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This is the ninth survey on the use of pesticides on stored potatoes in Scotland, covering the crop
harvested in 2000.

Compared with the last survey in 1998 the quantity of potatoes stored rose by 5% to
approximately 1,155,000 tonnes.  Seed potatoes fell by 5% from 385,000 tonnes to 365,000
tonnes, whereas ware potatoes increased by 10% from 715,000 tonnes to 790,000 tonnes.

Imazalil was the principal active ingredient used on seed potatoes, applied to 21% of the tonnage
stored.  On ware potatoes, the main active ingredients were chlorpropham, applied to 4% of the
tonnage stored and imazalil to 3%.

SUMMARY
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This is the ninth survey of the use of pesticides on stored potatoes in Scotland, a list of previous
surveys can be found in the references1-6.

The Foot and Mouth outbreak, in February 2001, affected the fieldwork for this survey, resulting
in a smaller sample than in previous surveys.

Unlike previous surveys, data from farms and merchants are not presented separately due to the
different methods of raising the raw data from the two sources (see Method for details).

Pesticide information recorded in this survey relates to post-harvest applications, including those
carried out in the field prior to entry to the store, but excluding pre-planting fungicidal seed
treatments applied towards the end of the storage period, even if they were applied in store.
Usage of pesticides in the latter situation is recorded in the Arable Crop reports.

Basic tonnage is the quantity of potatoes treated with a pesticide, irrespective of the number of
times they were treated or the number of pesticides used.  This figure is used to calculate the
percentage of potatoes treated with a chemical or groups of chemicals.

Tonnes treated is the basic tonnage multiplied by the number of treatments those potatoes
received.

Seed potatoes are those designated as seed, after dressing and removal of the ware fraction.

Ware potatoes include those grown for the ware market plus the portion of potatoes originally
planted for seed but later sold as ware.  The quantity of stored potatoes following the harvest
recorded in this report will include soil, wastage, and those potatoes downgraded to animal feed.

Farm store data include information obtained from grower-dealers, i.e. those farmers who grow
and trade in potatoes.  

For the purpose of this survey, potato merchants do not own agricultural land and are therefore not
in the Agricultural Census.  Unlike in previous reports, merchants have been subdivided into those
that grow potatoes on rented land and store potatoes, and those who only store. 

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

INTRODUCTION

DEFINITIONS AND NOTES
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For this survey, the sample of farms was the same as that for the Arable Crops 20007 and was
drawn from the 2000 Agricultural Census8.  In addition, a number of grower dealers and potato
merchants who grew potatoes were identified during the survey fieldwork.  All the known
merchants in Scotland who did not grow potatoes were surveyed.  

The country was divided into 11 land-use regions9 (Fig.1), and the farm store sample was drawn
from Census returns of holdings growing any of the combine crops.  The sample was stratified by
land-use region and size of holding.  Sampling fractions within region and size group related to
area of crops grown rather than number of farms, so that smaller size groups did not dominate the
sample.  A number of regions were amalgamated, due to the low number of stores sampled.
These regions were Moray with Aberdeen and Southern Uplands with Solway.

The data collected were obtained by personal interview and details included the areas grown,
quantities of potatoes stored, the storage environment, methods of storage and storage chemicals
applied.  Fungicidal seed treatments applied prior to planting in 2001 are included in the Arable
Crop reports and are therefore not recorded in this report.

The data from merchants that grew on rented land were merged with the farm sample.  National
estimates of storage chemical usage were produced from the sample data by applying raising
factors (Table 11) based on the areas of potatoes grown in 20008.  An adjustment was made to the
ware fraction to allow for the potatoes grown for seed that were designated as ware (Table 12).  A
second adjustment (Table 13) was made to the survey estimates of stored potatoes to bring them
into line with the figures provided by the British Potato Council.

Information from merchants that did not grow potatoes were recorded separately, as this data was
not raised.  The two data sets were then merged in the final tables to provide total national usage
figures.

METHOD
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Information was obtained from a total of 71 stores.  The distribution of these stores throughout
Scotland is shown in Table 1.

The quantity of seed potatoes stored dropped by 5% from just under 385,000 tonnes in 1998 to
365,000 tonnes in 2000.

Storage methods (Tables 2, 3)

The types of storage for seed potatoes were 63% in ventilated stores and 37% in refrigerated
stores, compared with 66% and 23% respectively in 1998.  Unventilated store use has dropped
since the 1998 survey, from 11% to less than 0.5%.  Unlike the previous survey where all seed
potatoes had been stored in boxes, 12% were bulk stored and 88% boxed in 2000.

Use of pesticides (Tables 4, 5)

The proportion of seed potatoes treated in store decreased from 37% in 1998 to 22% in 2000.

The principal pesticide, as in previous surveys, was imazalil, applied to nearly 75,000 tonnes of
seed potatoes.  Usage of imazalil in formulation with thiabendazole has declined from 10% of
seed potatoes treated in 1998 to only 1% in the current survey.  The use of 2-aminobutane fell
from 9% of potatoes treated in 1998 to only 2% in 2000.

As in previous surveys, potatoes were treated with pesticides as a general disease precaution, with
the control of gangrene given as the main specified reason.

DISTRIBUTION OF STORES

SEED POTATOES
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There was a 10% increase in the tonnage of ware potatoes from 715,000 in 1998 to 790,000 in
2000.

Storage methods (Tables 2, 3)

Sixty-two percent of ware potatoes were stored in ventilated stores, followed by 33%
refrigeration, compared with 53% and 34% respectively in 1998.  The use of unventilated stores
has dropped from 13% in 1998 to 5% in the current survey.  Nearly all (97%) of ware potatoes
were boxed, similar to that recorded in 1998.

Use of pesticides (Tables 4, 5)

The proportion of ware potatoes treated with pesticides was 9%, slightly less than the 14%
recorded in 1998.  The principal pesticides were chlorpropham and imazalil applied to 4% and 3%
of the stored tonnage respectively, similar to usage in 1998.  There was very little imazalil used in
formulation with thiabendazole (<0.5%) and the use of tecnazene declined from 6% of ware
potatoes treated in 1998 to only 2% in 2000.

As in previous surveys, ware potatoes were treated mostly for sprout suppression and general
disease precaution.

WARE POTATOES
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Comparisons in the usage of pesticide with previous surveys are presented in Tables 6-10 and
Figures 6-8.

Compared with 1998, the tonnage of seed potatoes fell by 5% from 385,000 to 365,000, whilst
ware potatoes rose by 10% from 715,000 to 790,000 tonnes.

The average quantity of all active ingredients (g/tonne) applied to seed potatoes has continued to
fall from 64 g/tonne in 1998 to 20 g/tonne in 2000, due mainly to the continuing decline in the use
of 2-aminobutane which was applied at relatively high rates.  A similar drop in the quantity
applied to ware potatoes from 51 g/tonne in 1998 to 23 g/tonne in 2000 was largely due to the
reduction in the use of tecnazene.

Although the overall tonnage of potatoes stored rose by 5% compared with 1998, the tonnage
treated with pesticides dropped by 18%, from 246,000 tonnes to just over 200,000 tonnes.  The
proportion of seed potatoes treated has dropped from 37% in 1998 to 22% in 2000 whilst the
proportion of ware potatoes treated fell less markedly from 14% to 9%.

COMPARISONS WITH PREVIOUS SURVEYS



P e s t i c i d e  U s a g e  I n  P o t a t o  S t o r e s  2 0 0 0 7

1. Chapman, P.J., Sly, J.M.A. and Cutler, J.R. Pesticide usage survey report 11, Arable Farm
Crops 1974, London, MAFF 1977.

2. Tucker, G.G. Survey of pesticide usage on potatoes stored from the 1975 crop. The Seed
Potato, 18,  No 1, pp 17-22, 1978.

3. Steed, J.M., Sly, J.M.A., Tucker, G.G. and Cutler, J.R. Pesticide usage survey report 18,
Arable Farm Crops 1977, London, MAFF, 1979.

4. Snowden, J.P. and Bowen, H.M. Pesticide usage survey report 73, Potatoes in Store 1986-
87, DAFS, Edinburgh, 1989. 

5. Snowden, J.P. Pesticide usage survey report, Potato Stores 1992,1994 & 1996,
 SOAEFD, Edinburgh, 1998.

6. Snowden, J.P. and Thomas L. A. Pesticide usage survey report, Potato Stores 1998,
SOAEFD, Edinburgh, 2001.

7. Snowden, J.P. and Kerr, J. Pesticide usage survey report, Arable Crops 2000, SERAD,
Edinburgh 2001.

8. Agricultural Statistics, Scotland 2000, HMSO, Edinburgh, 2001.

9. Wood, H.J. An Agricultural Atlas of Scotland, George Gill and Sons, London, 1931.

I would like to thank all the farmers and merchants who provided information for this report.
Thanks are also given to J Kerr and J P Snowden who collected some of the data and to 
Dr C J Griffiths for providing editorial assistance.  In addition I am also grateful to Adrian Roberts
of Biomathematics and Statistics, Scotland and the British Potato Council for their help with this
survey.

REFERENCES

ACKNOWLEDGEMENTS



P e s t i c i d e  U s a g e  I n  P o t a t o  S t o r e s  2 0 0 08



P e s t i c i d e  U s a g e  I n  P o t a t o  S t o r e s  2 0 0 0 9

� Figure 2 Storage of seed potatoes 1998 � Figure 3 Storage of seed potatoes 2000

� Figure 4  Storage of ware potatoes 1998 � Figure 5  Storage of ware potatoes 2000
� �
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Figure 6  Comparison of pesticide usage 1994 – 2000
� Percentage of potatoes treated

� Figure 7  Comparison of pesticide usage 1994 - 2000
� Average application of all active ingredients per treated tonne (g/tonne)
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Figure 8  Comparison of pesticide usage 1994 – 2000
� Quantities (kg) of active ingredients used on all potatoes
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TABLE 1  Distribution of stores
� 

Region
Number
of stores

  Aberdeen & Moray Firth 16

  Angus 20

  East Fife 10

  Lothian 6

  Central Lowlands 11

  Tweed Valley 7

  Southern Uplands & Solway 1

Scotland 71
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TABLE 2 Stored potatoes
� Storage type and method

Store type Storage method

Seed
Unventilated Ventilated Refrigerated Total Bulk Boxed Total

  Tonnes stored 1,263 229,977 133,761 365,001 42,381 322,620 365,001

  % type & method + 63 37 100 12 88 100

  Basic tonnage treated 55,270 26,019 81,289 81,289 81,289

  % treated 24 19 22 25 22

Ware
  Tonnes stored 40,011 489,561 260,502 790,074 26,947 763,127 790,074

  % type & method 5 62 33 100 3 97 100

  Basic tonnage treated 8,586 56,570 9,777 74,933 14,793 60,140 74,933

  % treated 21 12 4 9 55 8 9

‘+’= <0.5%
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TABLE 3  Stored potatoes
� Pesticides used by store type and method (tonnes treated)

Store type Storage method

Seed
Unventilated Ventilated Refrigerated Total Bulk Boxed Total

  2-aminobutane 4,869 4,869 4,869 4,869

  Imazalil 46,578 24,459 71,037 71,037 71,037

  Imazalil/thiabendazole 3,823 3,823 3,823 3,823

  Tecnazene 1,560 1,560 1,560 1,560

All formulations 55,270 26,019 81,289 81,289 81,289

Not treated 1,263 174,706 107,745 283,714 42,381 283,714 283,714

Ware
  Chlorpropham 77,430 3,500 80,930 23,495 57,435 80,930

  Imazalil 19,466 4,277 23,743 23,743 23,743

  Imazalil/thiabendazole 2,777 2,777 2,777 2,777

  Tecnazene 8,586 1,500 2,000 12,086 2,956 9,130 12,086

All formulations 8,586 101,173 9,777 119,536 26,451 93,085 119,536

Not treated 31,426 432,994 250,727 715,147 12,155 702,992 715,147
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TABLE 4  Stored potatoes
� Reasons for use of pesticides (tonnes treated)

Seed
Gangrene Disease

precaution
Sprout

suppression
No 

reason
given

Total 2000
% treated

1998
% treated

  2-aminobutane 4,869 4,869 2 9

  Imazalil 5,058 47,337 18,642 71,037 19 17

  Imazalil/thiabendazole 3,823 3,823 1 10

  Tecnazene 1,560 1,560 + 1

All formulations 5,058 56,029 20,202 81,289 22 37

Tonnes stored 365,001 384,899

Ware
  Chlorpropham 80,036 894 80,930 4 3

  Imazalil 19,467 4,277 23,744 3 4

  Imazalil/thiabendazole 2,777 2,777 + +

  Tecnazene 10,086 2,000 12,086 2 6

All formulations 22,244 90,122 7,171 119,537 9 14

Tonnes stored 790,074 715,033

‘+’ = < 0.5%
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TABLE 5  Active ingredients
� Tonnes treated and quantities (kg) used

Seed
Tonnes
treated

kg

  2-aminobutane 4,869 727

  Imazalil 74,862 583

  Tecnazene 1,560 195

  Thiabendazole 3,823 77

All actives 85,114 1,582

Ware
  Chlorpropham 80,930 1,747

  Imazalil 26,522 192

  Tecnazene 12,086 776

  Thiabendazole 2,777 56

All actives 122,315 2,771
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TABLE 6  Stored potatoes
� Comparison of pesticide usage 1996 – 2000, tonnes stored, tonnes treated and quantities (kg) used

1996 1998 2000
Tonnes
stored

Tonnes
treated

kg Tonnes
stored

Tonnes
treated

kg Tonnes
stored

Tonnes
treated

kg

  Seed 320,229 106,399 9,355 384,899 143,289 9,116 365,001 81,289 1,582

  Ware 947,500 105,443 6,265 715,033 102,672 5,280 790,074 119,536 2,771

All potatoes 1,267,729 211,842 15,620 1,099,932 245,961 14,396 1,155,075 200,825 4,353

TABLE 7  Stored potatoes
� Comparison of active ingredient usage 1996 – 2000, tonnes treated and quantities (kg) used

1996 1998 2000

Seed
Tonnes
treated

kg Tonnes
treated

kg Tonnes
treated

kg

  2-aminobutane 43,096 8,666 36,140 7,286 4,869 727

  Imazalil 62,130 616 104,974 849 74,862 583

  Tecnazene 1,173 73 2,175 136 1,560 195

  Thiabendazole 40,096 846 3,823 77

All actives 106,399 9,355 183,385 9,117 85,114 1,582

Ware
  Chlorpropham 3,000 65 25,955 580 80,930 1,747

  Imazalil 7,087 71 32,906 228 26,522 192

  Tecnazene 95,355 6,129 43,811 4,374 12,086 776

  Thiabendazole 3,316 99 2,777 56

All actives 105,442 6,265 105,988 5,281 122,315 2,771
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� 

TABLE 8  Average application rate
� Comparison of pesticide usage 1994 – 2000,
� average application of all actives (g/tonne)

TABLE 9  Percentage treated
� Comparison of pesticide usage 1994 – 2000,
� percentage treated (%)

1994 1996 1998 2000 1994 1996 1998 2000

  Seed 136 88 64 20   Seed 33 30 37 22

  Ware 69 59 51 23   Ware 12 11 12 9

All potatoes 112 74 59 22 All potatoes 21 16 21 14

Table 10  Active ingredients
� Comparison of active ingredient usage 1994 – 2000,
� quantities(kg) used on all potatoes

Active ingredient
1994 1996 1998 2000

  2-aminobutane 16,249 8,666 7,286 727

  Chlorpropham 202 65 580 1,747

  Imazalil 109 687 1,077 775

  Tecnazene 4,639 6,202 4,510 971

  Thiabendazole 1,189 945 133

All actives 22,388 15,620 14,398 4,353
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TABLE 11  Raising factors

Region
Seed Ware

  Aberdeen, Moray Firth 5.70 27.74

  Angus 5.86 14.50

  East Fife 3.56 12.27

  Lothian 36.08 8.17

  Central Lowlands 2.27 18.16

  Tweed Valley 31.38 4.15

  Southern Uplands, Solway 11.13

TABLE 12  First adjustment factors for ware potatoes

Region
Ware

  Aberdeen, Moray Firth 0.3969

  Angus 0.8374

  East Fife 0.8429

  Lothian 1.0000

  Central Lowlands 0.4452

  Tweed Valley 1.0340

  Southern Uplands, Solway 1.0000

TABLE 13  Second adjustment factors

  Seed potatoes 0.8874

  Ware potatoes 1.0340
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