environ 80%. Des popu-
lations de T. castaneum ou de Rhyzopertha dominica introduites dans 5 t
de blé non traité ne se sont pas établies; de petites populations de Cryp-
tolestes ferrugineus se sont établies, mais elles ont été éliminées par le
froid. Les populations de Liposcelis sp. et des acariens A. robustus, T.
granarius, Blattisocius keegani et de Cheyletus eruditus étaient les plus
élevées a la fin de I'été et en automne. La germination des grains et la
microflore n'ont pas été directement affectées par le pyrimiphos-méthyl.
La lente décomposition de cet insecticide dans le grain empécherait des
communautés d'arthropodes de se développer autant que dans un écosys-
téme constitué de blé entreposé et non traité sur une période de 24 mo.

INTRODUCTION nate). Malathion is currently the main

grain protectant registered for cereals
Stored-grain ecosystems, such as those used for human consumption in Cana-
found in undisturbed farm granaries, da, but insect pest resistance to this
can consist of communities of insects, insecticide is becoming more wide-
mites, and fungi that interact in com- spread (Schaafsma 1990; White and
plex ways with one another, the grain Loschiavo 1985). Synergized pyrethrum
and the physical environment (Dunkel is also registered for grain application
1992) The aim of stored-grain manage- but is expensive and has short residual

ment is to minimize biological activity activity; diatomaceous earth is regis-
which causes seed deterioration. One tered for use on seed grain (White and
of the tools that can be used to protect Leesch 1995).

grain are contact insecticides which

have long-term activity on the grain mine the impact of pirimiphos-methyl
(Snelson 1987). . . .
on insects and mites in a stored-wheat

Protectant insecticides have a signif- (Triticum aestivum L.)ecosystem over 2
icant, but often selective, impact on yr in western Canada.
species in stored-grain ecosystems
(White and Sinha 1990; White et al.
1986). The rate of insecticide degrada- MATERIALS AND METHODS
tion and the potential for the return of
pest insects and mites under specific
climatic conditions must be understood
for sound decision-making.

The aim of this study was to deter-

Experimental design
A wooden granary at Glenlea, Manito-
ba, (49°38'N 97°08'W) was divided into
two bins with a 150-cm high plywood
Pirimiphos-methyl (2-diethylamine-6- barrier. The granary was 3.6 m long and
methylpyrimidin-4-yl dimethyl phos- 3.0 m wide and each bin held 5 t of
phorothionate) is a grain protectant used Canada western hard red spring wheat.
widely around the world (Snelson 1987) One bin was filled with untreated wheat
and is registered for use on corn (Zea and then temporarily covered with a
mays L.) in the United States (White plastic sheet to prevent surface con-
and Leesch 1995). Although pirimiphos- tamination from dust carrying insecti-
methylis not registered for use on grain cide. Pirimiphos-methyl was then ap-
in Canada, its efficacy must be defined plied to wheat entering the auger using
under Canadian storage conditions for a drip mechanism (Quinlan et al. 1979)
it to be considered as an alternative to that gave a mean dosage of 6.4 mg a.i.
malathion (S-[1,2-di(ethoxycarbonyl) kg™'. The other bin was filled with this
ethylldimethyl phosphorothiolothio- insecticide-treated wheat.
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The grain top-surface in each bin
was divided with two transects and
marked with numbered stakes. Copper-
constantan thermocouples were placed
at the grain top, at a 1-m depth, and at
the floor level (1.4 m deep) in the four
corners and in the centre of each bin.

Grain samples were taken at 10 fixed
locations in each bin near the thermo-
couples (five each at the top and at
the 1-m depth). Samples of 200 mL of
wheat were taken with a brass torpedo
probe from each location; samples
were placed in plastic bags, sealed and
returned to the laboratory for analyses.
Duplicate samples were taken from the
treated wheat for insecticide analysis.
Samples were taken monthly from 24
July 1990 until August 1992, except
during January and February 1991 and
1992 because temperatures were then
too low for biological activity. Temper-
atures were recorded at the thermo-
couple locations with a potentiometer
on each sampling day.

Insects were reared in the laboratory
at 30°C, 70% RH on whole wheat and
wheat germ (19:1, wt:wt) for all species
except Tribolium castaneum (Herbst)
[Coleoptera: Tenebrionidae], which
were reared on wheat flour and brew-
er's yeast (19:1, wt:wt). Insects were
added to the grain surface in each bin
on 4 September 1990 (5000 adults each
of T. castaneum and Cryptolestes ferru-
gineus (Stephens) [Coleoptera: Cucuji-
dae] per bin); on 4 June 1991 (2500
adults each of T. castaneum, C. ferru-
gineus, Rhyzopertha dominica [F.] [Co-
leoptera: Bostrichidae] per bin); and on
25 September 1991 (5000 adults each of
T. castaneumand C. ferrugineus per bin).

Sample analysis

A 50-mL subsample of wheat was taken
monthly from each sample to determine
seed moisture content, and at 1 wk and
24 mo for seed-borne microflora and
seed germination. Seed moisture con-
tent of each sample was determined by
drying 5-g samples at 130°C for 19 h
(ASAE 1990). Seed-borne microflora
were examined from all samples at the
beginning and end of the study by
placing three replicates of 25 seeds
sample' on filter paper saturated with
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7.5% aqueous NaCl solution in Petri
dishes (Mills et al. 1978). The dishes
were placed in plastic bags at 22 = 1°C
for 7 d, after which microfloral growth
was identified and counted under a bin-
ocular microscope. Seed germination
was determined using filter paper sat-
urated with distilled water for another
three replicates of 25 seeds sample”’
(Wallace and Sinha 1962).

Arthropods were removed from the
wheat by placing the remaining 150 mL
of samples in Berlese funnels for 24 h
and collecting mites and insects in 70%
ethanol in bottles under the funnels
(Sinha 1964). The arthropods were iden-
tified and counted under a binocular
microscope.

Bioassay of insecticide-treated grain
Insecticide-treated samples of wheat
were assayed at every sampling date
with adult red flour beetles, T. casta-
neum, to monitor residual toxicity. The
insects had no insecticide resistance and
were taken from laboratory cultures
maintained at 30 £ 1°C and 70 + 5% RH
on wheat flour and brewer’s yeast (19:1,
wt:wt). Two plastic vials each contain-
ing 10 g of wheat and 25 adult T. cas-
taneum were used for each sample. The
insects were kept on the wheat for 24
h at 30 + 1°C and 70 = 5% RH, then
removed and the numbers of incapac-
itated insects observed. All insects were
then placed in corresponding plastic
vials containing untreated, ground
whole wheat to permit recovery of
exposed insects and held at 30 + 1°C
and 70 + 5% RH for 1 wk when mortality
was recorded. Controls consisted of six
vials of wheat taken from the control
bin at each sampling date tested in a
manner identical to that of the treated
wheat.

Chemical assay of

insecticide residues

The levels of insecticide residues were
determined in triplicate for all samples
of treated wheat on five sampling
dates. Samples for insecticide analysis
were taken 24 July 1990 (1 wk), 4 March
1991 (7 mo), 8 July 1991 (12 mo), 30
March 1992 (19 mo), and 4 August 1992
(24 mo). For each sample, 10 g of wheat




PHYTOPROTECTION 75 (2) 1994

were ground for 1 min in an electric
coffee grinder (Model KSM 2, Braun
Canada Ltd., Mississauga, Ont.). Ground
wheat (4 g) was placed in a steel tube
with two steel balls and 30 mL acetone.
The tube was sealed and placed in a
Burrell wrist-action shaker (Burrell
Corporation, Pittsburgh, PA) for 1 h. The
acetone-lipid extract was filtered
through a Buchner funnel using a vac-
uum. The acetone was then separated
from the lipids in a rotary evaporator
under vacuum using a water bath at 44-
48°C. The lipid extract was transferred
to the top of a gel-permeation chroma-
tography column using four ethyl ace-
tate rinses of 1 mL on a thistle funnel.
The columns (35-cm high, 1.9-cm diam)
were each packed with 21 g of Biobeads
S-X2 (Bio-Rad Laboratories, Richmond,
CA) swollen in ethyl acetate. Eluant was
collected in a graduated cylinder by
maintaining a constant head of ethyl
acetate at the top of the column. The
first 856 mL of eluted ethyl acetate were
discarded. The next 40 mL of ethyl
acetate, which contained the insecticide
but not wheat lipids, were collected and
concentrated using a vacuum rotary
evaporator at 55-59°C.

The extract was then redissolved in
10 mL of hexane containing an internal
standard of the organophosphorus in-
secticide pirimiphos-ethyl (2-diethylami-
no-6-methyl-4-pyrimidinyl diethyl phos-
phorothioate). Three pL of solution were
injected into a Perkin-EImer Sigma 3B
gas chromatograph that was equipped
with a nitrogen-phosphorus detector (N,
carrier gas flow of 256 mL min’), a 90-
cm x 6.4-mm internal diameter glass
column packed with 3% (wt:wt) OV-17
on chromosorb W-HP 100/120 mesh,
and a Sigma 15 data integrator. The
temperature of the injector was 225°C,
the detector 250°C, and the oven was at
200°C (isothermic). The efficiency of
recovery of pirimiphos-methyl when
28.9 ug were added to 4 g of wheat was
96 + 1% (n = 10) with the methodology
outlined.

The statistical analyses used to com-
pare potentially similar variables from
this study were ANOVA, and Duncan’s
new multiple range test.
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RESULTS

Grain temperature

and moisture content

Grain temperature and grain moisture
content were identical in both bins.
Maximum mean grain temperatures
were 22°C at the top and 1-m depth in
August 1990; 20°C at the top in June
and 23°C at 1-m depth in August 1991;
and 18°C at the top in July and 16°C at
1-m depth in August 1992 (Fig. 1). The
coldest temperatures monitored were
-10°C at the top and 1-m depth in March
1991; and -16°C at the top and -4°C at
1-m depth in December 1991. During
January and February, the monthly
mean ambient air temperatures (from
Environment Canada, Atmospheric
Environment Service - Glenlea Station)
were -20°C {(mean max. -13°C, mean
min. -26°C) and -10.5°C (mean max.
-5°C, mean min. -16°C) respectively in
1991, and -13°C (mean max. -7°C, mean
min. -19°C) and -11°C {mean max. -6°C,
mean min. -17°C), respectively in 1992.
The lowest air temperature was -40°C
in January 1991. The top of the grain
bulk was warmer in the spring and
summer and cooler in the winter than
at 1-m deep because of the insulating
properties of grain (Alagusundaram et
al. 1990).

Moisture content (MC) of the wheat
at 1-m depth remained constant at about
14.5% over 24 mo but fluctuated at the
top of the grain bulks in response to
changing ambient relative humidity (Fig.
2). 1t fell to 12-13% MC during the sum-
mers and rose to a high of 13.8% MC
during winters. The moisture content
was significantly lower (P < 0.05) at the
top of the grain bulk than at the 1-m
depth.

Insecticide degradation

The initial mean (X = SE) levels of
pirimiphos-methyl were 4.7 = 0.8 mg
kg™' at the top and 8.1 + 1.5 mg kg™ at
the 1-m depth with an overall mean
based on all samples of 6.4 + 1.0 mg
kg™ (Fig. 3). The observed mean insec-
ticide level was close to our calculated
level of 6 mg kg' even though the
addition of insecticide to a varying flow
of grain entering an auger often results
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Figure 1. Mean temperatures at the top of two grain bulks and at 1-m depth over
24 mo of storage.

16
1 R e
12
9
w 07 e TOP
5 g- 1M
b=
24
O 6
=
4_
2 —
0 rrr1r1r1r17 1717177 1r 1T 1T T vT 1T 1T 1T 1T T T 7T
JASONDJFMAMJJASONDJFMAMJJA
1990 1991 1992
MONTH

Figure 2. Mean moisture content of grain at the top of two grain bulks and at
1-m depth over 24 mo of storage.

83



PHYTOPROTECTION 75 (2) 1994
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Figure 3. Mean pirimiphos-methyl residues from the grain bulk surface and 1-m

depth on wheat stored for 24 mo.

in uneven coverage (White et al. 1983)
(Fig. 3). At the time of initial application
there was a significant difference but
after 8 mo of storage there was no sig-
nificant difference in residue levels at
the top or 1-m depth in the grain bulk
(P > 0.05).

Insecticide levels at the top of the
grain bulk remained relatively un-
changed over 2 yr where the grain
moisture content was lowest and fluc-
tuated from 12% to 13.8%, but remained
below 13% MC during the warmer
months (Figs. 2, 3). At the 1-m depth,
mean insecticide levels fell by 52% in
12 mo and then remained relatively
unchanged to 24 mo after treatment.
Grain moisture levels were consistently
above 14% during 24 mo at this depth.

Bioassay

Mortality of Tribolium castaneum adults
exposed for 24 h to treated grain sam-
ples (1-m depth level) remained near
100% until 24 mo when it fell to a mean
of 84% (Fig. 4), even though insecticide
levels remained at 4 mg kg'. Mean
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mortality on surface samples declined
from 95% at 7 mo to 80% by 24 mo (Fig.
4) when insecticide levels were 4.5 mg
kg'. Since insecticide levels did not
change between 12 and 24 mo, but
bioassay mortality declined, it is likely
that the chemical was gradually mov-
ing into the seed so insects would be
exposed to less insecticide on contact
with the seed surface. Lipophilic insec-
ticides such as pirimiphos-methyl are
known to accumulate in the germ and
bran of cereal seeds in storage (Men-
sah et al. 1979). Control mortality never
exceeded 5%.

Insects

For 2-3 mo following introduction of
insects in the untreated bin, only a few
Cryptolestes ferrugineus were detected
in grain samples (Fig. 5A). Cool grain
inhibited insect reproduction, even in
summer; populations of C. ferrugineus,
T. castaneum and Rhyzopertha domini-
ca were unable to survive the cold
winter temperatures (Fields 1992). Only
the psocid, Liposcelis sp. [Psocoptera:
Liposcelidae], maintained a low popu-
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lation (mean maximum of 8.5 adults
150 mL" wheat at 1-m depth in Septem-
ber 1991) over the 24 mo (Fig. 5B).

Allintroduced insects died within 1 mo
in the bin treated with pirimiphos-me-
thyl. However, Liposcelis sp. had means
of about 0.2 adults 150 mL" wheat
at both the top and 1-m depth levels
during several of the warm months of
each year (Fig. 5C).

Mites

In the untreated grain, Tarsonemus
granarius Lindquist [Acari: Tarsonemi-
dae] was present in low numbers in
1991 and 1992. The predominant ar-
thropod in the untreated grain was
Aeroglyphus robustus (Banks) [Acari:
Glycyphagidae] which is common in
Canadian grain and can feed on grain
and fungal diets, and can tolerate tem-
peratures of -39°C in the hypopal stage
(Sinha 1966). In 1990, A. robustus was
more common at 1-m depth than at the
grain surface (Fig. 6A). In 1991, it was

1-m depth, reaching densities of around
200 mites 150 mL" wheat late in the
year. In 1992, A. robustus was more
abundant at the top of the grain bulk
than at the 1-m depth, reaching a peak
density of 450 mites 150 mL" wheat
(Fig. 6A). The predatory mites Cheyle-
tus eruditus (Schrank) [Acari: Cheyleti-
dae], and notably Blattisocius keegani
Fox [Acari: Ascidael, were present in
low numbers in 1991 corresponding to
peak A. robustus numbers. In August
1992, C. eruditus numbers increased
sharply (28 C. eruditus 150 mL" wheat)
(Fig. 6B) in response to the large
populations of A. robustus at the top of
the grain bulk (Fig. 6A). Few mites sur-
vived in the treated grain although a
few A. robustus were detected after 12
mo of storage. Tarsonemus granarius
was largely unaffected Py the insecti-
cide (Fig. 6C), and it was detected after
5 mo of storage and reached a maxi-
mum density of 11 mites 150 mL"
wheat at 16 mo of storage at 1-m depth

equally abundant at the top and at the  in the grain.
100 —
80 —
§
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Figure 4. Mean mortality of Tribolium castaneum adults used for laboratory
bioassay of wheat from the grain bulk surface and 1-m depth treated with

pirimiphos-methyl and stored for 24

mo. Control mortality was always < 5%.
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Figure 5. Mean number (X = SE; n = 5) of insects 150 mL"' of wheat taken monthly,
except January and February, over a 24-mo period from the top or 1-m depth of bulks
of untreated grain or grain treated with pirimiphos-methyl. A) Adult Cryptolestes
ferrugineus in untreated wheat; B) Liposcelis sp. in untreated wheat; C) Liposcelis sp.
in treated wheat.
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Figure 6. Mean number (X = SE; n = 5) of mites 150 mL"' of wheat taken monthly,
except January and February, over a 24-mo period from the top or 1-m depth of bulks
of untreated grain or grain treated with pirimiphos-methyl.
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Table 1. Mean® seed germination and fungal infection of wheat untreated or treated with
pirimiphos-methyl and stored in an unheated granary for 24 mo at Glenlea, Manitocba

Fungal infection

A. glaucus
Germination group A. candidus Penicillium sp.
(%) (%) (%) (%)
Sampling after 1 wk
Surface
Untreated 52 + 3 a' 56 + 3 a 1T+1a 37 £ 9 bc
Treated 61 +2a 37 £3b 5+2a 42 £+ 1 ¢
1-m depth
Untreated 64 + 2 a 28 + 2 be 3+x1a 28 + 3
Treated 59 + 3 a 22 £ 3¢ 4 +2a 64 x4 a
Sampling after 24 mo
Surface
Untreated 13x1¢ 41 +6d 6 £ 1bc 35 + 12 bed
Treated 20 =+ 2 be 37 £ 3d 4 + 2 ab 20 £ 2
1-m depth
Untreated 24 + 4 b 36 £ 3d 12 + 6 bc 15 +3 d
Treated 13+ 4c¢ 9+2e 12 + 4 ¢ 52 +7 b

§ Mean % + SE, n = 10 replicates of 25 seeds.
* Means within a column followed by the same letter are not different at the 0.05 level
of significance using Duncan’s new multiple range test.

Germination and microflora

Seed germination at 1 wk was the same
at all levels in both bins (P<0.05) (Table
1). After 24 mo, all germination had
declined sharply and pirimiphos-methyl
did not affect germination consistently.
Untreated grain from the top of the bulk
had lower germination rates than the
treated grain. Untreated grain from the
1-m depth had higher germination lev-
els than those from the treated bin. The
small differences were probably not
biologically meaningful.

Aspergillus glaucus group fungi ini-
tially infected significantly more seed
(P < 0.05) on top samples from the
untreated wheat than the 1-m depth
untreated samples, and both top and 1-
m depth samples in the treated wheat.
By 24 mo, there were no differences in
samples from any location except grain
from the 1-m depth in the treated bin
which had less infection. Aspergillus
candidusLink initially had the same low
levels of infection on seed from both
bins (Table 1). At 24 mo, samples from
untreated and treated wheat did not
differ by location although 1-m depth
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samples from the treated bin had high-
er infection than top samples.

Penicillium spp. infection at the out-
set was significantly higher in the treat-
ed than untreated wheat, particularly at
1-m depth (Table 1). By 24 mo, there
was little difference in infection levels
in any samples except in wheat from
the 1-m depth in the treated bin and
from the top of the untreated bin, which
had higher levels of infection than
other locations.

DISCUSSION

Insecticide degradation in stored cere-
als results largely from enzymatic activ-
ity in the seeds (Rowlands 1975) or by
seed-borne fungi (Anderegg and Madis-
en 1983) when appropriate temperature
and moisture are available (Watters and
Mensah 1979). Storage under western
Canadian conditions includes cold win-
ter temperatures (Yaciuk et al. 1975)
and usually relatively dry grain (Ka-
wamoto et al. 1991). Pirimiphos-rnethyl
is quite stable on grain in storage with
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a half-life of 70 wk at 30°C and 50% RH
compared to 12 wk for malathion and
19 wk for chlorpyrifos-methyl [0,0-dime-
thyl 0-(3,5,6-trichloro-2-pyridyl) phos-
phorothioate] (Desmarchelier and Beng-
ston 1979). Unlike stored-grain ecosys-
tems treated with malathion (White et
al. 1986) or chlorpyrifos-methyi (White
and Sinha 1990), the long residual ac-
tivity of pirimiphos-methyl makes it
relatively difficult for most arthropod
populations to establish themselves in
24 mo of storage.

No insects other than the psocid Li-
poscelis sp. maintained their popula-
tions on the untreated wheat through-
out the study because of cool grain
temperatures. A few Liposcelis sp. sur-
vived throughout 24 mo of storage even
in wheat treated with pirimiphos-me-
thyl. Psocids feed directly on the germ
of grain and can be predators of moth
eggs; they are parthenogenetic, have a
high reproductive rate and are adapted
to both cold and warm climates (Sinha
1988). They aiso seem to be moderately
tolerant to pirimiphos-methyl even at 6
mg kg'. Tarsonemus granarius feeds
primarily on molds and is often associ-
ated with aging stored grain (White and
Sinha 1981). This mite survived the
winters and reached higher densities in
the wheat treated with pirimiphos-me-
thyl than in untreated wheat. Aero-
glyphus robustus was first seen in treat-
ed grain about 14 mo after storage
began and densities remained low com-
pared to the untreated stored-wheat
ecosystem. There were also no mite
predators in the grain treated with piri-
miphos-methyl. Seed germination and
microfloral levels changed in 24 mo but
did not seem to be related to the insec-
ticide treatment.

In relatively small bulks of grain, cool
temperature plays a large role in bio-
logical and chemical processes. None-
theless, the long residual activity of
pirimiphos-methyl would prevent com-
munities of insects and mites from
becoming established to the same ex-
tent as in untreated stored-wheat eco-
systems in 24 mo under western Cana-
dian storage conditions. Insecticide
treatment can be beneficial because
even small populations of pests in un-
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treated grain pose the threat of expo-
nential increase if grain spoilage or hot
spots develop because of moisture
entering a granary or migrating from
one region of a bulk to another because
of air convection currents.
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