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SUMMARY

This was the 4th survey of protected crops, but only the 3rd where
non-edible crops were included. Changes in cropping of edible crops
since 1987 included increases in tomatoes and decreases of all the other
crops. Areas of flowers remained approximately similar to those in 1981,
but pot and bedding plants have increased almost 4-fold.

Significant use of biological control agents was recorded, mainly on
tomatoes. Encarsia formosa against whitefly, Bacillus thuringiensis
against caterpillar and Phytoseiulus persimilis for red spider mite control
were all used. Dicofol/tetradifon, which had been recorded on only small
areas in 1987, was applied to almost 190,000 spray sq m in 1991, for
control of red spider mite.

Iprodione and benomyl remained the most popular fungicides, although the
total spray area with iprodione has declined considerably.

Herbicide usage on edible crops declined, mainly due to the reduced areas
of lettuce, but increased on non-edible crops. Paraquat was the principal
herbicide in both edible and non-edible crops.

Relative to areas grown, use of soil sterilants declined in edible crops
since 1987, but increased considerably in non-edible crops since 1981.
Dazomet was the main chemical used. Methyl bromide was not recorded in
this survey.

INTRODUCTION

This is the fourth survey of pesticides used on protected crops. The
previous three were in 1976, 1981 and 1987 (references 1, 2 and 3). In
1987, only edible crops were included.

DEFINITIONS AND NOTES

The areas of crops grown include successional sowings so that the total
areas of all crops grown are larger than the areas of glasshouses and
polythene tunnels.

Basic area (or basic sq m) is the planted area of crop which was treated
with a given pesticide, irrespective of the number of times it was applied
to that area.

Spray area (or spray sq m) is the basic area of a crop treated with a
given pesticide multiplied by the number of treatments that area received.

Biological control agents introduced on more than one occasion to a given
area have been recorded in spray sq m, although their mode of action is
different from that of conventional insecticides.

Demeton-S-methyl and oxydemeton-methyl are both referred to as
demeton-S-methyl because growers do not always differentiate between the
two compounds.

The reasons stated were those given by the growers and occasionally may
be inappropriate.



Due to rounding there may be slight differences in totals, both within
and between tables.

METHOD

Using the 1990 Agricultural Census (Reference 4) a sample was drawn
from growers returning more than 100 square metres of protected crops.
The sample represented the whole of Scotland and was stratified by the
11 land-use regions (Fig 1, reference 5) and size group. Sampling
fractions within size groups were based on area rather than numbers of
holdings, so that smaller size groups would not dominate the sample.

With a few exceptions, data were collected by personal interviews during
visits to the holdings. A small number of growers in outlying areas had
to be interviewed by telephone. The survey period was the 1991 calendar
year except for treatments of soil sterilants and disinfectants which were
carried out at the end of 1990 prior to crops grown in 1991. 1In all,
information was obtained from 66 holdings (Tables 1 and 2).

Sample data were raised to give national estimates of pesticide usage
using raising factors (Table 4). These were based on the areas of
holdings growing protected crops in the 1991 Agricultural Census
(Reference 6) within regions (Table 3). Land-use regions 1, 2 and 3
were amalgamated, as were regions 9, 10 and 11. '

PESTICIDE USAGE
The estimated area of each crop grown is shown in Table 5.

The proportions of crops (except pot and bedding plants) not treated
with the different groups of pesticides are given in Table 6, and repeated
usage data for each crop (again with the exception of pot and bedding
plants) are shown in Tables 11, 16, 20 and 25.

A summary of the areas of each crop treated with each formulation is
shown in Tables 36-41, and the estimated quantities applied in
Tables 42-47. The principal 20 chemicals ordered both by total spray
area and by kg of active ingredient are shown in Tables 48 and 49.
Regional data are shown in Table 52, and comparisons with previous
surveys in Tables 53 and 54.

EDIBLE CROPS
TOMATOES
There has been a 73% increase in area grown to 217,264 sq m since 1987.

Insecticides and molluscicides (Tables 7, 11)

The proportion of the crop treated with insecticides was 97%.
Comparisons with 1987 are not possible as most of the data on biological
control were omitted from that survey.

The 2 main reasons for insecticides use were against whitefly and red
spider mite. The principal control agent for whitefly control was Encarsia
formosa (1,862,866 spray sq m, 62% of the crop). Red spider mites were
treated with dicofol/tetradifon (188,480 spray sq m, 43% of the crop),



fenbutatin oxide (89,280 spray sq m, 39% of crop) and Phytoseiulus
persimilis (204,327 spray sq m, 28% of the crop). Another significant
biological control agent was Bacillus thuringiensis used on 85,000 sq m,
or 39% of the crop, for caterpillar control.

Fungicides (Table 8)

There has been a slight increase in the proportion of the crop treated
from 82% in 1987 to 87% in 1991, but a 12% decline in the total spray area,
despite the 73% increase in crop grown, due to less repeated use.

Fungicides were used mainly for Botrytis control, followed by wilt and
stem rot. As in 1987, iprodione was the main fungicide, applied to
184,128 sq m, or 28% of the crop, followed by benomyl on 173,403 sq m,
or 49% of the crop.

Herbicides and growth regulators (Table 9)

As in 1987, the only herbicide recorded was paraquat (11,713 spray
sq m, 5% of the crop).

2-chloroethylphosphonic acid was used on small areas for growth
regulation.

Soil sterilants and disinfectants (Table 10)

Dazomet usage has increased from 5% of the crop treated in 1987 to 10% in
this survey while the use of steam was recorded on small areas only.

Formaldehyde, as in 1987, was the principal disinfectant, and was used
on 13% of the crop.

LETTUCE

The area has declined from 118,737 sq m in the previous survey to only
15,507 in 1991.

Insecticides and molluscicides (Tables 12, 16)

The proportion of the crop treated increased from 71% to 83%.

In 1991, the main pest was slugs, compared with aphids in the previous
survey. The main molluscicide was metaldehyde and was applied to
15,843 spray sq m, or 70% of the crop. Pirimicarb, as in 1987, was the
most commonly used aphicide, and was applied to 11,610 spray sq m, or
64% of the crop.

Fungicides (Table 13)

The usage of fungicides has declined from 96% of the crop treated in 1987
to only 57% in the present survey.

Botrytis was the main reason for use of fungicides compared with
insurance and mildew in 1987. The range of fungicides used was reduced
from 9 formulations in 1987 to only 3 in this survey. Iprodione
(28,503 spray sq m or 57% of the crop) was the most popular, followed by
benomyl (17,867 sq m or 22% of the crop).



Propamocarb hydrochloride, which had not been recorded in 1987, was
also popular (8,266 spray sq m, 53% of the crop) for control of damping
off and Phytophthora. Neither vinclozolin nor =zineb, which had been
used on large areas in 1987, was recorded in this survey.

Herbicides (Table 14)

The proportion of the crop treated declined from 50% in 1987 to 23% in
1991.

General weed control was the only recorded reason for herbicide usage.
Paraquat and propyzamide were used on roughly similar areas,
3,500 spray sq m. Chlorpropham, which had been commonly used in
1987, was not recorded.

Soil sterilants and disinfectants (Table 15)

The proportion of the crop treated with this group of pesticides increased
from 25% in 1987 to 47%.

Dazomet was the only soil sterilant recorded.

Formaldehyde had been used on 9% of the crop in 1987, but none was
recorded in this survey.

SEEDLINGS OF EDIBLE CROPS

This crop category contains brassica, lettuce, tomato and vegetable
seedlings. Only 7,694 sq m were grown in 1991, a big reduction since
the previous survey when there were 68,876 sq m of brassica seedlings
and 4,930 sq m of other edible seedlings.

Insecticides and molluscicides (Table 17)

There was a slight drop in the proportion of crop treated, from 77% in
1987 to 65% in the present survey.

The main reason for use of this pesticide group was for slug control,
compared with cabbage root fly in 1987. Metaldehyde was the only
molluscicide recorded, and was applied to 14,880 spray sq m or 32% of
the crop, compared with only 1% in 1987. Pirimicarb, which was the only
aphicide used, (2,930 spray sq m or 28% of the crop), had been applied
to only small areas in 1987.

Fungicides (Table 18)

The proportion of the crop treated with a fungicide fell dramatically from
96% in the previous survey to 27% in 1991.

The principal usage of fungicides was for damping off control compared
with mildew in 1987.

Tolclofos-methyl, applied to 1,240 spray sq m, or 16% of the crop, was
the most commonly used fungicide. Dichlofluanid, which had been used
on 95% of the crop in 1987, was not recorded in this survey.



Herbicides (Table 19)
As in 1987, no herbicides were recorded.

Soil sterilants and disinfectants (Table 20)

Dazomet was used on 1,811 sq m (24% of the crop area), compared with
minimal usage in 1987.

Tar oils were applied to the fabric of 10% of the crop area. None had
been recorded in the previous survey.

OTHER EDIBLE CROPS

There has been a large drop in area of these crops. For this survey, all
other vegetables (mainly leeks) were amalgamated with small areas of
strawberries and exotic fruit, totalling 17,770 sq m. In 1987, there had
been 4 separate categories, totalling 44,651 sq m. Because there is a
wide range of crops, comparisons of pesticide usage between the
2 surveys should be treated with caution.

Insecticides and molluscicides (Table 22)

47% of the crops received an insecticide or molluscicide, compared with
71% in 1987.

Heptenophos was the most popular insecticide (11,329 sq m, 16% of the
crop) and was used for aphid control. In 1987, the principal insecticides
had been cypermethrin and malathion.

Metaldehyde and methiocarb were used on small areas.

Fungicides (Table 23)

Only 14% of the crop was treated with fungicides compared with 60% in
1987. The only reasons recorded were for control of Botrytis and
mildew. Benomyl, which had been used on only small areas in 1987, was
the principal fungicide in this survey (2,752 sq m or 14% of the crop).
Iprodione had been the most popular fungicide in 1987.

Herbicides and growth regulators (Table 24)

Forty-five per cent of the crop received a herbicide compared with only
17% in 1987. Glyphosate, which had been used on very small areas in
1987, was the only herbicide recorded (8,003 spray sq m). Paraquat and
propachlor had been the principal herbicides used in the previous
survey.

As in 1987, no growth regulators were recorded.

Soil sterilants and disinfectants (Table 25)

As in 1987, dazomet was the only soil sterilant recorded, on a very small
area.

No disinfectants were recorded.



NON-EDIBLE CROPS
FLOWERS FOR CUTTING

In the present survey, all flowers for cutting, which were mainly
chrysanthemums, were amalgamated. In 1981, chrysanthemums had been
sub-divided into all year round and seasonal crops. In each of the two
surveys, the total areas of flowers grown were roughly similar at around
70,000 sq m.

Insecticides and molluscicides (Table 27)

The proportion of the crop treated was 90%, similar to that in 1981.

The main reason for use was for aphid control, and the most popular
insecticide was cypermethrin (81,592 spray sq m, or 43% of the crop,
followed by deltamethrin (51,555 spray sq m, 19% of crop) and
permethrin, either alone or in formulation with thiram (43,403 spray
sq m). In 1981, permethrin and malathion had been the most commonly
used.

Metaldehyde was the main molluscicide, used on 28,066 sq m, 23% of the
crop.

Fungicides (Table 28)

As in 1981, around half the crop received a fungicide.

The main uses were for Botrytis and rust control. The principal
fungicides were propiconazole for rust control (38,205 spray sq m, or 25%
of the crop) and iprodione against Botrytis (36,718 spray sq m, 1%% of
the crop). In 1981, iprodione and thiram had been the most commonly
used.

Herbicides and growth regulators (Table 29)

The proportion of the crop treated with a herbicide was 40% compared
with only 12% in 1981. Paraquat (14,964 spray sq m, or 21% of the crop)
and diphenamid (8,996 spray sq m, 12% of the crop) were the most
commonly used, compared with chloroxuron in 1981.

As in the previous survey, daminozide -was the principal growth
regulator, and was applied to 12,000 sq m, 17% of the crop.

Soil sterilants and disinfectants (Table 30)

The use of soil sterilants was higher in this survey than in 1981.
Dazomet was the main chemical used. Methyl bromide, which had been
the most popular in the previous survey, was not recorded in 1991.

POT AND BEDDINGS PLANTS

The areas of crops grown, which include multiple cropping, increased
dramatically from 95,602 sq m in the previous survey to 360,452 sq m in
1991.

Proportions of crops treated with individual pesticides and pesticide
groups have not been recorded as the constant throughput of plants
throughout the year made it impossible to record the relevant data
accurately.



Insecticides and molluscicides (Table 32)

The main reasons for use of insecticides were for aphid control.
Pirimicarb was by far the most popular insecticide (240,722 spray sq m),
followed by cypermethrin (100,033 spray sq m). In 1981,
demeton-S-methyl had been the most popular insecticide, but was used on
small areas only in this survey.

Metaldehyde was applied to 126,485 spray sq m for slug control. In 1981,
no molluscicides had been recorded.

Fungicides (Table 33)

Botrytis and mildew were the main reasons for fungicide treatments.
Iprodione was the most popular and was applied to 125,206 spray sq m,
mainly for Botrytis control. Benomyl (67,775 spray sq m) was also mainly
used for Botrytis control. Bupirimate, either alone but mostly in
formulation with triforine, was used on 62,734 spray sq m. In 1981,
etridiazole and benomyl had been the most commonly used active
ingredients.

Herbicides and growth regulators (Table 34)

Glyphosate (34,028 spray sq m) and paraquat (26,079 spray sq m) were
the most popular herbicides used. In 1981, herbicides had been used on
only small areas.

Paclobutrazol (33,721 spray sq m) and 4-indol-3-ylbutyric acid, alone and
with 1-naphthylacetic acid and dichlorophen, were the principal growth
regulators used. In 1981, chlormequat had been used on very small
areas.

Soil sterilants and disinfectants (Table 35)

Dazomet was the only soil sterilant recorded in 1991 and was used on
17,862 sq m or 5% of the crop. In the previous survey, methyl bromide
had been the most commonly used.

As in 1981, formaldehyde was the principal disinfectant, and was used on
7,073 sq m, or 2% of the crop.

COMPARISONS WITH PREVIOUS SURVEYS
EDIBLE CROPS (Table 53)

Overall, the area grown of edible crops declined by 29%. Tomatoes
increased in area by 72%, but all the other crops, particularly lettuce,
showed considerable reductions in areas sown. As a result, tomatoes
accounted for 84% of all edible crops grown.

Although comparisons with insecticides between 1987 and 1991 are not
possible, there has been a clear increase in usage of biological control
agents between 1987 and the present survey.

There has been a large reduction in total spray area of fungicides from
over 1,850,000 to around 686,500 spray sq m due mainly to the drop in
areas of lettuce grown and less repeated usage on tomatoes.



Reduced herbicide usage is due mainly to the drop in area of lettuce
grown.

The overall decline in total weight of pesticides used since 1987 is mainly
due to the decrease in use of soil sterilants, particularly methyl bromide,
which was not recorded in 1991.

NON-EDIBLE CROPS (Table 54)

The areas in flowers for cutting remained constant at around 70,000
sqg m, but that of pot and bedding plants increased almost 4-fold.

If the overall increases in the areas of these crops since 1981 are taken
into account, there has been a slight increase in insecticide usage. By
insecticide groups, there were relative increases in pyrethroids and
decrease in organochlorines. A large increase in molluscicide usage was
recorded.

Fungicide usage was also higher in 1991, while usage of herbicides and
growth regulators was significantly greater.

Overall, there was a 4-fold increase in spray area of active ingredients of
all crops, but only a very slight increase in weight of active ingredients
used, due mainly ‘to the dem1se of methyl bromide which has a high
apphcatlon rate.
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TABLE 48: Estimated area (spray sq m) treated with the 20 most used
active ingredients, on all EDIBLE crops surveyed

1991 1987
1 Encarsia formosa 1862866 .
2 Iprodione 212756 475788
3 Phytoseiulus persimilis 204716 *
4 Benomyl 194022 165267
5 Dicofol 196827 2483
6 Tetradifon 188480 1642
7 Fenbutatin oxide 83280 73966
8 Bacillus thuringiensis 85215 .
9 Chlorothalonil 74400 79
10 Propamocarb hydrochloride 67053 78749
11 Vinclozolin 61237 259956
12 Dichlofluanid 54277 561281
13 Fatty acids 44640 P
14 Metaldehyde 35679 21321
15 Pirimicarb 31827 127389
16 Dazomet 30496 40515
17 Formaldehyde 28470 21919
18 Peroxyacetic acid 19176 .
19 Carbendazim 16529 10502
20 Paraquat 15302 8289

TABLE 49: Estimated amount (kg) treated with the 20 most used active
ingredients, on all EDIBLE crops surveyed

1991 1987
1 Dazomet 1340. 1733.9
2 Formaldehyde 133. 45.7
3 Peroxyacetic acid 48. .
4 Propamocarb hydrochloride 44. 400.9
5 Fatty acids 24. .
6 Tar oils 23. +
7 Iprodione 22. 41.3
8 Benomyl 20. 11.8
9 Chlorothalonil 18. +
10 Dicofol

11 Vinclozolin
12 Dichlofluanid
13 Metaldehyde
14 Quintozene

15 Tetradifon

o
W ON VO REWUHMTW P WO OO WW
S
BN W0 O
cowule

o e NN W W

16 TFenbutatin oxide 4.3
17 Etridiazole 54.4
18 Aldicarb 1.0
19 Glyphosate +
20 Paraquat 0.2

T4k

most biological control agent treatments omitted from 1987 survey.

|+|

less than 0.05 kg
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TABLE 50: Estimated area (spray sq m) treated with the 20 most used
active ingredients, on all NON-EDIBLE crops surveyed

1991 1981
1 Pirimicarb 249359 21787
2 Cypermethrin 181625 3
3 Iprodione 161524 59405
4 Metaldehyde 154551 1687
5 Deltamethrin 108254 .
6 Resmethrin 89433 36170
7 Malathion 69683 41287
8 Benomyl 67775 17488
9 Bupirimate 61689 1886
10 Triforine 61689
11 TFenbutatin oxide 52024
12 Pyrethrins 42755 .
13 Paraquat 41043 2194
14 Vamidothion 39680
15 Glyphosate 38453
16 Propiconazole 38205 .
17 Dazomet 37969 9138
18 Paclobutrazol 36941 :
19 Diazinon 34231 230
20 Chlorothalonil 32252

TABLE 51: Estimated amount (kg) treated with the 20 most used active
ingredients, on all NON-EDIBLE crops surveyed

1991 1981
1 Dazomet 1429.3 343.8
2 Formaldehyde 78.5 19.3
3 Propamocarb hydrochloride 69.0 .
4 Etridiazole 36.7 14.4
5 Daminozide 32.6 0.3
6 Tar oils 30.8
i Fonofos 21.0
8 Furalaxyl 20.2 .
9 Pirimicarb 18.3 4.7
10 Vamidothion 17.8
11 Dichlorophen 17.6
12 Tolclofos-methyl 16.4
13 Fenbutatin oxide 13.7 .
14 Nicotine 13.2 6.8
15 Malathion 11.2 3.7
16 Metaldehyde 10.9 0.2
17 Diphenamid 9.2
18 Iprodione 9.2 0.1
19 Chlorothalonil 8.7 .
20 Benomyl 7.5 1.0
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INTRODUCTION AND METHOD

This was the third survey of mushrooms in Scotland. Previous mushroom
surveys were carried out in 1976 and 1981 (refs. 1 & 2).

With the help of the Horticultural Unit of SOAFD, 14 mushroom growers
were identified as operating in Scotland. As far as could be ascertained
these were all the growers in business during the full survey period
1 January 1991 to 31 December 1991. As a consequence the figures
represent national usage. All growers were visited and information was
obtained on the use of pesticides.

PESTICIDE USAGE

Slightly more than 25 hectares of crop was grown in Scotland
representing an approximate 6 fold increase since 1981. Tables 1 and 2
show the use of insecticides and fungicides respectively.

Insecticides were applied to 81% of the crop. The proportion of crop
treated with any insecticide in 1981 had not been recorded. As in 1981
the insecticides were used to control both sciarid and phorid flies.
Diazinon was the main chemical, with 54% of the crop being treated (42%
in 1981). In addition permethrin was used on 45% of the crop area (none
recorded in 1981). Pyrethrin and resmethrin, both alone and in
formulation, were also popular.

All crops received a fungicide. These were used as a precaution against
Verticilium and Mycogene spp.. The main chemicals were prochloraz, on
85% of crop (none recorded 1981) and benomyl, 48% (18% in 1981). The
proportion of crop treated in 1981 was not detailed, but it was less than
50%.

Table 4 shows the repeated use of insecticides and fungicides.

All growers used some form of disinfectant (table 3) mainly for general
cleansing of houses, trays and use in footbaths. The main disinfectant
active ingredients used were 2-phenylphenol and sodium o-benzyl
p-chlorophenoxide.
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