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ABSTRACT

Large amounts of grain are produced throughout the world,
including developing countries. All of this grain is sub-
ject, to a greater or lesser degree, to insect infestation
and consequent loss. The shortage of grain in many coun-
tries, particularly the sub-Sahelian countries in Africa,
makes it imperat1ve that all of this grain be protected from
insect infestation 1n as cheap and effective a way as
poss1ble.

Any method of treatment of stored food should have several
characteristics. In addition to h1qh levels of effective-
ness in the field, against hoth malathion-susceptible and
-resistant strains of beetles and moths, and against mites,
the treatment must, of necessity, be safe to both consumers
of the grain and to users of the treatment. It must also
have a wide level of international acceptance, and be suit-
able for use in both developed and developing countries.
The insecticide 'Actellic', containing pirimiphos-methyl,
fulfills all of these requirements, being one of the least
toxic and most active insecticides developed in recent years
for use on stored grain. Used in 76 countries, 'Actellic'
is a highly cost-effective treatment. Additional to pro-
tecting grain, it will also eradicate insects from grain.

The worldwide production of cereals is over 1,600 m te, and
wherever grain is stored, it can become infested with insects and
mites. Average losses, again worldwide, are of the order of 5-10\.
In temperate countries, losses are at the lower end of this range, but
outside these regions, the losses can be much higher.

In Nigeria, for example, 25\ of the maize stored by traditional
methods is lost to storage pests (Adesuyi and Shode, 1977), in
Tanzania, losses can be as high as 30\ in cob maize infested with
Prostephanus truncatus (Golob and Hodges, 1982), and verbal reports
from Ethiopia have indicated that losses in stored grain there may be
at least as high.

* 'Actellio' is a trade mark of Imperial Chemical Industries PLC
England

** Present Address t Annfield Cottage, Glenalmond, Perth PH1 3SB,
Great Britain
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Pulses are a major source of protein for the rural and urban
populations in many tropical and sub-tropical countries, and these
stored foods can also suffer depletion from insect infestAtion.
Losses may be as high as 20%, but there is less information on losses
in pulses than in cereals.

The production of cereals in 1981 in countries which the FAO
classify as 'less developed' (FAO, 1981) was 811 m te. If we assume a
very conservative loss figure of 1%, the amount of grain consumed by
insects is sufficient to provide the cereal intake for 28 million
people for 1 year! Undoubtedly, the distribution of the gra1n which
could be saved, to those in need, would present a major problem.
Nevertheless, these figures do demonstrate that many starving people
could be fed if we conserved food already produced, rather than by
producing and storing more cereals and allowing insects to consume
part of the increased production.

Prevention of insect infestation is always preferable to eradi-
cation, when losses will have already occurred. Fumigants used to
eradicate infestations have several disadvantages, not the least being
their high mammalian toxicity. Furthermore, none of the fumigants, by
their very nature, confer any protection to the treated produce, so
that when the storage area is vented to permit entry and work, rein-
festation can occur immediately. This is not to say that fumigants
don't have a part to play, but their use should be minimal in good
storage management.

Hermetic storage and storage in chilled or inert atmospheres will
prevent an insect infestation from developing. However, the capital
costs associated with building and running such premises are
frequently prohibitive.

To prevent insect infestation, and to eradicate insects which
have infested the produce in the field, it is essential to use an
insecticide. Such an insecticide must possess several attributes,
these are : safety, intrinsic effectiveness as protectant and eradi-
cant, field efficacy in temperate and tropical conditions, internat-
ional acceptance and high cost/benefit. Several insecticides have
been developed in recent years as alternatives for malathion for
stored products use, and of these 'Actellic' containing pirimiphos-
methyl combines all the attributes listed above.

A thorough investigation of the toxicity of pirimiphos-methyl has
been carried out to the standard required by international regulatory
authorities. This has revealed that pirimiphos-methyl has a low mam-
Mlian toxicity. 'Ibis is indicated by the acute oral LDSO and
Acceptable Daily Intake figures.

The Acceptable Daily Intake (ADI) established by the FAO is a
.eaaure of the level of safety of the insecticides to the consumer.
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Table 1. Acute Oral LDSO of Stored Grain Insecticides

Acute Oral LOSO (mg/kg)

pirimiphos-methyl
chlorpyrifos-methyl
etrimfos
fenitrothion
methacrifos*

2,018
1,000
1,800
503
680

(WHO, 1982) * (eiba-Geigy, 1983)

Table 2. Acceptable Daily Intake (ADI) Levels Established by the FAO

ADI (mg/kg)

pirimiphos-methyl
chlorpyrifos-methyl
etrimfos
fenitrothion
methacrifos

0.01
0.01
0.003
0.001
0.0003

(temporary)
(temporary)

(FAO, 1977, 1983)

Intrinsic Effectiveness

Many laboratories use either a topical application technique, or
exposure to treated filter paper, to demonstrate intrinsic levels of
activity. We believe that these techniques have limited relevance in
practice and therefore we have developed the minimum effective dose
technique.

In this technique, insects are exposed for 7 days to a graded
series of doses of the insecticide admixed with wheat. The lowest
dose to produce a complete kill after this time is deterwdned.

In addition to high levels of effectiveness against susceptible
strains, which are those commonly used in laboratory evaluations, the
insecticide must also be effective against strains which have
developed resistance to malathion and which are nov coamon in the
field.
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Table 3. Minimum Effective Doses in ppm for Some Insecticides
Against Susceptible Strains of Insects

'Actellic' fenitrothion malathion

Sitophilus qranarius
Sitophilus oryzae
Sitophilus zeamais
Oryzaephilus surinamensis
Cryptolestes ferrugineus
Tribolium castaneum
Rhizopertha dominica

0.25-0.50
0.50-0.75
0.25-0.50
0.10-0.25
0.25-0.50
0.50-0.75

c7.5

0.25-0.50
1.00-2.00
0.50-0.75
0.25-0.50
0.25-0.50
1.00-2.00
12.5-15.00

1-3
2-3
1-2
cO.5
2-3
4-5
·20

(McCallum Deighton, 1978)

Table 4. Minimum Effective Doses in ppm for Some Insecticides
Against Malathion-Resistant Strains of T castaneum

'Actellic' fenitrothion malathion

Kano Strain
CTC 12 Strain
Susceptible

0.50-0.75
1.00-2.00
0.50-0.75

(Mccallum Deighton, 1978)

Malathion-resistance in Plodia interpunctella and T castaneum has
become a serious problem in some States of USA, and Zettler (1974) and
zettler and Jones (1977) demonstrated the effectiveness of 'Actellic'
against such resistant strains. Unlike malathion and some other
insecticides, 'Actellic' is highly effective against moths and mites
infesting stored produce (McDonald and Press, 1973, Soderstrom and
Armstrong, 1973, Mccallum Deighton and Pascoe, 1976; Wilkin, 1975a and
b) •

In common with other organo-phosphorus insecticides, 'Actellic'
is less effective against R dominica than against other coleopteran
species infesting stored produce. However, Davies and Desaarchelier
(1981) and Davies (1982) have shown that 'Actellic' can be COIIbined
wi th carbaryl or peraethrin to give control of this species in a pest
coaplex, carbaryl or perllethrin alone givinq inadequate conuol of the
other .embers of the coaplex.
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Eradication

In addition to its abil1ty to protect grain at low doses, the
insecticide should also be able to eradicate insects from the grain,
as there are many situations where infested grain is put into the
store. If a fumigant is used, a protectant will also have to be used
to prevent infestation in the store. An insecticide which can
eradicate insects from the grain, therefore, has a bonus and can do
two jobs with one treatment.

'Actellic' has this ability to eradicate insects as well as
providing long term protection to the produce. This eradication
occurs when 'Actellic' is either admixed with infested grain, or
sprayed on to the outside of sacks containinq infested grain.

Two experiments will serve to demonstrate this effect. In the
first, adult S granarius were allowed to lay eggs in wheat for one
week and then the adults were removed. At different times after
oviposition, the grain was treated with different insecticides and the
number of adults emerging, and whether they were alive or dead, was
counted some time later. The following is an example of the results
obtained, the insecticides being applied 25 days after oviposition.

The second example concerns the eradication of adult insects from
grain in sacks. A known number of insects was added to wheat in sacks
and left for one week to find their optimum position. The external
surfaces of the sacks only were then sprayed with several insecticides
and a further week later the insects were sieved from the sacks and
mortality assessed.

The results from these two examples from many tests show that
'Actellic' can eradicate insects from grain.
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Table 5. Production and Mortality of F1 and F2 Generations of
S granarius

1
1 Total Number of Adults After I Number of Adults Alive At
1------------------------------1---------------------------
1 7 Wks* I 12 Wks 1 18 Wks I 7 Wks 12 Wks 18 Wks
I I I I

'Actellic' 1 r I I
I I I I

3 ppm I 128 I 133 I 134 I 0 0 0
6 ppm I 93 I 98 1 98 1 0 0 0
12 ppm I 41 I 42 1 42 1 0 0 0

1 1 I 1
malathion 1 I I 1

I 1 I I
5 ppm I 98 I 123 I 585 I 60 20 363
10 ppm I 87 1 135 I 411 I 45 34 302
20 ppm 1 99 I 135 I 137 1 17 0 1

I I I I
dichlorvos I I I I

I I I I
3 ppm I 113 I 319 I 770 I 113 315 708
6 ppm I 103 I 244 I 901 I 102 242 861
12 ppm I 75 I 130 I 882 I 75 126 855

I I I I
Untreated I 147 I I 933 I 147 933

I 1 I I

* Weeks after oviposition

Table 6. Percentage Mortality of Insects from Sacks

I,
T castaneum I S granarius o surinamensis

t
'Actellic' I

0.25 g ai/m2
1

93 I 93 99
0.50 g ai/m2 100 I 100 100

I
malathion I

1.50 q ai/112
I

96 I 69 97
2.00 q ai/..2 97 t 74 100

t
fenitrothion I

0.50 q ai/.2
I

95 I 90 96
1.00 q 4i/.2 97 I 83 100

I
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Effectiveness in the Field

Several insecticides are intrinsically effective against stored
products pests, but for one reason or another are insufficiently
effective or are unsuitable in practical situations. Effectiveness in
the field, and availability of the appropriate formulation are
essential in both temperate and tropical climates.

Temperate Areas

'Actellic' has been registered in Britain since 1974. Several
papers by the present author and by scientific workers from the Pest
Infestation Control Laboratory/Slough Laboratory of the Ministry of
Agriculture, Fisheries and Food have repor~ed results from, and given
recommendations following field evaluation against insects and mites
(Anon, 1969 and 1975; Green, 1975; McCallum Deighton, 1978; McCallum
Deighton and Pascoe, 1976; Pinniqer, 1975; Wilkin, 1985 a and b).
'Actellic' is the leading insecticide used on stored produce in
Britain (Wilkin et al., 1982).

Many reports of work through West Europe, East Europe and USSR
where the product is registered for treatment of stored produce and
storage premises (Coulon et al., 1972; Graciet and DeMallman, 1974;
Gelosi and Arcozzi, 1982;~;etkov, 1983; Zakladnoi, 1984) have
confirmed the high level of effectiveness of 'Actellic'.

In Australia, where 'Actellic' has been registered for several
years, recourse is made to the combination of 'Actellic' with carbaryl
or synergised pyrethroids to control a complex in which R dominica is
a serious pest. Extensive testing in a cooperative evaluation pro-
gramme to find a replacement for malathion, showed that 'Actellic' was
an effective alternative in a range of insecticides (Bengston et al.,
1980a, 1980b, 1983a, 1983b, 1984). -- --

South America has also figured prominently in the temperate zone
evaluation, again, 'Actellic' being registered throughout the
continent, and resulted in this insecticide being used as the first
alternative to malathion for use on grain exported from Arqentina. In
that country, a dose of 7 ppm qave complete control of S oryzae and
Tribolium confusum for one year, whereas 7 ppm malathion failed
between 1-3 months after treatment (Laselle pers coma).

The final temperate zone where extensive evaluation has been done
since 1970 is North America. There, the effectiveness of 'Actellic'
in preventinq infestation of maize, wheat, barley and sorqhua (La HUe,
1975, 1976 and 1977, La Hue and Dicke, 1977), rice (Coqburn, 1976) and
peanuts (Redlinqer, 1976) has been amply demonstrated.
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Tropical and Sub-tropical Areas

In these countries maize and rice are the most common stored
cereals, althouqh in some countries wheat and barley are equally
important. High ambient temperatures and humidities are common
throughout the storage period and these conditions present additional
problems because the insecticide then loses its effectiveness more
rapidly. However, 'Actellic' is much more stable than the other
organo-phosphorus insecticides in such environments.

In view of the nature of the methods of storage, the insecticide
is either used as a dilute dust for admixture with grain, or as a
dilute spray for the treatment of the external surfaces of sacks of
grain. The wide range of 'Actellic' formulations which are available
means that there are suitable formulations for all these varied
application methods.

Seth (1974) reported that the treatment of sacks of stored milled
rice with 0.5 g a1/m2 eradicated insects from within the sack and
protected the rice for over 3 months. Similar treatment of sacks of
grain in India (Chawla and Bindra, 1973, Kumar et al., 1982; Verma and
Ram, 1974), but using a lower dose, confirmed the superiority of
'Actellic' over other insecticides and its usefulness as a replacement
for malathion.

For admixture of a dilute 'Actellic' dust with maize stored
either loose or on the cob, 5-10 ppm are required (Adesuyi, 1976;
Golob and Muwalo, 1984; Ofasu, 1977; Weaving, 1975) and give superior
control to that afforded by higher doses of either malathion or
fenitrothion. All these authors and many others have demonstrated the
suitability of 'Actellic' 2\ for admixture with grain and other stored
produce by the small farmer.

International Acceptance

Many countries are reluctant to start to use a new insecticide
since they do not want to be the first to try the product. However,
'Actellic' has been extensively evaluated throughout the world and is
used in most temperate, tropical and sub-tropical countries where
substantial amounts of grain are stored. 'Actellic' is registered
and/or used in 76 countries including USA, USSR, Australia, Argentina,
Brazil, Indonesia, Nigeria, West Germany and UX and is now recognised
as a leading new stored produce insecticide.

well over 100 scientific papers have been published concerning
the effectiveness of 'Actellic' against stored products pests. For a
ca.plete list see Snelson (in press).
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Cost Effectiveness

Irrespective of the method of insect control, the treatment has
to have a high cost-benefit for it be of any value to the user,
whether the user is a large grain store in a developed country or a
small farmer in one of the FAO's lesser developed countries.

The following two examples, one from Britain and the other from
an African country, demonstrate the high cost-benefit ratio occurring
when using 'Actellic'.

Britain
If we assume that gra1n is rejected when delivered to a

merchants store because there are l1ve insects and mites present,
three sources of loss occur:-

1. Transport costs, say £4.00/te for a round trip of
100 m1les from the farm to the merchant and
return.

2. Fumigation with aluminium phosphide, say £1/te
(average of £O.5-1.5/te).

3. Downgrading from malting to feed barley, or from
milling to feed wheat, averaging £15/te.

Thus the average potential loss of income is £20/te. The
average cost of treating grain, including treating the fabric of
the store, is fO.45/tonne, and the average cost-benefit ratio
when using 'Actellic' is 1 : 44. This demonstrates the high
cost-effectiveness of 'Actellic' treatment of stored cereals in a
developed country.

Africa
------In Nigeria, for example, the value of maize immediately
after harvesting in 1982 was equivalent to f80/te. Later in the
year, during the dry season, the value of the maize, if insect-
free, has increased to f320/te. The value of preventing insect
infestation for a season is thus f240/te.

Treatment of maize in Nigeria consists of spraying the
external surfaces of cribs of cob maize with a dilute emulsion
prepared from 'Actellic' 25. The cost of this treatment for one
season is f2/te of maize treated.

The cost-benefit ratio is thus 120.
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Conclusion

Acute shortage of grain in several lesser developed ~ountries,
combined with the production and storage of ever increasing amounts of
grain in developed countries, necessitates that the grain should not
be damaged by insects and mites during storage.

Physical methods of pest control in grain are used in some
countries, although some of these techniques are very expensive to
install and run, while others are impractical in some situations.
Fumigants are invariably used after some damage has been done to the
gra1n, and thus nutritive and financial value lost. By their very
nature, fumigants are not persistent, have only a transient effect,
and don't confer any protection to the grain. They are toxic to man.

Insecticidal treatment of stored produce is, on the other hand,
the most effective way of confering long-term protection to grain
without undue hazard, and some insect1cides will eradicate insects
from grain. Several insecticides have been developed in recent years
as replacements for malathion, and 'Actellic', with its high level of
effectiveness and safety, its high cost-effectiveness, and its
acceptability worldwide, is an ideal insecticide for use on stored
produce, and it has replaced malathion in many countries.
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