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SUMMARY

This report presents information from a survey of pesticide usage in commercial grain stores,
including mills and maltings, in Scotland in 1994/95.

The results show the extent of insecticide and acaricide usage associated with the storage of
1,502,243 tonnes of grain, 101,979 tonnes of which were treated directly. Of the 64 premises
surveyed 83% had used pesticides.

The chemicals most heavily used were methyl bromide (1,340 kg), followed by pirimiphos-methyl
(557 kg), chlorpyrifos-methyl (162 kg) and etrimfos (89 kg).
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INTRODUCTION

This is the first survey which covered the majority of commercial grain storage facilities in
Scotland, and included not only commercial grain stores, but also flour mills, animal feed mills
and maltings. Previous surveys of commercial grain stores were carried out in 1967-68, 1972-73,
1977-78 and 1983-84'%. Flour mills had been surveyed in 1977°, animal feed mills in 1970-71,
1975-76 and 1985-86%%, and maltings in 1974-75 and 1985-86 *'°. Distilleries were not included
although some of these may have had some grain storage capacity.

There are also minor differences between the present and the most recent surveys: the animal feed
survey in 1985-86 included poultry feed premises which were omitted from the present survey; in
addition, the previous survey covered all animal feed premises, including small stores where no
unprocessed grain was stored, while the present one covered the larger mills only. Also, the
previous surveys covered almost all known premises, and whilst there were some omissions from
the present survey there has been no attempt to raise the data to national levels. For these reasons,
the data between the present survey and those conducted in the 1980s, which did not include flour
mills, are not strictly comparable, although the previous results are presented in one of the tables
for completeness.
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METHOD

This survey was intended to include all known commercial grain stores, mills and maltings in
Scotland. No attempt was made to categorise the types of store because of the multiple activities
of many of them. Information was collected by interview, mostly by visits but some information
was supplied later by the contractors that had applied the pesticides. Pesticide usage data
collected from the manufacturing premises was restricted to the grain storage areas only, although
rodenticide usage referred to the entire premises.

The survey period was the grain storage year, from 1 July 1994 to 30 June 1995 and taken to
include preharvest fabric treatments to the store in 1994.

A total of 64 premises, 40 commercial grain stores, 4 flour mills, 10 animal feed mills, and 10

maltings were surveyed. It is suspected that there were some omissions from the population, but
no attempt was made to raise the data to national levels.
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RESULTS

In all, 1,502,243 tonnes of grain were stored during the 12 month period, 1 July 1994 to 30 June
1995. Of the 64 premises surveyed, 53 (83%) had used pesticides. A total of 2.2 tonnes of active
ingredients, including fumigants, were applied.

In this survey the chemical fumigant most heavily used was methyl bromide (1,340 kg), being
applied to empty silo bins for control of saw toothed grain beetle in two premises. Aluminium
phosphide (38 kg) was used to treat 3,666 tonnes of grain also for saw-toothed grain beetle
infestation in one store.

Insecticides and acaricides (Tables 1,2 &3) ...
Pirimiphos-methyl (557 kg) remained the most popular chemical (41 users), followed by
chlorpyrifos-methyl (162 kg, 4 users) and etrimfos (89 kg, 3 users). Atthe time of the survey,
these three chemicals were approved for admixture with bulk grain. Pirimiphos-methyl (345 kg)
was applied to 77,000 tonnes of grain and etrimfos (81 kg) to 21,562 tonnes, mainly for control of
saw-toothed grain beetle. The balance of these materials, pirimiphos-methyl (213 kg) and
etrimfos (8 kg), was used for preharvest store fabric treatment. The 162 kg of chlorpyrifos-methyl
recorded was all for fabric treatment.

Most fabric treatments were undertaken for general insurance purposes, but 49 kg of pirimiphos-
methyl was used following known saw-toothed grain beetle infestations. Other fabric treatment
chemicals used were malathion (30 kg) and pyrethroids and pyrethrins in very small quantities.

Rodenticides (Tables 4 & 5) ...
Rodenticide usage data were collected from 42 of the premises surveyed which covered over

1 million tonnes of grain storage. Of these premises, 35 (83%) used rodenticides. Bromadiolone
(26 g) was the most widely used active ingredient. Aluminium phosphide (128 g) was the active
ingredient used in greatest quantity but was recorded at only one store. The formulation
calciferol/difenacoum (20/0.5 g) was the third largest, but again was recorded at one store only.
Quantities of all the other active ingredients were each of less than 10 g.

Grain-based ready to use baits, including sachets, were by far the most popular formulation of bait
used (54.6 g of active ingredients). All other formulations were used in small quantities only.

When the weights of made-up bait are taken into account, those containing bromadiolone were the
most widely used, and accounted for 60% of the total weight used.
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TABLE 1 Grain storage

Quantities (tonnes) of grain stored and treated with pesticides

Crops

Barley
Wheat
Oats
Qilseed rape
Peas
Maize

All crops

Tonnes
stored

546,053
417,330
249,200
251,400
13,000
25,260
1,502,243

Tonnes
treated

19,416
53,763
10,300
18,500

101,979

TABLE 2 Insecticides and acaricides
Quantities (kg) of insecticides and acaricides (including fumigants) applied

Insecticides and acaricides

Alphacypermethrin

Aluminium phosphide

Chlorpyrifos-methyl

Etrimfos
Malathion

Methy! bromide

Permethrin

Pirimiphos-methyl

Pyrethrins

All insecticides and acaricides

Direct
application
to grain

377

81.0

344.8

463.5

Application
to building
Jfabric

12

161.5
8.4
30.0
1,340.0
0.9
212.6
3.9
1,758.5

% of
fonnes
treated

13

All
treatments

1.2
371.7
161.5
89.4
30.0
1,340.0
0.9
557.4
39
2,222

“** = Commercial grain stores 1983-84 and animal feed premises & maltings 1985-86.

Commercial

Grain

Storage

1983-84
1985-86*

54.7
4023
1.8

6.0
1,159.8
0.3
9,345.3

1994-1995



TABLE 3 Insecticides and acaricides
Quantities (kg) of insecticides and acaricides (including fumigants) applied and the reasons for their

use
Saw toothed Grain Mites Insurance Totals

Insecticides and acaricides grain beede  beetle

Alpha-cypermethrin 12 1.2

Aluminium phosphide 37.7 377

Chlorpyrifos-methyl 161.5 161.5

Etrimfos 78.0 114 89.4

Malathion 30.0 30.0

Methyl bromide 1,340.0 1,340.0

Permethrin 0.9 0.9

Pirimiphos-methyl 283.8 10.1 0.6 2629 5574

Pyrethrins 39 39
All insecticides and acaricides 399.5 10.1 0.6 1,811.8 2,222.0

TABLE 4 Rodenticides

Quantities (g) of rodenticides used at 42 storage premises

Active ingredients “
Aluminium phosphide 128.25
Brodifacoum 1.21
Bromadiolone 2627
Calciferol/difenacoum 20/0.5
Chlorophacinone 0.42
Coumatetralyl 7.69
Difenacoum 9.21
Diphacinone 5.23
Flocoumafen 0.51

All active ingredients 199.28
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SUMMARY

This was the 6th survey of pesticides used in farm grain stores.
Results showed that 52% of grain harvested was stored on farms.

The fabric of the stores was treated on 12% of holdings storing grain. Only 0.4% of the grain
stored was admixed with pesticides.

Pirimiphos-methyl remained the most commonly used chemical, and its usage increased slightly
compared with that reported in 1990-91. Chlorpyrifos-methyl was also popular, its usage
increasing by 72% compared with the previous survey.

Farm Grain Storage 1994-1995
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INTRODUCTION

This was the 6th survey of pesticides used in farm grain stores. The information collected
included the usage of insecticides and acaricides but, unlike the previous survey, not rodenticides.
The earlier surveys were in 1966-67, 1971-72, 1976-77, 1982-83 and 1990-91'. Coincident with
this survey a similar one of pesticide usage in commercial grain stores was carried out, the results
of which are presented in this publication.

DEFINITIONS AND NOTES

12

The term ‘admix(ed)’ refers to grain treated directly with pesticide. In this survey admix
treatments were applied either to the surface of stored grain or applied to the grain as it was loaded
into the store.
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METHOD

Using the 1994 Agricultural Census®, a sample was drawn which represented holdings throughout
Scotland. The sample was drawn from holdings growing any of the arable crops notified on the
Census returns. The country was divided into 11 land-use regions (Fig 1°). Sampling fractions
within farm size groups were based on areas of crops grown rather than number of holdings, so
that the smaller size groups would not dominate the sample.

A brief questionnaire was sent to each of the 2,000 farms in the sample asking a) whether any
cereals, oilseed rape, linseed, peas or beans (dry harvest) was stored on the farm at any time
between the harvest of 1994 and June 1995 and if so the tonnage, b) whether propionic acid was
used on any of the stored grain and c) whether any other chemicals were used on stored grain or
on the fabric of the store to control insect or mite pests. Question b) was necessary to identify
those farmers who did not distinguish preservatives from pesticides and to eliminate them from
the survey. The interview sample was drawn from those farmers who replied yes to question c).
Information on pesticide usage was collected from 96 holdings, the bulk of it by personal
interview (Table 11). Some of the information was supplied later by contractors and servicing
companies.

Estimates of tonnages of grain stored on farms were based on the 915 postal replies. National
estimates of pesticide usage were obtained from the sample data by applying 2 raising factors.
The first (Table 12), for each region and size group, was the ratio of the number of holdings from
the postal sample that used pesticides to the number of holdings visited. The second (Table 13)
was the ratio of the total numbers of farms growing combine crops in Scotland to the total number
of farms replying to the postal questionnaire (Tables 9 and 10). Land-use regions Highlands &
Islands, Caithness & Orkney, Moray Firth and Aberdeen were amalgamated (Northern Scotland),
as were regions Angus, East Fife, Central Lowlands, Southern Uplands and Solway (Central and
South West Scotland) and regions Lothian and Tweed Valley (South East Scotland). The number
of size groups was also reduced, to those growing less than 100 ha and those growing 100 ha or
more.

Farm Grain Storage 1994-1995
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RESULTS AND DISCUSSION

From the total number of 1,408 questionnaires returned from the initial sample of 2,000 holdings
in the postal survey, 915 (65%) replied that they had stored grain and of these 204 used
insecticides and acaricides.

All pesticide usage was based on data collected from a sub-sample of 96 farms (Table 11) out of
the original 204 in the initial questionnaire replying that they had used pesticides. Table 6 shows
the areas of crop grown, estimated quantities of grain harvested’, the percentage of grain stored on
farms and the quantity of grain treated. Of all crops harvested in 1994, 52% by weight was stored
on farms.

Table 7 shows the usage of pesticides by active ingredient and includes the previous survey's
figures for comparison purposes.

It was estimated that pesticides were used in 12% of farm stores in Scotland between the harvest
of 1994 and June 1995, compared with 7% in 1990-91. Usage was again more widespread on
farms in the larger size group (35%) than in the smaller group (9%).

The majority of recorded pesticides were applied to the fabric of the stores. Pirimiphos-methyl
was again by far the most popular insecticide/acaricide used. A total of 310 kg was applied (281
kg in 1990-91), accounting for 71% of total usage of all pesticides. Chlorpyrifos-methyl (119 kg)
was the second most popular, usage of which had increased by 72% since the previous survey. In
all,

10 different active ingredients were recorded but usage of most of these was minor. Slightly
fewer than half the treatments applied to the fabric of stores were by smoke generators closely
followed by sprays. Small numbers of dust and fogging treatments were also recorded.

Only 5,153 tonnes of wheat, based on incidences from two farms, was treated directly with
insecticides/acaricides, which accounted for only 1% of the total wheat tonnage stored. Similar

_ quantities of chlorpyrifos-methyl and pirimiphos-methyl were applied for control of saw-toothed
grain beetle and grain weevils in these treatments. No bulk grain surface treatments were
recorded. As in the previous survey, no fumigants were recorded.

The predominant reason for usage of insecticides/acaricides was for insurance purposes with only
small quantities being used for control of saw-toothed grain beetle and weevils. Small quantities
were also applied to meet a quality assurance requirement (Table 8).

14 Farm Grain Storage 1994-1995



REFERENCES

1. The quantities of pesticides used for the protection of stored grain and the control of harmful
mammals on British farms. D.S. Papworth and A.J.B. Rudge. International Pest Control,
November/December 1971.

2. Protection of stored grain and the control of harmful mammals on British farms. D.S. Papworth,
AF. Milward, J K. Taylor and A.W. Mayhew. International Pest Control, March/April 1975.

3. Jeffrey, 1.G., Woof, T.M., Brodie, J., Bowen, H.M. and Hosie, G. Pesticide Usage Survey
Report 55, Farm Grain Stores 1982-83 (1976-77) DAFS, Edinburgh 1988.

4. Snowden, J.P. and Dickson, J.M. Pesticide Usage Survey Report 94, Farm Grain Stores 1990-
91 SOAFD, Edinburgh 1992.

5. Agricultural Statistics, Scotland 1994; HMSO, Edinburgh 1995.
6. Wood, H.J. An Agricultural Atlas of Scotland. George Gill and Sons, London 1931.

7. Cereal Stock Survey, Scotland 1994; SOAEFD Economics and Statistics Division H,
unpublished survey by personal communication.

ACKNOWLEDGEMENTS

The author would like to thank all the farmers and contractors who provided information for this
survey. Thanks are given to Miss M. McCreath and Mr L.A. Thomas who collected some of the
data and to Mr J. Kerr and Dr C.J. Griffiths for providing editorial assistance. Thanks are also due
to SOAEFD Economics and Statistics Division for drawing samples and supplying harvest
figures, to Mr 1. Nevison (Biomathematics and Statistics Scotland) and Mr D. Marr (Information
Technology Services, SASA) for statistical and computing advice.

Farm Grain Storage 1994-1995



16

@ FIGURE 1 Land-Use Regions of

0 - &
43:9& ‘} N\

|
AR £ S
/ 5 L\ j_\ _/’f\_,/'_“
a7 k | § M S Moray Firth .
e j | g | 1
< \§ g | \
o ‘L\ i 4f( % J
/3 VA Y
(J T s |
e 5’°<\ /< / |
J ! N
D{é’\'* 4 ) { Highlands
i (”'_"2,? & Islands /
,__,.r\h@h / |

WS

!
| OH Central Lowlands
"

G

Ny
i =
&

Farm Grain Storage 1994-1995



TABLE 6 Grain storage

Estimated quantities (tonnes) of grain harvested, stored on farms and treated with pesticides

Crop

Barley
Wheat
Oats
Oilseed rape
Peas
Triticale
Timothy
Beans
Rye
Linseed
All crops

Census Tonnes Tonnes
area (ha) harvested stored
261,610 1,358,738 680,918
105,270 782,057 478,355
27,600 128,352 68,378
69,620 180,592 47,149
2,410 11,995 5,765
4623 608
266
370 206
88
310 542 50

467,190 2,466,899 1,281,783

“® = 9% of tonnes stored in parentheses

TABLE 7 Insecticides and acaricides

Estimated quantities (kg) of insecticides and acaricides used in farm grain stores

Percentage
of harvest
stored
50
61
53
26
48
13

52

Direct Application
Insecticides and acaricides application 1o building
to grain Jabric
Bendiocarb 28
Chlorpyrifos-methyl 8.1 1113
Fenitrothion 29
Gamma-HCH 2.1
lodofenphos
Permethrin 1.7
Phenothrin +
Pirimiphos-methyl 7.4 302.8
Pyrethrins 0.3
Resmethrin 0.2
Tetramethrin +
All insecticides and acaricides 155 426.4
“* <0.05 kg
Farm Grain Storage 1994-

Tonnes
treated®

5,153 (1)

5,153 (0.4)

All
treatments

2.8
119.4
29
2.1

1.7
310.2
0.3

0.2

439.6

1995

Tonnes
treated™
1990-91

1,445 (0.2)
2,268 (0.5)
455 (1.5)

4,168 (0.4)

1990-91

69.4
6.5
18.0
2.6
0.1

280.6

3772

17
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TABLE 8 Reasons for use

Estimated quantities (kg) of insecticides and acaricides and reasons for their use

Insurance

Insecticides and acaricides
Bendiocarb 2.8
Chlorpyrifos-methyl 111.3
Fenitrothion 25
Gamma-HCH 2.1
Permethrin 1.4
Phenothrin +
Pirimiphos-methyl 302.6
Pyrethrins 0.3
Resmethrin 0.2
Tetramethrin +
All insecticides and acaricides 422.8

“* < 0,05 kg

TABLE 9 Census numbers
Number of holdings growing combine crops in 1994

Size group (ha)

0.1-99.9
100+
All size groups

Northern
Scotland

6,674
334
7,008

TABLE 10 Postal replies

Number of holdings returning postal questionnaire

Size group (ha)

0.1-99.9
100+
All size groups

Northern
Scotland

348
137
485

Farm Grain Stora

Saw-toothed
grain beetle

8.1

8.1

Central and
south-west
Scotland

4,818
503
5,321

Central and
south-west
Scotland

379
254
633

ge 1994-1995

Grain Quality Totals
weevil assurance
requirement
2.8
119.4
0.4 2.9
2.1
0.3 L7
L
7.4 02 310.2
0.3
+ 0.2
+
8.1 439.6
South-east Scotland
Scotland
860 12,352
383 1220
1,243 13,572
South-east Scotland
Scotland
92 819
198 586
290 1,408



TABLE 11 Number of holdings interviewed

Number of holdings in postal survey storing grain, using pesticides and interviewed

Northern

Size group (ha) Scotland
0.1-99.9 7
100+ 12
All size groups 19

TABLE 12 First raising factors

Neorthern

Size group (ha) Scotland
0.1-99.9 2.14
100+ 1.75

TABLE 13 Second raising factors

Northern

Size group (ha) Scotland
0.1-99.9 19.18
100+ 2.44

Farm Grain

Storage

Central and
south-west
Scotland
11
29

40

Central and
south-west
Scotland
1.91

2.10

Central and
south-west
Scotland

12.71
1.98

South-east
Scotland

32
37

South-east
Scotland

240
231

South-east
Scotland

9.35
1.93

1994-1995

Scotland

73
96

19
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